DIFFERENTIAL STAINING OF CONNECTIVE TISSUE ELEMENTS

by PARIMALBIKAS SEN * and MRITYUNJOY MUKHERJILT Department of
Physiology, University College of Science, Calcutta

(Communicated by N. M. Basu, F.N.I.)
(Recewwed Oclober 24, 1962)

Bromate-bromide inf(iltration followed by acid treatment of tissues causes
adequate bromination necessary for effective staining of reticulin. The bro-
mination at the same time decreases the solubility of certain lipoidal fractions
of reticulin thereby permitting preparation of paraffin sections. A brief warm
silver bath stains reticulin in fine detail. Differentiation in fervicyanide, io
remove silver from structures other than reticulin, followed by gold toning.
allows counterstaining of such sections with many other connective tissue
stains. PAS-allochrome counterstaining differentiates elastin, collagen and
roticulin.  Ground substance or the matrix could ulso be studied by suitable
techniques on such sections. i

Distinet identity of veticulin and collagen fibres has heen established by
various neans. Morrione (1949), Bangle and Alford (1954). Windrun ef «l.
(1955) and Glegg et «l. (1953, 1954) have shown the difference in chemical
composition of these two fibres. The studies with electron mieroscope have
revealed many structural similarities and dissimilarvities (Gross 1950, Gale
1950 and Vanamee and Porter 1951) and difference in X-ray diffraction
pattern of these two fibres has been noted by Astbury (1940) and Little and
Windrum (1954).

In spite of such differences in the chemical composition and in the
structural pattern of these two fibres, it has not been possible so far to differ-
entiate them in the same section by specific histochemical staining. Curtis
(1905) studied the stainability of connective tissue fibres with a wide range
of cationic dyes, such as acid fuchsin, methyl blue, aniline blue, light green,
naphthol black B, benzo blue BB, trypan blue, Niagara blue, etc. These dyes
have been found, essentially, to have equal affinity towards reticulin and
collagen (Lillie 1952); moreover, other structures like glomerular stroma,
mucosal basement membrane, erythrocyte and muscles were stained.

Periodic acid Schiff technique of Lillie (1947) has been a useful laboratory
procedure, which while staining reticulin purple and collagen pink also stains
mucin, glycogen, sinus ring of spleen, sarcolemma, glomerular stroma.
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Basement membrane is stained even more intensely (Gersch and Catchpole
1949) than reticulin.

The allochromation. a modification of PAS technique (Lillie 1951), differ-
entiates veticulin and collagen from many interfering structures and while
the difference in the shades of red stain of these fibres is masked. they take
up blue stain of equal intensity (Fig. 1).

Different Maresch (1905) variants of Bielchowsky silver-method stain,
reticulin black and collagen brownish. Thus some differentiation of staining
of thege two connective tissue fibres could be obtained.

In the present communication. in order to differentiate reticulin. collagen.
elastin and also some of the polysaccharide components of the matrix, a scries
of different staining techniques have been superimposed on a modified silver
method of reticulin staining (Sen et al. 1961).

METHOD

Thin pieces (2-3 mm) of tissue tfixed in formol for 24 hours were kept
overnight in a bromate-bromide mixture containing 2-5 per cent potassium
bromide and (-5 per cent potassinin bromate.

After a quick rinse in water they were kept overnight in satwrated picric
acid solution in 3 per cent acetic acid.

They were washed in distilled water thoroughly and dehydrated in two
changes of dioxan and run through petroleum ether to a paratin embedding
bath.,

Sections were brought to water through petroleum ether and acetone
and placed in lithtum carbonate-silver solution (Pearse 1960) at 43° € for
15-20 minutes. After two rinses in distilled water they were reduced in 20
per cent formol for half an hour.

Sections were differentiated in several changes of 5 per cent sodium
thiosulfate solution containing 0-03 per cent potassium ferricvanide and
finally fixed in 5 per cent sodinum thiosulfate.

After washing in water they were toned in gold chloride and rednced in
oxalic acid (5 per cent).

They could be counterstained with any of the methods listed below:

(@) Allochromation technique (Lillie 1951).

(b) Masson’s trichrome (Masson 1929).

(¢) Induced metachromatia (Kramer and Windrum 1933, 1954).
(d) Colloidal iron method (Hale 1046).

(¢) Gomwori's aldehvde fuchsin (Gomori 1950).

DisctrssioxN

It has been found that formol fixation for 12-14 hours preserves the
stainability of reticulin by this modified bromination procedure. Even a
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i, b Large intestine. Ntained by PAS.allochrame. Fic. 2. Lurge intestine, Stained by bromate-
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vellaw, 3 240, imposition.  Redeulin black, collagen blue. mucin
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Frao 30 Lawge hwtestine,  Ntained by Maszon's Fra. 4, Large  intestine. Stamed by bramate-
rrichrome stain.  Retieulin ved. collagen sreen and bromide method and  Masson’s  teichrome  saper.
cad plasma =tain, X 2H, imposition. Reticulin black, collagen wreen and

red plasma =tain. X 244,
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brief wash of 10 minutes in water of unfixed section removes the bromine
sensitive elements of reticular fibres, while fixation in formol for 7 davs or more
was algo found to impair the stainability.

Experiments

(i) Reticulins in fresh frozen sections were not stained by bromina-

tion technique, while they could still be stained by P'AS method.
It indicates that, bromine sensitive elements are not retained i
absence of fixation.

(if) Fresh frozen sectious, when immediately floated in formol and
fixed, have shown reticulin in full detail hy bromination method.

This further indicates that the reticulin thus stained is not see-
tioning artifact and that bromination stainable components are
actually washed sway in absence of fixation.

(iit) Prolonged exposure {0 formol of coutrol sections redices the
stagning capacity of reticulin, while no siguificant decline in
stainability could be observed in previously denitrotized (Lillie
1958) gections.

Tt is probable that formol which is a polvmerizing agent may mask
the gensitive groups of reticulin.

The exposure to bromine was found to decrease the solubility of lipoidal
fractions of reticulin in certain solvents (petroleum ether. dioxan. acetone, etc.),
while its original solubility in certain others like ethyl cther, chloroform-
methanol (Sen et al. 1961) is still retained. This behaviour of veticulin hax
been utilized in preparing sections by paraffin method.

The modified bromide-bromate method was designed to obtain a com-
plete and controlled bromination of the tissue through an easiiy pencirable
agqueous medium in preference to bromine gas, excess of which may in some
cages introduce other complications (Lillie 1961, personcl communicalion).
The minimum duration of time and salt concentration of medium necessary
to effect complete bromination was determined by utilizing tissues, prepared
at different time intervals from different salt concentrations of the medium
and comparing them with control sections prepared by the original method.

A dip in silver bath of such sections for 15-20 minutes at 45° C brings
out reticulin completely in fine detail. Collagen, glomerular stroma. ring
sinus of spleen, basement membrane, capsule and mucin were not stained
by this method. However, it has been observed that sometimes due to
changes arising out of uncontrolled bromination, structures such as capsule,
mucin and collagen may take a faint tinge of brown colour. Usc of lithium
carbonate-silver raises suspicion of Hortega type of reaction of reticulin



166 PARIMALBIKAS SEN & MRITYUNJOY MUKHERJI

(Lillie 1962, personal cominunication). For this reason different silver solu-
tions have been used and results are given below:

Experiments

(i) Only the soft tissues could be stained in block by lithium carbo-
nate-silver method. The finer details in reticulin, however,
could not be obtained. The sections prepared from all tissues
could be stained satisfactorily for reticulin by subsequent
silvering.

(ii) Peters’ (1958) silver proteinate showed very low. penetrability
either in tissue blocks or in sections.

(iii) Use of alcoholic silver nitrate seems preferable for it shows some
specific affinity for bromo derivatives. It has, unfortunately,
very low penetrability, which is only a few millimetres in 24
hours of treatment (Harraveld and Potter 1961).

For the reasons stated above, lithium carbonate-silver has to be used
for staining reticulin in sections. The fact that blocking of aldehyde group
by condensation with aniline prevents reticulin staining in unbrominated
section while it could still be stained in such sections after bromination sug-
gests that simple argyrophilia is not the cause of reticulin staining.

Use of different sensitizers before silvering, while it reduces the duration
of silver bath by variable length of time, increases the general background
staining, particularly the depth of collagen and mucin stain.

Experiment

(i) 1 per cent uranyl nitrate treatment for 5 seconds sensitized the
reticulin staining but mucin was also sensitized to be stained
yvellowish brown. Similarly 02 per cent ferric alum for 1
minute or 2 per cent ferric chloride for 2 minutes helps to stain
reticulin in shorter period of time but a background stain of
general nature and also of collagen and mucin was obtained.

Coutrolled differentiation of such stained sections in potassium ferri-
cyanide clears the background of lightly stained collagen and muecin free of
silver, leaving deeply stained reticulum intact. In deeply stained sections
it has been found difficult to remove the silver from unsaturated lipids
(Mukherji et al. 1960). Complete removal of loosely bound silver from tissue
elements other than the reticulin helps to improve the stainability of the
tissue.

After gold toning of the silver impregnated reticulin, oxidation and
acid treatment required for other histochemical studies may be safely
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emplgyed. Goldstein (1961) has recently adopted similar procedure of gold
toning for PAS counterstaining of some silver impregnated sections.

Superimposition of allochrome stain on such sections stains reticulin
black, collagen blue, mucin, glycogen and basement membrane red and
muscle greenish yellow (Fig. 2). Elastin has been shown to contain un-
gaturated lipid in the form of tightly bound plasmalogen which remains
Schiff positive after bromination (La Bella 1958) and after mild oxidation like
periodic acid, performic acid and peracetic acid (Lillie 1952). So red-stained
elastin is differentiated from black reticulin and blue collagen after alloclivo-
mation of silver impregnated sections. Alternately the sections may also
be stained with Gomori’s aldehyde fuchsin (Gomori 1950) followed by phospho-
molybdic acid treatment and staining with suitable basic dye.

For specificity of collagen stain Masson variants (Fig. 3) are preferable
because collagen binds phosphomolybdic acid specifically (Puchtler and Isler
1958) which can later be stained by strong basic dyes like methyl green
(Coleman and Bell), tolnidine blue (Chroma Gos Stuttgart), methylene blue
(Grubler). Masson’s superimposition on reticulin stain differentiates both
the fibres well (Fig. 4). ’

It is also possible to induce sulfatation metachromatia in such sections
and also study acid mucopolysaccharides by Hale’s colloidal iron method.
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