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Two ion association coniplexes for the denionstration of acid 
mucopolysaccharides have been suggested by Zugibe ( 1963), and 
the specificity of their application was  tried and compared with 
the occurrence of iiietachroi1iasi:i in chemical tests in solution. 
However, no practical details of the method were given. The pre- 
sent paper deals with the theoretical and practical application of 
these principles to the denionstration of acid inucol)olysaccha- 
rides in tissue sections. 

THEORETICAL BASIS 

Cetyltriiiiethylaiiiiuoriiuiii bromide and hexadecylyyridiniuni 
chloride have been shown hy Wil l iams  CC Jackson (1956) to pre- 
cipitate water anti alcohol insoluble compounds with acid poly- 
saccharides. It has  also been shown hy Jones (1953) that nu- 
cleoproteins behave sinlilarly, and Putncrm (1948) has  shown 
that low concentrations of the quarternary aniinoniuni salts do 
not precipitate other proteins. Scot t  ( 1955) showed that sul- 
phate-containing po1ys:iccharide complexes :ire insoluble above 
pH 0.5, and that other acid polysaccharides containing only car- 
boxyl end groups could be excluded froni precipitation hy re- 
taining the pH helow 1 .8. These precipitates are  characterized 
by their great insolubility in water and alcohol. 

Zugibe (1963) has shown that ferric thiocyan:lte will forin :I 
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METHOD 

1. Reagents 

:I) 0.5 % solution of Cetnvlon ( ICI )  or hesadec?ilpyridiniuiii chlo- 
ride (Flukn) in 1 0  c: formalin with the pH adjusted with 
1 N HCI to p H  1.7. 

b )  A solution of ferric thiocynnate inade in the following inan- 
ner: 3 0  mg NH,CNS are  dissolved in 23 nil distilled Rater. 
30 nig (Fe,(SO,), are added. After 15 minutes, the solution 
is adjusted to pH 2.6 with :I 1 r; solution of NH,CNS. This 
reagent, which has ;I shelf life of several days, is filtered be- 
fore use. 

c)  A 0.5 ‘/r solution of a’,a’ dipyridil in octane-2-01. 

2. Sequence 

( i )  Solution ( a )  ~ 15 minutes 
(ii) 
(iii) Blotted dry 
(iv) Solution ( b )  - 10 minutes 
( v )  Blotted dry 
(vi) Washed in two changes of fresh octane-2-ol 
(vii) Solution ( c )  - 2 ininutes 
(viii) Two changes of fresh octane-2-01 
(is) Sylol and inounted in synthetic resin. 

Washed in running water ~ 20 minutes 

The colour produced a t  \elected sites is orange-red. 

Chemical test procedures 

Cheiiiical tests were carried out on chondroitin sulphate, hepa- 
rin, starch, egg albuinin, yeast ribonucleic acid ( R N A ) ,  glycogen 
and sodium dginate. 

Sainples of these po1ysacch:irides and proteins were prepared 
as 0.01 % solutions. Two drops of each solution were placed upon 
a paired series of gelatinized microscope slides and allowed to 
dry. One slide of each pair w a s  iiiiinersed in the precipitating 
fixative, the other slide w a s  kept unfixed as  a control. After thor- 
ough washing, groups of different pairs were stained for 10 min- 
utes each in 1 ci nlcian blue at  pH 1.7, 0.01 76 toluidine blue at  
pH 2.3, and the ferric thiocy:in:tte ion association complex. 

A further series of paired gelatinized test slides, one of each 
pair as a control, were pretreated with testicular hyaluronidase 
and then stained by the saiiie procedures. 
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Tissue  sect ions  

Fresh, frozen 10 iiiicron thick sections of iiiousc tracheal car- 
tilage rut in ;t cryostat and frozen sections of the s;iiiie thickiiess 
of teeth and bone cut l y  the inethod of A'riki 6 Lij~ ( 1964 1, were 
processed a s  two p i r d  series, 1)ar:iIlel to the c1ieiiiic;il test slides. 
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Fig. 2 .  'I'r:ichcal cartilage o f  inouw staiiictl I)! t h r  i o i i  :issociation complcs .  
Fig. 3 .  'l'r:ichcnI cartilage ~ ) f  mouse stained iii 1 %  alcian h l u c ~  p H  1 .7 .  
Isig. 1. 'fraclieal c:iitil,igc of in~)use  btaiiicd in  0.01 '5 loluitlint. blue I ~ H  2 . 3 .  
Fig. 5 .  Tr:iclieol cartilage of  iiiousc' thr control portion o f  \ \hiell  s l i o \ v s  
c~:ilcific:ii io i i .  Stoincti I)y the ion associntioii complcs .  
Fig. 6.  I'iidecalcified 1 0  :, cut scctioii of l o o t l i  and I)one of  riionkcy s1:iiiit.d 
i i i  1 ''+ Alci:in I)lucb pH 1.i. 
Fig. 7. t'iidecalcificd 10 /, cut section o f  tooth aiid bone of monkey stained 
i i i  0.01 '7 toluitliiie blue p€l 2.3. 
Fig. 8. I'iidecolcifictl 10 1, cut sectioii of tooth :ind boiie of monkey stained 
I)? ion ahsociation cornples after i t ioi i /~~recipit; i t io: i  and dccafcificatioiI. 
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exhibiting iiietxhromasi:i stained intensely with the ion associa- 
tion complex. Both these stains were abolished by testicular hya- 
luronidase digestion with the exception of that produced in the 
sodium alginate slides. The unfixed control slides all  exhibited 
weaker iiietachroiiiasia and 110 deposit of the ion association coin- 
plex. Alcian blue stained only the acid polysaccharides but this 
was not abolished by testicular hyaluronidase. 

( 2 )  Frozen sections. Fig. 2 shows the appearance of the tru- 
cheal cartilage of a iiiouse stained by the ion association coin- 
plex. Fig. 3 is ii similar section stained by alcian blue and Fig. 4 
is such a section stained by toluidine blue. Sections incubated 
in testicn1:ir hgaluronidase at  pH 6.8 for 48 hrs. no longer st:iin- 
ed with the ion association coinplex and exhibited no iiietachro- 
iiiasia though some staining with alcinn blue could still be pro- 
duced. 

As iiiay be seen in Fig. 5 a partial suppression of the stain in 
the ininiedi:ite neighbourhood of the calcified part of the tissue 
has occurred. However, such sections when decalcified after fixa- 
tion/precipitation no longer showed this effect. 

The undecalcified sections of teeth and periodontiuiii stained 
wenlily with alcian blue. The periodontal iiieiiihrane did not stain 
with the exception of the cell nuclei. The calcified tissue stained 
evenly (Fig. 6 ) .  A slight increase was seen in the osteoid. To- 
luidine blue did not stain the periodontal menibrane except for 
the iiietachroiiiasia of the nuclei. Both osteoid and ceiiientoid 
stained 1iietachroiii:itically (Fig. 7 ) .  Ky increasing the concen- 
tration of the dye or by prolonging the staining time :in overall 
1iietachroiiiasi:i of the calcified structure appeared. 

Undecalcified sections of tooth and bone failed to stain with 
the ion association coinplex. However, after decalcification of the 
individual sections subsequent to fixation/yrecipit:itioii these sec- 
tions showed staining of the osteoid, the cementoid and the nuclei 
of the cells of the periodontal ineinbrane (Fig. 8 ) .  

DISCUSSION 

The chemic:il test slides as well as the tissue sections sho\v :I 

close parallel between nietachromasia :it low pH and the ion :IS- 

sociation complex. The ion association complex demonstrated in 
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the selective staining of these tissues v i t h  the ion assockition 
c () i l ip1 ex. 

In conclusion it ning be stated that the ion association complex 
and toluidine blue iiietachroinasia give substantially p:ir:illel re- 
sults. However, whereas nretnchroniasia is based upon ill under- 
stood and conjectured niechanisins the ion :issociation complex 
is based upon a specific precipitation and a series of simple well 
understood chemical reactions. 

A step by step staining sequence is described for the tleinon- 
stration of sulphated acid inucop(~1ys:icch:irides in tissue sec- 
tions. The test procedures undertaken indicate that the use of 
cpir ternary animoniuiii salts to precipitate sulphated inucopolg- 
saccharides can be utilized to produce :I true qualitative histo- 
cheinical test for these suhstmces. 

The coloured coinplex forined localizes inore specifically than 
alcian blue and parallels that of the occurrence of inetachromasin 
:it low pH. It is suggested t h a t  where:is the iiiechanism of  Ineta- 
chroinasin is ill understood the method described in the present 
paper is hused upon well defined cheiiiical reactions. 

It ks I' X I  t? 

MBTHODE POUR LA MISE EN BVIDENCE LIES MUCOPOLYSACCHARIDES- 
SULFATES DANS DES COUPES DE TISSUE 

Les auteurs dbcrivent une nii'thode de coloration successiye 
pour In mise en Cvidence des i i iucopol~s~icrlinrides-sulf~ites d a m  
des co .pes de tissus. Les tests entrepris indiquent clue I'usage 
des sels quaternaires tl'aiiiiiioniuni peut servir i Clahorcr un vi'ri- 
table test histologique qualitatif pour ces suhstances. 

Le coinposb color6 foriiik se localise plus spi'cifiquement que 
le hleu alcian et s;i localisation correspond A celle du  ~o1npos6  
produit lors de la i1iPt:ichroni:isie avec un pH has. I1 app:irait que, 
tniitlis clue le inbcanisine de la inbtachroniasie est i n a l  compris, 
I n  iiibthode dkcrite dans le prbsent article est basbe sur des rCac- 
tions chiiiiiques bien dkfinies. 
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I:INE MLTHOUE ZU M NACHWEIS SCHWEFELSACREK MUKOPOLY. 

-- 
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SAC:CHARIDEN IN GEWEBESCHNITTEN 

I l i  I I  e S t 11 fc. n f ii 1.1) 11 n y w i i d  f ii r d e 11 N :I ch w ei s sch w e f e I sn 11 r i> r 31 LI - 
I; o po I ys:icc h :I riden i t i  Gewc t)e sc h ni t t en besr h riebe 11. I) ie tl 11 reii ge- 
fiilirten l‘est\.erfaIiren zcigen, tl:iss die \‘erwenctung kvuteriiiirer 
’4 111 I i i  on i i i  I i i  s:i Ize h i  tle r I’riizi pit  :it i on der sch weir I sir 11 ren >I ill< o- 

1)o Iys:icc h:i riden in tier Erzeug Ling eines exti I <  ten I< val it :it iven hi-  
stocheinischen ‘I’csts f i i r  diese Substanzen ZLI verwerten ist.  

1)cr get’iirhte Koinples lokalisiert sich spwi f i s rhe r  als ”:ilci:in 
I)luc” und ist i i i i t  tleiii \‘orkoiiiiiien tier Met:ichroiii;isie hei niecl- 
r i s e  I 11 1 ) €1 g 1 ei c 11 I ;i 11 fen ( I .  E s v i  r (I :in g e no 111 111 en, ( 1 ;I s s , wii t i  re n ( I  
dcr hlec1i:inisiiius d e r  XIet:ichroin:isic nur schlecht verst:intlen ist, 
tl:is oben 1jesrliricl)ene \’eif:ihren sich :ruf \~ohltletiniei.ten rhc- 
111 i sc t i  e 11 Re:i I< t ion e n gr ii n ti e t . 




