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Histochemical Similarity of Senile Plaque Amyloid 
to Apudamyloid* 

James M. Powers and Samuel S. Spicer 
Department of Pathology, Veterans Administration Hospital and Medical University 
of South Carolina, Charleston, South Carolina 29401, USA 

Summary. Senile plaque amyloid of both isolated and perivascular (dyshoric) 
types was compared histochemically to other major types of amyloid. In 
contrast to most amyloids tested, senile plaque amyloid contained less trypto- 
phan and tyrosine reactivity and more alcianophilia. These histochemical 
features indicate that senile plaque amyloid is similar to apudamyloid, and 
suggest that local factors are more important than systemic circulating factors 
in its genesis. The implications of these histochemical observations are dis- 
cussed. 
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ing - Alzheimer's disease. 

Introduction 

The senile plaque represents one of the fundamental brain lesions in Alzheimer's 
senile or pre-senile dementia (McMenemey, 1963). The pre4ence of amyloid 
within the senile plaque is universally agreed upon, but its chemical nature, 
mode of formation, and exact relationship to the degenerating neuritic elements 
are unknown. Cerebral amyloid is commonly associated with cardiac and insular 
amyloid in the senium (Schwartz, 1970). Insular amyloid has been studied re- 
cently by Westermark (1974, 1975), who found that it resembled the amyloid 
associated with cells of Pearse's APUD series (Pearse, 1974). Apudamyloid 
differs from other amyloids because of its decreased aromatic amino acid content 
and autofluorescence, and its greater alcianophilia (Pearse et al., 1972). Previous 
attempts to histochemically define the aromatic amino acid content and alciano- 
philic properties of senile plaque amyloid have been limited. 
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We have studied three brains with senile plaques by carefully controlled 
histochemical methods and compared plaque amyloid to other major amyloids. 
We find that senile plaque amyloid is histochemically similar to apudamyloid. 
This data indicates that local factors may be more important than systemic 
circulating factors in the formation of senile plaque amyloid. 

Materials and Methods 

Several types of amyloid (Table 1) were studied histochemically for t ryptophan and tyrosine content. 
The rosindole reaction for t ryptophan and the Millon reaction for tyrosine (Lillie, 1965) were 
utilized. Neutral  buffered formalin fixation was employed. Three serial paraffin sections were cut 
at both 5 IX and 10 tx thickness on an American Optical microtome by one technician. The first 
and third sections of each set were stained for t ryptophan and tyrosine, while the second was 
stained with alkaline Congo red and viewed with polarized light for positive identification of 
amyloid. All stains were performed by another  technician. Positive controls (3 + ,  4 + )  for trypto- 
phan  and tyrosine consisted of mouse submandibular  gland or pancreas. The 5 bt sections were 
generally 25 to 50% paler than the 10 bt sections. Internal positive controls, such as erythrocytes, 
fibrin, muscle, and elastica were also used. To identify senile plaque amyloid accurately, only 
the cores or perivascular plaques were evaluated. Tryptophan and tyrosine content was estimated 
semiquantitatively using a 0 - 4 +  grading system by one of us (JMP) 6 to 8 h following completion 
of the stain. The serial sections were photographed between 18 and 24 h after stain completion. 
Composite  lantern slides were then prepared and the reactions were again quanti tated independently 
by the authors.  The results of  the two separate quanti tat ions were comparable.  The black and 
white photographs,  which accompany this text, were similarly controlled. All specimens were pho- 
toprapbed on a Zeiss Axiomat  with automatic  exposure, automatically developed in the same 
developer, and printed at the same exposures on the same grade of photographic paper. 

It was necessary to perform some time studies on the effects of formalin fixation, since formalin 
had been reported to affect t ryptophan staining adversely (Adams, 1957; Glenner and Lillie, 1957). 
Murine submandibular  gland, pancreas, and amyloid-containing spleen were fixed in neutral buffered 
formalin for 3 h, 24 h, 3 days, 7 days or 14 days. There was no appreciable decrease in t ryptophan 
or tyrosine reactivity between 3 h and 24 h, a mild decrease between 24 and 72 h, a substantial 
decrease (50%) by 7 days, and an almost total loss of  reactivity at i4 days. Tyrosine was more 

Table 1. 

Case Age Sex Type Organ Pre-fixation Formalin 
(yrs.) interval fixation 

I 78 F Primary Heart  3 h 6 d 
2 50 M Primary Heart  1 h 3 d 
3 58 M Myeloma Tongue 21 h 5 d 
4 56 M Secondary Heart, liver 15 h 5 d 
5 53 F Medullary carcinoma Thyroid 1 h 8 h 
6 67 M Insular Pancreas 1 h 3 d 
7 76 M Senile plaque Brain 18 h 3 h 
8 78 M Senile plaque Brain 4 h 3 h 
9a 89 M Senile plaque Brain 6 h 15 h 
9b 89 M Senile cardiac Heart  6 h 10 d 

I0 3 mo. M Murine, casein induced Spleen, liver 0 ~ 3 h 
11 6 too. M Murine,  spontaneous  (KK) Spleen, liver 02 3 h 

a In situ perfusion fixation 
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resistant than tryptophan.  In order to ascertain the effect of  autolysis on t ryptophan or tyrosine 
staining, unfixed samples of  splenic amyloid were also placed in normal  saline at room temperature 
for 24 h prior to 15 h of formalin fixation. No  detectable alteration in staining was observed. 

In an at tempt to characterize the secondary contributions to amyloid formation,  5 Ix sections 
from each major  type of amyloid were stained with periodic acid-Schiff (PAS), alcian blue at 
pH 2.5 (AB), alcian blue at pH 2.5 in 0.2 molar  magnes ium chloride, Halmi 's  aldehyde fuchsin, 
and azure A at pH 4.0 for wet and post-dehydrat ion metachromasia  (Spicer et al., 1967). These 
stains were quanti tated using the same grading system. To investigate further the nature of the 
proteoglycans or glycoproteins present, sections were pre-treated with bovine testicular hyaluronidase 
for 5 h or Vibrio cholera sialidase for 18 h, and then stained with alcian blue at pH 2.5, 

Results 

The results of the histochemical staining are presented in Table 2 and Figures 
1-9. Senile plaque amyloid (Figs. 6-9) demonstrated intermediate tryptophan 
and tyrosine reactivity when compared to generalized amyloids (Figs. 1 and 
2) and islet amyloid (Fig. 4), and closely approximated the amyloid of thyroid 
medullary carcinoma (Fig. 3). The plaque amyloid was often weaker than eryth- 
rocyte staining (Figs. 6 and 9) which usually is weakly (+)  positive (Glenner 
and Lillie, 1957). Although neither tryptophan nor tyrosine could be demon- 
strated in the insular amyloid at 5 Ix, trace staining was found in the 10 IX 
sections. The amyloid in medullary carcinoma of the thyroid was unexpectedly 
variable in its staining throughout the single specimen studied, but was generally 
weak. Interestingly, senile cardiac amyloid exhibited greater tryptophan staining 
than senile plaque amyloid of the same case, despite prolonged formalin fixation. 
The few cerebral vessels which exhibited congophilic angiopathy demonstrated 
tryptophan and tyrosine staining which was consistently greater than that of 
senile plaque amyloid and almost as strong as the staining of generalized amy- 
loids. Isolated plaque and perivascular plaque amyloid was essentially identical. 
The few neurons undergoing Alzheimer's neurofibrillary degeneration displayed 

Table 2. Comparat ive staining of amyloids 

Case Congo red PAS Tryptophan Tryptophan Tyrosine Tyrosine Alcian blue 
(5 p) (10 g) (5 IX) (10 IX) pH 2.5 

1 3+ 4+  3+ 4+  3+ 3+ 2+  
2 3 +  3 +  2 +  4 +  2 +  3 +  . .  
3 3 +  3 +  3 +  . . -  2 +  . . . . .  
4 3 +  2 +  . . -  2 +  . . .  2 +  . -  
5 ~ 3 +  2 +  + / -  + / - t o +  + / -  + / -  2 +  
6 3 +  2 +  0 + / -  0 + / -  4 +  
7 3 +  3 +  0 t o + / -  + 0 + / -  . .  
8 3 +  2 +  + /  . . . .  0 . . . . .  
9a 3 +  3 +  + / - t o +  + + / - t o +  + 4 +  
9b 3 +  2 +  2 +  3 +  + / -  2 +  2 +  

10 2 +  2 +  3 +  4 +  + / -  + / -  2 +  
11 2 +  2 +  3 +  4 +  + / - -  + / -  2 +  

Some variability with all stains;  �9 �9 - not  determined 
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weak tyrosine staining, but only a trace of tryptophan reactivity. 
All amyloids were alcianophilic, but the insular and senile plaque amyloids 

stained most intensely. Senile cardiac and plaque amyloids retained their strong 
alcianophilia in 0.2 M magnesium chloride. Only senile cardiac and plaque 
amyloids demonstrated wet metachromasia with azure A, which was lost after 
dehydration. Insular amyloid alone demonstrated aldehyde fuchsin positivity. 
Hyaluronidase digestion did not affect the alcianophilia of the amyloids tested, 
except for the senile type. Both the senile cardiac and plaque amyloids exhibited 
a slightly reduced alcianophilia after hyaluronidase. Sialidase pre-treatment 
resulted in a minimal increase in alcianophilia for all amyloids tested. 

Discussion 

Amyloid is an extracellular pathological substance with hyaline, fibrillar and 
congophilic properties. For a recent review of its morphological features, the 
reader is referred to Stiller and Katenkamp's monograph (1975). Chemically, 
amyloid is a heterogeneous mixture consisting predominantly of a major fibrillar 
glycoprotein, serum globulins and mucosubstances (Glenner and Page, 1976). 
Most investigators agree that the fundamental nature of amyloid is glycoprotein- 
aceous, with the serum globulins and local mucosubstances being secondary 
constituents. These secondary constituents, however, may play a decisive role 
in some properties of amyloid, such as its insolubility (Pras et al., 1971). Al- 
though some difference of opinion still exists, it appears that the major fibrillar 

Fig. 1. Case 1. Subendocardial amyloid deposits (arrows). Ten micra section, tryptophan (x 200) 

Fig. 2. Case 10. Perifollicular (Fo) splenic amyloid (arrows). Ten micra section, tryptophan (x  200) 

Fig. 3. Case 5. Stromal (S) amyloid (arrows) separates masses of medullary carcinoma (7). For 
comparison, several clusters of weakly positive erythrocytes (RBC) are identified. Ten micra section, 
tryptophan (x  50) 

Fig. 4. Case 6. Pancreatic islet (Is) containing single nodule of amyloid (arrow). For comparison, 
several acinar cells with strongly positive zymogen granules (Zy) are included. Ten micra section, 
tryptophan ( x 500) 

Fig. 5. Case 9. Senile plaque with amyloid core (arrow) and microglial cell (M) lies adjacent 
to some neurons (N). Ten micra section, Congo red ( x 350) 

Fig. 6. Case 9. This serial section of the same senile plaque demonstrates that the amyloid core 
(arrow) stains less intensely than the erythrocyte (RBC). Ten micra section, tryptophan (x 600) 

Fig. 7. Case 9. This amyloid plaque (arrow) is pale and distinct from the blood vessel (BV). 
Ten micra section, tryptophan (x  480) 

Fig. 8. Case 9. A perivascular or dyshoric amyloid plaque (arrow) is paler than some intravascular 
material, presumably fibrin (F). Ten micra section, tryptophan ( x 400) 

Fig. 9. Case 9. The amyloid core (arrow) is unreactive while the erythrocyte (RBC) stains quite 
well. Five micra section, tryptophan ( x 600) 
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glycoprotein found in "primary" or myeloma amyloid differs from the fibrillar 
glycoprotein in secondary amyloid. The "primary"-myeloma type is a fragment 
of the variable region of an immunoglobulin molecule (usually VL), and has 
been designated B protein, protein type B, and amyloid of immunoglobulin 
origin (AIO). The secondary type is a different glycoprotein of unknown origin, 
which has been designated A protein, protein type A, amyloid of unknown 
origin (AUO) (Benditt and Eriksen, 1972; Glenner and Page, 1976). There 
is abundant evidence that both major glycoproteins, or their precursors, originate 
in the circulating blood (Husby and Natvig, 1974; Rosenthal and Franklin, 
1975; Glenner and Page, 1976). Tryptophan has been a consistently reliable 
chemical or histochemical marker in these types of amyloidosis, as well as 
in hereditary forms and animal models (see Glenner and Page, 1976). The 
amyloid associated with APUD cells, such as that in medullary carcinoma 
of the thyroid (Pearse, 1972) and in diabetic or senile pancreatic islets (Wester- 
mark, 1974), contains little or no histochemically demonstrable tryptophan or 
tyrosine. This has been confirmed by autofluorescent studies and by spectropho- 
tometric determination. Its hyaline, congophilic, and fibrillary properties, how- 
ever, are indistinguishable from those of other amyloids. This third type of 
amyloid [apudamyloid, amyloid of endocrine origin (AEO)] has thus been sepa- 
rated from the primary and secondary types because of its low aromatic amino 
acid content (tryptophan and tyrosine). There is also both in vivo and in vitro 
biochemical and morphological evidence (Pearse, 1972; Westermark, 1973, 1974; 
Ibanez, 1974) which indicates that apudamyloid is mainly produced by the 
APUD cells themselves, and not primarily derived from the plasma. 

APUD cells, purportedly originating in neural crest, contain fluorogenic 
amines. They have the capacity to take up amine precursors, decarboxylate 
amino acids, and secrete bioactive polypeptides (Pearse, 1974). They represent 
a diffuse system of modified nerve cells which have the same ultimate origin 
as the cells which populate cerebral cortex. One type of apudamyloid, senile 
or diabetic insular, is commonly associated with both senile cardiac and senile 
cerebral amyloid (Schwartz, 1970). Katenkamp and Stiller (1973), utilizing polar- 
ization optics, concluded that senile plaque amyloid differed from both primary 
and secondary amyloids. Therefore, one may expect a similarity between senile 
plaque amyloid and apudamyloid. 

Biochemical studies on the composition of senile plaque amyloid have been limited. Nikaido 
et al. (1971) isolated a protein from plaque-enriched cortex in Alzheimer's disease. Differences 
in their methodology make it difficult to put their data into perspective. They did find, however, 
that the senile plaque protein was different from a control secondary amyloid in that it had 
a much higher carbohydrate content and different predominant amino acids. Their data revealed 
that the amyloid cores had more than trace amounts of chondroitin sulfate. Suzuki et al. (1965) 
found increased amounts of hyaluronic acid and chondroitin sulfate in the gray matter of Alzheimer's 
disease, and assumed that it had originated from the amyloid of senile plaques. Our histochemical 
data indicates the presence of hyaluronic acid and/or chondroitin sulfate in senile plaque amyloid. 
The bulk of the alcianophilia of plaque amyloid, however, appears related to a hyaluronidase- 
resistant mucosubstance, and could reflect the presence of dermatan, heparan, or keratan sulfate, 
or a sialidase-resistant sialoglycoprotein. Dermatan and heparan sulfate have been isolated from 
normaI human and sheep brain (Singb and Bachhawat, 1968), and therefore appear to be likely co~adi- 
dates. 
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There have been many histochemical investigations of cerebral amyloid, but we wish to consider 
only the tryptophan and/or tyrosine histochemistry. Most investigators have not been interested 
specifically in senile plaque amyloid, except for Ishii (1958) and Stiller and Katenkamp (1974), 
Ishii, utilizing the coupled tetrazonium reaction, concluded that senile plaque amyloid contained 
tryptophan. The coupled tetrazonium reaction, however, is now considered a general protein stain 
which is not specific for tryptophan or tyrosine (Pearse, 1968). Stiller and Katenkamp (1974) 
demonstrated low tryptophan content in the amyloid of senile plaques when compared to secondary 
amyloid, and commented upon its similarity to the amyloid of thyroid medullary carcinoma (1975). 
They utilized the dimethylaminobenzaldehyde (DMAB) reaction of Adams and the rosindole reaction 
of Glenner and Liltie. Cooper (1969), using the DMAB reaction of Adams, found that cerebral 
amyloid and insular amyloid were always tryptophan positive. His identification of tryptophan 
in insular amyloid contradicts both Pearse's (1972) and Westermark's (1974) findings. Cooper 
did not specify which type of cerebral amyloid he evaluated, e.g. vascular or plaque. Most recently, 
Antonutto (1975), using the DMAB reaction, found that senile plaque amyloid was consistently 
negative, but cerebrovascular amyloid was positive. The section thickness was 5 Ix and the formalin 
fixation time was not specified. Although some of these results may be at variance with each other, 
it appears that most of the variability may be explained by differences in methodology, including 
formalin fixation time and section thickness. 

We have at tempted to rectify this apparently contradictory data by controlling 
section thickness, formalin fixation time, and staining. We have utilized specific 
histochemical reactions for t ryptophan and tyrosine. We have evaluated only 
the amyloid core of  the senile or perivascular plaque, and have compared this 
to the other major  types of  amyloid. Our observations confirm those of Anto- 
nutto (1975)and Stiller and Ka tenkamp (1975) on the paucity of  t ryptophan 
in senile plaque amyloid. More  importantly, we have demonstrated that senile 
plaque amyloid is almost  histochemically identical to apudamyloid. These 
histochemical results are necessarily limited by the sensitivity of  the methods 
and their semiquantitative nature. It  should be emphasized, however, that histo- 
chemical staining is currently the most  feasible technique available to study 
small deposits of  amyloid. 

The implication of the present histochemical observations relates directly 
to the significance of t ryptophan in amyloid. Tryptophan  is highly characteristic 
of  most  amyloids, constituting 2 -3% of the amyloid fibril's amino acids. The 
t ryptophan containing-fibril is currently believed to be the major  glycoprotein 
in amyloid, and consequently it is of pr imary pathogenetic significance. Although 
the t ryptophan containing-fibril probably originates in blood, the t ryptophan 
deficient-fibril of  apudamyloid appears to be produced locally by modified 
neural crest cells (see Glenner and Page, 1976). Our data showing similarity 
of  plaque amyloid to apudamyloid indicates that the major  fibrillar glycoprotein 
of  senile plaque amyloid is also primarily derived from local neural sources, 
rather than f rom the circulating blood. Possible local candidates for a major  
fibrillar protein with low t ryptophan and high acidic amino acid content could 
include intact or degenerated neurofilaments (Davison and Winslow, 1974) neu- 
rotubules (Davison and Huneeus, 1970), or glial filaments (Eng et al., 1971), 
the S 100 protein (Uozumi and Ryan, 1973), and perhaps the bifitar helix 
of Alzheimer's neurofibrillary degeneration. This is not a novel idea (see 
McMenemey,  1963), but it does contradict recent theories on the pathogenesis 
of  senile plaque amyloid in which a vascular origin is invoked (Schwartz, 1970; 
Wigniewski et al., 1975). Furthermore,  the identification of a neuronal glyco- 
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protein as the major component of senile plaque amyloid would furnish convinc- 
ing proof that plaque amyloid is secondary to neuritic degeneration, rather 
than the initial cause of it. 
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