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depend ing  on the fitness between different  ch romat in  
regions and  on the presence of  t ransposable  e lements  
acting as activators or suppressors. This genome  reor- 
ganiza t ion  could cause the slow down of  t ranscr ipt ion 
in  certain regions and  act ivat ion in  others with a 
progressive decline a n d / o r  a shift in cell functions,  
i.e., a progressive increase in the ent ropy of the 
system. This in terpre ta t ion of  aging that or iginated 
from the studies performed with the f ibroblast  model  
offers a new concept that  can be approached  experi- 
menta l ly  and  could be appl ied to other  cell systems. 
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Pharmacological aspects of gerontological brain research 

by W. Meier-Ruge 

Pharmaceutical Department, Preclinical Research, Sandoz A G, CH-4002 Basle (Switzerland) 

One of the cardinal  features of  aging is polymorbidi ty .  
This is not  a feature of aging in m a n  alone. An  
increased incidence of disease is a wel l -known 
p h e n o m e n o n  of aging in laboratory an ima l  colonies, 
as is reflected, to cite bu t  one example,  in the age- 
related increase in t umour  frequencyl ,L 
The Nestors of  descriptive and  exper imenta l  gerontol-  
ogy, Max Bi~rger in Leipzig and later Fri tz Verzar in 
Basle, f requent ly  raised the quest ion of whether  it 
might  be possible to inf luence aging processes directly 
with drugs. No conclusions were reached aside from 
general  assertions to the effect that disease in elderly 

people is of  major  concern to the pharmacologist ,  
since aging is a predisposing factor in the develop- 
men t  of  diseases. Up  unt i l  now, the exper imenta l  
pharmacology of aging diseases of the b ra in  has been  
a field based directly on the results of  descriptive 
gerontology. With increasing age the h u m a n  bra in  
loses some of  its abili ty to adapt  to increased metabol -  
ic and  funct ional  de ma nds  made  upon  it. The cause is 
to be sought main ly  in a d is turbance of glycolytic 
turnover  capacity 3,4 and  respiratory-chain oxidat ion 
under  condi t ions  of increased metabol ic  d e m a n d  5,6. 
Changes in t ransmit ter  metabol i sm take the form of  a 



1054 Experientia 37 (1981), Birkh/iuser Verlag, Basel (Schweiz) 

moderate, but significant reduction in cholinergic 
activity 7,8. A reduction in choline acetyl transferase 
(CAT) activity is a prominent finding. However, 
reduced activity is also observed in other transmitter 
systems, e.g. reduced glutamic acid decarboxylase and 
tyrosine hydroxylase activity in the catecholamine 
system 9, lo. 
Functional consequences of these age-related changes 
in cerebral metabolism are reflected in the decrease in 
dominant EEG frequencies described by Roubicek 11 
and in the rapid loss of vigilance (REF) observed by 
Matejcek 12 in the EEG chronospectrogram. 
In the light of this reduced ability of the aging brain 
to adapt to increased metabolic demands, it is under- 
standable that the CNS should be increasingly predis- 
posed to transient ischaemic attacks in old age. Simi- 
larly, it is conceivable that dementia might develop, if 
a second factor adversely affecting the metabolism 
should supervene (e.g. chronic alcoholism, brain trau- 
ma, nicotinamide deficiency, drug intoxication, etc.). 
In senile dementia of the Alzheimer type, the tempo- 
ral region of the brain displays in comparison to 
normal aging greatly reduced phosphofructokinase 
activity in association with significantly reduced 
phosphoglycerate mutase, aldolase, phosphoglucose 
isomerase and triosephosphate isomerase activity 13. 
The enzymes involved in cholinergic transmitter 
metabolism, choline acetyl transferase (CAT) and 
acetylcholine esterase (ACHE), display greatly 
reduced activity 8,14,15. The massive reduction in 
cholinergic activity is a characteristic feature of Alz- 
heimer's disease. The loss of CAT activity has been 
shown to correlate with the number of senile plaques 
and the decline in psychometric test scores 16. Whereas 
CAT activity, which is characteristic of presynaptic 
neuronal function, greatly decreases, the number of 
postsynaptic muscarinic receptors shows little change 
in identical age-groups. Recognition of the selective 
presynaptic impairment of the cholinergic system in 
Alzheimer's disease has contributed greatly in recent 
years to our understanding of the pathogenesis of 
senile dementia. 
The discovery that derangement of the process where- 
by carbohydrate is metabolized to produce energy is 
one of the major general metabolic concomitants of 
senile dementia13,17-19, has focused pharmacological 
interest on possible ways of influencing this metabolic 
system. In particular, since Gibson et al. 2~ and Siesj6 
and Rehncrona 21 demonstrated that energy-formation 
and the cholinergic system are directly linked, the 
working hypothesis has been developed that it may be 
possible to interfere experimentally with the choliner- 
gic system by inhibition of glycolysis, tricarboxylic 
acid cycle and/or terminal oxidation. 

Age-related cerebrovascular disorders, classified collec- 
tively as cerebrovascular insufficiency, appear in the 
mortality statistics as the third most common cause of 

Pathogenesis of  senile dementia 

Degenerative aetiology Nutritional, toxic aetiology 

Primary disturbance of gene expression 

Impaired protein synthesis 
(impaired synthesis of 
tissue-specific enzymes) 

s of neuronal redundance 
Disturbed energy formation 
(hypoxia, inhibition of 
glycolysis and respiratory 
chain oxidation, etc.) 

Decreased CAT activity 
Decreased ACh synthesis 
Decreased cholinergic activity 

] 
Impaired cogn~ive performance 

Senile dementia 

death. They are three to four times more prevalent 
(11-14%) than senile dementia (4-5%) 22. Intracranial 
circulatory disorders (stenosing arteriosclerosis, 
thrombosis, embolism) may give rise to anoxic im- 
pairment of brain function, associated with transmit- 
ter release, profound depression of EEG activity, 
reduced cerebral ATP and creatinine phosphate 
levels, increased lactate level and an impaired per- 
meability of the blood brain barrier, associated finally 
with oedema and cell death (cerebrovascular acci- 
dent)Z3, 24. Extracerebral, i.e. systemic circulatory dis- 
turbances (heart failure, cardiac arrhythmias, cardiac 
infarction, rheological disorders, etc.) frequently give 
rise to transient ischaemic attacks or protracted 
reversible neurological deficits. 
Considering these various pathogenetic mechanisms 
underlying cerebrovascular diseases of old age the 
question arrises how this knowledge can be utilised to 
devise experimental models. 

Experimental models for gerontological pharmacologi- 
cal studies on the CNS are generally only an approx- 
imation of the true situation 25. In gerontological brain 
research there exist no standard experimental models 
such as those found, for example, in cardiovascular 
physiology. Each model employed in central nervous 
gerontology permits a study of selected aspects and 
thus affords only an incomplete insight into processes 
occurring in the aging brain and the possibility of 
modifying them with drugs. In seeking to simulate 
age-related brain disorders for experimental pharma- 
cological purposes, it will be difficult to find an 
alternative to the very costly aged animals (mouse, 
rat, monkey) for testing the effect of drugs. 
The models of cerebrovascular insufficiency are the 
same as the models of vascular accidents used for 
pharmacological studies. These are: 
hypovolaemic oligaemia, 
transient cerebral ischaemia, 
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h igh-a l t i tude  hypox i a  (hypobar i c  hypoxia) ,  
asphyxic  anox ia  etc. 
Similar  mode l s  have  been  widely  used for m a n y  years  
in t he  d e v e l o p m e n t  o f  drugs  for the t r ea tmen t  o f  
ce rebrovascu la r  diseases  26-2s. 

At  the presen t  t ime the greatest  progress  in the 
the rapy  o f  ce rebrovascu la r  insuff iciency has  been  
achieved with haemodi lu t ion ,  osmothe rapy ,  p la te le t  
aggrega t ion  inhibi tors  and  ca rd iovascu la r  t rea tment .  
Drug  t r ea tmen t  o f  senile d e m e n t i a  is still in a p re l imi-  
na ry  state.  Recen t  f indings  o f  f u n d a m e n t a l  pa thoge -  
netic mechan i sms  o f  d e m e n t i a  have increased  our  
knowledge  to the po in t  where  the expe r imen ta l  pha r -  
macologis t  can make  a start  by  devis ing sui table  
models  for  the d e v e l o p m e n t  o f  effective drugs.  

1 C.F. Hollander and K.C. Snell, in: Multiple Primary Malig- 
nant Tumors, p.279. Ed. L. Severi. Perugia 1974. 

2 B.J. Cohen, M.R. Anver, D.H. Ringler and R.C. Adelman, 
Fedn Proc. 37, 2848 (1978). 

3 P. Iwangoff, K. Reichlmeier, A. Enz and W. Meier-Ruge, 
Interdisc. Topics Geront. 15, 13 (1979). 

4 W. Meier-Ruge, P. Iwangoff, K. Reichlmeier and P. Sandoz, 
in: Adv. Biochem. Psychopharm., vol.23, p.323. Raven Press, 
New York 1980. 

5 A.L. Sylvia and M. Rosenthal, Brain Res. 165, 235 (1979). 
6 M.C. McNamara and A.T. Miller, Jr, A.L. Shen and J.J. 

Wood, Gerontology 24, 95 (1978). 
7 E.G. McGeer and P.L. McGeer, in: Adv. Biochem. Psycho- 

pharm., vol. 23, p. 305. Raven Press, New York 1980. 
8 E.K. Perry, Age and Aging 9, 1 (1980). 
9 P.L. McGeer, E.G. McGeer and J.S. Suzuki, Arch. Neurol. 

34, 33 (1977). 

1055 

10 A. Carlsson, Adv. exp. Med. Biol. 113, 1 (1978). 
11 J. Roubicek, J. Am. geriatr. Soc. 25, 145 (1977). 
12 M. Matejcek, in: Adv. Biochem. Psychopharm., vol.23, p.339. 

Raven Press, New York 1980. 
13 P. Iwangoff, R. Armbruster, A. Enz, W. Meier-Ruge and P. 

Sandoz, in: Biochemistry of Dementia, p.258. Ed. P.J. 
Roberts. Wiley, London 1980. 

14 D.M. Bowen, C.B. Smith, P. White and A.N. Davison, Brain 
99, 459 (1976). 

15 P. White, M.J. Goodhardt, J.P. Keet, C.R. Hiley, L.H. 
Carasco, J.E.J. Williams and D.M. Bowen, Lancet 1, 668 
(1977). 

16 E.K. Perry, B.E. Tomlinson, G. Blessed, K. Bergmann, P.H. 
Gibson and R.H. Perry, Br. reed. J. 2, 1457 (1978). 

17 L. Sokoloff, J. Neurochem. 29, 13 (1977). 
18 D.M. Bowen, P. White, J.A. Spillane, M.J. Goodhardt, G. 

Curzon, P. Iwangoff, W. Meier-Ruge and A.N. Davison, 
Lancet 1, 11 (1979). 

19 J.P. Blass, G.E. Gibson, M. Shimada, T. Kihara, M. Wata- 
nabe and K. Kurinioto, in: Biochemistry of Dementia, p.258. 
Ed. P.J. Roberts. Wiley, London 1980. 

20 G.E. Gibson and J.P. Blass, J. Neurochem. 27, 37 (1976); 31, 
757 (1978). 

21 B.K. SiesjO and S. Rehncrona, in: Biochemistry of Dementia, 
p.91. Ed. P.J. Roberts. Wiley, London 1980. 

22 E. Slater and M. Roth, Clinical Psychiatry. Ed. Bailliere- 
Tindall. London 1977. 

23 J.S. Meyer, Y. Miyakawa, N. Ishihara, Y. Itoh, H. Naritomi, 
N.T. Mathew, K.M.A. Welch, V.D. Dehmukh and A.D. 
Ericsson, Stroke 8, 44 (1977). 

24 K.M.A. Welch, E. Chabi, J. Buckingham, B. Bergin, V.S. 
Achar and J. S. Meyer, Stroke 8, 341 (1977). 

25 W. Meier-Ruge, Life Sci. 17, 1627 (1975). 
26 J. Krieglstein and R. Stock, Psychopharmacologia 35, 169 

(1974). 
27 W. Meier-Ruge, A. Enz, P. Gygax, O. Hunziker, P. lwangoff 

and K. Reichlmeier, in: Aging, vol.2, p.55. Ed. S. Gershon 
and A. Raskin. Raven Press, New York 1975. 

28 P. Gygax, N. Wiernsperger, W. Meier-Ruge and T. Baumann, 
Gerontology 24, 14 (1978). 

Aging of connective tissues 

by L. Robert 

Laboratoire de Biochimie du Tissu Conjonctif (GR C N R S  N ~ 40), Facult~ de M~decine, Universit~ Paris-Val de Marne, 
8 rue du G~n~ral Sarrail, F-94010 Creteil Cedex (France) 

It is a pa r t i cu la r ly  sad bu t  fascinat ing task to write 
about  the aging o f  connect ive tissues for this m e m o -  
rial  issue devo ted  to Professor  Verzfir. His his tor ical  
exper iments  on the aging  o f  ra t  tail  t endon  opened  up 
an impor t an t  new research a rea  on the mo lecu la r  and  
cel lular  mechan i sms  o f  the aging o f  connect ive  tissues. 
I had  the pr ivi lege o f  mee t ing  Professor  Verz~ir several  
t imes dur ing  the last  twenty  years  and  these conversa-  
tions and  contacts  were the p r ime  incent ive  for our  
own work  in the aging  o f  connect ive  tissues. Hav ing  
been  bo rn  in the same count ry  as Professor  Verzhr  
and hav ing  left it at abou t  four ty  years  later ,  m y  
expe r imen ta l  a p p r o a c h  m a y  have  been  insp i red  by  a 
s imilar  bas ic  b io log ica l -med ica l  culture.  I wish there-  
fore to cons ider  my  work  in general ,  and  this art icle in 
par t icular ,  as a special  t r ibute  to the m e m o r y  o f  
Professor  Verz~ir. 

The state o f  the art in 1980 

Our  knowledge  abou t  the aging  o f  connect ive  tissues 
can schemat ica l ly  be  d iv ided  in two dist inct  areas.  
The  first one concerns  the regu la t ion  o f  the b iosynthe-  
sis o f  ma t r ix  macromolecu le s  such as the col lagens  o f  
di f ferent  genet ic  types,  the pro teoglycans ,  e last in  and  
o f  s t ructura l  g lycoprote ins .  The  macromolecu les  
be longing  to these four  famil ies  o f  in terce l lu lar  ma t r ix  
substances  are synthesized in wel l -def ined  p ropor -  
tions by  the d i f fe ren t ia ted  m e s e n c h y m a l  cells and  
associate in specific pa t te rns  which can be recognized  
in every d i f fe ren t ia ted  tissue. 
The  second aspect  o f  aging research  in the connect ive  
tissue a rea  concerns  the pos t - t r ans la t iona l  modi f ica-  
tions as well  as the ca tabo l i sm o f  these ma c romole -  
cules. These  modi f ica t ions  are  re la ted  to the age-  


