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ABSTRACT

CLINICAL STUDIES A N D  CHEMICAL PATHOLOGY IN  NOMAL AGING  
A N D  DEM ENTIA OF ALZHEIMER TYPE.

by R. Adolfsson, Department of Psychiatry and Pathology, University of Umeå,
S-901 87 Umeå, Sweden.

1. The prevalence of dementia disorders in an institutionalized clientele 65 years 
and older was 3.7°/o of the total population of the county of Västerbotten. The 
highest percentage demented (55-65%) of the institutionalized people) was found 
in somatic long-stay wards, nursing homes and in the mental hospital. A surpris
ingly high percentage demented (17.1°/o) was found in the homes for the aged.

2. Brain concentrations of the monoamines, their metabolites and the activity of the 
degrading enzyme, monoamine oxidase (MAO) were determined post mortem in 
normal aging and in dementia of Alzheimer type. Dopamine concentration 
showed an age dependent decrease in the nucleus caudatus, globus pallidus, 
mesencephalon and in the cortex gyrus hippocampus.Patients with dementia 
of Alzheimer type had lower mean concentrations of the monoamines in several 
parts of the brain compared with age-matched controls.

3. Thirty-six patients with dementia of Alzheimer type were evaluated by means 
of computerized tomography, cerebrospinal fluid studies and rating for deter
mining the degree of dementia. A significant correlation between cortical atrophy 
and intellectual functioning was found.

Key words: Dementia — senile dementia — Alzheimer’s disease — aging — epidemio- 
logy — biochemistry — monoamines — monoamine oxidase — com
puterized tomopraphy.
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C lin ica l  s tu d ie s  and chemical pathology in normal aging and dementia of  

Alzheimer type .

by R. Adolfsson, Department o f  Psych ia t ry  and Pathology, U n ive rs i ty  o f  

Umeå, S - 901 87 Umeå, Sweden.

ABSTRACT

1. The prevalence  o f  dementia d i so rd e r s  in an i n s t i t u t i o n a l i z e d  c l i e n t e l e  

65 years  and o ld e r  was 3.7 % o f  the t o t a l  popula tion  o f  the  county o f  

V äs te rbo t ten .  The h ighes t  percentage  demented (55-65 % o f  the  i n s t i 

t u t i o n a l i z e d  people) was found in somatic lo n g -s ta y  wards,  nurs ing  homes 

and in the  mental h o s p i t a l .  A s u r p r i s i n g l y  high percentage  demented 

(17.1 %) was found in the  homes fo r  th e  aged.

2. Brain co n cen t ra t io n s  o f  the  monoamines, t h e i r  m e tabo l i t e s  and the  

a c t i v i t y  o f  the  degrading enzyme, monoamine oxidase  (MAO) were 

determined post  mortem in normal aging and in dementia o f  Alzheimer type .  

Dopamine concen t ra t ion  showed an age dependent decrease  in the  nucleus 

caudatus ,  globus pal l i  dus ,  mesencephalon and in the  co r tex  gyrus 

hippocampus. P a t i e n t s  with dementia o f  Alzheimer type had lower mean 

c o n ce n t ra t io n s  o f  the  monoamines in severa l  p a r t s  o f  the  b ra in  compared 

with age-matched c o n t r o l s .

3. T h i r t y - s i x  p a t i e n t s  with dementia o f  Alzheimer type were eva lua ted  by 

means of  computerized tomography, cerebrospina l  f l u i d  s tu d i e s  and 

r a t i n g  f o r  determining the  degree o f  dementia.  A s i g n i f i c a n t  c o r r e l a t i o n  

between c o r t i c a l  at rophy and i n t e l l e c t u a l  func t ion ing  was found.

Key words: Dementia - s e n i l e  dementia - Alzheimer 's  d isease  - aging - 

epidemiology - b iochemis try  - monoamines - monoamine oxidase  - 

computerized tomography.
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INTRODUCTION

Epidemiology o f  dementia

The preva lence r a t e s  o f  dementia in the  senium as repor ted  from various  

surveys ( f o r  a review, see Wang, 1977) a re  r a t h e r  c o n s i s t e n t .  In th e  s tu d ie s  

by Essen-Möller (1956), Parsons (1965),  and Kay e t  a l .  (1964, 1972) p re 

valence f ig u r e s  ranging from 4 - 6 % viere found f o r  d e f i n i t e  cases  o f  

dementia in the  e l d e r l y  popula t ion  65 year s  and o ld e r .  In o th e r  su rveys ,  

however, one may f ind  s t r i k i n g  d i f f e r e n c e s  in preva lence r a t e s .  D e f in i te  

cases  o f  dementia are  repo r ted  as being as high as 9 .0  % by Hagnell (Hagnel l ,  

1970) and 7.1 % by P f e i f f e r  ( P f e i f f e r ,  1975) o r  as low as 3.1 % by Nielsen 

(N ie lsen ,  1962) and 1.6 % by Bollerup (Bo l le rup ,  1975). The epidemio logical  

surveys undertaken so f a r  have mostly focused the  i n t e r e s t  on prevalence 

and incidence  r a t e s .  A few i n t e r e s t i n g  exceptions  must be mentioned. Roth 

(1955) demonstrated a favourable  outcome in a number o f  common p s y c h i a t r i c  

d i s o rd e r s  in the  e l d e r l y ,  i . e .  a f f e c t i v e  d i s o r d e r s ,  l a t e  paraphren ia  and 

to  some e x ten t  acute  confusional s t a t e s .  C l i n i c a l l y  he could d i s t i n g u i s h  

between s e n i l e  dementia and a r t e r i o s c l e r o t i c  dementia.  This has opened the  

way f o r  more s p e c i f i c  t re a tm en ts  and improved p re d ic t io n s  about outcome and 

a lso  opened up a f i e l d  o f  s tu d ie s  where comparison between th e  d i f f e r e n t  

c l i n i c a l  syndromes can be made and v a l id a te d  by fol low-up s t u d i e s .

The number o f  lo n g i tu d in a l  epidemiological  s tu d ie s  are  few, mainly due 

to  two f a c t o r s .  F i r s t l y ,  the small numbers o f  any dementing i l l n e s s  t h a t  

would come up through a random sample survey o r  t o t a l  popula tion  study and, 

secondly ,  the  d i f f i c u l t y  to i n v e s t i g a t e  hea l thy  people who do not cons ide r  

themselves to  be i l l .  Bergman e t  a l .  (1971) have provided important informa

t io n  on the  development o f  dementia in th e  e l d e r l y .  Their  follow-up study 

a f t e r  2 - 4  year s  showed t h a t  2 .8  % o f  the  previous hea l thy  e l d e r l y  had 

developed dementia.  Of p a r t i c u l a r  i n t e r e s t  was the  group designa ted  "mild 

o r  e a r ly  organic  s t a t e s " .  One t h i r d  o f  these  had during follow-up developed



dementia. Of more i n t e r e s t ,  however, was t h a t  ano ther  33 % were regarded as 

hea l thy .  On c lo s e r  examination these  s u b jec t s  tu rned  out to  be p s y c h i a t r i -  

c a l l y  normal but o f  low I.Q. and soc ia l  c l a s s .  Preliminary  data  from an 

ex tens ive  follow-up study by Gruenberg and Hagnell (see  Gruenberg,  1978),  

have provided evidence to  suggest  t h a t  during the  l a s t  th re e  decades the  

period o f  su rv iva l  o f  those  with dementia has inc reased .

C l in ica l  aspects  on dementia o f  Alzheimer type

Dementia r e f e r s  to a global d e t e r i o r a t i o n  in a l l  a spec ts  o f  mental func

t i o n i n g ,  inc lud ing  memory, general  i n t e l l e c t ,  emotional a t t r i b u t e s  and 

d i s t i n c t i v e  f e a tu re s  o f  p e r s o n a l i t y .  At th e  p resen t  time the  d iagnosis  o f  

dementia is  made l a r g e ly  on the bas is  o f  c l i n i c a l  examination aided by 

psychological  t e s t i n g ,  computerized tomography (CT-scan) and c e r t a i n  

l a b o ra to ry  procedures .

The phenomenology o f  dementia and i t s  d i f f e r e n t i a l  d iagnosis  has been 

f u l l y  descr ibed  in s tandard  t e x t s  and a number o f  r e c e n t  papers (S jögren,  

1950, 1951; S l a t e r  and Roth, 1969; Roth and Myers, 1969; Pos t ,  1975;

Liston 1979 a ,b ) .  The term dementia o f  Alzheimer type r e f e r s  to  a 

dementing condi t ion  with Alzheimer changes occur r ing  h i s t o p a t h o l o g i c a l l y .  

Thus, i t  covers both Alzheimer 's  d isease  - the  p re s e n i l e  v a r i e t y  (Sourander 

and Sjögren,  1970) and s e n i l e  dementia - the s e n i l e  form (Roth, 1955). 

Recent i n v e s t ig a t i o n s  (Laute r and Meyer, 1968; McDonald, 1969; Pearce 

and Pearce,  1979) have descr ibed  the  c l i n i c a l  s i m i l a r i t i e s  between e a r ly  

and l a t e  onset  cases .  Furthermore,  no q u a l i t a t i v e  h i s to p a th o lo g ic a l  

d i f f e r e n c e s  have been found between Alzheimer 's  d isease  and s e n i l e  dementia 

(Tomlinson e t  a l . ,  1970). Thus, i t  seems j u s t i f i e d  to  include both d iseases  

under the  same te rm, dementia o f  Alzheimer type .

Of p a r t i c u l a r  importance in the  d iag n o s t ic  s e t t i n g  i s  th e  anamnesis.  

Dementia o f  Alzheimer type s t a r t s  with an in s id io u s  onset  and desc r ibes



t h e r e a f t e r  a ty p ica l  n o n - f lu c tu a t in g  downhill course .  N europsych ia t r ie  

i n v e s t ig a t i o n  revea ls  a profound memory lo s s  and global i n t e l l e c t u a l  and 

p e r s o n a l i t y  d e t e r i o r a t i o n .  In v e s t ig a t io n s  should be made to  ru le  out  p a t i e n t s  

with a h i s t o r y  o f  hype r tens ion ,  s t r o k e ,  h ea r t  f a i l u r e ,  d is tu rbances  o f  

l i v e r  or renal fu n c t io n s ,  anemia o r  endocr ino log ica l  d i s o r d e r ,  o r  o th e r  

d iseases  causing or mimicking dementia (Hachinski e t  a l . ,  1976; Haase,

1976; I s a a c s ,  1979; Roth, 1980).

The d ia g n o s t ic  ins truments  t h a t  are  commonly used in c l i n i c a l  p r a c t i c e  

to  help to eva lua te  the  ro le  o f  an eventual organic  dysfunction  are  EEG, 

CT-scan, cerebrosp ina l  f l u i d  i n v e s t i g a t i o n s ,  psychological  t e s t i n g  and 

neuro log ic  examinat ion.  None o f  the se  ins truments  used alone is  o f  any 

p a r t i c u l a r  he lp ,  n e i t h e r  in th e  d iagnosis  o f  dementia nor in th e  d iagnosis  

o f  a s p e c i f i c  dementia d i s o rd e r  such as dementia o f  Alzheimer type (Wells,  

1980).  The d ia g n o s t ic  s e t t i n g  must be based on a combination o f  these  

ins t rum en ts .

The p s y c h ia t r i c  in te rv iew  is  probably the  most s e n s i t i v e  ins trument fo r  

a p o s i t i v e  d iagnosis  o f  dementia,  having in mind the  c l i n i c a l  f e a tu r e s  

d i f f e r e n t i a t i n g  dementia from o th e r  cond i t ions  i . e .  pseudodementia (Wells,  

1979). In t r u e  dementia the  symptoms have usua l ly  been p resen t  fo r  many 

years  before  medical help is  sought.  The onset  o f  the  symptoms can seldom 

be s p e c i f i e d ,  n e i t h e r  by the  p a t i e n t  nor by his  r e l a t i v e s .  I t  i s  unusual to 

f ind  a h i s to r y  o f  previous p s y c h i a t r i c  d i s o r d e r .  The p a t i e n t s  with dementia 

u sua l ly  complain l i t t l e  o f  co g n i t ive  lo s s  and are  t h e r e f o r e  o f ten  unconcerned 

about t h i s .  The ir  a t t e n t i o n  and concen t ra t ion  i s  d is tu rbed  and they usua l ly  

a re  shallow in t h e i r  a f f e c t .  Having in mind these  basic  f e a tu r e s  o f  a t r u e  

dementia s t a t e ,  i t  is  o f ten  p o s s ib le  a l ready  a t  the  c l i n i c a l  in te rv iew to  

make a f a i r l y  accu ra te  d iagnos i s .
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Biochemical f ind ings  in dementia o f  Alzheimer type

Dementia o f  Alzheimer type is  th e  f a r  most common d isease  producing dementia 

in high age (Tomlinson e t  a l . ,  1970). The e t io lo g y  remains obscure and 

g ene t i c  f a c to r s  are  probably involved. The g rea t  m a jo r i ty  o f  cases  are  

s p o ra d ic ,  but even here t h e re  appears to  be an increased  r i s k  among f i r s t  

o rd e r  r e l a t i v e s  o f  p a t i e n t s  ( S l a t e r  and Cowie, 1971). An increased  frequency 

o f  aneuploidy and chromosomal abno rm a l i t i e s  in pe r iphera l  lymphocytes has 

been found (Nordenson e t  a l . ,  1979).

The h i s to p a th o lo g ic a l  l e s io n s  s e n i l e  plaques and the  n e u r o f i b r i l l a r y  

t an g le s  a re  c h a r a c t e r i s t i c  f o r  the  d i s ea se  and of d ia g n o s t i c  s i g n i f i c a n c e .  

There seems to be a r e l a t i o n s h i p  between c o g n i t iv e  d ec l in e  on the one hand 

and number of s e n i l e  plaques (Blessed e t  a l . ,  1968),  EEG-abnormalities 

(O b r i s t  e t  a l . ,  1963) and degree of a trophy on the o the r  hand (Wil langer 

e t  a l . ,  1968; Tomlinson e t  a l . ,  1970; Huckman e t  a l . ,  1975). In a d d i t i o n ,  

c o r r e l a t i o n s  have been found between c o r t i c a l  degene ra t ive  changes and r e 

gional cerebra l  blood flow (Gustafsson e t  a l . ,  1977) and a l so  between EEG 

abnorm a l i t ie s  and regional c e reb ra l  blood flow (Johannesson e t  a l . ,  1977).

Although th e  e s t a b l i s h e d  h i s to p a th o lo g ic a l  f e a tu re s  o f  dementia o f  

Alzheimer type have been known fo r  a long t im e ,  neurochemical research  has 

mainly been undertaken in the  l a s t  15 y e a r s .  In view o f  the  widespread 

degenera tion  i t  has been considered un l ik e ly  t h a t  a s in g le  n e u ro t r a n s m i t t e r  

would be a f f e c t e d  s e l e c t i v e l y  (Dayan, 1974). G o t t f r i e s  e t  a l .  (1969 a , b ,  

1970, 1973) found t h a t  p a t i e n t s  with Alzheimer 's  d isease  and to  a l e s s e r  

degree the  s e n i l e  demented had lower c o n ce n t ra t io n s  o f  homovanil l ic  ac id  

(HVA) in the  cerebrosp ina l  f l u i d  (CSF) as well as in th e  basal gang l ia .

A f te r  loading with probenecid the  r i s e  o f  HVA and 5 -hydroxyindoleace t ic  

ac id  (5-HIAA) was s i g n i f i c a n t l y  lower in the  demented p a t i e n t s .  In add i t ion  

i t  was found t h a t  the  i n t e l l e c t u a l l y  most s evere ly  impaired p a t i e n t s  had 

the  lowest l e v e l s  o f  HVA in CSF. Parkes e t  a l .  (1974),  however, found no
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s i g n i f i c a n t  d i f f e r e n c e s  in HVA-concentration in demented compared to  c o n t r o l s .  

F ischer  (1975) repor ted  a lower,  al though not s i g n i f i c a n t ,  24-hour u r in a ry  

ex c re t io n  o f  HVA in 16 demented p a t i e n t s .  In t h i s  s tudy ,  however, the  

diagnoses included o th e r  demented p a t i e n t s  than o f  the  Alzheimer type .  The 

a c t i v i t y  o f  aromatic amino-acid decarboxylase  (Bowen e t  a l . ,  1974),  glutamic 

ac id  decarboxylase  and the  concen t ra t ion  o f  neuronin S-6 (Bowen e t  a l . ,

1973) were repor ted  to  be reduced in dementia o f  Alzheimer ty p e ,  but the  

f ind ings  were l a t e r  r e fu te d  as i t  was found t h a t  the  mode o f  death ,  

e s p e c i a l l y  when prolonged and a s so c ia te d  with bronchopneumonia, had a 

marked in f luence  on these  enzyme a c t i v i t i e s  and on the  p ro te in  concen t ra t ion  

(Bowen e t  a l . ,  1976). Pre l iminary  r e s u l t s  by Davies and Maloney (1976) 

in d ic a ted  t h a t  th e  a c t i v i t i e s  o f  t y r o s in e  hydroxylase and monoamine oxidase 

in b ra in  are  unchanged in dementia o f  Alzheimer type .  Thus, t h e re  are  

f ind ings  fo r  and a g a in s t  a d is tu rbance  o f  monoaminergic systems in dementia 

of Alzheimer type .

An e s s e n t i a l  and d i a g n o s t i c a i ly  o b l ig a to r y  symptom in dementia is  the  

presence o f  amnesia. Drachman and L e v i t t  (1974) and Drachman (1977) showed 

t h a t  c e n t r a l l y  a c t i n g  a n t i c h o l i n e r g i c  drugs mimic the  impairment observed 

in memory func t ions  in old  age.  T h e re a f t e r ,  severa l  s tu d ie s  have shown 

t h a t  th e  c h o l in e r g i c  system, measured as a reduction  o f  cho l ine  a c e t y l - 

t r a n s f e r a s e  a c t i v i t y ,  i s  d i s tu rb e d  in dementia o f  Alzheimer type (Davies 

and Maloney, 1976; White e t  a l . ,  1977; Perry e t  a l . ,  1977).

Against  t h i s  background, th e  aims of  th e  p resen t  work can be summarized 

as fo llows:

1. To determine the  percentage  o f  dementia d iso rde rs  in the  65 years  and 

o ld e r  popula t ion .

2. To i n v e s t i g a t e  the regional d i s t r i b u t i o n  o f  bra in  monoamines, m e tabo l i te s  

and monoamine oxidase  a c t i v i t y  in normal aging and in dementia o f  

Alzheimer type .



To s tudy the  r e l a t i o n s h i p  between degree o f  cerebra l  a t rophy ,  c e reb ro 

spinal f l u i d  m e tabo l i te s  and i n t e l l e c t u a l  and motor impairment in 

dementia o f  Alzheimer type .
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MATERIAL AMD METHODS

Epidemiological  study (I )

Prevalence of dementia d i so rd e r s  in the o v e r p o p u l a t i o n

The i n v e s t i g a t i o n  covered the county of Väste rbo t ten  ( t o t a l  popula tion  

1975, 237 000),  where 33 838 people were aged 65 years  or more (47.9 % 

men, 52.1 % women). Personal co n tac t s  were made with a l l  i n s t i t u t i o n s  and 

h o s p i t a l ,  4 somatic lo n g -s tay  wards,  21 nurs ing  homes and 3 acu te  medical 

c l i n i c s  were in v e n to r ie d .  The t o t a l  number o f  people 65 y rs  o r  more who 

were i n v e s t ig a t e d  was 3 523 (1 374 men, 2 149 women). Their  degree o f  

dementia was measured by a spec ia l  g e r i a t r i c  r a t i n g  s ca le  ( G o t t f r i e s  and 

G o t t f r i e s ,  1968) (see Appendix 1 in paper I ) .  P a t ie n t s  with more than 3 

po in ts  on the  I 1 -subsca le  were considered  seve re ly  demented. The workload 

was determined by use o f  two r a t i n g  s c a l e s .  One was d e t a i l e d  and measured 

d i f f e r e n t  ADL-functions (see  Appendix 2 in paper I ) .  The o th e r  s ca le  was a 

global r a t i n g  s ca le  measuring workload from "no workload" to "maximal 

workload" ( s i x - s t e p  s c a l e ) .  There was no a ttempt to i n v e s t i g a t e  th e  actual  

cause o f  a p a t i e n t ' s  cond i t ion  o f  dementia.

Post mortem s tu d ie s

Concentrations_of_monoamines, jponoamine jne tabol i t e s _ a n d _ th e _ a c t ivi ty_of  

monoamine„oxidase_ { M A 0 I I , _ I I I , _IV)

Three d i f f e r e n t  s e r i e s  o f  bra in  mater ia l  were c o l l e c t e d  from c o n t ro l s  and 

p a t i e n t s  with a d iagnosis  o f  dementia o f  Alzheimer type .  In the  s e r i e s  with 

demented p a t i e n t s  ( I I I ,  IV) only p a t i e n t s  with an unmistakeable p ic tu r e  of  

dementia h ighly  sugges t ive  o f  dementia o f  Alzheimer type (an in s id io u s  

o n se t ,  profound memory l o s s ,  i n t e l l e c t u a l  and p e r s o n a l i t y  d e t e r i o r a t i o n  and 

a ty p ic a l  n o n - f lu c tu a t in g  course) were inc luded.  P a t i e n t s  s u f f e r in g  from 

d iseases  known to  lead to  dementia were excluded (Hachinski e t  a l . ,  1976;
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Haase, 1976; I s a ac s ,  1979; Roth, 1980). Fur thermore,  a t  autopsy no s igns  o f  

severe  a r t e r i o s c l e r o s i s  o r  encephalomalacias  were found.

The f i r s t  s e r i e s  ( I I )  included 24 p a t i e n t s  (15 men, 9 women; mean age

61.0 ± 19.7,  range 23-92 y r s )  w ithout a h i s to r y  of neurologica l  or psych i

a t r i c  i l l n e s s .  The underlying causes of death  were ischaemic h ea r t  d i sea se  

and various  malignant neoplasms. Six teen w e l l -de f ined  p a r t s  of the b ra in  

were analyzed f o r  DA according to  Carlsson and L indqvis t  (1962).  HVA 

co n cen t ra t io n s  were determined in the  same bra in  p a r t s  according to  Andén 

e t  a l .  (1963) and Korf e t  a l .  (1971). Factors  t h a t  might in f luence  the  

l e v e l s  o f  the  b iogenic  amines o r  t h e i r  m e ta b o l i t e s ,  such as sex,  age,  drug 

th e rap y ,  b ra in  weight,  malignancy, time between death and autopsy ,  time 

between autopsy and chemical a n a ly s i s  and the  degree o f  a r t e r i o s c l e r o s i s  

in the  basal  bra in  v e sse l s  were r a ted  according to a f o u r - s t a g e  sca le  

(0,  +, ++, +++; World Federa tion o f  Neurology, 1959).

The second s e r i e s  ( I I I )  c o n s i s t e d  of 19 p a t i e n t s  (6 men, 13 women; mean 

age 74.5 ± 7.2 y r s ,  range 59-84 y r s )  with a d iagnosis  o f  dementia o f  

Alzheimer type .  These p a t i e n t s  had been r e s id e n t  in p sy ch o g e r i a t r i c  o r  

l o n g -s ta y  wards due to t h e i r  severe  dementia,  which was ra ted  accord ing to 

a p sy ch o g e r ia t r i c  r a t i n g  s ca le  developed by G o t t f r i e s  and G o t t f r i e s  (1968) 

(see Appendix 1 in paper I ) .  The co n cen t ra t ions  o f  monoamines and t h e i r  

m e tabo l i te s  were determined in samples from d i f f e r e n t  p a r t s  o f  the  b r a in .  

NA- and DA-concentrations were determined in 10 a reas  accord ing to the  

methods o f  B e r t l e r  e t  a l .  (1958) and Häggendahl (1963) fo r  NA and 

Carlsson and L indqvis t  (1962) f o r  DA. 5-HT was determined in 8 regions  

according to  Anden and Magnusson (1967).  5-HIAA and HVA-concentrations 

were determined in 4 r e s p e c t iv e ly  3 regions  accord ing to  the  methods o f  

Jonsson and Levander (1970) fo r  5-HIAA and Andén e t  a l .  (1963) and Korf 

e t  a l .  (1971) fo r  HVA. The concen t ra t ion  o f  th e  monoamines and t h e i r  

m e tabo l i te s  were compared to  an age-matched contro l  group (mean age
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75.0 ± 7.6 y r s ;  n=40),  wi thout  neuro logica l  o r  p s y c h ia t r i c  i l l n e s s .

In the  t h i r d  post  mortem s e r i e s ,  14 p a t i e n t s  with dementia o f  Alzheimer 

type (6 men, 8 women; mean age 74.0 ± 2 . 0  y r s ,  range 66-84 y r s ;  mean 

dura t ion  o f  i l l n e s s  5.5 ± 0 . 5  y r s )  were s e l e c t e d  a t  autopsy. The MAO 

a c t i v i t i e s  were determined in bra in  samples from the  hypothalamus, nucleus 

caudatus ,  hippocampus and co r tex  gyrus c ingu l i  and were compared with 16 

c o n t ro l s  (8 men, 8 women; mean age 73.0 ± 2.0 y r s ,  range 58-83 y r s ) .  Af te r  

removal from the  skull  and d i s s e c t i o n ,  th e  samples were put in to  a i r t i g h t  

packages and frozen a t  -70°C. The frozen samples were then pu lver ized  in 

a mortar which was f i l l e d  with l i q u i d  n i t rogen  and placed in p l a s t i c  tubes 

and were kept frozen u n t i l  t h e  t ime fo r  a n a ly s i s .  The MAO a c t i v i t i e s  were

measured concur ren t ly  using a radiochemical method (Roth,  1976) with
14 14 14C-5-HT, C-tryptamine and C-beta-phenethylamine as s u b s t r a t e s .

C l in ica l  s tu d ie s  (IV, V)

Eleven p a t i e n t s  with  dementia o f  Alzheimer type (6 men, 5 women; mean age

65.0 ± 0.5 y r s ,  range 49-73 y r s ;  mean dura t ion  o f  i l l n e s s  6.7 ± 0.5 y rs )  

were s e l e c t e d  from the  in -  and o u t - p a t i e n t  c l i e n t e l e  a t  th e  P s y c h ia t r i c  

C l in ic .  A con tro l  group o f  heal thy  v o lu n te e r s ,  matched with the  dementia 

group fo r  age and sex ,  were used.  Blood samples (4 .5  ml) were taken from 

the  two groups in to  s i l i c o n i z e d  Vacuta iner tubes  con ta in ing  0.5 ml o f  3.1 % 

sodium c i t r a t e  s o l u t i o n .  A f te r  2-4 hrs sedim enta tion a t  room tem pera tu re ,  

approximately 1 ml o f  the  p l a t e l e t - r i c h  plasma was t r a n s f e r r e d  to s i l i c o n i z e d  

t e s t  tubes .  P l a t e l e t  counts were determined with a Coulte r coun ter  (Coul te r  

E l e c t r o n ic s ,  Dunstable ,  UK) and the  p l a t e l e t - r i c h  plasma s to red  a t  -70°C.

The samples were thawed and son ica ted  a t  low power f o r  60 sec a t  4°C p r i o r

to  th e  assay fo r  MAO a c t i v i t y .  The MAO a c t i v i t y  in a l l  samples was es t imated
14 14concur ren t ly  using C-beta-phenethylamine and C-tryptamine as s u b s t r a t e s



(Roth,  1976) .

Çerebrai_atroghY_and_intellectual__deterioration_in_dementia_of_Alzheimer

tYpe_(y)
T h i r t y - s i x  p a t i e n t s  (16 men, 20 women; mean age 65.8  ± 10.5 y r s ,  range 

38-87 y r s ;  mean dura t ion  o f  i l l n e s s  4.1 ± 2.1 y r s )  with a d iagnos i s  o f  

dementia o f  Alzheimer type were s e le c ted  a t  the  p s y c h ia t r i c  and neuro log ic  

departments and from the  p sy c h o g e r ia t r i c  c l i n i c ,  U n ive rs i ty  Hospital o f  

Umeå. Evaluation was made with CT-scan, lumbar puncture and psychometric 

r a t i n g .  CT-scan (160 x 160 matr ix ) was performed in 31 p a t i e n t s .  The 

cerebra l  a t rophy was es t imated  as descr ibed  by Huckman e t  a l .  (1975),

Banna (1977) and Hahn and Rim (1976).  CSF-samples were obta ined  from 20 

p a t i e n t s  p r i o r  to and a f t e r  t re a tm en t  with  1-dopa or  bromocrip t ine .

The concen t ra t ions  o f  HVA, 5-HIAA and 3-methoxy-4-hydroxyphenylene-glycol 

(HMPG) were determined with gas chromatography-mass spectrometry  (Fri  e t  

a l . ,  1974). Twenty-nine p a t i e n t s  were r a ted  with r e sp ec t  to  t h e i r  

i n t e l l e c t u a l ,  motor and emotional d e t e r i o r a t i o n  (G o t t f r i e s  and G o t t f r i e s ,  

1968). The i n v e s t ig a t i o n  was approved by the  e th i c a l  committee,  U n ivers i ty  

o f  Umeå.

S t a t i s t i c s

S t a t i s t i c a l  methods are descr ibed  in th e  various  papers I-V.
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RESULTS AND DISCUSSION 

Prevalence o f  dementia d i so rd e r s  ( I )

Twelvehundred and t h i r t y - n i n e  or 35.2 % o f  the  i n s t i t u t i o n a l i z e d  c l i e n t e l e  

were considered demented by the d e f i n i t i o n  I 1 > 3 p o in t s .  Rela t ing  t h i s  

number to the whole popula tion  in the  county aged 65 year s  o r  more, a p r e 

valence of 3.7 % was c a l c u l a t e d .  However, t h i s  i s  an underest imat ion  o f  the  

rea l  prevalence  as the i n v e s t i g a t i o n  did not inc lude  people with dementia 

l i v i n g  a t  home. In a r ecen t  i n v e s t i g a t i o n  (Persson , 1980) in the  south o f  

Sweden the prevalence  o f  dementia d i so rd e r s  in the  70 - 75 y ear  old  popula

t io n  l i v in g  a t  home was 6.6  % f o r  men and 3.1 % f o r  women. I f  these  f ig u r e s  

are  t r a n s f e r r e d  to the p re sen t  cond i t ions  in the  county of V äs te rb o t ten ,  

t h i s  would in d i c a t e  t h a t  in the 70 - 74 y e a r -o ld  popula tion  ( t o t a l  number 

4 657) an approximate r e l a t i o n s h i p  between n o n - i n s t i t u t i o n a l i z e d  vs i n s t i 

t u t i o n a l i z e d  i s  1:1.  As th e re  is  no reason to b e l ieve  t h a t  the  o th e r  age

groups above 65 years  d i f f e r  markedly in t h i s  r e s p e c t ,  the  c a l c u la t e d  r a t i o

i s  extremely low ( f i v e f o l d )  in comparison with o th e r  i n d u s t r i a l i z e d  coun

t r i e s .  One of the  main reasons fo r  t h i s  i s  o f  course the l a rge  resource  

a v a i l a b l e  fo r  welfa re  and hosp i ta l  care  in Sweden. Cultura l  d i f f e r e n c e s  a re  

probably a l so  c o n t r ib u t in g  f a c t o r s .  This was ev iden t  a l so  from t h i s  i n v e s t i 

ga t ion  where the  frequency o f  i n s t i t u t i o n a l i z e d  old people was h igher in the  

coas ta l  region compared to  the in la n d ,  al though in the in land  the mean age 

of the  popula tion  was h igher  (unpublished d a t a ) .  Although no d i f f e r e n c e  in 

the degree of dementia between men and women was found, the  number of i n s t i 

t u t i o n a l i z e d  women outnumbered t h a t  o f  men in a l l  i n s t i t u t i o n s  (Table 1) ,

which cannot be expla ined  by the women to men r a t i o  in the county.  I t  could

be expla ined  by the  h igher  percentage  of women l i v in g  alone in these  age 

groups and perhaps a l so  by the  general  assumption t h a t  the men take care  of 

t h e i r  women l e s s  o f ten  than women do f o r  men.
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I n s t i  t u t io n Total 
No of  
p a t i e n t s

% o f  
popul 
> 65

base
a t io n
years No

Demented 

Percentage of  

Men Women Total

Home f o r  the  
aged

1993 5.9 340 14.6 17.6 17.1

Somatic long- 
s tay  ward

329 1.0 194 55.3 61.4 59.0

Nursing home 780 2.2 439 51.7 58.9 56.3

Mental hosp i ta l 386 1.1 242 54.3 65.1 62.7

Acute medical 
c l i n i c x

35 0.1 24 84.5 59.0 68.6

Total 3523 10.3 1239

Selected  group, see t e x t .

Table 1 Total number of p a t i e n t s  and frequency of dementia co nd i t ions  in 
the 65 and o ld e r  popula tion  in d i f f e r e n t  i n s t i t u t i o n s .

The homes fo r  the  aged and the nurs ing homes con t r ib u ted  most (62 %) to 

the t o t a l  number of the demented p a t i e n t s  in the i n v e s t ig a te d  i n s t i t u t i o n s .

The percentage demented in d i f f e r e n t  i n s t i t u t i o n s  was, however, r a t h e r  s im i 

l a r ,  around 60 %, with the  exception f o r  the homes fo r  the aged (see  Table 1),  

where a s u r p r i s i n g l y  high percentage  (17 %) of  demented l iv e d .  In s p i t e  of 

the lack of nurs ing care  in the  homes f o r  the  aged, only a m inor i ty  of these  

p a t i e n t s  c o n s t i t u t e d  a heavy workload and needed to  be t r a n s f e r r e d  to more 

s u i t a b l e  i n s t i t u t i o n a l  care .  In p a r t i c u l a r ,  p a t i e n t s  with a d i s tu rb in g  be

haviour (severe  degree of confus ion , psychos is ,  s u i c i d a l -  or v i o l e n t -  

agg ress ive  behaviour) a r e ,  in accordance with local  p r a c t i c e ,  admitted to 

the mental h o s p i t a l .  Other f a c t o r s  s i g n i f i c a n t l y  a f f e c t i n g  a p a t i e n t ' s  

p lace  of l iv in g  a re  severe  memory l o s s ,  d e s o r i e n t a t i o n  and lack of i n s i g h t  

(Bergman, 1979). Thus, when planning the care  of demented people t h e i r  

d i f f e r e n t  symptom p r o f i l e s  a re  of g r e a t  importance in determining the  r i g h t  

level of ca re tak in g .
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The p rog ress ive  na tu re  of a dementing i l l n e s s  sooner or l a t e r  br ings  the 

p a t i e n t  to  an i n s t i t u t i o n .  Living with r e l a t i v e s  o f ten  can delay o r  some

times even prevent i n s t i t u t i o n a l  care  (Bergman e t  a l . ,  1978) .  N ever the le ss ,  

t h e re  i s  a g r e a t  burden on the  r e l a t i v e s  (Grad & Sainsbury,  1978) ,  who 

f i n a l l y ,  a t  l e a s t  when the  p a t i e n t  r e q u i r e s  care  a t  a mental h o s p i t a l ,  reach 

a s tage  when no ad d i t io n a l  soc ia l  or medical support  can prevent h is  admis

s ion (Adolfsson e t  a l . ,  1980).

The behaviour d is tu rbances  and the impairment of ADL-functions a re  i n t i 

mately r e l a t e d  to the  degree of dementia (Table 2) and the  s u b j e c t i v e l y  ex

perienced workload t h a t  these  p a t i e n t s  c o n s t i t u t e .  The workload was h ighes t  

in the  somatic lo n g -s tav  wards and in the  nurs ing homes (Table 3 ) .  A r a t h e r  

high percentage  o f  p a t i e n t s  in the  mental hosp i ta l  accounted f o r  a "maximal" 

workload which cannot be expla ined  by t h e i r  motor fu nc t ions  but i s  r a t h e r  

a s c r ib a b le  to  t h e i r  inc reased  frequency of behaviour d i s tu rb an ces  (Table 4) .

ADL-function X2 df P <

Urinary incont inence 261.3 20 0.001

Faecal incontinence 377.1 15 0.001

Hygiene 262.1 15 0.001

Intake of  food 409.6 15 0.001

Dressing a b i l i t y 210.7 15 0.001

Behaviourx 344.3 20 0.001

x D eso r ien ta ted ,  d i s tu rb in g  and agg re ss ive .

Table 2 X2-ana lyses  o f  the r e l a t i o n s  between degree of dementia 
(I  1 > 3 p o in t s )  and d i f f e r e n t  ADL-functions.
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I n s t i t u t i o n Workload
None
(0-1)

L i t t l e
(2-3)

Moderate
(4-8)

Heavy
(9-22)

Very heavy 
(23-36)

Maximal
(37-42)

Home f o r  the 10.3 25.0 32.6 23.8 7.4 0.9
aged j 18.8 5.4 24.4 43.5 7.9 0.0

Somatic long- 0 .0 3.1 14.9 30.4 23.7 27.8
s tay  ward

I 1.5 0.0 2.6 33.0 56.2 6.7

Nursing home 0.5 2.7 13.2 37.6 28.9 17.1

I 0.9 0.7 5.5 37.8 49.0 6.2

Mental hosp i ta l 0.0 5.0 24.8 25.6 17.4 27.3

I 2.9 0.4 13.6 35.1 28.5 19.4

Acute medical 0.0 4.2 16.7 20.8 45.8 12.5
c l i n i c

I 0.0 0.0 8.3 29.2 58.3 4.2

Table 3 Percentage o f  p a t i e n t s  and t h e i r  workload in d i f f e r e n t  i n s t i t u t i o n s .
Workload I i s  a global r a t i n g  o f  a p a t i e n t ' s  workload on a 6 -s tep  
s ca le  from "no workload" to "maximal workload".  The workload II  i s  
based upon the sum of  the fo llowing ra t e d  fu nc t ions  (see  appendix 
2) :  Motor fu n c t io n s ,  inco n t in en ce ,  in take  o f  food, d ress ing  a b i l i t y  
and the  degree o f  d i s o r i e n t a t i o n ,  r e s t l e s s n e s s  and d i s tu r b in g  be
haviour.  An X2- a n a ly s i s  of the  r e l a t i o n  between workload I and II  
showed s ig n i f i c a n c e  (X2 = 1486.7, df = 25, p < 0 .001) .

The importance of adequate assessment of p a t i e n t s  in need o f  i n s t i t u t i o n a l  

care  was shown by the work of Kidd (1962) who in v e s t ig a t e d  to  what e x ten t  

p s y c h o g e r i a t r i c  p a t i e n t s  were "misplaced" w ith in  the  i n s t i t u t i o n a l  care  sec 

t o r .  He repo r ted  t h a t  34 % in g e r i a t r i c  u n i t s  and 24 % in p s y c h i a t r i c  u n i t s  

could be c l a s s i f i e d  as e i t h e r  d e f i n i t e l y  or probably misplaced according to 

his  c r i t e r i a .  At follow-up he claimed t h a t  the misplaced exper ienced a h igher  

m o r t a l i t y  r a t e  and longer s tays  in both types of hosp i ta l  than those who had 

been c o r r e c t l y  p laced. Although many years  have passed s ince  Kidd's observa

tions,  we s t i l l  b e l ieve  today t h a t  u n c r i t i c a l  d e c e n t r a l i z a t i o n  without proper
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assessment can have consequences f o r  th e  p a t i e n t .  Moreover, a thorough 

in v e s t ig a t i o n  enables  p o t e n t i a l l y  t r e a t a b l e  cases  o f  dementia to  be 

discovered (Mardsen & Harr isson (1978). Adequate i n v e s t ig a t i o n  o f  ind iv idua l  

p a t i e n t s '  needs requ i re s  involvement o f  both g e r i a t r i c i a n s  and p s y c h i a t r i s t s .  

The i n s t i t u t i o n  o f  j o i n t  p sy ch o g e r ia t r i c  assessment u n i t s  could be an

important  corners tone  in p sy ch o g e r i a t r i c  care  (Robinson, 1977).

Monoamines, monoamine m e tabo l i te s  and MAO a c t i v i t y  in th e  b ra in  in normal

aging and in dementia o f  Alzheimer type ( I I ,  I I I ,  IV)

Age-re la ted  h i s to p a th o lo g ic a l  changes with a gradual neuron and g l i a l  c e l l  

lo ss  are known to  occur in the  normal bra in  (Henderson e t  a l . ,  1980). We 

found a gradual decrease  in the  l e v e l s  of DA in normal aging (Table 5) ( I I ) ,  

probably  p a r t l y  due to the  loss  o f  monoaminerg ic  neurons observed morpho

l o g i c a l l y .  The age dependence was s t ro n g e s t  in th e  nucleus caudatus ,  globus 

p a l l i d u s ,  mesencephalon, hippocampus and in the  co r tex  gyrus hippocampus, 

regions known to  be a f f e c t e d  in Pa rk inson 's  d isease  and dementia o f  

Alzheimer type (B o i le r  e t  a l . ,  1979). I t  has been suggested t h a t  th e  age- 

r e l a t e d  decrease  in the  DA concen t ra t ion  could be one o f  the  e t i o l o g i c  

f a c to r s  c o n t r ib u t in g  to  th e  observed in c reased  frequency o f  Park inson 's  

d isea se  and a f f e c t i v e  d i so rd e r s  with age (Finch, 1973), which could 

t h e o r e t i c a l l y  a lso  play a ro le  in the  development o f  dementia of Alzheimer 

type.  This would be supported by the  biochemical s i m i l a r i t i e s  in normal 

aging and in dementia o f  Alzheimer type (Table 6).  On the  o th e r  hand, 

severa l  o th e r  biochemical markers show pronounced d i f f e r e n c e s  between 

dementia o f  Alzheimer type and normal aging (Bowen, 1979),  so the  r o l e  o f  

aging per se in the  process o f  t h i s  p a r t i c u l a r  dementia d i so rd e r  i s  a t  

p resen t  not known. Fur thermore,  any one o f  the  repo r ted  biochemical 

f ind ings  o th e r  than DA presented  in Table 6,  could be o f  importance in the  

i n i t i a t i o n  and the  development o f  dementia o f  Alzheimer type .
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DA/age HVA/age

Par t  o f  bra in  r  n r  n

Hypothalamus -0 .18 24 0.16 19

Nucleus caudatus - 0 . 33X 23 -0.01 44

Putamen -0 .19 24 0.06 44

Globus pal 1i dus -0 .4 1 X 18 0.28 18

Thai amus -0 .08 18 -0.27 18

Mesencephalon - 0 .4 1 X 18 -0 .34 17

Pons 0.17 18 0.09 17

Medulla oblongata 0.34 18 0.03 18

Hi ppocampus - 0 . 37X 18 -0 .04 18

Cortex gyrus f r o n t a l i s -0 .25 18 0.35 18

Cortex gyrus p a r i e t a l  i s 0.04 18 0.23 18

Cortex gyrus t em pora l i s -0 .03 18 -0.01 19

Cortex gyrus o c c i p i t a l i s -0 .24 18 -0.01 18

Cortex gyrus hippocampus - 0 . 38X 18 0.36 18

Cortex gyrus c in g u l i 0.10 18 0.11 18

Cortex c e r e b e l l a r i s 0.05 18 0.14 18

xp < 0.05

Table 5 Product-moment c o r r e l a t i o n s  between the  c oncen t ra t ions  of  
dopamine (DA) (yg/g wet t i s s u e )  and homovanil l ic  acid  (HVA) 
(yg/g wet t i s s u e )  and age.  The bra in  samples were obta ined  
a t  autopsy from normal c o n t ro l s .
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Normal aging Seni le  dementia

Tyrosine hydroxylase 4 44

DOPA-decarboxylase 4 44

Dopamine betahydroxylase 4 44

Dopamine 4 44

Homovanillic ac id 4 44

Noradrenaline 4 44

4-Hydroxy-3-Methoxy- 
phenyleneglycol (HMPG)

- 4

5-Hydroxytryptamine (5-HT) - 44

5-Hydroxyindoleacet ic  ac id  
(5-HIAA)

- 4

Monoamine oxidase  B (MAO-B) 4 44

Choline ace tyl  t r a n s f e r a s e  (CAT) 4 44

Muscarinic binding s i t e s 4 -

Table 6 Summary of  reported changes in transmitters and related enzymes 
in the brain in normal aging and dementia of  Alzheimer tvDe.

When i n t e r p r e t i n g  post  mortem d a ta ,  an te  mortem f a c t o r s  such as sex ,  time 

of dea th ,  drug t rea tm en t  and cause of death  must be c a r e f u l l y  c o n t r o l l e d .  

Post mortem f a c to r s  include the  time in te rv a l  from death to autopsy and 

s to rage  time u n t i l  chemical a n a ly s i s .  DA and HVA le v e l s  are  l a r g e l y  

unaffec ted  w i th in  the time in te rv a l  6 - 6 6  hours between death and 

autopsy (Table 7) and a lso  unchanged by long-term s to rage  a t  -20°C (18 - 

281 days) ( I I ) .  S im i la r  r e s u l t s  were repo r ted  in animal (Chase e t  a l . ,

1974; Wiesel and Sedva l l ,  1974) and in human bra in  (Vogel e t  a l . ,  1969;

Fahn e t  a l . ,  1971; Carlsson and Winblad, 1976; Spokes,  1979). The c r i t i c a l  

pe r iod ,  as judged from animal exper iments ,  i s  the  f i r s t  hours a f t e r  death ,  

when s i g n i f i c a n t  decrease  in the  co n cen t ra t ions  (30-40 %) were found 

(Spokes and Koch, 1978). In the time in te rv a l  from death to autopsy f o r  the
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cases  included in t h i s  s tudy ( I I ) ,  DA concen t ra t ion  i s  f a i r l y  s t a b l e .  Thus,

DA l e v e l s  measured in human bra in  post  mortem do not r e p re se n t  f r e sh  t i s s u e  

va lues .  The reduct ion  o f  the  DA l e v e l s  can p a r t l y  be a t t r i b u t e d  to  th e  f a c t  

t h a t  DA is  conver ted  to  3-methoxy-tyramine a f t e r  death (Carlsson and 

Winblad, 1976). Thus, the  sum of  the  concen t ra t io n s  o f  DA and 3-methoxy- 

tyramine probably more a c c u ra t e ly  r e f l e c t  the  post mortem DA c o n c e n t r a t io n .

The post  mortem s t a b i l i t y  o f  NA and 5-HT i s  e s s e n t i a l l y  the  same as t h a t  fo r  

DA (Mackay e t  a l . ,  1978; Bucht e t  a l . ,  1980).

On the  c o n t r a r y ,  enzyme a c t i v i t i e s  measured post  mortem, e .g .  MAO (IV) 

and chol ine  a c e t y l t r a n s f e r a s e ,  a re  remarkably s t a b l e  in human bra in  during 

rou t ine  post  mortem techniques  (McGeer & McGeer, 1976).

The th re e  n e u ro t r a n s m i t t e r  sys tems, DA, NA and 5-HT were a l l  found to 

be a f f e c t e d  in dementia o f  Alzheimer type ( I I I ) ,  th e  p r inc ipa l  f ind ings  

being decreased co n ce n t ra t io n s .  Although the  decrease of the  DA-concentrations 

were moderate in th e  dementia group, th e  reduction  in the  HVA-concentrations 

in th e  putamen and nucleus caudatus were h ighly  s i g n i f i c a n t  (Table 8 ) .  The 

d i f f e r e n c e s  observed were not a t t r i b u t a b l e  to  ante  o r  post  mortem f a c to r s  

and could not be expla ined  by age d i f f e r e n c e s  between the  two groups.  NA- 

concen t ra t ion  was lower in every region analyzed, being s i g n i f i c a n t  in the  

putamen and co r tex  gyrus f r o n t a l i s  (Table 9).  5-HT concen t ra t ion  was lower 

in 7 o f  9 analyzed reg io n s ,  al though not s i g n i f i c a n t l y .  5-HIAA c o n ce n t r a t io n ,  

analyzed in th re e  c o r t i c a l  a r e a s ,  was s i g n i f i c a n t l y  decreased in the  co r tex  

gyrus hippocampus and c in g u l i  (Table 10).
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Par t  o f  b ra in

DA/time
death-au topsy

HVA/time
death -autopsy

k n k n

Hypothalamus -0 .28 24 0.24 19

Nucleus caudatus -0.21 23 -0 .15 44

Putamen -0 .17 24 -0 .19 44

Globus pal 1i dus 0.12 18 0.11 18

Thaiamus 0.10 18 -0 .25 18

Mesencephalon -0 .07 18 -0 .26 17

Pons -0 .13 18 0.16 17

Medulla oblongata 0.07 18 0.18 18

Hi ppocampus 0.08 18 0.14 18

Cortex gyrus f r o n t a l i s 0.04 18 -0.11 18

Cortex gyrus p a r i e t a l  is 0.21 18 0.25 18

Cortex gyrus o c c i p i t a l i s 0 .42x 18 -0.06 18

Cortex tem pora l i s 0.26 18 -0.31 19

Cortex c e r e b e l l a r i s 0.11 18 -0.02 18

Cortex gyrus hippocampus 0.19 18 -0 .03 18

Cortex gyrus c ingu l i 0 .57XX 18 0.09 18

Xp < 0 .05;  XXp < 0.01

Table 7 Product-moment c o r r e l a t i o n s  (k) between th e  co n cen t ra t ions  o f  
dopamine (DA) and homovanill ic  acid  (HVA) (yg/g wet t i s s u e )  and 
time between death and autopsy. The p a t i e n t s  had no neurologic  
o r  p s y c h ia t r i c  i l l n e s s .  n=number o f  cases .
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Controls Demented
(N - 10 - 21) (N = 15 - 18)

Par t  o f  bra in  m SD m SD t

Nucleus caudatus 0. 020 ± 0..012 0.,015 + 0..012 1 .35

Putamen 0. 043 + 0,.031 0..021 + 0,.019 3,.45X

Hypothalamus 0. 749 ± 0..398 0..440 + 0..508 1,.83

Thalamus 0. 071 ± 0..048 0.,067 + 0..097 0 .19

Hippocampus 0. 013 + 0..012 0.,008 ± 0.,007 1 .46

Mesencephalon 0. 117 + 0.,059 0.,088 + 0..052 1 .55

Pons 0. 046 + 0..010 0..011 + 0.,007 1 .45

Cortex gyrus f r o n  Y
t a l  i s 0. 018 ± 0.,024 0.,005 + 0.,006 2 .18

Cortex gyrus
hi ppocampus 0. 014 + 0.,012 0..010 + 0.,011 0,.80

Cortex gyrus
cingul i 0. 019 + 0.,016 0.,013 ± 0.,016 0,.84

xp < 0.05

Table 9 Mean and s tandard  dev ia t ion  o f  the  concen t ra t ions  o f  no rad rena l ine  
(NA) (ug/g wet t i s s u e )  in the  b ra in  in demented p a t i e n t s  of  
Alzheimer type and in age-matched c o n t r o l s .  N = number o f  c ase s .  
S tu d e n t ' s  t - t e s t .

I t  must be emphasized t h a t  a l l  p a t i e n t s  with dementia in t h i s  s e r i e s  

were seve re ly  a f f e c t e d  by t h e i r  d i s e a s e ,  and were lo n g -s tay  r e s i d e n t s .

The d isease  most o f ten  had led to  a severe  s t a t e  o f  cachexia  and t h e i r  

mode o f  death was p r o t r a c t e d .  Dying a t  hosp i ta l  in a p ro t r a c t e d  way, 

however, does not seem to  in f luence  the  monoamine l e v e l s  (Spokes, 1979).

The underly ing mechanisms f o r  the  lower concen t ra t io n s  o f  monoamines found 

in dementia o f  Alzheimer type are  most l i k e l y  due to  neuronal degenera t ive  

changes .
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The degenera t ive  process has i t s  maximum in c o r t i c a l  and hippocampal 

regions  (Brun and Gustavsson, 1976). The decrease  in monoamine co n cen t ra t ion  

in these  regions  was not more pronounced than in o t h e r s ,  according to our 

d a ta ,  as might be expected from th e  na ture  o f  the  h i s to p a th o lo g ic a l  changes. 

Also in regions known to  be v i r t u a l l y  devoid o f  plaques and t a n g l e s ,  as 

f o r  in s tan ce  in the  thalamus and the  pons, lower amounts o f  monoamines 

were found in dementia o f  Alzheimer type .  The monoamine systems emerge from 

ce l l  bodies in th e  mesencephalon i . e .  s u b s t a n t i a  n ig r a ,  locus coeruleus  and 

the raphe n u c l e i i .  At l e a s t  in th e  locus c o e ru leu s ,  c e l l  lo ss  in normal 

aging (Brody, 1977) as well as in dementia o f  Alzheimer type (Yamada & 

Mehraein, 1977) was rep o r ted ,  which could be one exp lana t ion  to  the  

f ind ings  of the  widespread decrease  of NA. A support  fo r  t h i s  i s  the  

f ind ing  by Cross e t  a l .  (1980) who repor ted  a reduced a c t i v i t y  o f  

dopamine-ß-hydroxylase in the locus coeru leus .  Data on th e  s u b s t a n t i a  

n ig ra  and the raphe n u c l e i i  a re  too sparse  to  allow any conclus ions  about 

the  ce l l  number in dementia o f  Alzheimer type .  Animal s tu d ie s  have shown 

th a t  i n t a c t  DA and NA p ro je c t io n s  from the  mesencephalon are  e s s e n t i a l  fo r  

normal behaviour and l e a rn in g  (Zis e t  a l . ,  1974; Anlezark e t  a l . ,  1975).

In veiw o f  t h i s ,  the  r e l a t i o n s h i p  between NA concen t ra t ion  and degree o f  

dementia might be o f  importance (Table 11) ( I I I ) .

A p ropor t ion  o f  p a t i e n t s  with dementia o f  Alzheimer type show e x t r a -  

pyramidal symptoms (Pearce,  1974) in resemblance with Park inson 's  d i s e a s e ,  

which in d i c a t e s  an involvement of DA in dementia of Alzheimer type .  The 

degree o f  DA dysfunction i s ,  however, l e s s  than in Pa rk inson 's  d isease  

(Bernheimer & Hornykiewicz, 1965; Fahn e t  a l . ,  1971), and, fu r thermore ,  

the  e x ten t  to which o th e r  n e u ro t r a n s m i t t e r  systems are  a f f e c t e d  is  much 

g r e a t e r  in dementia o f  Alzheimer type (Bowen e t  a l . ,  1979; Terry & Davies, 

1980).
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The enzymes involved in the  s y n th es i s  and the  degradation o f  amines i . e .  

t y r o s in e  hydroxylase,  dopamine-ß-hydroxylase ,  aromatic amino-acid 

decarboxylase and monoamine oxidase  (IV) are  not ex ten s iv e ly  s tud ied  in 

dementia o f  Alzheimer type ( f o r  review, see Terry & Davies, 1980). As the  

a c t i v i t y  o f  human bra in  MAO inc reases  with age (Eckert  e t  a l . ,  1980) the  

r e s u l t  in dementia of Alzheimer type is  o f  p a r t i c u l a r  i n t e r e s t .  In both 

bra in  (Table 12) and p l a t e l e t s  (Table 13) an inc rease  in the  a c t i v i t y  o f  

MAO was found in the dementia group compared to age-matched c o n t r o l s .

Subs t ra te

Serotonin 3-Phenethylamine

Hi ppocampus Contr 13.2 + 0.6 n . s . 82.7 + 4.1
Al z 14.5 + 0.4 103.7 + 6.0

Hypothalamus Contr 22.0 + 0.5 n . s . 117.9 + 4.7
Al z 22.2 ± 0.5 130.4 + 5.7

Cort. gyr. cing. Contr 12.7 + 0.4 59.0 + 3.0
Alz 13.0 + 0.3 n . s . 70.4 + 2.7

Caudatus Contr 10.5 + 0.4 n . s . 86.3 + 4.2
Alz 10.5 + 0.5 96.0 + 3.8

n . s .

n . s ,

Table 12 MAO a c t i v i t y  (Mean ± S.E.M.) in various  pa r t s  o f  the  bra in  in 
Alzheimer p a t i e n t s  (n=14) and c on t ro l s  (n= 1 6 ) J  The a c t i v i t y  is  
expressed  in pmoles/mg/min.

H he  two groups are  t e s t e d  fo r  d i f f e r e n c e s  with the  Mann-Whitney t e s t .

Probably t h i s  increased  enzyme a c t i v i t y  i s  due to  an in c reased  con

c e n t r a t i o n  o f  MAO-B molecules ,  s i m i l a r  to the  f ind ings  in normal aging 

(Fowler & Oreland, 1979). The reasons why both bra in  and p l a t e l e t  MAO 

were changed, and why only bra in  MAO-B but not -A was increased  can a t  

p re sen t  only be specu la ted  about .  I f  t h e  underly ing mechanisms in normal 

aging and dementia of Alzheimer type are  s i m i l a r ,  i . e .  the  dementia s t a t e  

is  considered  as a form of  " a c c e l e ra t e d  ag ing" ,  t h i s  would expla in  the

7 / n



increased  MAO a c t i v i t y  in bra in  but probably not in p l a t e l e t s .  The in c rease  

in b ra in  MAO may be due to  d i f f e r e n c e s  in the  neuron: g l i a  r a t i o  between 

normal aging and dementia of Alzheimer type (Oreland & Fowler,  1979). 

Another a t t r a c t i v e  hypothesis  i s  t h a t  the  d isea se  i s  a s s o c ia te d  with a 

gene ra l iz ed  in c rease  in MAO a c t i v i t y ,  a l though r e s u l t s  from o the r  t i s s u e s  

a re  necessary  to conform such a view.

Alzheimer 
p a t i e n t s
(n=l1)

Controls

(n=H)

S t a t i s t i c s ^

MAO
ß-phene thy lamine 0.74 ± 0.07 0.53 ± 0.05 p < 0.05

Tryptamine 0.28 ± 0.04 0.20 ± 0.02 n . s .

^Wilcoxon's pa i red  sample rank sign t e s t

Table 13 A c t iv i ty  of MAO (Mean ± S.E.M.) in p l a t e l e t s  es t im ated  with two 
s u b s t r a t e s  in Alzheimer p a t i e n t s  and in c o n t ro l s  matched f o r  age 
and sex.  The a c t i v i t y  i s  expressed  in nmoles per p l a t e l e t  per 
min • IO9 .

Cerebral a t rophy,  cerebrosp ina l f l u i d  metaboli tes and mental func t ions  in

dementia of Alzheimer type  (V)

I t  appears from our r e s u l t s  (V) t h a t  c o r t i c a l  atrophy but not v e n t r i c u l a r  

d i l a t a t i o n  is  s i g n i f i c a n t l y  c o r r e l a t e d  to  degree o f  dementia (Table 14).

There has been a con troversy  about the  ro le  o f  c o r t i c a l  at rophy and u n t i l  

r e c e n t ly  (deLeon e t  a l . ,  1979) only degree of v e n t r i c u l a r  d i l a t a t i o n ,  as 

revea led  by CT-scan, was found to  be o f  s ig n i f i c a n c e  to  the  degree of  

dementia in dementia o f  Alzheimer type (see  e . g .  Roberts e t  a l . ,  1976). In 

our i n v e s t i g a t i o n ,  in f a c t ,  an in verse  r e l a t i o n s h i p ,  al though not s i g n i f i a n t ,  

was found between c o r t i c a l  at rophy and c en t r a l  d i l a t a t i o n  (Table 15).
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FI MiBI MaBI R ei .V.V. Cor t ica l
at rophy

3rd
v e n t r i c l e

FI 0 .63XXX
(23)

0 . 59XXX 
(29)

0 .87XXX
(24)

0.17
(31)

0 .42x
(27)

MiBI 0 .71XXX
(21)

0 .77XXX
(18)

-0 .34
(23)

0.36
(19)

MaBI 0 . 76XXX 
(22)

-0 .10
(29)

0.28
(25)

Rel.V.V. -0.07
(24)

0 .43X
(21)

Cor t ica l atrophy 0.05
(27)

Xp < 0 .05 ;  XXp < 0 .01;  xxxp < 0.001

Table 15 Pearson 's  c o r r e l a t i o n  c o e f f i c i e n t  fo r  the  r e l a t i o n s h i p  between 
bra in  roen tgenolog ica l  parameters in p a t i e n t s  with  DAT.

This would im p l ica te  two d i f f e r e n t  a trophying processes  w i th in  t h i s  

group of  p a t i e n t s ,  one a f f e c t i n g  mainly the  cor tex  and the  o th e r  r e s u l t i n g  

mainly in v e n t r i c u l a r  d i l a t a t i o n .  I t  is  reasonable  to assume t h a t  the  

a t rophy becomes more severe  with t ime. In t h i s  mater ia l  c o r t i c a l  a trophy 

was p o s i t i v e l y  c o r r e l a t e d  to  dura t ion  o f  i l l n e s s  (P earson 's  r= 0 .37; 

p < 0 .05 ) .

The small propor t ion  o f  p a t i e n t s  with l a rg e  v e n t r i c l e s  tended to  have 

l e s s  motor and mental impairment and had h igher  co n cen t ra t ions  o f  HVA and 

5-HIAA ( T a b l e s I 4  and 16). Due to  the  r e l a t i v e l y  small number o f  o b se r v a t io n s ,  

these  r e l a t i o n s h i p s  could not be f u r t h e r  analyzed by m u l t ip l e  reg re ss ion  

a n a ly s i s .

Of spec ia l  i n t e r e s t  was the  c o r r e l a t i o n  between motor impairment and HVA 

(Fig 1).  S u b s t i t u t i o n  therapy  e i t h e r  with 1-dopa o r  bromocript ine 

a l l e v i a t e d  th e  p a t i e n t ' s  r i g i d i t y  and was accompanied by s i g n i f i c a n t  changes 

in HVA-concentration (Table 17).
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Age Duration 
of i l l n e s s

FI MiBI MaBI Rei.
V.V.

Cor t ica l
a trophy

3rd
v e n t r i c l e

HVA 0.08 
(20)

0.05
(20)

0.36
(15)

0 . 72XX 0.42 
(10) (15)

0.13
(10)

-0.22
(15)

-0 .30
(15)

5-HIAA-0.10  
(20)

-0.21
(20)

0.24
(15)

0.49 0.25 
(10) (15)

0.40
(10)

- 0 . 56X 
(15)

-0 .37
(15)

HMPG -0 .27  • 
(20)

-0.02
(20)

-0 .10
(15)

0.07 -0 .15 
(10) (15)

0.09
(10)

-0 .23
(15)

-0 .37
(15)

xp 0.05; xxp 0.01

Table 16 Spearman's c o r r e l a t i o n  c o e f f i c i e n t  fo r  CSF-metabolites and bra in  
roen tgenolog ica l  parameters in p a t i e n t s  with DAT.

HVA 5-HIAA HMPG

Basal level 63.8  ±
p < 0.

32.9(10)
01

22.5 ± 10.8 

n . s .
(10) 2.7 ± 1 . 

n . s .
5 (9)

Af te r  1-dopa 
+ carbidopa

116 ± 44.1 20.4 ± 12.9 2.7 ± 0. 9

Basal level 77.9 ± 7 5 . 1 . . .
(6)

p < 0.05

22.2 ± 19.0 

n . s .
(7)

2.0 ± 1. 

n . s .
1 (7)

After  Bromo- 
cr i  p t in e

30.3 ± 29.5 16.3 ± 10.1 1.2 ± 1. 0

Table 17 Concentra tions  (ng/ml) o f  HVA, 5-HIAA and HMPG in two groups o f  
p a t i e n t s  with DAT t r e a t e d  with 1-dopa + carbidopa  and bromo
c r i p t i n e  f o r  4 resp .  8 weeks. S t a t i s t i c s  used: Wilcoxon s igned 
rank t e s t .



37

HVA
ng/ml
180

7/ •
1001 •  •

50

10 20 30 £0 50 M

Fig 1 Relat ion between th e  CSF-concentration o f  HVA and degree o f  motor 
impairment in dementia o f  Alzheimer type .  Spearman's r=0.37;
p < 0.10.
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