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Alzhe imer ' s  Neurof ibr i l l a ry  Changes (ANF)  have  been  considered to  be 
d i s t r i bu t ed  ma in ly  in  A m m o n ' s  horn,  subicu lnm and  a mygda lo id  nucleus in 
senile demen t i a  (SIMcHOWICZ 1911; v. B~AUNMi~HL 1957). Bu t  l i t t le ,  i f  any,  
a t t en t i on  has  been pa id  to  N F A  in t he  bra in  s tem and  h y p o t h a l a m u s  ( l iEaz  and  
F/3~FGELD 1928 ; l i I~A~O 1962 ; LTXDG~EN 1952), a l though  the  occurrence in 
these  areas  was no t  in f requen t ly  r epo r t ed  in pos tencepha l i t i e  pa rk inson ism 
(M~AMuD et al. 1950; GREENFIELD 1953; HALL~VO~DEN 1933, 1935) and  o ther  
diseases (HII~ANO et al. 1961). 

The  presen t  s t u d y  revea led  t h a t  A N F  were widely  d i s t r i bu t ed  in the  b ra in  
s tem and  h y p o t h a l a m u s  of  senile demen t i a  as well, and  t h a t  the  d i s t r i bu t ion  
showed a m a r k e d  predi lec t ion  to  a cer ta in  group of  nnclei  such as nucleus dorsal is  
raphes ,  nucleus central is  super ior  Bechterew,  etc. This  d i s t r ibu t ion  has a 
s t r ik ing  s imi la r i ty  wi th  t h a t  of  monoamine  conta in ing nerve cells (DAtILSTRSM 
and  FUXE 1964). A func t iona l  charac ter i s t ic  of  the  nuclei  is man i fes t ed  in t h a t  
some of  t h e m  are considered to  be responsible  for rhombencepha l i c  phase  of  
sleep (R.P.S. ,  JOUVET 1962), and  t h a t  d i sappearence  of R . P . S .  was observed  
in t he  la te r  s tage of  senile demen t i a  and  Alzheimer ' s  disease (SuzuKI and  IiI~OTA 
1965). Thus,  corre la t ion  be tween  occurrence of  A N F  in the  b ra in  s tem and  hypo-  
t h a l a m u s  of  senile demen t i a  and  regional  metabo l ic  and  func t iona l  character is t ics  
of  t he  pa r t i cu l a r  nuclei  will be suspected.  

Material and Methods 
6 cases of senile dementia were examined. Clinical findings of these cases were briefly 

summarized in Table 1. All the cases showed a typical clinical course of senile dementia. 
I-Iistopathologically abundant senile cerebral lesions were confirmed in the cerebrum, although 
some were complicated with arteriosclerotic lesions. 

For the study of ANF in the brain stem and hypothalamus, Bielschowsky silver impregna- 
tion and HE preparations were used. All the preparations of both areas were projected to the 
drawing papers by a photographic enlarger and then the location of AI~F were plotted exactly 
on the corresponding sites of the maps. _As the control study 6 cases of arteriosclerotics over 
80 years of age and 24 cases of controls over 60 years of age were examined. 

Results 
ANF which were found in the brain stem and hypothalamus generally tend 

to take a shape of round form in Bielsehowsky preparations (Fig. ib). The thickened 
and whirled fibrills looked somewhat brown and glossy. Sometimes few lipofusein 
granules were scattered between the fibrills. In lie preparations the degenerated 
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TaMe 1. Clinical Data on Senile Dementia 

Year Date Age Approxi-  
Case Sex of of a t  mate  Dura- Clinical Course 

Number 
Onset Death Death  t ion (Yr.) 

1. 1959. 10 68 13 

2. 
3 .  
4. 

5. 

6. 

M 

M 
F 
F 

F 

F 

1946 

1957 
1945 
1945 

1956 

1955 

1960. 3 
1954. 6 
1950.12 

1958. 9 

1959.11 

76 
75 
68 

90 

72 , 4 

Onset with apathia, then steadily pro- 
gressive dementia 

Progressive dementia, wandering 
Wandering, progressive dementia 
Forgetfulness and euphoric mood, then 

progressive dementia 
Insomnia and wandering at night, ero- 

tic and jealous, progressive dementia, 
hypertension (200--140) 

Wandering, 4 years later under police 
custody, dementia, hypertension (200 
to 120), cancer of mamma 

cells were usual ly  filled with the homogeneous or whirled, sl ightly hematoxyl iphi l ie  
substance  (Fig. 1 a). 

b 

Fig.  1. a ANF in the N. eentral is  superior, n E  stain.  • 400. Case 4, 68 year-old, senile dementia ,  b ANF in  ~he 
N. dorsalis raphes. Bielsehowsky s tain.  • 700. Case 1, 68 year-old, senile dement ia  
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The d is t r ibu t ion  of A N F  was presented in  the diagrams (Figs. 2 and  3). The 
nuclei  in  which A N F  occurred were shown in  Table 2. As was seen in. the  
Figs. 2 and  3, and  Table  2, AiNF occurred mos t  a b u n d a n t l y  and  cons tan t ly  in  the 
nucleus dorsalis raphes and  nucleus centra]is superior. Sometimes even over hal f  of 
the remain ing  nerve cells of these nuclei  had  AIqF. Less f requent ly  encountered were 
AlqF in  the  nerve cells of nucleus reticularis t egment i  and  locus coeruleus. A few 

Fig. 2 Fig. 3 

Fig.2. Distribution of ANF in the Brain Stem (Senile Dementia). 1 lower medulla oblongata; 2 upper medulla 
oblongata; 3 lower pons; g upper pons; 5 upper ports; 6 lower meseneephalon 

Fig.3. Distribution of ANF in the Hypothalamus (Senile Dementia). A M  Nucleus alnygdalae; CA Commissura 
anterior; I Insula; I C  Capsula Interna; M I  Fasciculus l~Iamillo-infundibularis; OP Tractus Opticus; P D  Globus 
Pallidus; P T  Putamen; P V  Nucleus Paraventrieularis; S I  Substantia innominata; SO Nucleus supraopticus; 

T C  Tuber Cinereum 

Table 2. ANJF in  Bra in  Stem and Hypotha lamus  - -  Senile Dement ia  
3 q- : Approximately over half; 2 ~- : over 1/5; 1~- : below 1/5; 0: none of the nerve cells of the 

nucleus showed ANF) 

Brain Stem Hypothalamus 
Case Number 

a b c d 

1+ 1+ 
i +  ] +  
1+ 0 
0 0 
0 0 
0 0 

3~- 
3+  
2+ 
2+ 
2+ 
2+ 

3+ 
3+ 
2+  
3+  
3+ 
2+ 

e 1 g 

2+  2+  2+ 
2+  i +  l +  
l +  l +  t +  
i +  l +  i +  
l +  i +  l +  
l +  l +  l +  

h i i 

1+ 0 3 
1+ 0 0 
l +  i :  0 
l +  1 
1+ 0 0 
1§ 0 0 

k l 

l +  2+  
l +  2+ 
l +  l +  
1+ 

1§ 

~n n 

2+ 2+  
l +  l +  
l +  2+  
2 :  2+  

1+ 
l §  i +  

Abbreviations used in  the tables and diagrams, a magnocellular nucleus of reticular formation 
of medulla; b nucleus alae cinereae; c nucleus centralis superior; d nucleus dorsalis raph6; 
e nucleus reticularis tegmenti; ] nucleus loci caerulei; g reticular formation of pons; h sub- 
stantia nigra; i nucleus lemnisci ]ateralis; ?" nucleus intercruralis; /c central gray matter of 
mesencephalon; I substantia irmominata; m nuclei tuberis; n nucleus mamillo-infundibularis. 
�9 = Alzheimer's neurofibrillary change; • = granulovacuolar body. 
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were scattered in the central gray matter  of mesencephMon, reticular formation 
of pens, and medulla oblongata. Very few were seen in substantia nigra, nucleus 
intereruralis, and ala einerea. None was found in the dentate nucleus, inferior and 
superior olives. 

Of the hypothalamie nuclei, nuclei tuberis, substantia innominata, nucleus 
mamillo-infundibularis (Fig. 3) got numerous ANF. While unexpectedly none of 
ANF was found in the nerve cells of corpus mamillare, nucleus paraventrieularis 
and supraopticus. 

Contrary to the above, practically no ANF were found in the nuclei of the 
brain stem and hypothalamus of 6 arteriosclerotics over 80 years of age. Just  as 
well, only a negligible number of ANF was found in other 24 controls of 60 to 
79 years of age with the exception of some postencephalitie eases. The quantitative 
difference between senile dementia and control eases with regard to the occurrence 
of ANF in the brain stem and hypothalamus was a very marked one. 

Comment 

Hitherto little attention has been paid to the distribution of ANF in the brain 
stem and hypothalamus of senile brains. Among the few authors, HEgZ and 
FO~FGEL]) suggested a selective nature of distribution of ANF in these areas of 
Alzheimer's disease. LINDGm~ (1952) reported occurrence of ANF in these 
areas but without comment on the distribution pattern HI~A~o (1962) dis- 

87 

Fig.4. Distribution of mo~amine con- 
taining ner';e cells. Transverse section 
through the mesencepbalon at a level  
just behind the nucl. interpeduncularis. 
The 5-tIT type cells are indicated as 
crosses. B 7, substantia grieea centralis, 
nucl. dorsalis raphes. ]BS, nucl. media- 
nus raphe, and cells within the formatio 
reticularis. 139, cells within the formatio 
reticularismesencepbali. AC Aqueduc~ 
tus cerebri; ~J5 Fasoicalus longi- 
tudinalis; FR Formatio reticularis; GC 
Grisea contrails; ZM Lemniscus me- 
dialis; ND/t  l~ucl, dorsalis raphes; 
2VMR Nucl. medianus raphe; CC Crus 
cerebri; PCS Pedunculus cerebellaris 
superior. [Cited from A. D~HLSTR0~ 
and K. ]~'UxE: Acta physiol, scan& 6~, 

Suppl. 232 (I964)] 

cussed a similar pattern of distribution of ANF i.e. 
predilection to a certain group of nuclei, between 
Alzheimer's disease and Parkinsonism-dementia 
complex. 

According to the present study, ANF were 
widely distributed in the nuclei of the brain stem 
and hypothalamus of senile dementia, while in 
arteriosclerotics and others practically none were 
found in these areas. The contrast was very 
marked as far as the ANF in these areas are con- 
cerned. In  this connection there seemed to be no 
continuity between physiological ageing and senile 
dementia. 

Physiological functions of the brain stem and 
hypothalamus are not clear enough. In  general 
they are considered to be autonomous in nature 
and playing an important part in the central con- 
trol of attention, consciousness, wakefullness, and 
sleep. JotTv~T (1962) has induced, using electro- 
lytic method in cats, that  nucleus reticularis 
pontis orMis, n. eentralis superior and n. raphes 
are responsible for the R.P.S. On the other hand, 
Suzm;I et al. (1965) reported that  the duration 
and frequency of g.P.S, reduced especially in the 
later stage of senile dementia and Alzheimer's 
disease in contrast with arteriosclerotics and 
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normal senile. They concluded this phenomenon to depend on the functional 
decrease of the above mentioned nuclei in the brain stem and speculated tha t  
the pathological process of senile dementia and Alzheimer's disease seemed to 
progress downward from neocortex to brain stem. 

I t  is of great interest tha t  most of the nuclei which tended to get ANF in the 
brain stem and hypothalamus of senile dementia belong to the monoamine con- 
taining nerve cells (DAHLST~5~ and FuxE 1964, Fig. 4). In  fact, striking similari- 
ties exist between distribution pat tern  of ANF and monoamine containing nerve 
cells in the brain stem. According to them the latter specifically produce and store 
either DA, NA, or 5-HT and give rise to synaptic terminals where the amines show 
a tremendous accumulation, N. dorsaIis raphes, n. centralis superior and the nu- 
cleus of the raphe mesencephali are proved to be 5- t IT neurons and send axons 
to hippocampus and amygdaloid nucleus which are again the well known areas of 
predilection of ANF in senile dementia. On the contrary, locus eoernlens, sub- 
stantia nigra, etc. are cells of catecholamine type. In  the reticular formation of 
pons and mesencephMon both types of monoamine containing nerve cells are 
scattered. In  hypothalamus periventricular nuclei within the anterior hypo- 
thalamus, n. supraoptics, and paraventricularis are the main sites of monoamine 
containing nerve cells (CA~LSSO~ 1962). 

In  addition to the above, most of the nuclei which tended to get ANF, seemed 
to be characterized by  an early accumulation of lipofuscin (OnE~STEINEn 1930; 
1V[A:~I~EI~ 1955; S~AGUCHI 1958), and a high activi ty of oxidative enzymes in 
their perikarya (F~IEDE 1962). 

Thus, it seems probable tha t  certain regional characteristics in the metabolism 
and functional activities of the cells involved, in addition to the disease process, 
m a y  play an important  part  in provoking ANF. 

Summary 
Distribution of Alzheimer's Neurofibrillary Changes (ANF) in the brain stem 

and hypothalamus of 6 cases of senile dementia were examined. ANF were found 
with marked predilection to a certain group of nuclei in all eases. Among them 
nucleus dorsalis raphes, nucleus eentralis superior were the most severely affected 
ones. Sometimes even more than half of the remaining nerve cells got ANF. 
Nucleus reticularis tegmenti, locus coeruleus' were next. Periaqueductal gray 
matter ,  reticular formation of loons and medulla oblongata, substantia nigra, ala 
cinerea showed few ANF. Of hypothalamie nuclei, nuclei tuberis, substantia 
innominata, nucleus mamillo-infundibularis were sites of predilection of ANF. 

2 points were discussed: 
1. In  arteriosclerotics over 80 years of age and other 24 controls practically no 

ANF were found in the brain stem and hypothalamus.  The contrast between 
senile dementia and arterioscleroties concerning the occurrence of ANF in these 
areas was very marked. Thus continuity between physiological ageing and process 
of senile dementia in the brain is denied as far as the ANF findings in the areas 
concerned. 

2. Predilection of ANF to a certain group of nuclei in the brain stem and hypo- 
thalamus. This group of nuclei is supposed to be ill a close correlation with the 
activating system of the brain and playing an important  par t  in bringing about, 
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the rhombencephalic sleep as well as in other central autonomous activities. Most 
of them are characterized by  high content of monoamines, especially 5-HT, in the 
cytoplasm, an early accumulation of lipofuscin and higher oxidative enzyme 
activities in the perikaryon. Thus, certain regional characteristics in the meta-  
bolism and functions of the cells involved, in addition to the disease process, may  
play an impor tant  par t  in provoking ANF. 

Zusammenfassung 
Die Verbreitung der Alzheimerschen Neurofibrillenvers (ANF) im 

Hi rns tamm und Hypotha lamus  wurde in sechs Fallen yon seniler Demenz unter- 
sucht. In  allen Fi~llen wurde ANF vor allem in einer best immten Gruppe yon 
Kernen gefunden. Unter  diesen waren der Nucl. dorsalis raphes und der Nucl. 
centralis superior am schwersten betroffen. Bei einigen Fallen wiesen mehr als die 
Hi~lfte der verbliebenen Nervenzellen die ANF auf. Nach diesen beiden Kernen 
waren der Nuel. reticularis tegmenti  und Locus eoeruleus am meisten geschadigt. 
Auch im periaqu~duktalen Grau, in der retikul~ren Format ion der Brficke und des 
ver]i~ngerten Marks, in der Subst. nigra und in der Ala cinerea waren einzelne 
ANF zu finden. In  den gypotha lamuskernen  t r i t t  die ANF mit  Vorliebe in den 
Nuclei tuberis, in der Subst. innominata und im Nucl. mamillo-infundibularis 
auf. Wir erSrtern folgende zwei Punkte :  

1. Bei Pat ienten mit  Arteriosklerose im Alter fiber 80 Jahren  und bei 24 Kon- 
trollfallen konnte man  die ANF im t t i rns t amm und im Hypotha lamus  kaum 
nachweisen. Was die ANF in den genannten Gebieten betrifft, so zeigtc sich eine 
auff•llige Verschiedenheit zwischen Arteriosklerose und seniler Demenz. Demnaeh 
gibt es, was die -~NF der genannten Gehirntefle angeht, keine Kontinuitis der 
Gehirnvergnderungen zwisehen dem physiologischen AlternsprozeB und dem 
ProzeB der senilen Demenz. 

2. Die ANF t re ten haupts~chlieh in einer best immten Gruppe von Kernen des 
Hirns tamms und des Hypotha lamus  auL Man kann an~ehmen, daI~ diese Kern- 
gruppe im engen Zusammenhang mit  dem aktivierenden System des Gehirns steht 
und eine wichtige Bedeutung sowohl ffir den rhombencephalen Sehlaf als auch 
fiir andere vegetat ive Leistungen besitzt. Die meisten dieser Kerne sind dutch 
hochgradigen Monoamingehalt (besonders 5-HT) im Cytoplasma, durch frfih- 
zeitige Lipofuscinanhgufung und durch hochgradige Aktiviti~t der oxydat iven 
Enzyme im Perikaryon charakterisiert. Der eigenttim]iche Stoffwechsel und die 
Funktionen der ~Tervenzellen best immter  l~egionen dfirften in Verbindung mit  
dem Krankheitsprozei3 eine wichtige Rolle bei der Ents tehung der ANF spielen. 
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