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Summary. Using a rigidly controlled quantitative histological technique the occurrence 
of senile plaques and argyrophilic tangles in the frontal cortex and Ammon's horn has been 
compared in "normal" controls and 40 selected cases of senile dementia. 

There was a trend towards relatively larger numbers of neurofibrillary tangles in the 
dements than in the controls, and for these lesions to occur in particularly large numbers in 
Ammon's horn. 

I t  was concluded that although a correlation may exist between the occurrence of senile 
dementia and the intensity of tangle formation, it  is essential to take into account also the 
regional distribution in the brain of this and other types of lesions in relation to the specific 
clinical features of "senile dementia". 

The brains of a further series of 20 patients with visceral carcinomatosis were examined 
for the premature occurrence of plaques ("Krebsdrusen"). None were found. 

Zusammen]assung. Unter Verwendung einer streng kontrollierten quantitativen histo- 
logisehen Technik wurde das Auftreten seniler Plaques und argyrophiler Fibrillen in Frontal- 
rinde und Ammonshorn zwischen "normalen" Kontrollfiachen und 40 ausgewi~hlten F~llen 
yon seniler Demenz verglichen. Es land sich eine Tendenz zu relativ grSBerer Zahl Alzheimer- 
scher Fibrillenveranderungen bei Dementen gegenfiber den Kontrollgehirnen. Diese Verande- 
rungen neigten zu besonders gehauftem Auftreten im Ammonshorn. 

Obwohl eine Korrelation zwisehen dem Auftreten seniler Demenz und der ttaufigkeit der 
Fibrillenveriinderungen bestehen diirfte, wird vermutet, dal3 auch die regionale Verteilung 
dieser nnd anderer Liisionen im Gehirn mit den spezifischen klinischen Symptomen der 
,,senilen Demenz" in Beziehung gesetzt werden mfissen. 

Die Gehirne einer weiteren Reihe yon 20 Patienten mit Organcarcinomen wurdcn auf alas 
vorzeitige Auftreten yon Plaques (,,Krebsdrusen") untersucht. Solehe wurden nicht gefunden. 

K e y - W o r d s :  Ageing Processes - -  Senile P laques  - -  Neurof ibr i l l a ry  Tangles  - -  
Q u a n t i t a t i v e  His to logica l  S t u d y  - -  Senile Dement i a .  

The  na tu r e  and  significance of  "p laques  and  neurof ibr i l la ry  t ang les"  in  re la t ion  
to  var ie t ies  of  d e m e n t i a  is uncer ta in ,  a l though  bo th  qua l i t a t ive  and  q u a n t i t a t i v e  
a t t e m p t s  have  been made  to  corre la te  these  lesions wi th  the  occurrence a n d  
sever i ty  of  so-cal led "seni le  d e m e n t i a "  a n d  "Alzhe imer ' s  d isease"  (Simchowicz, 
1910; Grf inthal ,  1927; Rothsch i ld ,  1937; Newton ,  1948; yon  Braunmfih l ,  1957; 
Corsellis, 1962; and  Blessed,  Toml inson  and  Roth ,  1968). 

The  p rob lems  which have  ar isen in  these  s tudies  have  inc luded  achieving  
un i fo rm d iagnos t ic  cr i ter ia  a n d  assessment  of  the  degree of  d e m e n t i a  of  t he  pa t i en t s  
dur ing  the i r  l i fet ime,  and,  a f te r  d e a t h  of  measur ing  the  f requency  a n d  i n t ens i t y  
of  the  pa tho log ica l  changes s tudied.  Since the  rea l iza t ion  (Simchowicz, 1910; 
Gel lers tedt ,  1933) t h a t  a p p a r e n t l y  s imi lar  lesions m a y  be found  in aged,  no rma l  
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subjects, their role in cases of  dementia  has become even more obscure. Some 
workers, for example, Rothschi ld  (1942) have invoked a var ie ty  of  associated 
pathological  and  psychological factors to  account  for the dementia,  whilst others 
have speculated t h a t  there might  still be a relationship between these part icular  
pathological  changes and the  psychiatr ic  disorders, albeit a quant i ta t ive  ra ther  
than  a quali tat ive one (e.g. Corsellis, 1962; Blessed et al., 1968). 

This report  describes a quant i ta t ive  histological analysis of  the in tensi ty  of  
plaques and  neurofibril lary tangles in the  brains of  40 cases of  senile dementia,  
and  comparison of  the  results with the changes found in 75 normal  pat ients  
studied in a similar fashion (Dayan,  1970). 

Material and Methods 

The technical methods followed were those of Dayan (1970). In summary, blocks were 
taken at standard levels from coronal slices of the right middle frontal gyrus and/kmmon's 
horn, and Glees-Marsland stained paraffin sections prepared under standardised conditions. 
The numbers of lesions were counted under direct vision, and, after allowing for the effects 
of section thickness and shrinkage, the results were corrected to a common base of lesions] 
cu.mm, of cortex of fixed brain. All values shown are the means of two counts. The standard 
deviation of individual results was very small and has not been shown for the sake of clarity. 

The brains were obtained at autopsies on long-stay patients at two large psychiatric 
hospitals. On clinical grounds all the cases had been diagnosed by experienced psychiatrists as 
suffering from "senile dementia", although none had been subjected to detailed psychometric 
studies. Cases of dementia which showed any macroscopic evidence of vascular disease in the 
brain, or, of other possible causes of dementia or neoplasm anywhere in the body have been 
excluded from the analysis. 

Results  

The age composit ion of  the  series is shown in Table 1 .60  ~ of  the series were 
females, bu t  because the numbers  of  cases available was small, informat ion for 
men and  women has been pooled, and a ny  possible effect due to sex has been 
ignored in analysing the  results and comparing t h e m  with the  normal  controls. 

The (corrected) numbers  of  plaques and  tangles counted in A m m o n ' s  horn 
are shown in Fig. 1, and  are compared  with the corresponding values found in 
controls (Dayan,  1970). The separate values found in the  frontal  cortex and 
A m m o n ' s  horn are compared  with each other  in Fig. 2. Straight  lines were fit ted 
separately to the da ta  for the plaque and  tangle counts by  the method  of  linear 
regression employing the least squares technique.  The equations obtained (plaques 
y ~ 0.83 x -k 52.1 ; tangles y ---- 0.94 x q- 273), and their respective correlations 
statist ically were significantly different (p ~ 0.05). This means t h a t  in the cases 
analysed there was a significantly greater  number  of  neurofibrillary tangles in 

Table 1. Age composition o/series o/ senile dements 

Age group No. of patients 
(years) Male 1%male 

60--69 8 10 
70--79 4 10 
79-{- 4 4 

Total no. of cases ~ 40. 
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Ammon 's  horn as compared with the 
frontal  cortex, whereas the intensity of 
plaques was similar a t  both  sites as had 
been found previously in the normal 
controls. 

Qualitative Observations 

Apart  from plaques and tangles, the 
histological lesions noted in the areas 
examined of these brains were banal, 
and comprised in all eases a variable loss 
of neurones, thickening and gliosis of the 
molecular layer of the cerebral cortex, 
and, loading of neurones and some glial 
cells with yellow lipofuscin pigments. 
Material with the staining properties of 
amyloid was not sought routinely. Such 
material  was found however, in the 
small intra-cortical blood vessels fo 2 pa- 
tients, one aged 56 years, and the other 
(aged 73 years) who had the highest plaque 
count recorded. I t  was sought in them 
because of the unusual thickening and 
hyalinisation of the walls of the vessels. 
Amyloid-like staining of plaques and 
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Fig. 1 The numbers of senile plaques and 
argyrophilie tangles found in Ammon's 
horn in eases of senile dementia are com- 
pared with the corresponding values 

found in controls 

tangles: magenta with periodic acid Schiff, salmon-pink with Congo red and giving 
an anomalous green co]our in polarised light, was not sought in every specimen. 
In  any  case, these properties seemed relatively uncommon, particularly the lat ter  
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Fig. 2. Relationship between the numbers of plaques and tangles in the frontal cortex and 
Ammon's horn in eases of senile dementia. A is the independently calculated regression line 

for plaques. B is the line calculated for tangles (see text), o plaques; ~ tangles 
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two, but  this may have been due to the random nature and small size of the sample 
examined and the relative insensitivity of the techniques employed. This con- 
clusion is supported by a comparison with the results of a survey employing more 
sensitive methods (Wright et al., 1969) ; in which "amyloid" was found in the brains 
of 63 ~ of people more than 70 years old. 

The occurrence of granulo-vacuolar degeneration (Simchowiez, 1911); in 
Ammon's horn was noted in the pyramidal neurones there in 40 ~ of cases. Small 
numbers of neurones appeared to be affected, mainly in Sommer's sector and the 
t t2  region. 

Discussion 

The purpose of this work was to compare certain quantitative histological 
observations on the brains of cases of senile dementia with results obtained from a 
study of similar age-related changes in normal controls. The choice of features 
studied as well as areas examined was governed by the availability of data on 
control eases. 

In  essence, the results obtained appear to show that  it is possible to differentiate 
cases of senile dementia from normal patients of similar age by means of the inten- 
sity of neurofibrillary tangle formation in the brain, particularly in Ammon's 
horn, as this appears to reach much higher levels in the demented patients. 

This interpretation of the present results is as dependent on the method of 
selecting the demented patients, as on the techniques employed for counting and 
analysing the plaques and tangles. The subjects chosen had been in-patients at  
two psychiatric hospitals for periods ranging from several months to a few years. 
The diagnosis of "senile dementia" had been applied to them by several psychia- 
trists, who had almost certainly employed a variety of clinical criteria. Patho- 
logically, the cases were further selected by the exclusion of all those with other 
organic lesions capable of producing psychiatric disorders. 

I t  is not claimed that  these patients are representative of the clinical enti ty 
of "senile dementia",  only that  they comprise a pathologically homogeneous group 
of cases of dementia occurring in later life. The manner of collection of the cases 
differentiates the series in some respects from those studied by other workers, 
who have usually accepted cases initially on purely clinical grounds (e.g. Sim- 
chowicz, 1910 ; l~othschild, 1937 ; Newton, 1948 ; Corsellis, 1962; Blessed et al., 
1968; Jamada and Mehraien, 1968), and subsequently have made at tempts by  
internal analysis and deductive reasoning to allow for the effects of the cerebro- 
vascular disease so commonly observed amongst the patients. By this artificial 
restriction of the type of disorder studied, it was hoped to delineate more clearly 
the possible significance of the pathological lesions, and subsequently, to examine 
these findings in terms of their clinical importance. 

As shown in Fig. 2, no cases were entirely devoid of plaques and tangles at  
both sites examined, although each of two separate patients lacked either plaques 
or tangles in Ammon's horn, and another case had no tangles in the frontal cortex. 
This may  be taken as some evidence for the homogeneity of the cases studied. 
Overall there was a very considerable scatter in the numbers of lesions present 
at both sites, and the figures obtained to some extent overlap with those found in 
control cases. There is no significant difference between the numbers of plaques 
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at  either site when compared with the normMs. However, there is a definite differ- 
ence between the demented and normal patients if the numbers of neurofibrillary 
tangles at both sites are compared; and in the cases of dementia, there is a partic- 
ularly strong trend towards an excess of tangles in the Ammon's horn. This 
achieves the conventional level of significance (p ~ 0.05), if the numbers of tangles 
in the frontal cortex and Ammon's horn in individual cases are compared statisti- 
cally with controls of similar age, but  a more detailed formal analysis has not 
been undertaken because it was not possible to match the demented and control 
patients sufficiently closely for them to be considered as samples of an homo- 
geneous population. These findings cannot be compared directly with previous 
results because of the methodological differences in the selection of patients and 
the manner in which they have been studied. 

Both the earliest quantitative histological studies of senile dementia (Simeho- 
wicz, 1911 and 1924) and the most recent (Blessed et al., 1968) have demonstrated 
a suggestive correlation between the occurrence of dementia and the numbers 
of plaques present in the brain. The former showed also that  the actual numbers 
of plaques present in different areas of the brain varied greatly, and even suggested 
a histological index for differentiating cases of senile dementia from examples of 
"Alzheimer's disease", based on the ratio between the numbers of plaques in the 
frontal and occipital cortex. I t  is difficult now to accept this distinction (Blessed 
et al., 1968), although it is still supported by some, e.g. Wfldi et al. (1964). Blessed 
et al. (1968) showed a highly significant correlation between an index of the num- 
bers of plaques in the brain and psychometric measures of the degree of dementia 
and intellectual performance in elderly patients. By comparison with a group 
of similar patients suffering from functional disorders they showed also that  age 
could not be correlated with increasing numbers of plaques. 

These workers employed a "mean plaque count"  obtained by averaging the 
numbers found in sections from 12 areas of the brain (excluding hippocampus). 
In  view of the almost uniform report  of considerable variation in the incidence 
of plaques in different areas of the brain, this global figure is of doubtful validity 
(e.g. Simehowicz, 1911; Grfinthal, 1926; McMenemey, 1940; Goodman, 1953; 
Morel and Wildi, 1955; yon Braunmfihl, 1957; SjSgren and Sourander, 1961; 
Hirano and Zimmerman, 1962; Wildi et al., 1964; Jamada and Mehraein, 1968); 
as it  may well conceal extensive differences between the various areas. There are 
very few pathological processes which affect the brain so uniformly that  a reliable 
quantitative parameter can be obtained by averaging values obtained from almost 
all areas of the cerebral cortex. 

The occurrence within the clinical syndrome of senile dementia of cases with 
accentuation of particular symptoms and signs and the possibility of correlating 
these features with focal concentration of pathological lesions in the brain (e.g. 
Blessed et al., 1968; Jamada and Mehraein, 1968; McDonald, 1969) provides 
further evidence that  the changes in the brain are not randomly distributed, and 
should not be represented by a single parameter ff a detailed analysis is to be 
at tempted of the significance of the histological lesions studied. The finding that  
there appears to be a certain concordance between the incidence of both plaques 
tangles (e.g. Newton, 1948; von Braunmfihl, 1957; present study) may  account 
in part  for the correlation found by Blessed et al. between the dementia score and 
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the "mean plaque count" in some of their cases. The present observation of an 
apparent correlation between the diagnosis of "Senile Dementia" and the numbers 
of neurofibrillary tangles at  particular sites may also be specious for the same 
reasons. 

In such patients it is not known to what extent the dementia is due to the 
overall loss of neurones so often noted, to quahtative or quantitative malfunc- 
tioning of neurones due to the presence of plaques and tangles which imply 
disordered neuronal ultrastructure (see review by Terry, 1969) and therefore 
metabolism, or to some combination of these and other factors. For these reasons 
at least, it would appear premature to at tempt a general correlation of the 
clinical entity of "dementia" with only one or two of the many pathological 
processes which have affected the brains of these patients. 

Appendix 

In  1935 Neubiirger and R6sch repor6cd finding senile plaque-like structures 
("Krebsdrusen") in 19 of 60 young patients with visceral carcinomas. Such lesions 
were seen in only 4 of 60 control eases of similar age (40--60 years). They concluded 
that  a systemic metabolic reaction to the visceral neoplasms might somehow have 
stimulated the formation of the plaques. 

In  an at tempt to repeat this observation, the brains of 20 unselected, conse- 
cutive patients who had died from visceral earcinomatosis, were examined by 
the same quantitative histological procedures as had been employed for the work 
described elsewhere in this report. 

Details of the patients and their neoplasms are given in Table 2. All of them 
had widely disseminated metastases. Apart from some agonal confusion and 

Table 2. Patients dying ]rom visceral carcinomas 

Case Age Sex Site of primary Cerebral 
No. (years) carcinoma metastases 

1 47 Ma Lung + b 
2 51 F Breast + 
3 55 F Breast -}- 
4 55 F Stomach 0 
5 59 ~ Colon 0 
6 44 ~ Lung 
7 43 F Breast 0 
8 41 F Stomach + 
9 56 M Colon 0 

10 46 F Breast 0 
11 52 ~1 Lung + 
12 59 F Pharynx 0 
13 49 F Colon 0 
14 44 ~ Lung 0 
15 57 F Bladder 0 
16 53 ~/[ Stomach -+- 
17 57 1~ Lung + 
18 57 ~ Bladder 0 
19 58 ~s Colon 0 
20 56 F Kidney + 

a M ~ male; F ~ female; b -t- : present; 0 : absent. 



Quantitative Histological Studies on the Aged Brain. I I  i0 i  

t hough t  d isorders  in a few of  them,  none  of the  pa t i en t s  had  a n y  record  of men ta l  
disease on re t rospec t ive  search of  the i r  records.  The  resul ts  of the  his to logical  
su rvey  were the  d e m o n s t r a t i o n  of  p l aques :  4 /cu .mm. in the  f ron ta l  cor tex  of  
ease 2, and  8/cu. mm.  in t he  f ron ta l  cor tex  and  A m m o n ' s  horn  of case 4. No  
neurof ibr i l la ry  tangles  were found  anywhere .  

Thus,  i t  was imposs ib le  to  confi rm the  resul ts  of  Neubf i rger  and  RSsch.  The 
difference be tween  the  two series cannot  r ead i ly  be accoun ted  for b y  differences 
in  t echn ique  or errors  of i n t e r p r e t a t i o n  as the  i l lus t ra t ions  of Neubi i rger  and  
l%Sseh (as t h e y  themse lves  noted) ,  show typ i ca l  appear ing  p r imi t ive  and  nuc lea t ed  
plaques ,  which do no t  look like Tinel ' s  (1924) pseudop laques  or o ther  s ta in ing 
a r t e fac t s ;  s imi lar ly ,  the i r  cases a p p e a r  to  have  been ob ta ined  f rom a genera l  
hosp i ta l  and  no t  f rom a psych ia t r i c  i n s t i t u t i on  as only  3 of the i r  cases (and none 
of the  p resen t  series) h a d  a n y  prev ious  h i s to ry  of men ta l  disorders.  

A l though  " K r e b s d r u s e n "  m a y  no t  be a fea ture  of unse lec ted  cases of  carci- 
nomatos is ,  i t  is stil l  possible  t h a t  a smal l  number  of unusua l  pa t i en t s  m a y  bea r  
t h e m  b y  ana logy  wi th  the  " ca rc inoma tous  neuropa th ie s"  which affect only  a 
smal l  p ropo r t i on  of cases. I t  would  seem wor thwhi le  examin ing  a larger  series 
of b ra ins  in an  a t t e m p t  to  confirm the  associa t ion  be tween  t h e m  and  a n y  pa r t i -  
cular  t y p e  of neoplasm,  and  to  see if  a n y  metabo l i c  or o ther  re la t ionship  could be 
d e m o n s t r a t e d  be tween  the  cor t ica l  and  the  visceral  lesions. 
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