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Histochemical methods revealed activity of chol inesterases ,  carboxyles terases ,  acid phos-  
phatase, and adenosine tr iphosphatase in senile plaques. 

The formation of senile plaques, which are  frequently found in the cerebra l  cor tex of old people, and 
most  constantly in senile dementia and Alzhe imer ' s  disease, is associated by most invest igators  with va r i -  
ous s t ructura l  elements of the central  nervous system. 

The formation of senile plaques is interpreted by some workers  as necrobiosis  [2, 3, 20], by others 
as the precipitat ion of certain substances [4, 8, 18], and by a third group as the result  of deposition of meta-  
bolic products [1, 6, 13, 14]. Some invest igators  associate the formation of senile plaques with amyloidosis  
[5, 7, 9, 10, 17, 19]. The conflicting opinions expressed regarding the nature of senile plaques make it 
essential  to seek fresh ways of investigating these s t ructures .  Recently, for instance, studies of the enzyme 
his tochemis t ry  of senile plaques have been published [11, 12, 15, 16]. 

This paper  presents  d~ta colicerning the activity of chol inesterases ,  nonspecific es te rases ,  phos: 
phomonoesterases ,  and adenosine tr iphosphatase in senile plaques. 

E X P E R I M E N T A L  M E T H O D  

Pieces  of brain  (from areas  10, 46, 6, 1, 22, 40, 17, hippocampus, cerebellum, hypothalamus) of 
psychiat r ic  patients dying at the ages of between 62 and 90 years ,  were taken 3 h after  death and were fixed 
for 24 h in the cold in calc ium-formal in .  Sections were cut on a freezing mierotome and washed in ice-  
cold water, after  which, depending on the method used, they were e i ther  placed immediately in incubation 
solutions or  pre l iminar i ly  fixed to slides. 

Chol inesterases  were investigated by Gomori '  s method with acetylthiocholine iodide and buWrythio- 
choline iodide, and also by the Karnovsky-Rootes  method with actylthiocholine iodide. Control sections 
were t reated in the same incubation media, but with the addition of eser ine  in a final concentrat ion of 
10 -5 M. 

Nonspecific e s te rases  were studied by Gomor i ' s  modification of the Nach las -Se l igman  method. To 
differentiate between the es te rases ,  control sections were pre l iminar i ly  t reated in 10 -5 M or  10 -4 M solu- 
tions of eser ine  and in 10 -4 M sodium p-chloromercur ibenzoate  solution. 

Acid phosphomonoesterase  activity was studied by Gomor i ' s  lead method and alkaline phosphomono- 
es te rase  activity by Gomori, s calc ium-cobal t  method. Adenosine tr iphosphatase was determined by 
Gomor i ' s  lead method. Control sections were placed in incubation medium with the addition of sodium p-  
chloromereur ibenzoate  in a final concentration of 2.5 �9 10 -3 M. 

V. I. Yakovenko No. 2 Moscow Regional Psychia t r ic  Hospital. (Presented by Academician of the 
Academy of Medical Sciences of the USSR A. P. Avtsyn.) Translated f rom Byulleten' ~ s p e r i m e n t a l ' n o i  
Biologii i Meditsiny, Vol. 70, No. 8, pp. 109-111, August, 1970. Original ar t icle  submitted December  25, 
1969. 

�9 1971 Consultants Bureau, a division o/ Plenum Publishing Corporation, 227 West I7th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $I5.00. 

954 



Fig'. 1. Senile plaque: ~) Karnovsky-Rootes method with 
aeetylthiocholine iodide, 400x; b) Gomori's  method for acid 
phosphatase, 200 x; c) Gomori's  method for adenosine tr i -  
phosphatase, 200 x. 

EXPERIMENTAL RESULTS 

Acetylchol ines terase  activity was high in the senile plaques. In some plaques, a more deeply stained 
central  par t  could be distinguished, surrounded by a pale zone, outside which was a halo consisting of fibrils 
stained slightly less  intensively than the central  par t  of the plaque (Fig. la}. Other senile plaques appeared 
as collections of short  fibrils.  In control  sections ei ther  the senile plaques could not be detected or  they 
were only just  visible. Nonspecific chol ines terase  activity was low in the senile plaques, and these s t ruc -  
tures  appeared as pale brown, c i rcu la r  formations.  

In the react ion for nonspecific es te rases ,  the senile plaques appeared as dark blue round spots, in 
which darker  inclusions resembling degenerated microglial  cells were somet imes  seen. In sections p re l i -  
minari ly  t reated with 10 -5 eser ine  solution the plaques were smaller,  and they were less deeply stained. 
In sections t reated with 10 -4 eser ine  solution, the plaques were very  much smaller .  The inclusions des-  
cribed above were a lmost  indistinguishable in them. After p re l iminary  t rea tment  of the sections in 
sodium p-ch loromercur ibenzoa te  solution the general  intensity of staining of the sections was reduced. How- 
ever,  the senile plaques were c lear ly  distinguished, and the dark blue inclusions resembling microglial  
cells  were c lear ly  outlined. The use of inhibitors thus shows that ca rboxyles te rase  activity is present  in 
senile plaques. 

In the test  for acid phosphatase the senile plaques were revealed as c i rcu la r  collections of small  and 
l a rge r  dark brown granules,  among which microglial  cells could be seen (Fig. lb). Alkaline phosphatase 
showed up the capi l lary network of the cor tex  clearly.  Only in 1 case were gray,  c i rcu la r  s t ruc tures  found 
in the molecular  layer,  mainly pe r ivascu la r  in distribution. In all other cases  the senile plaques were not 
revealed by the react ion for alkaline phosphates.  
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Two types of senile plaques could be distinguished by the cha rac te r  of thei r  adenosine t r iphosphatase 
activity. One type appeared as pale brown, c i rcular ,  s t ruc tu re less  spots. In the others ,  a dark brown, 
almost  black center  (the nucleus) and a brown fibrous halo could be distinguished (Fig. lc).  No senile pla-  
ques could be seen in control sections.  

When stained with Congo red, the plaques appeared much sma l l e r  than in the enzyme-his tochemicaI  
react ions.  

Hence, the resul ts  obtained by enzyme-his tochemica l  study of senile plaques do not suggest that they 
are  the resu l t  of a p r i m a r y  necrot ic  p rocess .  The hypothesis regarding the p r i m a r y  amyloid nature of 
senile plaques l ikewise is  not supported by the resul ts  of staining with Congo red or  of the enzyme-h i s to -  
chemical  tes ts .  The high activity of severa l  enzymes in senile plaques may indicate that these s t ruc tures  
are  a manifestation of the dis turbed metabol ism of the senile brain. 
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