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T h e  desc r ibed  p rocedure  is s imple,  i nexpens i ve  a n d  
reproduc ib le .  I t  can  be  used to  exp lore  n o t  o n l y  t h e  
d u r a t i o n  of ac t ion  of e t h a n o l  b u t  also t h e  m od i f i c a t i on  of 
a c t i v i t y  of e t h a n o l  b y  o t h e r  drugs,  O ur  d a t a  i nd i ca t e  t h a t  
t h e  o rder  of p o t e n t i a t i n g  p roper t i e s  of t he  d rugs  used  were  
reserp ine  > ,  ch lo rp romaz ine  > ,  p h e n a g l y c o d o l  > ,  m e p r o -  
b a m a t e  > ,  h y d r o x y z i n e  > ,  m o r p h i n e  > ,  d - p r o p o x y p h e n e  
a n d  codeine.  The  l a t t e r  t w o  d rugs  fa i led to  p o t e n t i a t e  
e thanol -narcos i s .  

S tudies  of  t he  possible  p o t e n t i a t i n g  a c t i o n  of t r a n q u i l -  
izers and  o t h e r  d rugs  o n  a lcohol  dep res s ion  is b e c o m i n g  
increas ing ly  i m p o r t a n t  because  of t h e  increage in t h e r a -  
peu t ic  usage of t r anqu i l i ze r s  a n d  c o n t i n u e d  social  usage  
of alcohol.  

Zusammen/assung. E i n e  M e t h o d e  zu r  Messung  de r  Po- 
t e n z i e r u n g  y o n  T r a n q u i l i z e r n  u n d  A n a l g e t i k a  au f  Athanol-  
dep res s ion  wi rd  besch r i eben .  U n b e w e g l i c h k e i t  y o n  Miiusen 
wi rd  als K r i t e r i u m  de r  Depres s ion  g e n o m m e n .  Die  fiinf 
Tranqu i l i ze r ,  die g e b r a u c h t  wurden ,  h a b e n  A t h a n o l  in 
v e r s c h i e d e n e n  G r a d e n  po tenz ie r t .  V o n  d e n  dre i  analgeti-  
s ehen  D r o g e n  h a t  Morph in ,  n i c h t  a b e r  d - P r o p o x y p h e n  und 
Codein,  A t h a n o l n a r k o s e  po t enz i e r t .  

R. B. FORNEY, H.  R.  HULPIEU, a n d  F. ~,V. HUGHES 

Department of Pharmacology, Indiana University School o/ 
Medicine, Indianapolis (U.S.A.), July 2, 1962. 

P R O  E X P E R I M E N T I  S 

Zunahme der t6dlichen Dosis  yon g -Strophanth in  
be im Meerschweinchen in Abh~ingigkeit yon der 

infundierten Fl i i ss igkeitsmenge 

Bei  Mee r schwe inchen  in  U r e t h a n n a r k o s e  w u r d e  die t6d -  
l iche Dosis  y o n  g - S t r o p h a n t h i n  d u r c h  D a u e r i n f u s i o n  m i t  
G e s e h w i n d i g k e i t e n  y o n  10 u n d  1,5 v g / k g / m i n  b e s t i m m t .  
D a b e i  w u r d e  die K o n z e n t r a t i o n  de r  L 6 s u n g e n  u n d  dem-  
e n t s p r e c h e n d  die i n f u n d i e r t e n  m l / m i n  so ve r / inder t ,  dass  
die le ta le  Menge  be i  b e i d e n  G e s c h w i n d i g k e i t e n  e i n m a l  in  
2 ml ,  z u m  a n d e r e n  in  r u n d  15 m l / T i e r  e n t h a l t e n  war .  
I n  d e r  Tabe l l e  s ind  die  g e o m e t r i s c h e n  M i t t e l w e r t e  au s  
V e r s u c h e n  a n  je 6 T ie ren  z u s a m m e n g e f a s s t .  Die  m i t t l e r e  
t /Jdliche Dosis  w a r  unabh / i ng i g  v o n  d e r  I n f u s i ons daue r ,  
s t ieg  a b e r  in  AbhAngigke i t  y o n  de r  i n f u n d i e r t e n  Flt issig- 
k e i t s m e n g e  u m  r u n d  20% an.  

I n  de r  L i t e r a t u r  i s t  w i e d e r h o l t  e in  Ans t i eg  de r  t 6d l i chen  
Dosis  y o n  g - S t r o p h a n t h i n  be i  Ver lAngerung  tier In fus ions -  
dauer t ibe r  30 m i n  h i n a u s  b e s c h r i e b e n  w o r d e n  (FROMHERZ 

T6dliche Dosen yon g-Strophanthin bei Dauerinfusion 
unter versehiedenen Versuchsbedingungen 

g-Strophanthin, 10 1,5 10 1,5 
[xg/kglmin 
Verbrauchte rot/Tier 2,0 2,0 14,5 > 16,0 
Infusionsdauer, rain 12 131 25 > 160 ~ 
Mittlere t~l iche 196 196 244 > 735 
Dosis, lzg/kg (185-208) (186-207) (221-269) (213-259) 

2 Tiere iiberlebten l~nger als 700 min. 

und B.~CHTHOLDI; HOFFMANN und LENDLE2; KRAUPP, 
OBENAUS, PILLAT und STUMPFS). Es ist wahrscheinlich, 
wenn auch nicht mehr im einzelhen nachpriifbar, dass bei 
einer Versuchsdauer yon mehr als 2 h grbssere Fliissig- 
keitsmengen gegeben wurden und der Anstieg des Titers 
hierauf und nicht auf eine Elimination yon g-Strophanthin 
zur i i ekzuf i ih ren  ist .  D a  Mee r schwe inchen  in  U r e t h a n -  
n a r k o s e  k a u m  H a r n  a b s o n d e r n ,  k o m m t  e ine  Aussche idung 
d u t c h  die N ie ren  n i c h t  in  Frage .  W a h r s c h e i n l i c h  wi rd  das 
g - S t r o p h a n t h i n  z u s a m m e n  m i t  de r  i n f u n d i e r t e n  Fliissig- 
ke i t  in  de r  Pe r iphe r i e  abge lager t .  

Die p r a k t i s c h e  K o n s e q u e n z  aus  d iesen  E r g e b n i s s e n  ist 
of fens icht l ich .  Auf  eine t h e o r e t i s c h e  F o l g e r u n g  soll abet  
n o c h  h ingewiesen  w e r d e n :  W e a n  s ich  i m  a k u t e n  Versuch 
n i c h t  e i n m a l  die E l i m i n a t i o n  des  k u r z  w i r k e n d e n  g-Stro- 
p h a n t h i n s  e i nwandf r e i  fes t s te l l en  l~sst, so i s t  das  bei  kumu-  
l i e r enden  Glykos iden  ers t  r e c h t  auss ichts los .  

Summary, The  LDs0 of o u a b a i n  in gu inea-p igs  rose  in 
co r re l a t ion  w i t h  t he  in fused  v o l u m e  b u t  n o t  w i t h  increas- 
ing  d u r a t i o n  of infus ion.  

W. SCHAUMANN 

Pharmakologisches Laboratorium der Fa. C. F. Boehringer 
& S6hne GmbH, Mannheim-Waldho[ (Deutschland), 3. Juli 
1962. 

x K. FROMHERZ und H. P. BXCHTOLD, Helv. physiol, pharmacol. 
Acta 8, 454 (1950). 
G. HOFFMANN und L. LEUDL~, Arch. exp. Path. Pharmak. 212, 
376 (1951). 
O. I{RAUPPp H. OBENAUS, B. PILLAT und CH. STUMPF~ Arch. exp. 
Path. Pharmak. 237, 388 (1959). 

C O N G R E S S U S  

France 

S y m p o s i u m  of the European Bio logy  Section 
of the International Association of Gerontology 

Par i s ,  A p r i l  2-4 ,  1962 

The symposium was held at the Department of Physiology of the 
Facult6 de M6decine and attended by 42 research workers actively 
engaged in basic research on the ageing processes. 

The various original contributions presented to this meeting will 
later be published in full in various journals and in their original 
language, but it has been felt that a comprehensive English summary 
of the various papers might be useful both for experimental geront- 
ologists and for biologists interested in the modern trends of research 
on ageing. 

Three main topics were discussed in this meeting: (1) The pheno- 
menon of 'differential ageing' in Man; (2) Biochemistry of ageing; 
and (3) The action of some external factors on the rate of ageing. 
The discussion leaders for these three main themes were, respectively, 
Professor F. BOURLII~RE (Paris}, Professor F. VERZAR (Basel) and 
Dr. P. ALEXAm)ER (London). A final session, devoted to various 
specific problems was chaired by Dr. T. GEIL (Kjobenhavn). 
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The summaries herewith published (and prepared by the authors) 
have been grouped in the order of presentation of the original papers. 
Where known, the title of the journal in which the full articles will 
be published has been mentioned. 

F. BOURLI~:RE 

Men Women 

People with People with 
cerebro vascular  cerebro vascular 
disease in their  disease in their 
family history Controls family history Controls 

T h e m e  1. Differential  Age ing  in Man 

Ageing in Two Caucasian Populations Living in Very Di]]erent 
Ecological Conditions 

In order to appreciate the role of very different environmental  
conditions on the rate of ageing of various morphological, physio- 
logical and biochemical characteristics in clinically heal thy white 
males, 246 urbanized Parisians and 846 rural Kabyles living in their 
traditional way in Algerian mountains, have been studied by the 
same investigators, using the same methods and even the same 
apparatuses. All subjects have been taken at  random in their 
respective populations. - -  A similar pat tern of age changes in the 
two populations has been found for stature, . thorax morphology and 
blood pressure, although Parisians and Kabyles differ in their 
average values for.every age-class. - - A g e  changes in weight, sub- 
cutaneous fat deposits, serum cholesterol and fl-lipoproteins are, on 
the contrary, very different in urbanized Parisians and in ru ra l  
Kabyles. Such differences are, a t  least part ly,  due to the differences 
in diet. 

The paper has been published in the 'Revue Francaise d't~tudes 
Cliniques et Biologiques', 7, 629 (1962). 

F. BOURLII~RE and S. PAROT (Paris) 

Age Changes in Japanese and Frenchmen; a Comparative Study 

The same pat tern of age-changes is found in Japanese and French- 
men for the following morphological and physiological character- 
istics: stature, basal metabolic rate, vi tal  capacity, maximum breath- 
ing capacity, s trength of grip, blood pressure and urinary 17-keto- 
steroids. Contrary to what happens in West-Europeans, Japanese 
do not fatten between the ages of 25 and 65 and their blood chole- 
sterol (at least in males) does not show any regular increase during 
the same period. Despite their s tature and weight, which are inferior 
to those of Frenchmen in any age-group, Japanese have average 
values for basal  metabolic rate, s trength of hand grip and output  
o f  17-ketosteroids which are closely similar to those of ~Vestern 
Europeans. This fact may be due to a relatively more important  
protoplasmic mass and a smaller amount of fat deposits. 

This paper will be published in the 'Revue Frangaise de G6ronto- 
logie', vot. 8 (196~). 

T. NAKAYAMA (Tokyo) and F. BOURLII~RE (Paris) 

The Influence o/ the Socio-Economic Level in the Ageing Pattern o/ 
the French Population 

96 matche d pairs of clinically heal thy old Parisians of both sexes 
and shnilar ages, but  belonging to different socio-economic groups 
('very high' and 'medium'),  have been studied. Statist ically sig- 
nificant differences (in favour of the higher socio-economic level) 
have been found in Intellectual  Quotient, Vocabulary, Intellectual 
Efficiency, Memory, Stature,  Vital  Capacity and Strength of the 
hand grip. On the contrary, the basal metabolic rate and the blood 
cholesterol are consistently lower in individuals of lower socio- 
economic l eve l  

F. CLEMENT (Paris) 

Is Mental Ageing Accelerated in People with Cembrovaseular Family 
Histories ? 

Two groups of clinically heal thy people of the same age and socio- 
economic level have been cornpared, one in which one at  least of 
the ascendants (mother or father) or collaterals (brother or sister) 
died from obvious cerebrovaseular disease, and one in which ascend- 
ants and collaterals died from other causes. The main results are 
summarized in the following Table. 

Numbers 27 41 17 36 

Age 70.3 70.5 67.8 68.9 

Cultural level 4.82 4.73 4.41 4.31 

Intellectual 
Quotient 124.0 124.0 121.0 122.0 

Visual reten- 
tion test 5.79 6,85 5.82 5.86 

Wechsler mem- 
ory scale 28,92 32,48 34.16 33,15 

Coding test 53.40 56.28 55.47 55.20 

Systolic blood 
pressure 16.1 15.2 15.6 15.2 
(mm Hg) 

Weight {kg) 66,2 69,7 61,0 59.9 

Total  
cholesterol (g/l) 2.62 2.62 2.87 2.85 

fl-Lipoproteins 
(g/1) 4.35 4.50 4.76 4.62 

I t  can be seen that  in males, normal people with eerebro-vascular 
family history have always lower performances than controls for the 
visual retention test, the Wechsler memory scale and the coding 
test. For the first two tests, the differences between the two groups 
are s tat is t ical ly significant at  the level of P = 0.01. People with 
cerebro-vascular family history also tend to have a higher systolic 
blood pressure than the controls, when no such difference exists 
for blood cholesterol and fl-lipoproteins. 

Among females, a cerebro-vascular family history has apparently 
no such accelerating effect on the rate of decline of the mental  
abilities tested. 

This paper has been published in 'La Presse M6dieale' 70, 1637 
0962). 

F. BOURLI~Rg and J. POITRENAUD (Paris) 

Analysis o/Behavioral Changes Associated with Age in Healthy Adults 

Recent research from these laboratories has shown an interesting 
constellation of age changes of a psychological and physiological 
nature in relatively heal thy adults, results which may prove of 
considerable significance both from theoretical and practical points 
of view. In a previous s tudy it  was found that  blood pressure, 
within normal ranges, was correlated with psychomotor speed in 
men over the age of 65 years. In related work on young and old 
adults  i t  was found tha t  psychomotor speed tended to have the 
properties of a general psychological factor in the aged, i.e., many 
seemingly different kinds of behavior were slowed. The results 
suggested that  i t  was desirable to determine if the general speed 
factor, which seems to emerge with advancing age, is related to 
other measured physiological characteristics. To this end a collabor- 
ative s tudy  was undertaken between the National Inst i tutes of 
Health and the Federal Aviation Agency. The research is continuing 
and the present report is based upon the analysis of the results 
obtained from the first 160 men between the ages of 23 and 69 years. 
These men were active civil air pilots and air traffic controllers. 
Each man received a physical examination as well as psychological 
and clinical laboratory tests, Of interest here are the correlations 
with chronological age and the intercorrelations of the measure- 
ments. A total of 33 variables were intercorrelated. These included 
the 15 different psychomotor speed measurements with the Psycho- 
met, the Trail Marking Test, Block Design, Vocabulary and Digit 
Symbol Tests of the WAIS, blood pressure, pulse rate resting and 
after exercise, fasting blood sugar and blood cholesterol level. Of 32 
possible correlations with chronological age, 28 were significant at  
the 1% level. The correlations of psychological measurements with 
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chronological age were higher than the physiological measurements, 
e.g., 0.59 for the Psychomet and 0.42 for the Digit Symbol test;  
whereas i t  was 0.28 for diastolic blood pressure and 0.~5 for chol- 
esterol l eve l  

The pat tern of results makes it difficult to accept the hypothesis 
that  age changes in measured vascular functions lead to the 
decrement in psychomotor reactivi ty with age. However, both the 
psychological and the physiological changes may be a joint mani- 
festation of altered control by the eentraI nervous system; such 
alterations being manifested earlier in complex psychological and 
psychomotor functions. 

J .  E. BIRREN and W. SelETH 

Channel-Capacity, Activation and Age 

This paper examines the application to ageing studies of two 
lines of theory which have become prominent in psychology during 
recent years: firstly the concept of the brain as a communication 
channel of l imited capacity in which signals may be disturbed by  
random neural act ivi ty  ( 'neural noise'); secondly the relation 
between arousal or act ivat ion and cortical efficiency. Both lines 
have implications regarding sensory thresholds and speed of 
performance. 

V¢ork showing raised differential thresholds among older people 
indicates that  these are not due to at tenuat ion of signal in the sense 
organs but  to either decreased channel-capacity or to increased 
randonmess of neural act ivi ty  in the central pathways and brain or, 
more probably, to both. Some suggestions about the sources of 
increased neural noise in old age are surveyed. 

Studies not concerned with ageing have shown that  moderate 
levels of activation or arousal improve performance and lower 
sensory thresholds, while very high levels lead to impairment,  I t  is 
normally assumed that  older people are liable to suffer frorn under- 
activation, but  there are reasons to suppose that  in some cases age 
changes might  be due to over-activation leading to loss of channel- 
capacity and higher neural noise levels. 

A. T. WELFORD (Cambridge) 

The Liverpool Age Project: Preliminary Communication on 
Population and Methodology 

This project involves a detailed s tudy of 600 adult  subjects, 
drawn from the local population in the city and environs cf Liverpool 
(England). The total  number consists of 12 groups of 50 subjects 
each, in respect of each sex ifi the 6 age-groups 20-29 to 70-79 
inclusive. \Vithin each age]sex group there is a close approximation 
to national distributions for socio-economic classification and, for 
the project as a whole, good coverage of the principal occupational 
groupings as used by the Census. 

Each subject takes part  in two examinations, each last ing about 
2 h. The first of these was a group procedure, during which the 
following data  were obtained: (1) Biographical information 
including educational and occupational history, mari ta l  status, 
number of children, length of residence in north-west England, and 
number and nature of leisure interests. (2) List of reported serious 
illnesses or injuries. (3) Tests of non-verbal intelligence, of vocabulary 
and of personality. 

During the second occasion, each subject is examined individually, 
spending abont 30 rain in each of four rooms. The following inform- 
ation is obtained: (1) Sitt ing and standing height. (2 )Weigh t .  
(3) Timed expiratory volume (1.0 sec). (4) Index of body-build. 
(5) Blood pressure. (6) Strength of grip. (7) Persistence of grip, a t  
two-thirds maximum. (8) Respiratory questionnaire (including 
smoking habits). (9) Sleep habits  questionnaire (including peak and 
trough of daytime alertness, and use made of sleeping tablets). 
(10) Auditory acuity. (11) Visual acuity (Landott) for s tat ionary 
and moving test-object. (P2) Tests being investigated as measures of 
functional efficiency of the brain:  (a) Digit span, to auditory and 
visual presentation. (b) Letter-to-digit coding, natura l  pace and also 
speeded. (c) Persistence of after-effects to rotat ing spiral. (d) Memory 
for designs. (e) Mazes. (f) Trail-making task. 

The barometric pressure, temperature and relative humidi ty  am 
recorded at  the time of examination, and the pulse rate is noted on 
9 occasions - - o n  entering and leaving each room and also before 
reading the blood pressure. 

The examinations are scheduled to be completed by the end of 
July, 1962, and the main results of the stat ist ical  analyses should 
become available by the summer of 1963. Collateral information 
will by then also be available about selected groups of subjects 
who have part icipated in the experimental projects of Unit members: 
topics under s tudy include reaction-time, flicker fusion frequency, 
immediate memory, confidence and problem solving. 

A. Heron (Liverpool) 

Results o] a Simple Memory Test in Various Groups el Old People 

A simple memory test formed part  of two extensive surveys on 
the health of the aged. One s tudy took place in 3000 persons of 
65 years and older, in a ci ty (Groningen) in the North of the Nether- 
lands, the other survey, under the auspices of the Organization for 
Health Research T.N.O., performed by  nearly 400 general prac- 
titioners, in more than 3000 aged persons among the Dutch 
population over 65 years of age. The aged had been divided into 
8 groups according to-age,  and sex; each group was a random 
sample in itself. The memory test  consisted of a nmnber of items 
from the Wechsler Memory Scale, which had been par t ly  modified 
and simplified. 

The results of the two surveys, with respect to both the individual 
items and the complete test, could be compared for a mnnber of 
da ta ;  they appeared to differ generally only slightly. This was true 
e.g. for the finding that  in each age group significantly more men 
than women obtained good results; the older the age-group, the 
less people could manage the test. In  particular after the age of 80 
the decline was remarkable. 

Good objective or subjective heal th often went together with 
obtaining an appreciable number of points. In  the highest income 
class, more old people got good results than in the other income 
classes, according to the T.N.O. survey. In the Groningen survey 
more aged persons in the higher social classes did well than in the 
lower social classes. 

Several more results of combinations of the outcome of the 
meulory test with a few other variables, such as retirement, are 
reported as well. 

R. J. VA~r ZONNEVELD (The Hague) 

Some Observations on the Process el Ageing, at an Advanced Age, ]or 
Certain Psychological Functions 

The aim of this research was to deternfine whether, in a year's 
time, some mental,  intellectual or psychomotor functions of old 
persons had undergone modifications. 

Tim sample was composed of ~21 old persons aged 64 to 81, most 
of them being si tuated between 70 and 79 years of age. All these 
subjects were of a very modest soeio-economic level and of a rather 
low cultural level. 

We adopted the longitudinal method for our s tudy:  the same 
tests-bat tery was applied twice; each of the i~l subjects was 
examined after a precise interval  of one year. None of the subjects 
who were part  of the s tudy suffered from any serious impairment 
during that  one year interval,  nor were given any medical treatment 
which might have disturbed the results in the tests. 

Besides this, we had a comparison sample at  our disposal, com- 
posed of 65 subjects, aged 64 to 86, who served to standardize our 
tests. For each test we calculated: (1) the ari thmetic mean (2) the 
standard deviation (o'). 

We have thus been able to determine for each of the 21 subjects 
studied: (1) his performance, for each test, in the course o/ the ]irst 
examination he underwent. To do so, we calculated the deviation 
between his own result  in the test and the ari thmetic mean obtained 
in the same test by the reference-group (i.e. the 65 subjects having 
served for the standardizing of old people}. This deviation was 
expressed in tetronsL (~) In  the same way, his performance, for 
each test, in the course el the second examination. 

The difference between the two tetrons (test and retest  ones) are 
thus expressing, for each subject and for the tested function, either 

x 1 tetron = 1[4 of the s tandard deviation = a/4. 
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his s tabi l i ty  or his decline, or maybe his improvement ~, after one 
year has elapsed. 

The results. (a) I t  is only in very rare cases 3 that  the modification 
observed in the individual performances reaches 4 tetrons, tha t  is 
la ,  and this whatever the direction of the modification may be, 
whether towards decline or amelioration. In most of the cases the 
differences range about 1 or 2 tetrons. 

Therefore, individual modifications are non-significant and remain 
in the normal l imits of the fluctuation around the init ial  value 
obtained by each subject in each test. Consequently, it can be 
ascertained that,  in spite of his old age, no subject has changed 
much in the lapse of one year. 

(b) Nevertheless, we wished to know whether a general tendency 
in the group, either towards decline or towards amelioration, did not 
appear for certain functions. To that  end, we calculated the ' t '  of 
Student for each test, taking into account, on the one hand, all the 
non-significant cases of falls in the performances and, on the other, 
all the non-significant cases of amelioration in the performances*. 

None of the ' t '  calculated proved significant. Consequently, no 
tendency to decline (or to improvement) can be observed for this 
very aged persons group, in the lapse of one year, for any of the 
tested functions ~. 

(e) We also calculated Spearman's 'rho' between the ranks held 
by the 21 subjects in the test and their ranks in the re-test. The 
correlation coefficients prove to be very high for all the functions 
tested, both intellectual and mental  ones as also psychomotor ones. 
These coefficients lay between 0.64 and 0.93. 

So the reliability o] our instruments of measure is very high, which 
assigns still  more weight to the above experimental  data. 

D. DUREY and S. PACAUD (Paris) 

T h e m e  2 .  B i o c h e m i s t r y  o f  A ~ e i n ~ ,  

Role o] Free Radicals in Ageing 

Ageing, cancers (at least some), and mutat ion are at t r ibuted 
basically to the side effects of endogenously formed free radicals. 

If free radicals do contribute to ageing, then raising the concen- 
tration in the organism of compounds which react rapidly with free 
radicals ndght slow the ageing process. The first experiment based 
on this possibility employed AKR (male) and C3H (female) mice. 
After weaning groups were placed on powdered diets (ad libitum} 
containing no addit ive or the hydrochloride of an antioxidant.  
AKR mice: cysteine (1% w), 2-mercaptoethylamine (1% w), and 
2,2-diaminodiethyl disnlfide (0.5% w), prolonged the half-survival 
t ime (HST} (age at  which 50% are dead) from 8 months (controls) 
to 10 months- -~25% prolongation ( p <  0.01}. C3H mice: no 
certain effect noted. The second experiment utilized Swiss mice 
(males) in addition to the above strains. Pelleted food was used in 
hope of achieving longer elevated tissue levels of the additives 
(1% w). °~-Mercaptocthytamine prolonged the HST of C3H mice 
from 14.5 to 18.3 m o n t h s -  26% increase {p<~ 0.01); hydroxyl- 
amine increased HST sl ightly - -  7%. Cysteine and hydroxylamine 
(2% w) increased the HST of AKR mice by  15%. Swiss mice: no 
prolongation. 

In  the first of two current experiments the following compounds 
are being evaluated at  1]4% w in powdered diets in groups of Swiss 
{male), C3H (female) and AKR (male) mice: 2, 5-di-tert-butylhydro- 
quinone, butyla ted hydroxyltoluene, propyl gallate, A.E.T. (~- 
aminoethyl isothiouronium bromide), and hydroxylanfine hydro- 
chloride (this compound at 112 % w). The HST's for these compounds 
in the Swiss mice, given in the above order, are > 17 (at 17 months 
of age 61.6% of this group was still  alive), 15.0, 15.0, 15.5, and 14.0 
months, respectively, while the value for the control group was 
15.0. 2,5-Di-tert-butylhydroquinone is the first compound found 
that  prolongs the HST of Swiss mice. Corresponding figures for the 
C3H mice are 14.0, 14.5, 14.5, 13.5, and 17.0 months respectively; 
control groups - -  15.5 months. %5-Di-tert-butylhydroquinone, 
butyla ted hydroxytoluene and propyl gallate increased the gross 
tumor incidence in both C3H and Swiss mice. For example, at 17 
months of age 25% of the control C3H mice had tumors while the 
corresponding figure for the group on o 5-di-tert-butylhydroquinone 
was 52%. None of these compounds prolonged the HST of AKR mice. 

AKR (male) mice are being employed for the second of the current 
experiments. At 9 months of age the % surviving in each group is: 

--56.0; alkylated thiobis-phenol {t]4% w)--83.0; Vitamin diet 
fortification mixture (Nutrit ional Biochemical Corp.) (2% w)--75.0; 
thioglycolanidide {1]4%)--73.0; and thioglycol-0-anisidide (114%)-- 
60.0. 

These results are encouraging and provide some support  for the 
concept that  endogenously produced free radicals contribute to the 
ageing process. 

D. HAR~AN (Nebraska) 

Ageing o/Newly Formed Collagen 

During the natural  process of ageing of collagen in the body, the 
inter-chain bonds are known to increase. When collagen fibers from 
tendons or from the corium of skin are heated, these bonds are 
broken at temperatures above 58°C 6. 

A period of 10 rain at  a temperature of 65°C can be used as a 
practical method for differentiating between the behaviour of 
young and of old collagen. The quant i ty  of oxyproline complexes 
which goes into solution has been found to be large in young and 
small  in old, in the corium from hmnan skin, cattle hide ~, and also 
in tendon fibres from the tail of the rat s and tendons of the frogg. 

In human skin the changes are very marked up to puberty, and 
then become less through adult  life, but are quite obvious by the 
time senility is reached. Figure 1 shows these changes with age. 
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Fig. 1. Percentage oxyprolin liberated at  65°C in 10 rain. • cases 
published in1°; • new cases. 

Using the method of oxyproline estimation ~ we have shown with 
~ ¥ I L L E N E G G E R  that ,  in wound healing, the newly formed collagen 
of the scar tissue is young collagen at  every age of the host, and 
then ages in the usual way. Thus a one-year-old scar in a 50-years-old 
individual contains collagen which has the characteristics of a one- 
year-old child. After about 10-15 years, this scar collagen is found 
to have aged and is now ahnost similar to the rest of the body 
collagen (Figure 2). 

This finding is of a certain basic significance in view of the rather 
generally accepted opinion as to the nature of the ageing of 
'protoplasm'.  

2 The la t ter  could as well be considered as due to learning. 
a One or two cases by  test. 
* Besides, we already saw, in the preceding paragraph, that  sig- 

nificant modifications were vcry rare. 
This may be due to the fact that  the performances are already 
very much diminished in that  aged group compared to those of 
younger groups such as adults from 40 to 44. 

6 F. VERZ),R, Heir.  physiol. Aeta la, C 64 (1955). 
7 F. VERZAR, Gerontologia 4, 104 (1960). 
a F. VERZAR and A. MAYER, Gerontologia 5, 163 (1961). 
9 j .  BROCAS and F. VERZAR, Gerontologia 6, 228 (1961). 

l0 F. VERZ).R and H. WILLENEGGER, Sehweiz. Med. Wschr. 91, 
1$234 (1961). 
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T h e  i somet r ic  m e a s u r e m e n t  of tension is 30 to  5 0 %  g rea t e r  b y  
' c h e m i c a r  t h a n  b y  ' t h e r m i e '  c o n t r a c t i o n  (Table I). While  with 
the rmie  c o n t r a c t i o n  we have  f o u n d  a c o n s t a n t  r e la t ion  to age, this 
is no t  so d e a r  in the  case of chemica l  c o n t r a c t i o n .  Howeve r ,  it  is 
known ,  f rom the  work  of severa l  a u t h o r s  who  use cheul ica l  con t rac -  
t ion as a tes t  xe, t h a t  the va lues  of ' r e l a x a t i o n '  are  r e l a t ed  to age. 

T a b .  I 

No. 

Tens ion  in g 

Age T h .  K. NaCIO 4 K J  
(months)  (30%) (4t)%) 

- - - - - -  NO. 3. 

Fig. 2. l Yrcen t age  oxyp ro l i n  l i be ra t ed  f rom s c a r  t i ssue  (whi te  
cohmins) ,  f r om nor ina l  skin  of the  s a m e  person  (black) a n d  f rom 
n o r m a l  values  of persons  of the  s a m e  age  (gray) .  W,  w o u n d ;  NM, 

n o r m a l  midd l e  va lue ;  NT,  n o r m a l  t es ted  on the  s ame  person.  

LANSING 11, wri t ing  on 'Gene ra l  B io logy  of Senescence '  in Bi r ren ' s  
Handbook o/ Ageing in 1959, s t a t e s  (pp. 130-131) ,  a f t e r  d i scuss ing  
theor ies  of age ing  b a s e d  on  the  age ing  of col lo ids :  'The  fac t  is t h a t  
there  is one f u n d a m e n t a l  d i f ference  be tween  l iv ing  cells a n d  
mach ines  . . . .  or  col loids  . . , P r o t o p l a s i n  is in a p e r p e t u a l  s t a t e  of 
f lux ; there  is a c o n s t a n t  t u r n o v e r  of i ts  c o n s t i t u e n t s  a n d  r e p l a c e m e n t  
of i n d i v i dua l  molecules .  The colloids in old protoplasm are new 
colloids but di//erent ]rorn those o] the young; . . . .  The old organism 
does not contain old colloids; it contains "newly" ]ormed colloids o /an  
old character'. 

The  c o n t r a r y  is h o w e v e r  t rue  for  co l lagen ,  which  c o n s t i t u t e s  
a b o u t  ha l f  of the  b o d y  pro te in .  

Col lagen ages because ,  a f t e r  it  is depos i t ed ,  it  has  no t u r n o v e r ;  
thus  in a n  old person col lagen is ' o ld ' .  ( )ur  o b s e r v a t i o n  shows ,  
however ,  t h a t  the newly  forn ied  sca r -co l l agen  is young col lagen,  
also in a n  old person .  

Whi le  i t  is no t  perni iss ible  to  general ize ,  it  shou ld  be  real ized 
t h a t  o t h e r  n e w l y  forn ied  p ro te ins  p r o b a b l y  also h a v e  a ' y o u n g '  
p a t t e r n  in the  aged.  

h i  ' de f in i t e ly  p o s t m i t o t i c  cells '  as cells of the  n e r v o u s  s y s t e m  
I)NA m a y  age also since it has  no t u r n o v e r ,  be ing  w i t h o u t  mitos is .  
Since i t  is the  essent ia l  f a c t o r  for  i n i t i a t i ng  p ro t e in  a n d  e n z y m e  
p r o d u c t i o n  in the  cell,  this  will be  d i s t u r b e d  a n d  a d i s i n t eg ra t i on  of 
the  cell wilt  follow, as in gang l ion ic  ne rve  cells. 

The  poss ib i l i ty  has  been  d iscussed  t h a t  in ' f ixed  p o s t m i t o t i c  
cells ' ,  which  on ly  occas iona l ly  u n d e r g o  ini tosis ,  ' p a r t l y '  aged  D N A  
m a y  induce  an  ' a g e d  p a t t e r n '  of p ro t e in s  a n d  e nz ym e s  in n e w l y  
fo rmed  p r o t o p l a s m ,  which  m a y  exp la in  the specia l  n a t u r e  of age ing  
of e r y t h r o b l a s t s  a n d  e r y t h r o c y t e s  (BERTOIANI) 12,1a. 

F.  YERZAR (Basel) 

Internal Tensions in the Collagen 3Iacromolecule and their Changes 
with Ageing 

In  the  col lagen mac romolecu le ,  for  i n s t ance  f rom t e n d o n  fibres,  
in te rna l  tens ions  are  l i be ra t ed  b y  t h e r m i c  or  c h e m i c a l  ac t ion  t4  The  
m e a s u r e m e n t  of these tensions  b y  n ieans  of a n  isometric method 15, 
using fibres of c o n s t a n t  d i a m e t e r  a n d  l eng th ,  p r o d u c e d  the fo l lowing  
resul ts .  

Tai l  t endons  of r a t s  of d i f fe ren t  ages were used.  The i r  we igh t  
was  a b o u t  5 m g  for  10 cm of l eng th .  The i r  tens ion  was  m e a s u r e d  a t  
c o n s t a n t  l eng th  in R inge r ' s  so lu t ion .  T e m p e r a t u r e  was  ra i sed  f rom 
55°C u p  to  degrees  of h e a t  a t  which  n o  f u r t h e r  increase  in tens ion ,  
a n d  the  beg inn ing  of r e l a x a t i o n ,  s h o w e d  t h a t  a m a x i m a l  tens ion  h a d  
been  r eached  b y  hea t ing .  This  po in t  is expressed  in g, as  tens ion  b y  
' ther In ie  c o n t r a c t i o n ' .  The  va lue  increases  wi th  age,  in c o n f i r m a t i o n  
of w h a t  has  been  descr ibed  for  the  fo rmer  ( ' i sotonic ' )  m e t h o d ,  where  
the  we igh t  which  inhibi ts  t he rmic  c o n t r a c t i o n  was  e s t i m a t e d  14 

'Chemica l  c o n t r a c t i o n '  was  p r o d u c e d  b y  m e a n s  of p o t a s s i u m  
iodide,  KI (41)%) or  sod ium pe rch lo ra t e ,  NaCIO 4 (30%).  A t  30~C, 
c o n t r a c t i o n  occurs  in 10-20  ra in  wi th  K I  a n d  s o m e w h a t  l a t e r  wi th  
NaC104 to r each  a m a x i m a l  value .  I t  is t hen  fol lowed b y  a r e l axa t ion .  

26 3 2.5 7.8 6.3 
'24 5 4.1 11.0 8.5 
'2'2 6 5.5 7.3 6,0 
9.'21 18 7.4 9.3 8.9 
23 3`2 11).`2 11 A) 12.5 
25 -t0 :4.3 14.8 16.0 

I t  is well k n o w n  t h a t  /ormaldehyde has  a t a n n i n g  effect  upon  
co l lagen  17, H y d r o g e n  or  o t h e r  b o n d s  are p r o d u c e d  18, i9. Af te r  10 lnin 
in a 1% so lu t ion  of f o r m a l d e h y d e ,  the  f ibres b e c o m e  c h a n g e d  so 
t h a t  t he rmie  c o n t r a c t i o n  on ly  beg ins  a t  h ighe r  t e m p e r a t u r e s  t han  
fo rmer ly ,  a n d  f inishes a t  a b o u t  99~C, when  r e l axa t i on  se ts  in. The 
tension of y o u n g  a n d  old  f ibres m a i n l y  reaches  equa l  va lues  wi th  
f o r m a l d e h y d e .  These  tension va lues  (e.g. a b o u t  38 g) are a b o u t  ten 
t imes  h igher  t h a n  the no rn ia l  va lues  for  young ,  a n d  four  t imes 
h igher  t h a n  for  old f ibres a t  t he rmic  c o n t r a c t i o n  (Figure) .  
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The Figure  shows  e x a m p l e s  of tens ion  n i ea su remen t s  in g. A compar i -  
sou is g iven of t he rmic  c o n t r a c t i o n  (Th), KI  (K),  NaCIO 4 (N), 
f o r i na ldehyde  I %  a t  i~9' C (F), f o r m a l d e h y d e  wi th  KI  {F + K), and  

f o r m a l d e h y d e  wi th  NaCIO 4 (F + N) as descr ibed  above .  

u A. I. LANSING, General Biology o/Senescence, in J .  E.  BIRREN (Ed.) 
Handbook o] Ageing and the Individual (Chicago Univ .  Press, 
1959), p, 119. 

12 A. BERTOLINI, Ge ron to log ia  6, in p r i n t  (1962). 
la This  work  was  done  wi th  a g r a n t  of the  Muscu la r  D y s t r o p h y  

Assoc ia t ion  of Amer i ca .  We t h a n k  Prof .  H .  WILLENEGGER for a 
c o n t i n u o u s  s u p p l y  of sk in  spec imens .  Th i s  work  con t inues  our  
f o r m e r  w o r k  wi th  h im 10 

14 F.  VERZkR, Helv.  phys io l .  A c t a  1, L C64 (1955); 14, 207 (1956). 
is j .  BROCA a n d  F. VERZ&R, Geron to log ia  5, 223 (1961). 
18 3I. CHVAPIL a n d  Z. HRUZA, Geron to log ia  3, 241 (1959). 
17 I. BANGA, G e r o n t o l o g i a  1, 3'25 (1957). 
lS V. VERZ~.R a n d  K.  HUBER, Ge ron to log i a  2, 81 {1958). 
l~ K. H.  GUSTAVSON, 2"he Chemistry and Reactivity o] Collagen 

(Acad.  Press,  New York ,  1956). 
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If these /ormaldehyde- t rea ted  librcs are  then  t r e a t e d  wi th  s u b s t a n c e s  
which  cause  chemical contraction in no rn la l  fibres,  such  as KI  or  
NaCI04,  then  no  tens ion  deve lops  a t  30°C as it would  in no rma l  
fibres.  If, however ,  the  f ibres  are  hea t ed  to as m u c h  as 99nC (as 
wi th  f o r m a l d e h y d e  alone) the  degree of tension which  deve lopes  is 
l a rge r  t h a n  wi th  f o r m a l d e h y d e  alone.  I t  was  a b o u t  '20 t imes  the 
va lue  for  y o u n g  f ibres  a n d  5 to 6 t imes  t h a t  of old n o r m a l  f ibres 
(Table I I ). 

Tab .  I I 

Tellsi0n in g 
San le  ~al l le  

Age Th.  K. 1% H C f ) H  @-Ill°{) + ' { 0 %  
No. {months} K J  NaC104 

'26 3 '2.5 34.0 51).0 49.4 
24 5 4. l 38.5 6 7 . 0 +  6 7 . 0 +  
`20 6 6.3 45 .0  56.:1 63.6 
`21 18 7.0 - -  67.`2 67.'2 
19 3'2 10.'2 40.5 46.8 50.0 
25 41) 9.3 37.2 57.8 59.7 

The  o b s e r v a t i o n  t h a t  m a x i m a l  tension wi th  KI  a n d  NaCI() 4 is 
g r e a t e r  t h a n  wi th  thernf ie  c o n t r a c t i o n  shows  t h a t  these subs t a nc e s  
b r e a k  m o r e - - o r  o t h e r - - b o n d s  t h a n  hea t  a p p e a r s  to do. 

' T h e r m i c  c o n t r a c t i o n '  is s u p p o s e d  to  be the  resu l t  of the  b r e a k i u g  
of  the  H - b o n d s ,  whereas  ' c h e m i c a l  c o n t r a c t i o n '  m a y  b r e a k  b o n d s  
of a n o t h e r  t ype  also.  

Since  the  tens ion  d e v e l o p e d  b y  f o r m a l d e h y d e  t a n n i n g  a p p e a r s  to 
be  equa l  in y o u n g  a n d  old  t endons ,  it  follows t h a t  the loci of the  
b o n d s  are  no t  d i f fe ren t  in y o u n g  a n d  old col lagen.  

The  fac t  t h a t  a f t e r  f o r m a l d e h y d e  t r e a t m e n t  s u b s t a n c e s  c a us ing  
chenf ica l  c o n t r a c t i o n  increase  the tens ion  a f t e r  hea t ing ,  shows  t h a t  
t hey  l i be ra t e  loci where  more  f o r m a l d e h y d e  b o n d s  can  be  p r o d u c e d .  
Th i s  a g a i n  p roves  t h a t  chemica l  c o n t r a c t i o n  in fhmnces  o t h e r  b o n d s  
t h a n  does  t h e r m i c  c o n t r a c t i o n  =0 

l ?, VI'~RZAR (Basel 

also a c t i v a t e s  a ln ino  ac ids  which ,  wi th  the  ac t ion  of R N A  a n d  
specific CllZynlcs, assure  tilt' s yn thes i s  of the  p ro te ins  a n d  COilSC- 
q u e n t l y  of the  enzymes  as well. F ina l l y  A T P  ac t s  ill the ac t ive  
t r a n s p o r t  of suga r s  a n d  a m i n o  ac ids  across  the  cell wall ;  this  shows  
its i m p o r t a n c e  in the nu t r i t i on  of t issues.  ~Vc have  d e m o n s t r a t e d  the  
decrease  of A T I '  wi th  age,  anti  ver i f ied  t h a t  the m e c h a n i s m s  in 
which  it p a r t i c i pa t e s  {nn 'n t ioned above)  a rc  also p a r t i a l l y  d e s t r n y e d  
ill the  c o u r s e  ill a g e i n g .  Iii th is  w a y ,  a decrease  ill t h e  i l lnol ln t  of  
R N A  a n d  the  renewal  of R N A  a n d  pro te ins  has  b e c o m e  ev iden t .  
This  las t  phcnon lenon ,  which  shows  signs of a d i f f i cu l t y  in p ro te in  
syn thes i s ,  is con f i rnwd  in the ana lys i s  of e n z y m a t i c  ac t i v i t y ,  h t  
fac t  the  r educ t ion  of those  ac t iv i t ies  ;Is seen ill the lens of the  eye,  
alld the ar ter ies ,  Pan be  cons idered  to he a test  for  the s lowhlg  dowll  
of p ro te in  b iosynthes i s .  

All this  i n f o r m a t i o n  toge the r  al lows one to envisage  the a p p e a r -  
a n t e ,  w i th  age,  of a v ic ious  circh, ,  a n d  eonseql te l | t ly  a p rogress ive  
r e d u c t i o n  of the ava i l abh ,  t i ssne  energy ,  a n d  a s lowing  down  of the  
r eucwa l  of t issue p ro te ins  which  is an  essent ia l  cha rac t e r i s t i c  of lift'. 
In fact ,  the lower ing  of ATI ~ s_vntlwsis b r ings  ab<mt r c d u r t i o n s  in the  
syn theses  of RNA,  prote ins ,  a n d  some of the enzynm prote ins ,  lu  
t u rn ,  this  las t  p h e n o m e n o n  b r ings  a b o u t  a s h a r p  d iminu t i on  of the 
o x i d a t i v e  p h o s p h o r y l a t i o n s  a n d  A'FI ~ p r o d u c t i o n ,  which  has  new 
repercuss ions  on the  b io syn thes i s  of e n z y m e  p ro te ins .  This  exp la in s  
the  f ac t  t h a t  o r g a n s  poo r  in enzymes ,  a n d  h a v i n g  a m e t a b o l i s m  
wi th  a low e n e r g y  yie ld ,  r ep re sen t  a frai l  s t r u c t u r e  which  en te r s  
the  v ic ious  circle fas ter ,  a n d  g rows  old more  qu ick ly .  An indica t i (m 
of the occu r r ence  of this  vicious circle is seen in tilt" obse rva t ion  of 
fin acce le ra t ion  of the p h e n o l u e n a  of senescence ()it the  hwel  of 
z(mes of aged  ceils of the  eye lenses of old an ima l s .  

The repor t  will a p p e a r  ill ex t enso  in ' R e v u e  Fran(, 'aise d ' E t u d e s  
Cl iniqnes et Ffioh~giques' a n d  in ' . Journa l  of G e r o n t o l o g y ' .  

1'. MANDEL ( S t r a s b o u r g )  

T h e m e  3 .  A c t i o n  o f  s o m e  E x t e r n a l  F a c t o r s  

o n  t h e  R a t e  o f  A g e i n l ~ , .  

Introductory ( 'omments  to Theme ;I 

Energy Metabolism and Phenomena o/Senescence 

The  ana lys i s  of  the  m e t a b o l i c  r egu l a t i ons  which  a c c o m p a n y  
senescence  r ep resen t s  a n  essen t ia l  line of resea rch  in to  i ts  e t io logy .  
In th is  f ie ld we have  s t ud i ed  the  e n e r g y  m e t a b o l i s m  of the eye- lens  
a n d  the  a r t e r y  wall ,  bo th  well k n o w n  for the i r  r e l a t ive ly  ea r ly  
age ing .  In  bo th  t issues,  n u t r i t i o n  occurs  b y  imhib i t ion ,  a n d  bo th  
d e g r a d e  f rom 70 to 8(1°/0 of  the  ghlcose  c o n s u m e d  t h r o u g h  anae rob i c  
g lyco lys i s ,  a n d  o n l y  '20 to  3 0 %  t h r o u g h  re sp i r a t ion .  These  fac ts  have  
been  d e m o n s t r a t e d  b y  s t u d y i n g  the  m e t a b o l i s m  of the  lens, a n d  the 
i n t i m a  a n d  m e d i a  of the  a o r t a e  o r  the  ar ter ies ,  in severa l  species of 
v e r t e b r a t e s .  So the  t i ssues  s h o w i n g  ear l ie r  senescence  p roduce ,  for  
the s a m e  q u a n t i t y  of g lucose  c o n s u m e d ,  a p p r o x i m a t e l y  a th i rd  of 
the  n u m b e r  of ene rgy- r i ch  bonds ,  as in ATP ,  c o m p a r e d  wi th  o t h e r  
o rgans  snch  as the h m g s ,  l iver  a n d  b ra in .  This  poor  ene rgy  yield,  as 
seen in vitro, has  been c o n f i r m e d  in r ive b y  the  s t u d y  of the dis t r i -  
b u t i o n  of free nuc leo t ides ,  a n d  p a r t i c u l a r l y  of e n e r g y - r i c h  nuclcoside  
t r i p h o s p h a t e s .  I t  a p p e a r s  t h a t  the  t issues wi th  p recoc ious  senescence,  
a n d  p a r t i c u l a r l y  the  a r t e r y  wal l ,  are  p o o r  in h i g h l y  p h o s p h o r y l a t e d  
nucleot ides .  W i t h  age ing ,  the  a m o u n t  of nucleos ide  p o l y p h o s p h a t e s ,  
a n d  c o n s e q u e n t l y  the  ava i l ab l e  ene rgy ,  is r educed ;  this  is also seen 
in the  s t u d y  of the  d i s t r i b u t i o n  of the  free nueleot ides .  The  cause  
of th is  r e d u c t i o n  c a n  be  s o u g h t  in the  d a m a g e  to the  e n z y m e  sys t e m,  
fol lowing va r ious  sor t s  of s tresses which  are p r a c t i c a l l y  inevi tab le  in 
the  life of the  an ima l .  In  the o rgans  p o o r  in enzymes ,  as is the cast, 
in the  eye- lens  a n d  the  a r t e r y  wal l ,  a decrease  in e n z y m a t i c  a c t i v i t y  
will  be  no t i ced  m u c h  fas te r  t h a n  in t i ssues  p r o v i d e d  wi th  b e t t e r  
e n z y m a t i c  e q u i p m e n t .  The  r educ t ion  of e n z y m a t i c  a c t i v i t y ,  pa r t i cu -  
l a r ly  t h a t  conce rn ing  the  d e g r a d a t i o n  of glucides ,  causes  a d i m i n u t i o n  
of the  p r o d u c t i o n  of ATP .  A' I 'P  is neces sa ry  for  the  syn thes i s  of 
o the r  nuc leo t ides  a n d  nucleos ide  t r i p h o s p h a t e s  such  as (YI'P, U T P  
a n d  CTP,  wi th  which  it t akes  p a r t  in the  syn thes i s  of RNA.  A T P  

M a n y  causes  for  age ing  have  been d iscussed tlut  it is ve ry  di f f icul t  
to o b t a i n  d i r ec t  e x p e r i m e n t a l  evidence bea r ing  on its m e c h a n i s m  b y  
s t u d y i n g  scnescen t  an ima l s .  1)he possible a p p r o a c h  is to see the  
effect  on life s p a u  of t r e a t m e n t s  which  are  k n o w n  to p r o d u c e  specif ic  
lesions a t  the  ce l lu la r  hwel .  E x p o s u r e  to  ionizing r ad i a t i ons  is the  
bes t  e s t ab l i shed  m e t h o d  of r e d u c i n g  the  ave r age  life e x p e c t a n c y  of 
a lmos t  all  fo rms  of a n i m a l  life. l ' n f o r t u n a t e l y ,  r ad i a t i ons  p r o d u c e  
a ve ry  wide d ive r s i ty  of biological  changes  so t h a t  it Is no t  p~ssible 
to iden t i fy  a p a r t i c u l a r  m e c h a n i s m  which  is respons ib le  for  the 
sho r t en ing  of life span .  Indeed  it seeing h igh ly  l ikely  t h a t  d i f ferent  
m e c h a n i s m s  a p p l y  u n d e r  d i f fe ren t  cond i t ions .  Thus ,  in some mice 
whole  b o d y  i r r ad i a t i on  raises  tilt" l e u k a e m i a  inc idence  to  n e a r l y  
100% a n d  the  increase  in d e a t h  r a t e  c a n  then be  a t t r i h u t e d  to  the  
l eukaemogen ie  ac t ion  of r a d i a t i o n .  Wi th  o t h e r  s t r a in s  ma l i gnanc i e s  
are ra re  ant i  yet  radiat i~m s h o r t e n s  life span .  I t  seems un l ike ly  t h a t  
tile r a d i a t i o n  chal lges  resl)onsible for  r e d u r i n g  the lift' s p a n  of 
i n s e c t s  art '  the s a l n e  its t h o s e  ill i l l a n u n a I s ,  SillCe l e o  t i lnes  t he  dose  
is needed to p r o d u c e  effects  in insects  t h a t  art '  c<mlparahh '  to those  
ill n l a n u n a l s .  

The  p rob l em is no t  to d e t e r m i n e  a s ingle  meehanisn~ for  ageinR, 
b u t  to  e s t ab l i sh  the  c o n t r i b u t i o n  of d i f fe ren t  m e c h a n i s m s  in each  
s i t ua t i on .  In d i f fe ren t  an ima l s  the re la t ive  i m p o r t a n c e  of the d i f fe ren t  
fac tors  will v a r y  widely .  An i n q m r t a n t  first s t ep  is to es tab l i sh  the  
inf luence of d i f fe ren t  a n d  well def ined  changes  r a n g i n g  fronl soma t i c  
m u t a t i o n s  to the  i m p a i r m e n t  of tilt" func t ion  of specif ic  orgal ls .  

I m p r o v e d  m u l e r s t a n d i n g  of tile mode  of ac t ion  of d r u g s  *eclns to 
place  a power fu l  tool  in to  the h a n d s  of the ge ron to log i s t .  

1 ). ALEXANDER 

20 This  work  was done  wi th  the s u p p o r t  of the Muscu la r  l ) y s t r o p h y  
Assoc ia t ion  of Amer ica .  
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The EHect o] some Chemical Mutagens on the Lile Span o] Mice 

The reduction in the expectation of life which follows the exposure 
of mammals  to ionizing radiations has been a t t r ibuted to the 
induction of mutations in somatic cells, If this process contributed 
significantly to tile shortening of life span, mutagenic chemicals 
would he expected to bring about a similar effect. A nitrogen 
mustard and a related bifunetional a lkylat ing a g e n t - - m y l e r a n ~ i d  
shorten the life span of mice, but  these agents bring about many 
biological changes. In addition to the induction of mutations, they 
are truly radiomimetic in the diversi ty of their  biological effects. 

The monofunctional alkylat ing agent, e thyl  methane sulphonate 
(EMS)--CH3CHzOSO2CH3--is an exceptionally powerful mutagen, 
but unlike radiation and nitrogen mustards is not cytotoxie to 
dividing cells. 

The administrat ion of high doses of EMS had no effect on life 
span, although the effect of such treatments on spermatogenesis 
strongly indicates tha t  the animal cells were, in fact, subjected to 
mutagen action. EMS induced kidney and lung turnouts in our 
CBA mice, but  these appeared so late in the life of the animal tha t  
the life expectancy was not thereby significantly decreased. While 
not conclusive, these experiments suggest that  the induction of 
somatic mutations is not the principal factor responsible for the 
shortening of life span by radiation, or indeed for normal senescens. 
Possible other mechanisms were discussed. 

P. ALEXANDER and Miss D. I. CONNELL (London) 

Biologic Age Measurements in Hiroshima Atomic Bomb Survivors 

The Atomic Bomb Casualty Commission in Hiroshima and 
Nagasaki (Japan), has been conducting broad health surveys, aimed 
primari ly a t  disease detection, in bomb survivors and control 
subjects in the two cities since 1947. The  epidemiological plan of 
these studies has varied, but  since 1958 a fixed population sample 
of i r radiated and non-irradiated subjects have been undergoing 
sequential  medical examinations at  2 3,ear intervals. These exam- 
inations are expected to continue for an indeterminate period. 

Because of the widely held hypothesis tha t  irradiation induces a 
non-specific acceleration of ageing processes, i t  was decided to s tudy 
methods of assessing 'biological' as contrasted to chronological age. 
The plan was, first, to s tudy individual  physiological variants for 
their general sui tabil i ty in a clinical epidcmiological s tudy;  second 
to s tudy the stat is t ical  interrelationships of the individual  test ;  
and, finally, to establish an ageing test bat tery  tha t  would be used 
in sequential  examinations to establish a biological age. 

The first objective, s tudy of a number of individual tests, has 
been accomplished. Our second objective, artalysis of s tat is t ical  
interrelationships, has been completed in a prel iminary fashion but  
requires further refinement. I t  is hoped tha t  an operational ageing 
test ba t te ry  will be inst i tuted in 1962. 

The present report deals largely with the results of the individual 
tests performed in 500-1500 subjects undergoing examination. With 
single tests, at  one point in time only, no differences between 
irradiated and non-irradiated subjects were expected and none was 
found. The tests studied included: hair graying, skin elastieity~ 
ocular accommodation, hearing acuity, electrocardiographic changes 
with age with calculation of an 'EKG ageing score', a complex test 
of reaction time, hand grip, peripheral nerve sensit ivity as measured 
by a vibrometer, serum isagglutinin titer, and erythroeyte agglutin- 
ability. The results of these tests will be shown, and their sui tabi l i ty  
in an epidemiological s tudy of human ageing discussed. 

j .  ~V. HOLLINGSWORTH (Yale) 

Experimental Investigations on the Action o] Sutphapyrimidine in 
Geriatric Individuals 

In feeding tests on mice, rats and dogs it was noticed that  animals 
fed with sulphapyrimidine compounds especially with Sulpha- 
diazine ( =  Debenal = Adiazine) were in bet ter  general condition 
and lived longer than the controls. 

In further tests one tried to see whether this effect was also 
noticeable in animals with pronounced signs of old age. Endogenous 
hereditary factors have a hand in promoting the appearance of 
geriatric symptoms. There are rat  inbred strains where the animals 

clearly show senile symptoms when they grow very old, while in 
other strains there are no such signs of ageing. Signs of senility and 
geriatric diseases such as loss of hair, senile cataract ,  old-age 
cachexia, and old-age arthrit is  are frequently seen in dogs and these 
diseases appear differently in different breeds. I t  is suggested that 
i t  is hardly likely that  one can actual ly influence physiological 
consequences of the process of ageing by  means of drugs. A rejuven- 
ation cannot be expected. However, apart  from the inevitable 
ageing process, many old individuals suffer from certain diseases 
which are often seen in old age but  which do not affect all aged 
people. 

I t  is difficult to draw a line between the physiological ageing 
processes in the different systenls of the organism, as ectodermal 
tissues, the endocrinous organs, circulatory organs, and between 
characteristic, frequent diseases in old individuals.  There is no reason 
why these diseases should not respond to suitable treatment.  

Experimental ly  we cau produce significant improvement in 
behaviour and in geriatric diseases in old animals (mice, rats  and 
dogs) by  feeding sulphapyrimidine in small  doses. Photographs and 
a film show the influence of t reatment  in senile rats and dogs. 
The mechanism of action is not yet known. Other workers found 
tha t  feeding chicks with sulphonamide derivatives of pyrimidine 
led to hypertrophy of the testicles and observed tha t  Debenal, 
contrary to other sulphonanfide derivatives, inhibited the lipase 
activity. The most interesting indication in geriatric humans is the 
beginning of senile cataract ,  in which are observed a certain percent- 
age of cases with improvement of eyesight. This observation was 
confirmed in France by VOlSlN and PAQUELIN. 

CaR. HACK.~IANN (Wuppertal-E|berfeld) 

E/leers o] Sullonamides on Ageing o] Rats 

Based on the experiments of HACKMANN (Miineh. reed. Wsehr. 
100, 1814, 1958) who described a 'revitalising effect' of chronical 
low administrat ion of a sulfonamide (Debenal), we s tar ted systematic 
feeding of sulfonamides to inbred white female rats of different 
ages in 1959. 

Four different groups were formed: in the first, 28 animals aged 
503 i 24 days and 12 aged 953 ~ 32 days were given Debenal 
(sulfonamide D). In the second group, 36 animals aged 673 ~ 14 
days and 7 aged 912 t 63 days were given a sulfonamide with 
prolonged action (sulfonamide B). In  the third group, 10 animals 
aged 503 4- 0 days and 20 aged 839 4- 38 days were given a sulfon- 
amide without bacteriostatic action (sulfonamide A), 55 animals 
aged 500 days served as controls. 

According to HACK~aANt~, the dosage of the substances was 30 g 
sulfonamide to 15 kg of food, or 0.~%. 

100 ~ _ . _  , ~ . ~  -.o-..o.--o- 55 c0ntr01 animats 
10 animals fed $ulf0namide A 

--%_ ~ , _~_.,--o- 35 animals fed Sulfonamide B 

20 

1 
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Fig. I. Survival curves of animals fed sulfonamidcs from the age of 
500 to 600 days on. 
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Calcula t ion  of average liJe-span (Table 1) gave  no difference 
between the control  groups  and the an imals  fed sul fonamide A or B, 
e i ther  when  fed to younger  or older  animals .  A s l igh t  increase in 
average  l i fe-span was observed for an ima l s  fed Debenal .  

F igure  1 shows the survival curves for an ima l s  fed the different  
su l fonamides  from the age of 500 to 600 days  on. I t  can  be  seen 
t h a t  54% of the an imals  fed Debenal  reached the age of 900 days  
compared  wi th  34% of the controls.  18% of bo th  groups reached 
the age of 1000 days.  At  1037 days  al l  an imals  fed Debenal  had  
died, whereas  9% of the controls  were s t i l l  alive, the oldest  eontrol  
an ima l  reaching  the age of 1244 days.  An a p p a r e n t l y  favorable  
effect on s u r v i v a l  is thus seen on ly  in the first  200 to 400 days  of 
feeding, af ter  which  m o r t a l i t y  is para l le l  to the control  curve.  Af ter  
500 d a y s  of feeding, m o r t a l i t y  in the Debenal- fed an imals  is g rea te r  
t h a n  in the controls.  

F igure  2 shows the s u r v i v a l  curves  for an imals  fed su l fonamides  
from the age of 840 to 950 days  on. I t  can be seen t h a t  if Debenal  
was fed to ve ry  old an imals  (953 4- 32 days) 5 ou t  of 12 an imals  
su rv ived  1100 days  compared  wi th  2 ou t  of 18 control  animals .  
The oldest  sul fonamide-fed an ima l  died a t  1342 days,  compared  
wi th  1244 days  for the oldes t  control  an imal .  On the average  these 
an ima l s  rece ived Debena l  for 154 4 - 1 0 9  days .  This  a p p a r e n t l y  
favourab le  effect  of Debenal  when  fed for a r e l a t ive ly  shor t  t i m e  
to  v e r y  o ld  an ima l s  needs careful  in te rpre ta t ion .  Such an ima l s  
represent  a select ion wi th  incont ro l lab le  var iances ,  

Inspection of the an imals  showed t h a t  an imals  fed Debenal  in 
general  had  smoothe r  and  whi te r  ha i r  t h a n  the controls .  Animals  
fed su l fonamide  A or B in general  looked more yel lowish and more 

1001 ~ ..o.-o--o- 27c0ntr01 animals ~.. - - - -  20 animals fed Sulfonamide A 
8050 L -~ - -~ - -~  I~ annlmmall~ f~g StUll/:2aa~ff: 

zo 
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Age in days -----,,,- 

Fig, 2, Surv iva l  curves  of an imals  fed sul fonamides  from the age of 
840 to 950 days  on. 

Tab,  I. Average l ife-span 

Sul fonamide  

Sul fonamide  fed an ima l s  Control  an imals  a 

Age a t  beg inn ing  Average  Age at  beg inn ing  
Number  of of feeding N u m b e r  of of expe r imen t  

an imals  (days) l i fe-span an ima l s  a (days) 
Average 
l ife-span 

Sul fonamide  D 

Sulfonamide  B 

Sul fonamide  A 

28 5 O 3 4 - 2 4  

12 9 5 3 4 - 3 2  

36 673-I- 14 

7 912-4-63  

10 5 2 0 - t 0  

20 8 3 9 ± 3 8  

8 8 8 4 - 1 2 0  55 5 0 0 4 - 0  

1 1 0 7 4 - 1 1 I  17 9 6 0 4 - 0  

9 1 6 4 -  113 42 6 7 5 4 - 0  

1 0 0 0 - t - 8 2  19 9 0 0 ± 0  

8 5 3 ± 2 2 2  55 5 0 0 4 - 0  

9 8 5 - t - 1 1 3  27 8 4 0 - t - 0  

834-4- 172 n.s. 

1 0 3 3 4 - 7 2  0.05 > p > 0 . 0 1  

904-t-  134 n.s. 

1 0 2 8 ±  75 n.s. 

834-4- 172 n,s. 

984-4-92  n.s, 

Tab.  I I .  Average  weigh t  a t  different  ages 

(three and six mon ths  af ter  feeding of sulfonamides)  

Sul fonamide  D Sulfonamide B 

Tes t  an ima l s  Controls  Tes t  an ima l s  Controls  
Sul fonamide  A 

Tes t  an ima l s  Controls  

N u m b e r  of an imals  26 22 27 23 

Age /days  486 =t= 0 500 4- 0 657 4- 15 643 -t- 29 

Average  weight /g  300.1 4- 28.7 289,6 4- 25,7 308.9 4- 31.9 293,6 4- 34.2 

Age /days  578 4- 0 586 :{: 0 760 4- 13 742 -I- 25 

Average  weight ]g  309.4 ~ 30.5 300.2 4- 31.9 280.1 4- 28,9 287.6 4- 35.9 

Age[days  670 4- 0 682 4- 0 822 4- 13 834 4- 37 

Average we igh t lg  305.3 4- 33.6 294.9 ::1:21.5 275.6 4- 28.7 281.6 4- 44.2 

Difference in weigh t  
a f te r  three mon ths  + 9.3 :t: 17.9 + 10.6 4- 17.8 -28 .8  :J: 12.9 - 6.0 -I- 16.9 

Difference in  weigh t  
af ter  s ix  mon ths  + 5.2 i 23.0 + 5.3 4- 23.7 -33 .3  :~= 25.8 - 12.0 =l= 31.6 

lO 22 

5~0 4-0 500 ±0 
310.6 -4- 43.4 289.6 4- 25.7 

611 4 - 0  586 4 - 0  

282.4 4- 29.8 300.2 -4- 31.9 

650 4- 0 632 4- 0 

270.3 4- 43.8 294.9 ± 21.5 

-28 .2  4- 15.4 + lO.a 4- 17.s 

-40 .3  ± 15.1 + 5.3 ± 23.7 
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d ishevel led  t h a n  the  cont ro ls .  The  a m o u n t  of an ima l s  classif ied as 
h a v i n g  spec ia l ly  good ha i r  d u r i n g  the i r  whole life was  4 1 %  a m o n g  
the  con t ro l s  a n d  57% a m o n g  an ima l s  fed Debena l ,  a g a i n s t  13% 
wi th  s u l f o n a m i d e  A a n d  3 1 %  wi th  s u l f o n a m i d e  B. 

Weight controls (Table II) showed  no  d i f ference  b e t w e e n  b o d y -  
weights  of Debenal - fed  an ima l s  a n d  con t ro l s ,  whe re a s  a n i m a l s  be ing  
g iven  su l fonamide  A or  B los t  be tween  {20 to  40 g on the  a ve r a ge  in 
the  f irst  six m o n t h s  of feeding.  

Pathological symptoms (pa ra ly sed  legs, genera l  a t r o p h y ,  d i a r rhoea ,  
gen i t a l  b leeding,  u r i n a r y  i ncon t ineney ,  ete.) were nlore f r equen t  in 
the su l fonamide- fed  g roups  t h a n  in the cont ro ls ,  b u t  less f r equen t  
in the Debena l  g r o u p  t h a n  in the  t w o  o t h e r  s u l f o n a m i d e  groups .  

Post mortem inspections showed  no d i f ference  in the  f r e q u e n c y  of 
infect ions of the lung  in the d i f f e ren t  g roups .  T u m o u r s  of the gen i t a l  
o rgans  were found  in 2 6 %  in g r o u p  A, 2 5 %  in g r o u p  B, 2 4 %  in 
g r o u p  D. No t u m o u r s  of the  gen i t a l  o r g a n s  were  f o u n d  a m o n g  the  
cont ro ls .  In g r o u p  A a n d  D a n i m a l s  which  h a d  been  given su l fon-  
amides  since the  age  of 500 d a y s  showed  t u m o u r s  in 43 a n d  4 0 %  
aga ins t  18 a n d  '25% in the  g roups  wh ich  h a d  been  given su l fonamides  
on ly  a f t e r  the  age of 790 days .  T u m o u r s  in the  subcu t i s  of the  
a b d o m e n  were f o u n d  in 2 0 %  in g r o u p  A, 19% in g r o u p  B, 2 9 %  in 
g r o u p  D a n d  18% in the cont ro ls .  

These  o b s e r v a t i o n s  wi th  Debena l  a n d  a no t  bae t e r i o s t a t i e  o t h e r  
su l fonamide  (A) do no t  s u p p o r t  the  h y p o t h e s i s  t h a t  b e t t e r  s u r v i v a l  
d u r i n g  the  f i rs t  ~20o to 400 d a y s  of feeding  is c a u s e d  b y  bae t e r i o s t a t i e  
effects .  

1). GSELL (Basel) 

4. M i s c e l l a n e o u s  C o m m u n i c a t i o n s  

cons i s t en t ly  h igher  in sub jec t s  h a v i n g  the h ighes t  va lues  of u r ina ry  
ca lc ium.  

This  p a p e r  has  been  pub l i shed  in the  ' R e v u e  Fram~aise d ' I2 tudes  
Cl iniques  et  Bio logiques '  7, 535 {1962). 

F.  BOURLI~RE a n d  J .  DRY (Paris)  

Age, Population Density and ('atecholamine Excretion in Rats 

The u r i n a r y  excre t ion  of ca techo lanf ines  has  been  s t ud i ed  in ten 
a d u l t  ra t s ,  aged  8 to 20 m o n t h s ,  d u r i n g  two  consecu t ive  mon ths .  
No dif ferences  have  been  f o u n d  be tween  the ave rage  va lues  of 
u r i n a r y  c a t e c h o l a m i n e s  a m o n g  the y o u n g e r  a n d  o lder  an ima l s .  No 
dif ference has  been  found ,  moreove r ,  be tween  r a t s  kep t  unde r  
va r ious  degrees  of c rowding .  

R. HERB~UVM., G. MASSE, a n d  M. L. CnOLLOT (Nancy)  

General Conclusions o/ the Examination o[ People Aged One Hundred 
Years in Hungary 

A c c o r d i n g  to the d a t a  of the  census  t a k e n  in 1960, the  n u m b e r  of 
the  i n h a b i t a n t s  of H u n g a r y  was  9,976,500.  O u t  of these,  34 were 
aged  one h u n d r e d  years  or  more ,  d o c u m e n t e d  wi th  official  papers .  
O u t  of the  a4,  23 were i n v e s t i g a t e d  in de ta i l ,  because  11 flied before 
the  b e g i n n i n g  of the  med ica l  e x a m i n a t i o n s .  The  23 i n h a b i t a n t s ,  
aged  one  h u n d r e d  yea r s  or  more ,  were con t ro l l ed  b y  a resea rch  
g r o u p  cons i s t ing  of a ge ron to log i s t ,  s t a t i s t i c i an ,  a n t h r o p o l o g i s t ,  
in te rn i s t ,  su rgeon ,  o p h t h a l m o l o g i s t ,  den t i s t ,  r ad io log i s t  a n d  nut r i -  
t ionis t .  

Gene ra l  conclus ions  are  given of the  medica l  con t ro l  of these  23 
people  aged  one h u n d r e d  years  or  more .  

L. HARANGnV a n d  E. BEREGI (Budapes t )  

Age Variations o/ the Calcium Urinary Excretion in Clinically 
Normal Subjects 

T h e  va r i a t i ons  wi th  age of the  da i ly  r ena l  exc re t i on  of c a l c ium 
has  been  s tud ied  in {201 n o r m a l  i nd iv idua l s  (99 males  a n d  101 
females) ,  ~25 to  7B yea r s  o ld ,  t o g e t h e r  wi th  b o n e  dens i ty ,  u r ea  
c lea rance ,  s e r u m  choles te ro l  a n d  /~-l ipoproteins.  The  da i ly  c a l c ium 
excre t ion  was  f o u n d  to decl ine r egu l a r ly  wi th  age a m o n g  men,  
whereas  the  ave rage  values  increased  s l igh t ly  in w o m e n  u p  to the  age  
of 45 to decl ine l a te r  on. Se rum choles terol  a n d  f l - l ipoprote ins  are  

The E]/ect o/ Restricted Feeding on Growth and Longevity on Fish 

COMFORT r e p o r t e d  upon  c u r r e n t  s tud ies  of life l eng th  in p o p u l a t i o n s  
of Lebistes g r o w n  a t  d i f fe ren t  r a t e s  a n d  c h e c k e d  b y  r educed  feeding  
for  d i f fe ren t  per iods ,  l ' p  to  1,500 d a y s ,  the  p re sen t  s t a t u s  of the 
e x p e r i m e n t ,  s lowly g r o w n  or  checked  fish h a d  s h o w n  a v e r y  sig- 
n i f i c an t l y  h i g h e r  s u r v i v a l  t h a n  r a p i d l y  g r o w n  b r o o d - m a t e s  kep t  
in oppos i t e  ends  of the  s a m e  t a n k  a n d  in the  s ame  e n v i r o n m e n t .  
This  work  will be r e p o r t e d  when  the  s u r v i v a l  curves  are comple te .  

A. COMFORT (London)  

I N  M E M O R I A M  

P a u l  H o f f m a n n  

1. J u l i  1884-9.  Mi i r z  1962 

Mitten aus  une rmf id l i chem Schaf fen  he raus  s t a r b  u n e r w a r t e t  a m  
9. M'arz 1962 PAUL A L m s  HOFFMANN, emer i t i e r t e r  O r d i n a r i u s  der  
Physio logie  a n  der  U n i v e r s i t a t  F r e i b u r g  im Bre i sgau .  Noch  h a t t e  er  
sich mi t  F r e u d e n  zur  T e i l n a h m e  a m  X X I I ,  I n t e r n a t i o n a l e n  Phys io-  
logenkongress  in Leiden a n g e m e l d e t ;  u n d e r  h~ t te  es als Fine Selbs t -  
verst~tndlichkeit  b e t r a c h t e t ,  m i t  f iber 78 J a h r e n  eine eigene exper i -  
mentel le  Arbe i t  v o r z u t r a g e n .  Dies w a r  i h m  leider  n ieh t  m e h r  ver-  
g6nn t ,  u n d  so werden  Phys io logen  aus  al len Teilen der  Wel t  wenige 
Monate  n a c h  se inem Hinsch ied  se iner  i i be r r agenden  Pers/Snliehkeit  
n n d  se iner  wissenschaf t l ichen  Le i s tungen  gedenken .  

P a u l  ttOFFMANN w u r d e  a m  1. J u l i  1884 in D o r p a t  in L e t t l a n d  
geboren ,  wo  sein V a t e r  Professor  fiir innere  Medizin war .  Der  j unge  
HOFFMANN s tud i e r t e  Medizin in Leipzig,  M a r b u r g  Iliad Ber l in ,  legte  
1908 in Leipzig sein medizinisehes  S t a a t s e x a m e n  a b  u n d  p r o m o v i e r t e  
ein J a h r  sp/ i ter  z u m  D o k t o r  der  Medizin m i t  e inem ~,Beitrag zur  
K e n n t n i s  der  s o g e n a n n t e n  Ki t t l in ien  der  H e r z m u s k e l f a s e r n  ,~. Ass i s ten t  
w a r  er  vorers t  a m  Phys io log i schen  In s t i t u t  in Berl in  u n t e r  RUNNER, 

WO PIPERS e lek t rophys io log i sche  U n t e r s u c h u n g e n  a n  menseh l i chen  
Muskeln  filr die wissenschaf t l i che  L a u f b a h n  des a n g e h e n d e n  Phys io-  
logen b e s t i m m e n d  sein nlUSsten. Von Berl in  k a m  t ' t O F F M A N N  ZU 

M. VON FREV naeh  Wi l rzburg .  D o r t  hab i l i t i e r te  er  s ich 1912 m i t  Finer 
Arbe i t  f iber *Die A k t i o n s s t r 6 m e  des m i t  Ve ra t r i n  ve rg i f t e t en  
Muskels,). 1917 w u r d e  er z u m  ausse ro rden t l i ehen  Professor  e r n a n n t  
u n d  1924 als o rden t l i ehe r  Professor  u n d  Naehfo lge r  y o n  J .  YON KRIES 
auf  den  L e h r s t u h l  fiir Phys io log ic  a n  die Univers i t / i t  F r e i b u r g  im 
Bre i sgau  berufen .  Wi ih rend  dreiss ig J a h r e n  bek le ide te  er  dieses A m t ,  
in we l chem i h m  neben  G e n u g t m m g  u n d  Er fo lgen  als  F o r s c h e r  u n d  
Lehrer  a u c h  schwere  Schicksa lsschEige  n ieh t  e r s p a r t  b l ieben.  N ieh t  
n u r  ver lor  er  d u r c h  den  zwei ten  We l tk r i eg  dre i  se iner  bes ten  Schil ler ,  
s o n d e r n  es wurde  im H e r b s t  1944 a u c h  n o c h  sein I n s t i t u t  d u r c h  
B o m b a r d i e r u n g  zers t6r t ,  U n g e b r o e h e n  a rbe i t e t e  er  wel ter ,  p l a n t e  das  
neue  In s t i t u t ,  in das  er  noeh  einziehen u n d  als E m e r i t u s  his  z u m  T a g  
vo r  se inem Tode  wel ter  e x p e r i m e n t i e r e n  konn t e .  

PAUL HOFFMANNS wissenschaf t l i che  Le i s tungen  liegen auf  dem 
Geb ie t  de r  I n n e r v a t i o n  de r  S k e l e t t m u s k u l a t u r ;  n n d  zwar  s ind  es 
g a n z  besonders  die Ref lexphys io log ie  u n d  d a m i t  die B e d e u t u n g  des 
N e r v e n s y s t e m s  ftir die Motor ik ,  die d u r e h  seine expe r imen te l l en  u n d  
a u e h  a n g e w a n d t - p h y s i o l o g i s c h e n  A r b e i t e n  in e inz iga r t i ge r  Weise ge- 
f/Srdert wurden .  Frei  u n d  u n a b h a n g i g  y o n  k o n f o r m i s t i s c h e r  Ein-  
s t e l lung  g i n g e r  seine e igenen als  r i ch t ig  e r k a n n t e n  VCege, s chuf  er  
wesent l ich  neue  Begriffe  u n d  w u r d e  er z u m  f i ih renden  Fo r sche r  u n d  
Leh re r  der  Neurophys io log ie ,  d e m  als Zei tgenossen  au f  dem europ/ii-  


