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Summary. This investigation was performed in order to determine textural similarities
and differences between variable amyloid types. Alzheimer fibrils and collagen were also
compared with these structures. For this reason we used tissue specimens of secondary amy-
loid (so-called perireticular amyloid), primary amyloid (so-called pericollagen amyloid),
senile plaques, Alzheimer cells and collagen of tendons, scars, atherosclerotic aortes, rheu-
matic synovial membranes and of a dura mater cerebri, and examined these fibre types by
polarization optical-histochemical methods.

The findings allowed the conclusion that the texture of primary and secondary amyloid
is not the same, because of differences in the fibrillar texture and probably of a distinctive
interfibrillar substance in each case. Senile plaques seem to be a further variant of amy-
loid; some behaved as primary, and some as secondary amyloid. Alzheimer fibrils showed
structural resemblance on senile plaques, although they contain no amyloid fibrils. The
staining features of collagen clearly revealed that there is no structural relationship with
amyloid, and therefore a direct transformation of collagen to amyloid and vice versa must
be refuted. The collagen fibre types showed a variable texture because of their different
mucopolysaccharide content. An important result is the changed hyaluronic acid meta-
bolism of the rheumatic collagen fibres reported by other investigators.

During our investigations on amyloid, which is considered as a special case
of an abnormal intercellular substance, partly equal staining-optical qualities
in comparison with other fibrillar structures (e.g. collagen fibres) were observed.
Thus one must ask for a structural resemblance between these elements. Re-
viewing literature we found references to the possibility of a relationship between
the formation of collagen fibres and the formation of amyloid fibrils (Battaglia,
1966; Rodermund and Klingmiller, 1970; Schmitt and Bencke, 1971) as well
as the emphatic rejection of this idea (Williams ef al., 1965; Lindner and Frey-
tag, 1966). We made the attempt to compare with each other different amyloid
types, senile plaques, Alzheimer fibrils and collagen fibres by means of combined
polarization optical and histochemical methods. Of particular interest was the
texture, i.e. complete structure consisting of fibres plus interfibrillar substance
of these tissue elements. Following the experiences of polarizing-histochemical
investigations reported previously (Katenkamp and Stiller, 1972) we used congo
red in combination with diverse histochemical reactions.
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Materials and Methods
1. Materials

For the examination we selected the following representative tissue samples:

1. Secondary amyloid (so-called perireticular amyloid). Liver, spleen, kidney and adrenal
gland of 5 typical cases.

2. Senile amyloidosis of the heart as a special form of primary amyloid (so-called peri-
collagen amyloid).

3. Collagen fibres. 2 pyelonephritic kidneys with excessive scars, 2 atheroselerotic aortes
(pars abdominalis et thoracica), 1 tendon (musculus iliopsoas), 1 dura mater cerebri, 2 syn-
ovial membranes of rheumatoid arthritis.

4. Senile plagues and Alzheimer fibrils. 2 senile brains.

Fixation in 5-10% formalin, after embedding in paraffin sections of 8 my thickness were
produced.—Dye: congo red (p,p’-diamino-diphenyle-disazo-bi-1-naphthylamino-4-sulfonic
acid) of Dr. G. Gribler &Co., Leipzig.

II. Methods of Staining

The staining with congo red took place with the modifications described by Bennhold
(Bennhold-staining, see Romeis, 1968) and by Puchtler et al. (1962) (Puchtler-staining).
The use of these methods was necessary because the mechanism of the staining reactions
was different during the starting steps (Katenkamp and Stiller, 1972). The comparison
methods described by Highman (1946) and Missmahl (1963) were also applied. The slices
were always mounted in Canadabalsam.

I11. Histochemical Methods

Before congo red staining the following histochemical blocking, oxydizing and substitu-
tion methods were performed: periodic acid oxydation, periodic acid oxydation and following
aminealdehyde condensation, acetylation, acetylation and reverse the acetylation process
by dilute alkali (0.1 N KOH), mild and strong methylation, methylation followed by saponi-
fication to remove methyl esters, controlling this effect the sections were only treated with
alcoholic KOH, treatment with sulfuric acid, deamination (Lillie), oxydation with ninhydrine,
chloramine-T-reaction, blocking of SH groups, blocking of SH groups and reduction of di-
sulfide groups by means of KCN to active SH-groups, bromsuccinimide oxydation, treatment
with acroleine, benzoylation, treatment with dinitrofluorobenzole (DNFB), reaction with
dimethylaminobenzaldehyde (Adams, 1957), treatment with concentrated HCI for 2 min
corresponding with the conditions of Adam’s reaction, and coupled tetrazonium reaction.

Taking into account the results of former experiments a coupled tetrazonium reaction
was interposed between the treatment with KOH or HCI and the staining with congo red.
Moreover a digestion with hyaluronidase was performed (methods of the reactions see Bur-
stone, 1959; Spannhof, 1967).

IV. Bvaluation of the Results

Beside the usual light microscopical evaluation we examined the congo red stained sec-
tions by means of the polmi-equipment of the Universalforschungsmikroskop NU of VEB
Carl Zeiss Jena in polarized ordinary light. The following was tested:

1. The optical sign of birefringence,

2. the dye dichroism and

3. the existence of anomalous green polarization colour.

The sections were prepared under equal conditions and therefore the results were com-
parable and were classified as follows: @ = white to yellowish colour, 4+ = moderate and
—+ -+ =strong intensity of green colour.

In order to prove the findings reiterations were performed with new solutions and both
investigators separately evaluated the staining results.
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V. Additional Staining Methods

H. E., Elastica-van Gieson, alcianblue-PAS, alcianblue pH 1.0 and pH 2.5 (Spicer and
Henson, 1967), thioflavine S (Schwartz, 1965) and thioflavine T (Burns et al., 1967).

Results
Staining Results

Amyloid of primary and secondary amyloidosis, senile plaques and Alzheimer
fibrils were stained clearly red by congo red. Dense-textured collagen fibres
(larger scar areas, tendon, dura mater cerebri) also showed red colour with Benn-
hold’s procedure. In general, a diminishing of the staining intensity in conform-
ity with the used modifications can be observed. The Bennhold-method presents
the strongest staining effect, the Missmahl-modification the lowest one.

Polarization Microscopy

Not all congo red positive structures appear in green polarization colour be-
tween crossed polaroids. Only amyloid, senile plaques and Alzheimer fibrils are
green positive after staining with the Puchtler-method; collagen fibres always
show a white to yellowish birefringence. However, some collagen fibres are
green between crossed polaroids after Bennhold-modification, chiefly fibres with
dense texture. This result is virtually caused by the non-standardized time of
differentiation (Katenkamp and Stiller, 1972).

The examination of structures with green polarization colour showed a red-
colourless dichroism and a positive birefringence. This behaviour is typical for
amyloid (compare Missmahl, 1966 and 1968). The remaining red stained tissue
elements only showed a positive birefringence (positive intrinsic and form bire-
fringence of collagen fibres!); dichroitic phenomena were always absent.

The Effect of Histochemical Pretreatments on Dye Arrangement

The findings show different results of the separate structures in the cases
of amyloid, collagen and senile brain alterations. They show an only partial
conformity of closely related structures as in cases of different types of amyloid
and also collagen fibres (Table 1). The different polarization optical findings
can generally be explained by variable arrangement of the dye molecules. A
detailed analysis of the red colour in the light microscope after the substitution
and blocking methods was not performed because an important contribution
to the structural comparison was not to be expected.

Puchtler and Bennhold-modifications differ widely from each other after
polarization optical evaluation: The former shows differences between bot amy-
loid types after bromsuccinimide reaction and treatment with alkali. Although
the reversing of the acetylation process by dilute alkali and saponification after
methylation induce clear effects, these results must be explained as consequences
of alkali treatment. The behaviour of the collagen fibre group is chiefly uniform,
only the collagen fibres of the rheumatoid synovial membrane differ from the
rest after blocking of SH groups and treatment with hyaluronidase. The differ-
ences between senile plaques and Alzheimer fibrils are obviously caused by
extraction effects (KOH, HCI).
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The findings after Bennhold-modification are somewhat different. Only KOH
produces a strong extraction effect on secondary amyloid, pretreatment with
acid is not efficient. Alterations of the SH-groups including treatment with
bromsuccinimide, acroleine and DNFB only change the dye arrangement on
primary amyloid. It is difficult to survey the behaviour of collagen fibres (com-
pare periodic acid oxydation, Adam’s aldehyde condensation, extraction with
HCl and deamination). The result after hyaluronidase digestion of Alzheimer
fibrils in comparison to senile plaques is of particular interest.

Moreover it can be pointed out that after coupled tetrazonium reaction
all investigated fibre structures show a green colour in the polarization micro-
scope between crossed polaroids in spite of interposing an HCl or KOH extrac-
tion. The complete results are summarized in Table 1.

Additional Staining Methods

These staining methods should provide the possibility of a definite localiza-
tion of amyloid and informations about the content of mucopolysaccharides.
In the case of amyloid various findings resulted: in larger deposits there were
predominantly PAS-positive central areas, whereas peripheral areas were stained
with alcianblue. In the heart, however, in case of primary amyloid exclusive
alcianblue-positive fibre-like deposits were found (Stiller and Katenkamp, 1971).
Thicker bundles of collagen fibres mainly exhibited positive PAS-reaction. Many
thin collagen fibrils in the synovial membrane were also alcianblue-positive.
Alzheimer fibrils and senile plaques mostly presented a positive PAS-reaction,
an alcianophilic reaction was almost completely absent; but in some senile
plaques a faint blue colour can be observed when this method (pH 2.5) is used.

Discussion

The anomalous green polarization colour after congo red staining and the
dichroism indicate that the linear dye molecules are arranged in parallel on
amyloid, senile plaques and Alzheimer fibrils. This is also valid for a little part
of collagen fibres as evidenced by an identical behaviour after Bennhold-staining.
Therefore a textural resemblance of all structures with a green polarization
colour could be suggested. We found, however, differences using detailed polari-
zation optical-histochemical investigations.

For their interpretation one must bear in mind the nature of dye arrangement.
In an investigation on amyloid we previously demonstrated that the dye micelles
are bound nonionic-complex on amyloid fibrils in case of the Puchtler-modifica-
tion. For this reason the particular importance of the strong fibrillar dipole
moment and the correspondingly oriented structure of the perifibrillar space
must be emphasized. The coplanarity between dye molecule and amyloid fibril
postulated by others appears to be not so significant. Moreover, the Bennhold-
method distinguishes by an initial accumulation of dye molecules bound by NH,
and OH groups of the substrate in salt-like manner (Katenkamp and Stiller,
1972). 1t is impossible to characterize special side groups with these methods,
because in apolar hydrophobic mounting media (as Canadabalsam), in which
neither dye molecules nor fibrils possess electric charges, congo red molecules
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are bound by intermolecular forces and hydrogen bondings. For that reason
both methods allow hints at possible textural resemblances resp. differences.
Thus only comparisons between the analyzed structures are permitted.

The samples of reactions of amyloid are generally interpreted as different
compositions of secondary and primary amyloid. We explain the behaviour
of Puchtler-staining after KOH and HCI pretreatment as extraction and follow-
ing masking effects. A partial extraction of interfibrillar substance is supposed
presuming a template function of non-altered fibrils for restitution of polariza-
tion optical phenomena after coupled tetrazonium reaction. Additionally we
must point out that secondary amyloid is more sensitive against KOH. treatment.
Corresponding to the models reported by Scheuner et al. (1971) a directed fibril-
lar-oriented arrangement of these interfibrillar macromolecules has to be assumed.
Many investigators have emphasized the different contents of mucopolysac-
charides in amyloidotic substances (Clausen and Christensen, 1964; Battaglia
and Mattarri, 1965; Berenson et al., 1967). Although even highly purified amy-
loid fibrils have an anomalous green polarization colour after staining with
congo red (see Glenner ef al., 1972) we believe that the arrangement of muco-
polysaccharides is of importance for the parallel aligment of congo red micelles
in amyloidotic tissue specimens.

Concerning the behaviour of the Bennhold-staining after KOH treatment
and following coupled tetrazonium reaction we also conclude that a part of the
interfibrillar substance was resolved followed by destruction of the ordinary
texture. The results support the view, that the separate amyloid types have
different substances coating the fibrils.

Using the Bennhold-modification alterations of SH groups (blocking of SH
groups, acroleine and bromsuccinimide reaction) cannot result in influencing
the salt-like bindings between congo red molecules and amyloid fibrils since
salt-like binding is impossible between the acid dye molecule and SH groups in
a watery medium. Their effects were conceivable in consequence of ionic changes
with following alteration of perifibrillar texture as well as of masking effects.

A similarity of amyloid fibrils was supposed by reason of applying chemical
and physical methods (Gueft et al., 1968; Bonar ef al., 1969). On the other hand
reports are published, which contain informations about differing amyloid
fibrils in different individuals (Glenner et al., 1970, 1971; Benditt and Eriksen,
1971; Ein et al., 1972). But informations about amino acid analyses should be
used carefully in view of the difficulties in isolating highly purified fibrils (Pras
et al., 1969). The simulation of a differing amino acid content by different con-
taminations and enzymatic processes must also be kept in mind. Moreover
Miller et al. (1968) emphasized the influence of isolation methods. It was not
the goal of our investigation, however, to clarify this disputed question.

Collagen fibres and amyloid types differ from each other by polarization
optial effects in the Puchtler-stained formol-fixed samples. Strong methylation
and coupled tetrazonium reaction alter the collagen. Now the dye micelles are
bound in nearly axiparallel order to the surface of collagen fibres (as on amyloid
fibrils). In the former case as in the case of amyloid the arrangement of muco-
polysaccharides and their alteration by eliminating of acid groups are of great
importance. Quite unexpected results by Bennhold-staining after elimination

15%
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of amino groups, periodic acid oxydation and after HCI treatment can only be
explained by structural alterations. These results strengthen the assumption
that a textural resemblance between amyloid and collagen is not existent. In
this connexion one should refer to Romhanyi’s findings, too (Romhanyi, 1970
and 1971).

Comparing mature collagen fibres with fibres of rheumatoid synovial mem-
brane attention had to be called to the result after digestion with hyaluroni.
dase. The results can be related to the findings of newer experiments by Castor
et al. (1971), which proved an altered metabolism of hyaluronic acid in cell cul-
tures of rheumatoid synovial membrane.

The senile plaques show a sample of reactions resembling amyloid. This
18 a further evidence for the amyloid nature of these structures, which already
was found earlier (Terry et al., 1964; Katenkamp and Stiller, 1971; Nikaido
et al., 1971). A point worth stressing is that the perifibrillar substance of senile
plaques somewhat varies from primary as well as secondary amyloid, as evi-
denced by histochemical methods and digestion with hyaluronidase. Further-
more it is remarkable, that senile plaques are able to behave as primary or sec-
ondary amyloid.

The fibrils in Alzheimer cells are certainly of other nature, confirmed by
ultrastructural investigations (Luse and Smith, 1964 ; Terry et al., 1964; Schlote,
1968). Therefore the texture of neurofibrillary tangles differs from amyloid
after some histochemical reactions.

We can draw the following conclusions from our results:

1. A distinguishing characteristic of the amyloid types is the different texture.
From this viewpoint it must be concluded, that amyloid is a heterogenous sub-
stance (compare Benditt ef al., 1971; Benditt and Eriksen, 1972; Romhanyi,
1972). Primary amyloid, secondary amyloid and senile plagques are identical per
se in each case.

2. Generally the textures of amyloid and collagen differ from each other
fundamentally. The possibility of a direct transformation of collagen to amyloid
and vice versa must be refuted.

3. Collagen posseses a varying texture. Probably an altered content of muco-
polysaccharides is of primary importance.

4. Obviously the texture of neurofibrillary tangles is not identical with
amyloid, but some textural resemblances can be found, too.
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