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Senile plaques (SP) and neurofibrillary tangles (NFT) were found in 38 (74.5%) of 51 unselected brains of nonde- 
mented patients who died between the ages of 55 and 64 years. A high proportion (22, or 43%) had only NFTs. These 
were consistently present in the entorhinal cortex and/or the hippocampus; the olfactory bulb, the amygdala, and the 
nucleus basalis of Meynert were also occasionally involved. Isolated SPs were seen in only 3 brains (670); SPs and NFTs 
coexisted in 13 (25.5%). The distribution patterns of NFTs and SPs differed. NFTs were seen in discrete, mostly single 
neurons of the structure, already noted, whereas SPs occurred in a more generalized distribution over the base and 
convexity of the cerebrum. The plaques were usually small (30 IJ. in diameter) and consisted of delicate fibrillary 
material. Other types of SP were also seen. The  incidence of various types of plaques in nondemented patients is 
considered to indicate a morphological evolution of these structures. 
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The  study of the morphology of Alzheimer’s disease 
and senile dementia of Altheimer type (SDAT) has 
been based on brains from demented patients o r  on 
small biopsy samples of neocortex. Both types of 
specimen usually exhibit advanced stages of the dis- 
eases. It is well known, however, that a considerable 
proportion of nondemented patients who die between 
5 5  and 64 exhibit Alzheimer type changes in a mild 
degree 129, 361. Therefore we studied a series of un- 
selected brains from such patients to identify the ana- 
tomical distribution, incidence, and morphological fea- 
tures of the Alzheimer type changes and to compare 
them with the alterations in clinically expressed Alz- 
heimer’s disease and SDAT. It was hoped that the type 
and distribution of Alzheimer type lesions in these 
younger nondemented patients might give indications 
as to a possible environmental factor causing or  pro- 
voking the disease. 

Materials and Methods 
Fifty-one brains of unselected patients who died between the 
ages of 55 and 64 were fixed in phosphate-buffered formalin 
for 8 to 12 days, when frontal (coronal) slices were cut. 
Gross changes were noted. Tissue samples from both olfac- 
tory bulbs, both basal nuclei (Meynert), and both amygdaloid 
nuclei were dehydrated and embedded in paraffin. Three 
blocks were made of each of the hippocampi (anterior, me- 

dial, and posterior part), and one block from the gyrus rec- 
tus, first frontal gyrus, first temporal convolution occipital 
convexity, and the calcarine fissure from each side. Sec- 
tions 5 to 7 pm in thickness were stained with thioflavine-S 
and hematoxylin-eosin. Thioflavine-stained sections were 
screened with fluorescence microscopy for the presence of 
NETS and SPs. Hematoxylin-eosin-stained sections were 
used to exclude gross abnormalities such as softenings and 
tumors and to orient the sections more easily. 

Plaques and tangles were noted and localized. Four types 
of plaques were classified according to the method of Wis- 
niewski and Terry {38]: 

Cotton wool-like spherical areas about 50 +m in diame- 
ter, in which the single cell processes can hardly be distin- 
guished, but which are clearly distinguished by their 
fluorescence (Fig 1). Since they look similar to plaques 
occurring very early in the course of experimental scrapie 
[SO], they are called very primitive plaques. 
Plaques similar to very primitive plaques, but more dis- 
tinctly circumscribed, in which single cell processes can 
be distinguished and which do not have a compact center 
(Fig 2). These are called primitive plaques. 
Plaques of the same aspect as primitive plaques, but with 
a compact center of amyloid (Fig 3). These are called 
classic plaques. 
Plaques consisting only of a grain of compact amyloid (Fig 
4) .  They are called burned-out plaques. 
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F i g  1 .  V e y  prirnitiiie plaques (VPPI. (A! Single VPP in en- 
torhinal cortex. (B) Two VPP, closely adjacent to each other. 
(Both thiojavine-S; x 200 before 1.3%. reduction.) 

F i g  2. Primitive plaque in nucleus amygdalae. (Thiofavine-S; 
~ 2 0 0  before 13% reduction.) 

Fig 3. Classic phque in gyrus rectus. (Thiofavine-S; X 200 be- 
fore 13% reduction.) 

Results 
General Incidence of Alzheimer Type Changes 
Only 13 of the 51 brains (25.5%)) examined were free 
of Alzheimer type changes. Of the 38 brains with 
changes, 22 (43% of all brains) had NFTs only, 3 (696) 
had SPs only, and 13 (25.5%) exhibited both types of 
change. The number of Alzheimer type changes, how- 
ever, was far below that observed in clinically ex- 
pressed dementia. 

Topography of Alzheimer Type Changes 
SPs and NFTs were distributed as noted in Tables 1 
and 2. NFTs were nearly always localized in the basal 
structures of the brain and were found either singly or 
in a small number of neurons in discrete nuclei. No 
eosinophilic extracellular tangles C3 I ,  32) were ob- 
served, When sps Were observed they were always 
multiple. They were most often present in the en- 
torhinal cortex, hippocampus, amygdala, and neocor- 
tex. The incidence of SPs in the various cortical re- 
gions was about equal, with the exception of the 
calcarine fissure, in which the incidence was about one 

Fig 4. Burned-out plaque in nucleus amygddae. (Thiojavine-S; 
~ 2 0 0  before 13% reduction.) 
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Table 1 .  Number of Brains with Alzheimer 
Type Changes in Various Structures 

Neurofi brillary Senile 
Structure Tangles Plaques 

Entorhinal cortex 29 10 
Hippocampus 12 
Olfactory bulb 12 
Amygdaloid nucleus 10 
Nucleus basalis 7 
Neocortex 

Gyrus rectus 1" 
First frontal 1" 
First temporal 0 
Occipital convexity 0 
Calcarine fissure 0 

Total neocortex 2 

7 
0 

11 
3 

6 
7 
6 
7 
2 

12 
One neocortical region 2 6 
>One neocortical region 0 6 

"A solitary neurofibrilla-y tangle was observed in the sample indi- 
cated. 

third that of other sites. Occasionally SPs formed small 
clusters in the neighboring vessels. 

Microscopical Aspects the Lesions 
The neurons with NFI's were not microscopically dif- 
ferent from those observed in advanced Alzheimer's 
disease and in SDAT (Fig 5 ) .  Most affected neurons 
were pyramidal cells of medium size as in the en- 
torhinal cortex, the hippocampus, and the amygdala; 
mitral cells of the olfactory bulb, and more rarely, its 
tufted cells were also involved. The largest neurons 
observed to contain NETS were the Iarge rounded cells 
of the nucleus basalis. 

SPs were microscopically different from those usu- 
ally seen in Alzheimer's disease and SDAT. The vast 
majority were very primitive (Fig 1). They were about 
30 Fm in diameter and consisted of very fine fluores- 
cent structures. A few brains also contained primitive 
and classic plaques. In only one instance was a burned- 
out plaque found (Figs 2-4). 

Discussion 
Incidence of Alzheimer Type Changes 
The present study revealed Alzheimer type changes in 
38 of 5 1 brains, or more than half of all brains studied, 
whereas in a prior sample a fourth of the brains were 
involved { 36). This apparent increasing incidence is 
undoubtedly the result of both the more sensitive 
staining method (thioflavine instead of silver impregna- 
tion) and the increased number of blocks taken and 
screened from each brain (18 versus 4).  

The proportion of patients who exhibited Alz- 

Table 2. Distribution Patterns of Alzheimer Type Changes 

Changes No. of Brains 

BRAINS WITH SENILE PLAQUES ONLY 

Amygdalae exclusively 1 
Two neocortical areas exclusively 1 
Amygdalae both sides (hippocampus 1 

To tal 3 

Entorhinal cortex only 11 
Hippocampus only 5 
Entorhinal cortex + hippocampus 18 

Total 34 

both sides, neocortex) 

BRAINS WITH NRS AND PLAQUES 

N R S ,  SPECIAL DISTRIBUTION PAlTERNS 

NFTs in amygdala but in no other 

NFT in nucleus basalis, olfactory bulb, 

1 

0 
structure 

neocortex, not in entorhinal cortex 
or hippocampus 

NlT = neurofibrillary tangle. 

Ftg 5. Neurojibrilla y tangles in nucleus amygdalar. 
(Thiojavine-S; x 200 beJore 13 % reduction.) 

heimer type changes was much higher than the inci- 
dence of SDAT, which is estimated to be about 79% of 
all persons over the age of 65 f211. Therefore only a 
small number of the patients in this study would have 
become demented. It seems likely, however, that 
those who eventually do develop SDAT exhibit the 
early changes of the disease as described here. In the 
majority of nondemented patients, the changes must 
be self limiting. In the minority of patients who do 
develop Alzheimer's disease or SDAT, some qualita- 
tively different process must set in, which might result 
in the loss of some defense mechanism. 
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Comparison with Clinically Expressed SDAT, 
Alzheimerj Disease, and Related Diseases 
Brains of mentally normal old persons have been 
shown to exhibit most of the changes described in the 
present series 135, 371, but very primitive plaques are 
now detected for the first time in addition to the pre- 
viously described primitive, classic, and burned-out 
types. Our data indicate that the assumption made by 
Wisniewski and Terry {38} that the SP evolves from 
the very primitive through the primitive and classic (or 
mature) to the burned-out type is correct. In most 
cases of SDAT, the numerical density of both NFTs 
and SPs increases, but the distribution of these struc- 
tures remains the same 116, 34, 37). Nevertheless, in 
some patients with SDAT, as well as in those with 
classic Alzheimer’s disease and Alzheimer’s disease in 
Down’s syndrome 14, 5 ,  7, 18, 20, 24, 331, NFTs are 
observed over the entire neocortex except for the cal- 
carine fissure. In these diseases, therefore, there is 
additional spread of NFTs from the hippocampus, 
entorhinal cortex, and nucleus amygdalae to the 
neocortex. Given the multitude of neuronal connec- 
tions between these structures, it is conceivable that 
the stimulus for NFT formation spreads from neuron 
to neuron. The same pattern of NFT spread (not asso- 
ciated with SPs) occurs in boxer’s encephalopathy [GI. 

Different distribution patterns of N R s  are ob- 
served in postencephalitic parkinsonism [ 191 and sub- 
acute sclerosing panencephalitis 1251. In these diseases 
the topographical distribution of NFTs is probably de- 
termined by the dissemination of viruses. The same 
type of mechanism might apply to amyotrophic lateral 
sclerosis and Parkinson-dementia complex as observed 
on the island of Guam (14, 1 5f. 

NFTs and SPs as Possibie Markers of  the Ently 
and Spread of Environmental Agents Causing 
Alzheimer’s Disease and SDAT 
The findings of the present study can be interpreted as 
indications of early cellular aging in certain brain re- 
gions. They might also serve to suggest the presence 
and localization of a causal agent. In these nonde- 
mented presenile patients, both SPs and NFTs alone 
and together were observed, but the distribucion of 
NFTs and SPs was different. These observations sug- 
gest that the two lesions may be caused by two differ- 
ent although frequently associated agents. The possi- 
bility that a slow virus infection related to that of 
Creutzfeldt-Jakob disease causes the SPs has been dis- 
cussed by various authors 13, 11, 13, 17, 22, 23, 28, 
393. Although their pathogenesis is unknown, NFTs 
are found in some diseases known to be the conse- 
quence of viral infections: measles virus, as in subacute 
sclerosing panencephalitis, and influenza virus in post- 
encephalitic parkinsonism {12, 19, 25). They might 
therefore indicate the presence of a virus. Since NFTs 

were strictly limited to structures of the base of the 
brain in the presenile brains studied here, it is conceiv- 
able that an infectious agent enters the cranium and 
brain from the nasopharyngeal cavity and spreads there 
among the structures closely linked with each other by 
neuronal pathways. Since involvement of the ento- 
rhinal cortex or the hippocampus, or both, was some- 
times observed in the absence of olfactory NFTs, 
whereas the opposite was never seen, an invasion from 
the trigeminal ganglion would be more likely than one 
from the olfactory mucosa and the olfactory filaments. 
The same route of invasion by the trigeminal ganglion 
has been suggested for herpes simplex encephalitis and 
herpes simplex. I t  has been suggested as a pathway in 
the course of SDAT by several authors (1, 2, 8-10, 
26, 27). 

- 
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