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A g i n g  and C e l l  D i v i s i o n  

A. Macieira-Coelho 
Institut de Cancdrologie et d' Immunogdndtique, Villejuif 
(France) 

One of t he  m o s t  impress ive  fea tures  of ag ing  in diploid 
f ibroblas ts  ill v i t ro  is t he  decline in s a t u r a t i o n  dens i ty  expressed  
by  curves  r ep resen t ing  t he  suv iva l  of cell l ines wi th  a f ini te  
l i fespan.  This  p a r a m e t e r  is c o m m o n  to cell popu la t ions  of 
d i f ferent  species, t h o u g h  t h e y  m a y  otherwise  differ in regard  
to the i r  ag ing  process.  

This  decline in s a t u r a t i o n  dens i t y  m u s t  be due  in pa r t  to 
an  increase  in cell size wh ich  is a lways  associa ted  wi th  ag ing  
in vi tro.  The  decrease in m a x i m a l  cell dens i ty ,  however ,  
c a n n o t  on ly  be due  to t h e  increase  in ceil d iameter ,  s ince in 
chick f ibroblas t s  t he  f irst  change  in size occurs  well before t he  
s a t u r a t i o n  dens i t y  s t a r t s  declining.  

An  a l t e rna t ive  exp l ana t i on  is t h a t  old cells are  more  sens i t ive  
to cell crowding.  Several  e x p e r i m e n t a l  fac ts  suppo r t  th i s  idea:  

1. W h e n  one compares  cells ob ta ined  f rom adu l t s  wi th  ceil 
popu la t ions  ob ta ined  f rom e m b r y o s  one f inds t h a t  adu l t  cells 
in phase  I I  h a v e  a p a t t e r n  of D N A  syn thes i s  and  a s a tu r a t i on  
dens i ty  comparab l e  to e m b r y o n i c  cells in P h a s e  I I I ;  2. Y o u n g  
h u m a n  f ibroblas ts  have  a p ro longed  G 2 period only  w h e n  t he  
cu l tu res  become crowded;  a p ro longa t ion  of t he  G2 per iod 
however ,  is a l r eady  found  before crowding in phase  I I I  h u m a n  
f ibroblas ts  as well as in phase  I I  adu l t  f ibroblas ts ;  3. Ioniz ing  
r ad ia t ion  wh ich  accelera tes  ag ing  in vi tro,  ha s  an  i m m e d i a t e  
effect  in decreas ing  t he  s a t u r a t i o n  dens i ty ;  4. cort isone,  which  
pro longs  t he  l i fespan of h u m a n  f ibroblas ts ,  increases  t he  
s a t u r a t i o n  dens i ty .  

If  old cells are more  sens i t ive  to cell crowding,  t he  mecha -  
n i sms  responsib le  for t he  a r res t  of cell divis ion w h e n  cells 
become crowded would  also be those  t h a t  are d i s tu rbed  dur ing  
ag ing  and  which  cause  t he  loss of t he  divis ion potent ia l .  
Several  a u t h o r s  h a v e  shown  t h a t  it  is a decrease in t he  syn -  
thes is  of r ibosomal  R N A  which  causes  t he  ar res t  of ceil d ivis ion 
w h e n  cu l tures  r each  s a t u r a t i o n  dens i ty .  Hence ,  if our  h y p o t h e -  
sis is correct,  i t  is a decreased eff iciency in the  syn thes i s  of 
r ibosomal  R N A  which  is responsib le  for t he  loss in d ivis ion 
potent ia l .  

Several  e x p e r i m e n t s  ind ica te  t h a t  ag ing  of f ibroblas ts  in 
v i t ro  is assoc ia ted  wi th  changes  in R N A  synthes i s .  CRISTO- 
FALO 1 ha s  s h o w n  t h a t  t he  to t a l  R N A  increases  in cu l tures  of 
h u m a n  embryon i c  f ibroblas ts  when  t h e y  en te r  phase  I I I .  Our  
resu l t s  h a v e  shown  t h a t  t he  ra te  of R N A  syn thes i s  a n d  t r ans fe r  
of  R N A  f rom the  nuc leus  to  t h e  c y t o p l a s m  is decreased in 
cu l tures  of h u m a n  e m b r y o n i c  f ibroblas ts  en te r ing  t he  la te  
phase  of the i r  l i fespan in vi t ro.  W e  h a v e  also m e a s u r e d  R N A  
syn thes i s  dur ing  ag ing  in chick f ibroblas t s  and  found  a 
s igni f icant  decrease  in t he  to t a l  R N A  syn thes i s  wh ich  coincides 
wi th  a s igni f icant  fall in s a t u r a t i o n  dens i ty .  W e  also m e a s u r e d  
R N A  syn thes i s  in h u m a n  f ibroblas ts  car r ied  in t he  presence  of 
cort isone,  and  found  t h a t  t h e y  syn thes i ze  more  r ibosomal  
R N A  t h a n  t he  control  cul tures .  W e  sugges t  t h a t  th i s  ac t ion  
by  t he  h o r m o n e  on r ibosomal  R N A  syn thes i s  resu l t s  in an  
increased p roduc t ion  of p ro te in  which  would  c o m p e n s a t e  to a 
cer ta in  e x t e n t  for t he  a c c u m u l a t i o n  of f au l t y  molecules.  

If  ag ing  in v i t ro  is due  to a d i s tu rbed  syn thes i s  of r i b o s o m a  
R N A ,  it  would  agree wi th  our  p rev ious  d a t a  which  sugges ted  
t h a t  t he  m e c h a n i s m s  responsible  for t he  decreased g rowth  
po ten t i a l  of h u m a n  f ibroblas ts  are located  in t he  per iods  
preceding  D N A  syn the s i s  and  mi tos is  r a t he r  t h a n  in these  
per iods  themse lves .  
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Y o u n g  and Old Rats .  A T P ,  A l k a l i n e  Phosphatase ,  
Cho les tero l  and Prote in  Leve l s  in  the  Blood;  
D N A  and R N A  Contents  of the  Liver .  R e g u l a t i o n  
by  an A q u e o u s  T h y m u s  E xtrac t  

D. A mici, G. L. Gianfraneeschi, G. Marsili and L. Michetti 
Institute of General 2Physiology, University of Camerino (Italy) 

I t  is wel l -known t h a t  t he  invo lu t ion  of t he  t h y m u s  goes 
a long wi th  aging;  since th i s  invo lu t ion  also enta i l s  a genera l  
decline of i m m u n o c o m p e t e n c e ,  and  dif ferent  a u t h o r s  h a v e  
sugges ted  t h a t  ag ing  could depend  on an  immunolog ica l  
disorder,  PANTALOURIS 1 ha s  pos tu l a t ed  t he  h y p o t h e s i s  of a 
direct  correla t ion be tween  t he  t h y m u s  a n d  senescence.  These  
obse rva t ions  h a v e  led us  to s t u d y  t he  ac t ion  of an  aqueous  
t h y m u s  ex t r ac t  2, on a few h e m a t i c  p a r a m e t e r s  (ATP,  chol- 
esterol,  p ro te in  levels and  alkal ine phospha tase )  and  on t h e  
nucleic  acid c o n t e n t s  of t he  l iver of old ra t s  (26 mon ths ) .  I n  
add i t ion  t he  incorpora t ion  of Ha-ur idine  in t he  nucleic  acids  
of t h e  l iver ha s  been s tudied.  

The  de t e rmina t i ons  conduc t ed  on blood samples  demo n -  
s t r a t ed  in t he  old r a t s  a g rea te r  to ta l  p ro te in  and  cholesterol  
c o n t e n t  and  a smal le r  A T P  c o n t e n t  as compared  to y o u n g  ra t s  
(2 mon ths )  which  conf i rms  p rev ious ly  pub l i shed  da t a ;  t h e  
a d m i n i s t r a t i o n  of aqueous  t h y m u s  ex t r ac t  to old r a t s  causes  
a decrease in p ro te ins  and  cholesterol  a n d  an  increase in A T P  
br ing ing  t he  re la t ive  levels w i th in  t he  r ange  of t hose  observed  
in t he  y o u n g  ra ts .  

I n  old r a t s  t he  aqueous  t h y m u s  ex t r ac t  causes  a decrease  in 
t he  level of ac t iv i ty  of s e r u m  alkaline p h o s p h a t a s e  as compared  
to u n t r e a t e d  an ima l s  of t h e  s ame  age;  th is  decrease can  be 
compared  to t he  d a t a  repor ted  b y  o the rs  d e m o n s t r a t i n g  an  
increase  of alkal ine p h o s p h a t a s e  in senescence,  w i th  pa r t i cu la r  
reference to p r e - t u m o r  condi t ions ,  a l t h o u g h  a direct  re la t ion-  
sh ip  be tween  t he  level of a lkal ine p h o s p h a t a s e  u n d  age was  
no t  d e m o n s t r a t e d .  

As to  w h a t  concerns  t he  nucleic  ac ids  of t he  liver, in old ra t s  
as compa red  to t he  young ,  a smal le r  c o n t e n t  of D N A  ex t rac t -  
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able at the polymerized state  with sodium lauryl  sulphate a, 
was found. This fact, which has also been confirmed by a 
different method of extract ion in NaC1, is not  be referred to a 
decrease of the total  DNA content  of the liver with aging, bu t  
rather,  as demonst ra ted  by  comparison wi th  results  obtained 
with the methods  of SWlNDLEHURST a and of SCI~NEIDER, to a 
decrease of extractabili ty,  p robably  as a consequence of a 
different physical-chemical state of the DNA-protein  complex. 
The aqueous t h y m u s  extract  administered to old rats  increases 
the hepatic DNA content  extractable at the polymerized 
state, bringing it to the levels observed in the young rats.  No 
significant variat ion of the hepatic RNA content  was observed 
between old t reated and unt rea ted  rats. 

The exper iments  concerning the incorporation of H ~- 
uridine in the RNA and DNA of the liver of old rats,  demon- 
s trate  t ha t  the aqueous t h y m u s  extract  causes a considerable 
and significant decrease of incorporat ion values in DNA and a 
statistically insignificant decrease of incorporat ion values in 
RNA. The data  regarding DNA radioact ivi ty can be correlated 
to the results obtained by PRICE 4 according to which the 
template  activity of DNA for DNA polymerase increases with 
age; this is interpreted by  the au thor  as an accumulat ion of 
defective chains of DNA with aging, as demonst ra ted  also by  
PELC s. I t  is interesting to note t ha t  the values of incorporat ion 
into DNA demonst ra te  a detectable activity of reduction of 
the ribonucleotides in the liver of old animals. 

The preceeding data  provide evidence of activity of tile 
aqueous t h y m u s  extract  expressed mainly in the control of 
DNA synthesis  in the liver of old rats  and in the increase of 
DNA extractibility, p robably  related to modifications of 
interactions in the DNA-prote in  complex. This regulatory 
act ivi ty exerted by  the aqueous t h y m u s  ext rac t  on the 
nucleic acids of the liver is in agreement  with our previous 
results concerning the effect of the same extracts  on the 
metabolic activities of E. coli 6. 

The results obtained in this work appear  to bring biochem- 
ical da ta  in suppor t  of the hypothesis  of a direct correlation 
between t h y m u s  and senescence. 
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Chronic  L a t h y r i s m ,  an E x p e r i m e n t a l  Model  of the  
A ~ e i n g  of H u m a n  Connect ive  T i s s u e  

H. Bouissou, M. Th. Pieraggi and M. Julian 
Service d' Anatomie Pathologique, Toulouse (France) 

Rats,  submi t ted  to a prolonged fi-amino-propionitrile 
poisoning for 12 weeks, showed lesions of the connective tissue 
and of the fibroblasts.  In  the skin, collagen tissue was dislocated 
and broken into fragments ,  the elastic t issue disappeared, the 
fibroblast  was vacuolized and presented evidence of injury. 
These lesions were comparable  to those observed in h u m a n  
skin during ageing. In  the aorta,  this chronic Iathyric poisoning 
brought  about  a dislocation of the elastic framework,  an 
increase of the intersti t ial  tissue and a lack of differentiation 
of the myoeyts .  These lesions correspond to the changes 
observed during h u m a n  arteriosclerosis 1. 

1 M. JULIAN, IV[. Ttt. PABRE and H. BOlJISSON, Path. Biol. 19, 389 
(1971). 

H i s t o n e  P h o s p h o r y l a t i o n  after Part ia l  
H e p a t e c t o m y  in Y o u n g  and Old Rats  

L. Piantanelli, M. Ermini and R. Ricciolti 
Centro di Geronlologia Sperimentale. I .N.R.C.A. ,  Ancona (Italy) 

I t  has been seen tha t  phosphoryla t ion  (like methyla t ion  and 
acetylation) of nuclear basic proteins is related wi th  the 
control of gene expression. The diminished positive charge of 
phospho-his tones  could weaken their  association wi th  DNA, 
facilitating its accessibility. Phosphoryla t ion  could also play 
a role in the t r anspor t  of histones f rom the cytoplasmic sites 
of synthesis  into the nucleus. As a model of some sort  of an in 
vivo synchronized culture of mammal i an  cells, we have 
chosen the regenerat ing liver after part ial  hepa tec tomy 1, 
investigating eventual  changes of phosphoryla t ion  of the 
histones during aging. 

Rats  were injected with 32p at various t imes after hepat-  
ec tomy and sacrificed 1 h later. Histories were extracted from 
isolated liver nuclei2, S, fract ionated by  disc-electrophoresis on 
polyacrylamide gels into F1, F3, F2B + F2A2, F2A1 l, and 
counted in a liquid scintillator counter  using the ~erenkov 
effect. 

A direct comparison of the results f rom young and old ra ts  
at  various t ime after hepa tec tomy is shown in the Table. The 

Histone Time after hepatectomy (hr) 
fractions 4,5 a 6,5 9,0 18,5 21,1 24,5 

F 1 young 50 100 76 160 330 126 
Old 15 --70% b 25 75% 44 --72% 44 --65% 

F3 y 54 74 30 88 130 72 
o 50 -- 7% 115 +55% 49 --43% 62 --14% 

F2B y 84 154 10 150 210 80 
F2A2 o 75 --10% 185 +20% 87 --42% 157 +96% 

F2A1 y 35 108 18 100 170 76 
o 12 67% 55 --49% 40 --60% 42 --45% 

a Specific activity in cpm/mg. 
b Difference in percent of the specific activity from young to old rats. 
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d a t a  f rom y o u n g  an ima l s  show 2 d is t inc t  peaks  for all 4 h i s tone  
fract ious,  one a round  6 h, ano t he r  a round  20 h af ter  hepa t -  
ec tomy;  t he  second one being co inc ident  wi th  t he  ma jo r  ra te  
of D N A  synthes i s .  The  f irst  peak  could be in te rp re ted  as a 
p r e l imina ry  decrease in the  historic ne t  charge  al lowing t he  
D N A  double  helix to loosen up  and  dupl icate .  

Once t he  D N A  is dupl ica ted ,  it  m u s t  be covered by  newly  
fo rmed  h is tones  a r r anged  in a su i tab le  pos i t ion  a long t he  
helices. Because  of t he  s t r ong  posi t ive  charge  of h is tones ,  
incorrec t  in te rac t ion  d i f f icu l ty  to reverse  m i g h t  occurS; 
therefore  d imin i shed  charge  is ve ry  i m p o r t a n t  in t he  fo rma t ion  
of t he  correct  h i s t o n e - D N A  complex  (second peak).  

P re l imina ry  d a t a  f rom old an ima l s  show a s imi lar  t rend ,  
b u t  all f ract ious,  excep t  F 2B  + F2A2,  have  specific ac t iv i t ies  
less t h a n  those  of y o u n g  an imals .  The  less expressed  phos-  
p h o r y l a t i n g  ra te  of t he  histories in old an ima l s  could be t he  
consequence  of less eff icient  r egu la to ry  factors ,  t h u s  caus ing  
f irst  a reduced  access ibi l i ty  of t he  D N A  t e m p l a t e  and  second 
an  even tua l l y  d i s tu rbed  r e a r r a n g e m e n t  of t he  h i s t o n e - D N A  
complex .  

The  d i f ferent  behav io r  of t he  va r ious  h i s tone  fract ions,  
pa r t i cu la r ly  F2B  + F2A2,  could be expla ined  as an  express ion  
of t he  di f ferent  role wh ich  to each of t he  h i s tone  f rac t ions  is 
ascr ibed in b ind ing  to t he  DNA.  

G. M. HIGGINS and R. M. ANDERSON, Arch. Path. 72, 186 (1931). 
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Recent  D e v e l o p m e n t s  on Prote in  S y n t h e s i s  in  
A g e i n g  Cel ls  

H. P. yon Hahn, Basel (Switzerland) 

A brief s u r v e y  will be g iven  on some  recen t  d e v e l o p m e n t s  in 
the  s t u d y  of age-re la ted  a l t e ra t ions  in t he  m e c h a n i s m  of 
p ro te in  syn thes i s ,  The  ORGEL hypo t he s i s  ha s  p rov ided  t he  
s t i m u l u s  for severa l  g roups  of inves t iga to r s  to s t u d y  t he  
appea rance  of t he  p o s t u l a t e d  al tered,  biologically inac t ive  
p ro te ins  in d i f ferent  biological sy s t ems .  Ev idence  h a s  been 
ob ta ined  t h a t  w i th  increas ing  chronological  age, r a n d o m  errors 
are in t roduced ,  p roba b l y  a t  the  t r ans l a t iona l  level as pos tu l a t ed  
by ORGEL, resu l t ing  in an  increas ing  a c c u m u l a t i o n  of non-  
func t iona l  e n z y m e  molecules.  The  al tered p ro te ins  h a v e  been 
de tec ted  b y  i m m u n o c h e m i c a I  and  b iophys ica l  me thods .  The  
use  of aminoac id  ana logues  ha s  pe rmi t t ed  the  e x p e r i m e n t a l  
p roduc t ion  of ' aged '  e r ro r -con ta in ing  proteins ,  resu l t ing  in an  
accelera t ion  of the  ageing process  in vivo.  F u r t h e r  research  
now centers  on t he  isolat ion,  pur i f ica t ion  and  sequence  ana lys i s  
of biologically i n a c t i v a t e d  e n z y m e  pro te ins  f rom var ious  
an ima l  sys t ems .  I n  th i s  contex t ,  t h e  use  of cell cu l tures  of 
an ima l  and  h u m a n  origin ha s  p roved  a ve ry  va luab le  tool. 
A new aspec t  ha s  been in t roduced  b y  t he  use  of nema todes ,  
lower an ima l s  wi th  shor t  l i fespan and  ent i re ly  composed  of 
pos tmi to t i c  cells. These  can  easi ly and  inexpens ive ly  be 

H. GERSHON and D. GERSHON, Proc. natn.  Acad. Sci., USA 70, 909 
(1973). 
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R. HOLLIDAV and G. M. TARRANT, Nature Lond. 238, 26 (1972). 
C. M. LEwis and G. 1K. TARRANT, Nature, Lond. 239, 31fi (1972). 
L. E. ORGEL, Proc. natn.  Acad. Set., USA 59, 517 (1963). 

cu l tu red  in large n u m b e r s  p e r m i t t i n g  b iochemica l  work. An  
ageing process  wi th  the  appea rance  of biologically inac t ive  
e n z y m e  molecules  ha s  been d e m o n s t r a t e d  in these  an imals ,  
and  p repa ra t i on  and  ana lys i s  of these  a l tered e n z y m e s  is n o w 
in progress  in two research  groups.  This  is hopefu l  new depar-  
tu re  for expe r imen t a l  gerontological  research.  

Inf luences  on the  S truc tura l  S tab i l i ty  of Co l lagen  

F. Verzdr, E. Strittmatter-Ackerschott and P. 2VIoser 
Institute of Experimental Gerontology, Basel (Switzerland) 

By ex t r ac t i on  of wa te r  f rom t e n d o n  fibres wi th  hype r to n i c  
sal t  solut ions,  as 5 M NaCIO4, one increases  t he  tens ion,  as 
can  be regis tered by  i sometr ic  t e n s i m e t r y  1. This  react ion,  
wh ich  was  fo rmer ly  called ' chemica l  con t rac t ion ' ,  is rever-  
sible 2. I t  is now expla ined as an  inf luence of in terhel ical  wa te r  
molecules  wh ich  act  as a ' c lu tch '  on the  t ens ion  p roduced  b y  
crossl inks.  The  t ens ion  by  ~TaC10 a d i sappears  if t he  fibre is 
i m m e r s e d  in (physiological) 0 .85% NaC1 and  can  i m m e d i a t e l y  
be p roduced  aga in  by  5 M NaC104, 

The  p re sen t  exp lana t ion  of crossl inks a is t h a t  t h e y  are 
' a t t r i bu t ab l e  to the  presence  of two a ldehyde -con t a in ing  amino  
acids ' ,  which  reach  wi th  o ther  amino  acids  in collagen, as wi th  
Iys inonorleucine of a reduced  Schiff  base  p roduc t  of lysine 
wi th  some  a ldehyde.  The  t ens ion  of the  fibre is increased  b y  
0.035 M fo rma ldehyde  and  also th i s  can  be reversed.  I n  old 
an ima l s '  t endons ,  th i s  is possible  severa l  h u n d r e d  t imes.  

Methionin ,  the  a m i n o  acid wh ich  con ta ins  SI t  g roups  in 
0 .5 -0 .8% in collagen ~ inh ib i t s  the  t ens ion  of t he  fibre and  th i s  
c anno t  be p roduced  wi th  hype r ton i c  sa l t  solut ion again.  Y o u n g  
an ima l s '  f ibres are inh ib i ted  by  0.0007 M solut ions.  Old 
an ima l s '  t endons  reach wi th  s o m e w h a t  h igher  concen t ra t ions .  
Cyste in  ha s  a s imi lar  action. Meth ion in  is k n o w n  for its ' ac t ive  
m e t h y l e n e  t r ans fe r '  m dif ferent  metabol ic  processes,  I t  
seemes  possible  t h a t  it  in terfers  wi th  a ldehyde -g roups  and  
SchifI base  is p roduced  and  the  cross l ink is des t royed .  The  
wate r  solubi l i ty  of col lagen is increased and  in old f ibres t h e  
larger  pe rcen tage  of insoluble  col lagen is d imin i shed  b y  
meth ion in .  

In vivo exper imen t s ,  which  are still  be ing con t inued ,  
showed t h a t  in jec t ion  into l iving t e n d o n s  decreases  tens ion,  
whmh,  Lowever,  is corrected by  an  an tagon i s t i c  t ens ion  
productJon.  

1 F. VERZkR, Int. Rev. connect. Tissue Res. 2 (1964). 
2 F. VERZAR, Z. physiol. Chem. 335, 38 (1963). 
3 M. L. TANZER, Science 180, 561 (1973). 

K. A. PIEZ, E. A. EIGNER and M. S. LEwIs, Biochemistry 2, 58 
(1963). 

B i o g e n e s i s ,  M a t u r a t i o n  and A g i n g  of E las t i c  T i s s u e  

L. Robert, M. Moczar and M. Robert 
Laboratoire de Biochimie du Tissu Conjonctif, Facultd de Mdde- 
cine, Universitd Paris-Val de Marne, 6 rue du G~ndral Sarrail, 
F-9dO00 Crdteil (France) 

The  molecular  m e c h a n i s m  of the  biogenesis  of elastic fibres 
and  elast ic l aminae  involves  the  coord ina ted  syn thes i s  of a t  
leas t  two t y p e s  of macromolecu les  of the  in terce l lu lar  m a t r i x :  
s t r uc tu r a l  g lyeoprote ins  and  proelas t in .  Morphological ly  t h e  
former  k ind  was  ident i f ied to microfibrils .  The  s t r u c t u r a l  
g lycoprote in-mierof ibr i l s  fo rm the  scaffolding on to  which  
proe las t in  molecules  seem to adhere  by  e lec t ros ta t ic  forces. 
Af ter  th i s  ini t ial  pos i t ion ing  of proelast i l l  by  microfibri ls  lysine 
oxydase  t r a n s f o r m s  some  of t he  e -amino res idues  of lysine 
into cLamino adipic  semi -a ldehyde .  The  cross l inking  process  
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leads to t he  fo rma t ion  of Iysinonorleucine,  desmosine ,  iso- 
desmosine.  Us ing  labelled precursors  (14C-lysine, aH-glucos- 
amine  etc), we inves t iga ted  t he  ra te  of b iosyn thes i s  of macro-  
molecular  precursors  of elastic t issue.  The  re la t ive  ra tes  of 
syn thes i s  of these  two cons t i t uen t s  ( s t ruc tura l  g lycoprote ins  
and  proelast in)  changes  con t i nuous l y  f rom b i r th  t h r o u g h  
m a t u r a t i o n  a n d  aging. Ef fec t ive  e las togenes is  requi res  well 
defined p ropor t ions  of these  macromolecu les  as well as an  
efficient  cross l inking process.  I t  appear s  possible t h a t  af ter  
m a t u r a t i o n  t he  p roe las t in  syn thes i s  is still  going on b u t  no 
efficient  cross l inking exists .  Therefore  m a t u r e  e las t in  appears  
no t  to h a v e  a meas u rab l e  t u rnove r .  I n  v i t ro  incorpora t ion  
s tudies  (4 h incuba t ion  or cu l ture  condi t ions  up  to 24 h 
incubat ion)  suppor t ed  these  conclus ions  showing  act ive  
incorpora t ion  of 14C-Iysine into elast in.  I n  ag ing  elast ic t i s sue  
as well as in a ther iosclerot ic  lesions, a re la t ive increase  in 
g lycoprote in  syn thes i s  could be observed  exp la in ing  t he  
morphologica l  f indings  repor ted  b y  severa l  pa tho log is t s  in 
such  condi t ions ,  as well as t he  change  in t he  rat io  of polar  to 
apolar  aminoac ids  in par t ia l ly  purif ied e las t in  p repara t ions .  At  
t he  s ame  t ime  and  t h r o u g h  t he  ac t ion  of t i ssue  e las tases  a 
par t i a l  deg rada t ion  of elast ic  fibres occurs  resu l t ing  in an  
increased ex t rac t ib i l i ty  of pa r t i a l ly  crossl inked elast in.  This  
was  d e m o n s t r a t e d  by  t he  a t t a c k  of such  pa thologica l  e las t in  
samples  by  t r yps in  to which  n o r m a l  e las t in  resists.  The  
t r yps in  lysa tes  did  con ta in  desmos ine  crosslinks.  

These  processes  can  expla in  t he  slow release of e las t in  
pep t ides  in t he  c i rculat ion en te r t a in ing  an  act ive  au to im-  
m u n i z a t i o n  process  which  can  lead to t he  fo rma t ion  of au to -  
an t ibodies  to elast in.  The i r  role in tile pa thogenes i s  of t he  
a therosclerot ic  diseases was  d e m o n s t r a t e d  b y  t he  crea t ion  of 
ar ter iosclerot ic  lesions b y  i m m u n i z i n g  rabb i t s  wi th  elast in.  

I s o m e t r i c  T e n s i o n  and  S o l u b i l i t y  of Co l lagen  in  
D o r s a l  and Ventra l  T a i l  T e n d o n s  of Rats  

G. Hofecker, A. Kment and H. Niedermiiller 
Institute of Physiology of the Veterinary H{ghschool in Vienna, 
Wien (Austria) 

SXEG~AN'S m e t h o d  of h y d r o x y p r o l i n  e s t ima t ion  was  used.  
Male r a t s  of 1 m o n t h ,  3 to 5 m o n t h s  and  15-16 m o n t h s  were 
compared .  The  resu l t s  of m e a n  va lues  a n d  s t a n d a r d  differences 
were compa red  b y  tile t- test ,  as t he  Table  showes.  The  dorsal  
t e n d o n s  h a v e  s igni f icant ly  h igher  va lues  in all 3 age groups.  

Tens ion  m e a s u r e m e n t s  were t h e n  m a d e  on 30 ~ ra t s  of 6 
m o n t h  of age. The  inf luence of 5 M NaC104 was t e s ted  by  the  
m e t h o d  used  in former  paper .  This  was  modif ied  and  graphi-  
cal ly regis tered in g per  m g  t endon .  Ven t ra l  t e n d o n s  gave  
10.13 g (S s = 0.24 g) a n d  dorsal  t e n d o n s  9.31 g (S ~ = 0.20 g), 
p < 0.0025. Both ,  t h e  m e a s u r e m e n t s  of solubi l i ty  a n d  t ens ion  
m a y  be exp laned  so t h a t  dorsal  t e n d o n s  collagen ha s  less 
crosslinks.  Howeve r  a t  p re sen t  it  r ema i ns  undec ided  w h e t h e r  
th i s  is i nbo rn  or caused  b y  dif ferences  of usage.  

1. I t  is concluded  t h a t  s p o n t a n e o u s  a c t i v i t y  c a n n o t  be  
genera l ly  used  as 'age p a r a m e t e r '  (AscHoFF 1957). 2. Obvious  
age differences of motor ic  ac t iv i ty  are  seen by  p roduc ing  

complex  behav iou r  act iv i t ies  and  are t h e n  useful  as age 
pa rame te r s ;  3. P sychomoto r i c  s t i m u l a n t s  also act  d i f ferent ly  a t  
d i f ferent  ages  and  i t  m a y  be useful  to combine  such t e s t s  wi th  
t he  former.  

1 G. HOFECKER, P. MOSER and F. VERZAR, Gerontologia J8, 28 
(1972). 

2 F. VERZAR, Z. physiol. Chem. 335, 38 (1963). 

A N e w  M e t h o d  to E v a l u a t e  the  Ar ter ia l  E l a s t i c i t y  

E. Lang 
Institut fi~r Praeklinische Geriatric, Erlangen (Germany) 

The  m e t h o d  which  is descr ibed ill deta i l  1 is based  on t h e  
pr inciple  t h a t  every  t i s sue  ha s  a charac ter i s t ic  f r equency  
which  depends  m a i n l y  on t he  elastic behav iou r  of t he  mater ia l .  
W i t h  t he  m e a s u r i n g  t e chn ique  described,  it  was  possible  to 
de te rmine  the  f r equency  of superf icial  arteries.  The  radial is  
a r t e ry  is especial ly well sui ted.  The  resu l t s  are reproducible  
and  are no t  inf luenced b y  h a e m o d y n a m i c  changes .  The  
m e t h o d  is su i tab le  to t e s t  the  elast ic  behav iou r  of ar ter ia l  walls  
and  to provide  conclus ions  as to t he  ar ter io-selerot ic  changes .  

The  m e a n  va lues  of vascu la r  f requencies  a t  d i f ferent  ages 
show a rise wi th  aging.  The  correla t ion coefficient,  r ~ 0.83 is 
h igh ly  s ignif icant .  The  vascu la r  f r equency  of phys ica l ly  
inac t ive  persons  is s igni f icant ly  h igher  t h a n  t h a t  of persons  
of t he  s ame  age who have  kep t  up  a th le t ic  ac t iv i ty  f rom y o u t h  
to old age 2. 

1 ]~. LANG, R. WEINZlERL, D. SCHILLING, M. HUBMANN and A, 
HULLARD, Acts geront. 7, 17 (1972). 

2 E. LANG, M. HUBMANN, A. HULLARD and W. !:'L6GEL, Aeta geront. 
3, 159 (1973). 

Effect  of  L y m p h o c y t e s  or H o r m o n e s  on A g e i n g  
in  H y p o p h y s a r y  D w a r f  Mice  ~ 

2V. Pabris, W. Pierpaoli and E. Sorkin 
University of Pavia (Italy) and Forschungsinstitut, Davos 
(Switzerland) 

The  inf luence of t he  l y m p h o i d  s y s t e m  on t he  ageing processes  
h a s  been  inves t iga ted  by  us ing  as expe r imen t a l  an ima l s  
2 s t ra ins  of h y p o p i t u i t a r y  dwarf  mice (Snell and  Ames) .  
Congeni ta l  h y p o p i t u i t a r i s m  causes  in these  mice reduced  b o d y  
growth,  u n d e r d e v e l o p m e n t  of tile t h y m u s  a n d  of t h y m u s  
d e p e n d e n t  func t ions  and  sho r t ens  t he  l i fe-span of t he  an ima l s  
to 4 -5  m o n t h s L  D e a t h  is preceeded in dwarf  mice  b y  cer ta in  
signs,  wh ich  n o r m a l l y  are considered as aspec t s  of ageing,  su ch  
as g rey ing  and  loss of hairs ,  c u t a n e o u s  and  s u b c u t a n e o u s  
a t rophy ,  wrinkles  and  ca ta rac t s .  The  eva lua t ions  of some  
e x p e r i m e n t a l  p a r a m e t e r s  of ageing,  such  as a H - t h y m i d i n e  
u p t a k e  in vivo,  o u t g r o w t h  of t i s sues  exp l an t s  and  pe rcen tage  
of mi tos is  in t i s sue  cul tures ,  s t rong ly  sugges t  t h a t  t he  process  
of ageing in dwarf  mice is precocious.  

Percentage of soluble collagen 

Age 1 mouth  3,5 months  15-16 months  

Dorsal Ventral Dorsal Ventral Dorsal Ventral 

(%) 63.69 59.27 45.20 39.60 16.63 12.34 

s~ 2.41 2.16 1.91 1.52 1.70 1.41 
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T r e a t m e n t  of dwar f  mice  wi th  1 in jec t ion  of l y m p h n o d e  cells 
f rom n o r m a l  l i t t e rma t e s  induces  a de lay  in  t he  a p p e a r a n c e  of 
age ing  re ta ted  s y m p t o m s  a n d  pro longs  the i r  l i fe-span to 
12-18 m o n t h s K  Similar  effects  have  been achieved by  t r e a t i ng  
dwar f  mice wi th  30 da i ly  in jec t ions  of g rowth  h o r m o n e  and  
t h y r o x i n e  du r ing  t he  pos t -wean ing  periodK These  d a t a  sug-  
gest  t h a t  h o r m o n e s  are needed  for t he  m a t u r a t i o n  and /o r  
prol i fera t ion of some  l y m p h o i d  cells, wh ich  can  cont ro l  t h e  
process  of ageing.  

1 N. FABRIS, W. PIERPAOLI and E. SORKIN, Nature, Lond. 240, 
557 (1972). 

2 N. FABRtS, W. PIERPAOLI and E. SORKIN, Clin. exp. Immunol .  9, 
209 (1971). 

3 N. FABRIS, W. PIERPAOLI and E. SORKI~t, Clin. exp. Immunol.  9, 
227 (1971). 

The  s t a n d a r d  t h e o r y  of p r i m a r y  ova r i an  ag ing  is a t  va r i ance  
wi th  some  facts  observed  af te r  h y p o p h y s e c t o m y  which  inter-  
r u p t s  t he  cen t ra l  regula t ion  a n d  t h u s  m ~ y  al low p r i m a r y  
ova r i an  senescence  to become appa ren t .  

I n  t he  course  of our  inves t iga t ions ,  we worked  wi th  l ong t e rm  
h y p o p h y s e c t o m i z e d  ra ts .  The  fo rma t ion  of test is- l ike t ubu l e s  
and  of in te rs t i t i a l  cords,  charac te r i s t i c  s t r uc tu r e s  of t he  senile 
ovary ,  wh ich  appea r  in t he  i n t ac t  r a t  a t  t he  age of 24 m o n t h s ,  
can  be observed  in r a t s  h y p o p h y s e c t o m i z e d  when  26 days  old, 
f rom the  age of 5 m o n t h s  on and  especial ly a t  t he  age of 
11 m o n t h s .  I t  will be shown  t h a t  th i s  fac t  is due,  no t  to a 
p r e m a t u r e  ovar i an  ag ing  af ter  h y p o p h y s e c t o m y  b u t  to t h e  
r e s u l t a n t  def ic iency of gonado t rop ins .  

Thus ,  in ters t i t ia l  cords  and  test is- l ike t ubu l e s  indica te  
s econda ry  ovar i an  senescence.  Moreover,  t h e y  m u s t  be 
w i t h d r a w n  f rom the  n u m b e r  of s t r uc tu r e s  for wh ich  a p r i m a r y  
ovar i an  senescence  ha s  been pos tu la ted .  

A B i o l o g i c a l  A g i n g  T e s t  for the  Central  R e g u l a t i o n  
of the  E s t r o u s  Cycle  in the  Rat .  
I ts  F ir s t  A p p l i c a t i o n s  

P. A schheim 
Unit~ de Recherches Gdrontologiques, Inserm, Paris (France) 

The  h y p o t h a l a m i c  sens i t i v i ty  to  es t rogen  increases  w i th  age 
in t h e  cas t ra ted ,  p rev ious ly  cyclic, r a t  (AsCI~HEIta ~). T he  s a m e  
is t r ue  for t he  i n t a c t  cyclic r a t :  i ts  a p t i t u d e  for p s e u d o p r e g n a n -  
cy (PP), t r iggered  b y  t he  in jec t ion  of es t radiol  benzoa te  at  
es t rus ,  increases  wi th  age. This  is the  bas is  for a biological 
ag ing  t e s t  of t he  cen t ra l  c o m m a n d  of t he  es t rous  cycle. The  
curve  wh ich  shows,  as a func t ion  of age, t he  increas ing  pro-  
por t ion  of P P  t r iggered  b y  t he  s ame  a m o u n t  of es t rogen  is  
S-shaped,  like o ther  ag ing  curves .  The  increas ing  faci l i ty  wi th  
age to release pro lac t in  in response  to an  es t rogenic  s t i mu la t i on  
man i f e s t s  f rom p u b e r t y  on. So, t he  r a t  can  be t e s t ed  du r ing  i ts  
ent i re  per iod  of cyclici ty.  T he  non- rep roduc t ib i l i t y  of t he  t e s t  
is abou t  6% and  does no t  change  wi th  age. Sens i t iv i ty  differs 
wi th  s t ra ins .  I n  t he  oldest  age group,  t he  in jec t ion  of es t rogen  
induces ,  in add i t ion  to PP,  a second t y p e  of response :  an  
es t rus  pers i s t ing  for 10 to 30 days .  On  t he  basis  of 1000 trials,  
t h i s  biological  ag ing  t e s t  for  adap t ab i l i t y  seems  • be reliable. 
I t  is e a sy  to pe r fo rm  in s t r ic t ly  physiological  condi t ions ,  
w i t h o u t  m u t i l a t i o n  of t he  an imal .  I t s  f irst  app l ica t ions  to 
p rob lems  of expe r im en t a l l y  modif ied  ag ing  of the  h y p o t h a l a -  
mic  regu la t ion  of t he  cyclic gonado t rop ic  func t ion  are discus-  
sed. T h e y  concern  hemi ca s t r a t i on ,  m u l t i p a r i t y  and  chronic  
t r e a t m e n t  wi th  oral con t racep t ives .  

L o n g - t e r m  h e m i e a s t r a t e d  r a t s  a n d  m u l t i p a r o u s  r a t s  are 
biologically older t h a n  the i r  respec t ive  cont ro ls ;  r a t s  t r e a t ed  
du r ing  4 m o n t h s  wi th  e th iny les t rad io l ,  a s y n t h e t i c  p roges t in  
or  t he  m i x t u r e  of these  2 h o r m o n e s  are,  a f te r  ceva t ion  of t he  
t r e a t m e n t s  and  t he  recurrence  of es t rous  cycles, biologically 
y o u n g e r  t h a n  the i r  controls2,3. 

1 p. ASCHHEIM, Colloques Nationaux du CNRS, No. 927: Neuroen- 
docrinologie 363 (1970). 

2 p. ASC~HEIM, Gen. eomp. Endocr. 18, 573 (1972). 
3 p. ASCHHEIM, Annls Endoer. 32, 264 (1971). 

H y p o p h y s e c t o m y  and Aging:  
P r i m a r y  or  S e c o n d a r y  Ovar ian  S e n e s c e n c e  
M. Arias and P. Aschheim 
Unit~ de Recherches Gdrontologiques, Inserm, Paris (France) 

The  charac te r i s t i c  a spec t  of the  senile o v a r y  could resu l t  
f rom a p r i m a r y  deficiency in t he  o v a r y  i tself  (the deple t ion  of 
the  oocyte  s tock,  func t iona l  modi f ica t ions  of ova r i an  cells) or  
s imp ly  reflect  a change  in i ts  cent ra l  n e u r o - h u m o r a l  c o m m a n d .  

1 E .T .  ENGLE, Cancer Res. 6, 578 (1946). 
,2 L. LOEB, Arch. Path. 48, 401 (1948). 
3 p . j .  THUNG, in Structural Aspects o/Ageing (Ed. H. G. BOURNE, 

P i tman Publishing Corp., New York 1961), p. 113. 

An A q u e o u s  T h y m u s  E x t r a c t  Modi f i e s  D N A -  
P r o t e i n  I n t e r a c t i o n s  in the  Liver  of  Old Rats .  
S p e c t r o p h o t o m e t r i c a l  Data  
G. L. Gianfranceschi, D. Amici  and L. Gugliellq~i 
Institute of General Physiology, University of Camerino (Italy) 

Our  p rev ious  resea rch  1 d e m o n s t r a t e d  t h a t  t he  a d m i n i s t r a -  
t ion  of an  aqueous  ex t r ac t  of calf t h y m u s  z modif ies  in t h e  
l iver of 2 6 - m o n t h  old r a t s  t he  ex t r ac t ab i l i t y  of D N A  in t h e  
po lymer ized  s ta te .  This  resu l t  leads to t he  hypo the s i s  of a 
d i f ferent  phys ica l chemica l  s t a t e  of the  deoxyr ibonuc leopro te ins  
in t he  an ima l  t r ea t ed  w i th  t he  aqueous  t h y m u s  ex t rac t .  Th e  
p r e sen t  s t u d y  is i n t ended  to ver i fy  th i s  poss ib i l i ty  b y  a 
spec t ropho tome t r i ca l  ana lys i s  of nucleoprote ic  f rac t ions  
ob ta ined  f rom the  l iver of old ra t s  t r ea t ed  wi th  an  aqueo u s  
t h y m u s  ex t rac t ,  as  compa red  to u n t r e a t e d  animals .  

I n  t he  nuc leopro te ins  of t h e  t r e a t ed  ra t s  as compa red  to the  
cont ro ls  one can  observe:  1. a lesser h y p e r c h r o m a t i c i t y  of 
D N A - p r o t e i n  complex  af te r  h e a t i n g  a t  100 ~ for 45 rain an d  
s u b s e q u e n t  rap id  cooling; 2. a smal le r  concen t r a t ion  of non-  
h i s tone  p ro te ins  whose  in te rac t ions  w i th  D N A  can  be over-  
corned b y  depro te in iza t ion  wi th  ch loroform in low ionic 
s t r e n g t h  m e d i u m :  th i s  fac t  is in a g r e e m e n t  wi th  t he  resu l t s  
of GAL~mlTSKMA et  al. a which  d e m o n s t r a t e  t h a t  senescence  is 
a ccompan ied  by  a n  increase  (21%) of t h e  non -h i s tone  p ro te ins  
of r a t  l iver  nuclei ;  3. a g rea te r  concen t r a t i on  of h i s tone  
p ro te ins  wh ich  can  be dissocia ted f rom the  s by  de- 
p ro te in iza t ion  wi th  ch loroform in t he  presence  of 1 M NaC1Oa; 
4. a smal le r  con t r ibu t ion  of D N A  to t he  va r ia t ions  of absorb-  
ance  a t  300 n m  wh ich  are  ev iden t  in D N A - p r o t e i n  complexes  
w h e n  t he  p H  is increased f rom 10 to 12.5 ~. T h e  l a t t e r  resul t  
conf i rms  t he  po in t  3. 

These  resu l t s  d e m o n s t r a t e  t h a t  aqueous  t h y m u s  ex t r ac t  
modif ies  t he  in te rac t ions  be tween  D N A  a n d  p ro te ins  b y  
increas ing  t he  associa t ions  be tween  h i s tone  p ro te ins  a n d  DNA.  
If  i n t e rp re t ed  in t he  l igh t  of resu l t s  ob ta ined  by  d i f ferent  
au thor s ,  according to which  t h e  s tab i l iza t ion  of t he  in te rac t ions  
be tween  D N A  and  p ro te ins  increases  wi th  senescence,  t hese  
d a t a  could appea r  in con t rad ic t ion  wi th  t he  resu l t s  descr ibed 
in  our  p reced ing  work,  accord ing  to  wh ich  t h e  t h y m u s  e x t r a c t  
ha s  a p ro tec t ive  func t ion  towards  modi f ica t ions  of biological 
p a r a m e t e r s  corre la ted wi th  senescence,  t-Iowever, in our  
opinion,  t he  ac t ion  of t he  aqueous  t h y m u s  ex t r ac t  can  be 
cor rec t ly  in te rp re ted  no t  as a s tabi l iza t ion  b u t  as an  increase  
in t h e  n u m b e r  of e lec t ros ta t ic  in te rac t ions  be tween  D N A  an d  
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proteins, this action probably  being correlated to the biological 
activity of the histone proteins which control  the t ranscript ion-  
al activities of DNA. This hypothesis  receives suppor t  from 
the results of DENKHAIJS et al. 5 who demonstrated,  using 
microfluorimetric determinations,  t ha t  the number  of elec- 
t rostat ic  bonds between nucieohistones and DNA decreases 
wi th  age while more stable bonds are formed, 

1 D. AMICI, G. L. GIANFRANCESCHI, G. MARSILI and L. ~V[IGHETTI, 
preceding article. 
D. AMICI and G. L. GIANFRANeEscI~I, Ital. J. Bioehem. in press. 

a R. I. GOLUBITSKAJA, V. N. NIKITIN and N. I. TSlNOVEI, Molec. 
Biol. Stareniya, 9 (1969). 
I. O. WALKER, J. Molec. Biol. ld, 381 (1965). 
W. DENKHAUS, D. H~IME~ and I. THRUm, Gerontologia 76, 1 
(1970). 

narcosis stage I I I ,  was registered. The test  was repeated in a 
weeks t ime wi th  the same animal, and after one more week, 
it was left in the narcosis cage unti l  death  occured with stop- 
ping of breathing and heart-beat .  

After the first  narcosis test  10 young and 10 old ra ts  were 
injected s.c. wi th  1 mg/kg with 'VVeck'-amine Benzedrine and 
the t ime taken for the animal  to awaken was registered. 
Criteria for being awake were blink reflex and getting on its 
feet and a t t empt ing  to run. 

The differences between young and old ra ts  were statistically 
significant, and showed tha t  1. old ra ts  reached a state of 
narcosis a lmost  twice as rapidly as young rats ;  2. t ha t  narcosis 
death occured twice as rapidly in old ra ts  as in young;  whereby 
the individual differences between the old rats  were greater  
t han  between the young rats.  3. the awaking f rom narcosis in 
response to the 'Weck ' -amine injection was significantly more 
rapid in young ra ts  than  in the old ones. 

A c t i v i t y  Mode l s  of 1- and 2 - Y e a r - O l d  Rats  by 
Elec tronic  R e g i s t r a t i o n  

G. Hofecker, A. Kment und H. Niedermiiller 
Institute of Physiology of the Veterinary Highschool in Vienna, 
Wien (Austria) 

The activity of male ra ts  was measured by  a two channel 
Type DS Animex act ivi ty meter. Total  movements  and also 
'energy rich' (large and quick) movements  were registered and 
in 30 min periods the groups were compared.  The differences of 
large numbers  between 1- and 2-year-old animals were com- 
pared and statist ically evalueted by  t-test. 

Fi rs t  spontaneous  activity of 8 h, between 19.00 h and 
03.00 h, was registered. After a first increased activity, which 
we do not  count  as par t  of the spontaneous  period, wi th  bo th  
groups appear  rhy thmic  increases of activity. Both age groups 
did not  show differences. 

Then  social activity was tested by  keeping 2 animals  
together.  1-year-old animals act ivi ty is increased up to 2 h 
and then  decreases. 2-year-old animals showed a quicker 
decrease of act ivi ty which increased later, and finally no 
differences were present  between the two groups. Large 
movements  always appear  more often wi th  the young  animals. 

1 j .  ASCHOFF, in Handbuch der Zoologic (Springer, Berlin 1962), 
col. 8, Tell 2. 
D. A. OLEWINE, C. H. 13ARrows and N. W. Saocx, J. Geront. /9, 
230 (1964). 
M. E. SIME and H. KAY, J. Geront. 77, 81 (1962). 

Age ,  Ether  N a r c o s i s  and ' W e c k ' - A m i n e s  

W. Doberauer 
Institut fi~r allgemeine und experimentelle Pathologic, Wien 
(Austria) 

I t  was tested whether,  wi th  the same concentrat ion of ether, 
the t ime from the s ta r t  of narcosis to the surgical stage 
(stage I I I  of G. THOMAS) differed in young  and old rats. 
Fur the rmore  it was determined whether  the t ime of narcosis 
death  was different, with the same concentrat ion of ether, for 
young and old rats,  and finally whether  a certain dose of 
'Week'-amine counteracted the ether  narcosis in the same t ime 
in young and old rats. 

For  these tests 84 male albino Wis ta r  ra t s  were used in 
2 groups:  42 rats  were 4 mon ths  old (average weight 152 g) 
and 42 ra ts  were 24 months  old (average weight 380 g). 
Narcosis was made in round glass cages of 4 1 capaci ty into 
which 20 ml of ethyl ether was sprayed at  28 ~ The ra t  was 
placed in the cage which was sealed. The t ime taken to reach 

Inf luence  of A g e  D i s t r i b u t i o n  of P e n i c i l l i n  V in 
Rats  

H. Niedermi~ller, G. Hofecker und A. Kment 
Institute of Physiology of the Veterinary Highschool in Vienna, 
Wien (A ustria) 

Diffusion constants  of penicillin V th rough  biological sur- 
faces were studied. Sprague-Dawley ra ts  of 3, 12-16, 19-21 
and 24 months  age were used. 

The velocity of intestinal  absorpt ion and excretion velocity 
is highest  in 12-month-old animals. They are lower in 24- 
month-old  ones t han  in 3-month-old ones. Also the uptake  
velocity into liver and lung decreases with aging. The dif- 
ferences were significant by  t-test. 

The highest  penicillin concentrat ions were found in liver 
and lung in the 3-month-old and in the kidney of 19-21- 
month-old  rats. The maximal  concentrat ion in the blood are 
highest in oId animals. The blood concentrat ion is thus  not  
always relevant to the therapeut ic  concentrat ion,  and in young 
animals such concentrat ions are reached much  more quickly. 

t G. ]-IOFEGKER, Vet. med. Diss. Wien (1969). 
H. NIEDERMflLLER, Wiss. techn. Diss. Wien (1972). 

3 S. ULLBERG, Acts radiol., Stockholm Suppl. 118 (1954). 

Intes t ina l  Water  A b s o r p t i o n  in  Y o u n g  and Old,  
Germfree  and C o n v e n t i o n a l  Rats  

H. A. Gordon 
Department of Pharmacology, College of Medicine, University 
of Kentucky (Lexington, USA), Present adress: Basel. 

I n  germfree animals more liquid contents  and distension of 
the lower bowel are widespread characteristics. These anomalies 
have been described pr imari ly  in rodents,  bu t  have been 
observed also in germfree dogs, pigs and h m n a n  infants. With  
progress of age these anomalies become more pronounced.  I n  
a colony of aging Swiss-Webster  mice, at  na tura l  death, the 
weight of the full cecum averaged in germfree 20.0 -c g; 5.5 
in conventional  controls 1.4 ~ 0.6 g. At 3 mon ths  of age, mice 
of this colony averaged in their  cecal weights approximate ly  
for the germfree 7 % and for the conventional  1%. The preva-  
lent lesion at  na tura l  death  of germfree mice was associated 
with the enlarged cecum. Most frequently,  the muscle tone 
became reduced to the point  tha t  the intestinal  propulsive 
movements  were severely impaired or came to a complete 
standstill .  The lower bowel was greatly distended and filled 
ad m a x i m u m  by  semiliquid contents.  In  conventional  controls, 
at  na tura l  death, similar changes were never  observed. I n  these 
animals,  in f lammatory  changes prevailed. 
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In  the development  of the germfree anomalies, inhibition 
of water  absorpt ion from the lower bowel appears  to p I a y a  
major  role. This is b rough t  about  by  the  accumulat ion of 
mucus  and related substances  and by  the lack of mucus  
degrading enzymes in the intestinal  contents.  Such conditions 
inhibit  water  absorpt ion from the bowel at least by  the ac- 
cumulated mucus,  i.e. a non-absorbable  colloid, which at- 
t racts  water  into the intestinal  lumen. Thus  in germfree ra t  
cecal contents,  colloid osmotic pressure  values of approximate ly  
100 m m  Jig have been reported result ing in a pressure gradient  
of 60-70 m m  Hg between lumen and blood plasma;  in conven- 
t ional controls this gradient  appeared negligible. Mucus, 
consisting pr imari ly  of acid mucopolysaccharides,  sequesters 
a large propor t ion  of diffusible cations, mos t  sodium, in the 
intestinal lumen. Under  these circumstances of the germfree 
gut, the diffusible anions, mainly chloride, assume very low 
values. When  in an in vivo experiment,  the na tura l  contents  
of the germfree animal ' s  cecum are replaced witla saline (i.e. 
when diffusible ions for water  t r anspor t  are plentiful) water  
absorpt ion becomes normal  or is even greater  than  in conven- 
t ional controls. This leads to chronic diarrhea in these animals ; 
the abnormal  composit ion of the intestinal  contents  and not  
an impa i rment  of mucosal  funct ion is ' the essential factor. 

The mechanism of loss of intestinal muscle tone is not  clear. 
In  germfree animals it occurs conjointly with the water  
absorpt ion inhibition, and they  become worse with age and 
appears  implicated in the death. Seeding if the conventional  
flora via a fecal inoculum into the intestinal  t rac t  even at 
adult  age, makes the mentioned anomalies disappear  within 
2-3 weeks. I t  seems tha t  the intestinal  flora carries out  
indispensable regulatory function in the maintenance  of GI  
normal i ty  by  enzymes needed for luminal  degradat ion of the 
hos t ' s  bioacfive metabolites.  The ident i ty  of the flora is 
unknown.  Chronic diarrheas which occur in conventional  life 
on neutral izat ion of the flora by  oral antibiotic t r ea tmen t  or 
on shifts of the flora, conditioned by  old age, may  develop Oil 
the disappearance of such synergistic elements from the in- 

tes t inal  tract .  

1 }'1. A. GORDON, ]~. BRUCKNER-];(ARDOSS and B. S. WOSTMANN, J. 
Geront. 21, 380 (1966). 

2 t-I. A. GORDON and B. S. WOST~ANN, Germ/tee research :' Biological 
eMect o/ gnotobiotic environments ted. J.B. HENEGHAN: Academic 
Press, New York 1973), p. 593. 

a K. LOESC~K~ and H. A. GORDON, Proc. Sot. exp. Biol. Ned. t33, 
1217 (1970). 

C h a n g e s  of Fibre  Pat tern  in  the  D i a p h r a g m a t i c  
M u s c l e  of A g i n g  Rats  
C. t)ieri an~ ]l,l. Ermin i  
Centro di Gerontologia Sperimentale, I .N .  I?.C.A., Ancona (Italy) 

The propor t ional  dis tr ibut ion of red, intermediate  and white 
fibres of the d iaphragmat ic  muscle (D) has been examined 
histochemically in rats  of 15 days up to 28 months .  Dist inction 
of the 3 fibre types  was based on the succinate dehydrogenase 
reaction; fat  and glycogen content  have been examined as 
well 1. The red, intermediate  and white fibres of the costal and 
hialal  region of the D were counted in an area of 1ram ~ and 
their  relative distr ibut ion calculated. Fresh weights and total  
areas of the D were also determined. 

During the developing period of the ra t  (15-20 days post  
par tum)  all the fibres appear  to be red, with a small, ra ther  
uniform diameter  of ca. 15-20 ~zm. At the age of 5-6 weeks 
there occurs a rapid differentiation into white  and inter- 
mediate fibres, connected wi th  an  increase of the  diameter,  
especially of the white and intermediate ones; therefore the 
number  of fibres per m m  2 decreases rapidly. Since the total  
area of the D is increasing promortionallv no real fibre loss is 
occurring. 

F rom 3 to 28 months  there is a slow but  constant  increase of 
intermediate and white  fibres and a respective decrease of red 
fibres. The increase of the total  area of the D continues only up  
to the age of ca. 15 months ,  then  remains  cons tant  or even 
begins to decrease slowly, so a real overall decrease of fibres 
can be assumed (ca. 6% from 5 to 28 months) .  The comparison 
of fat  in young  and old rats  D shows a respective decrease, and 
a similar pa t t e rn  is seen for glycogen. 

The slow but  cons tan t  t ransformat ion  of red into inter- 
mediate and white  fibres is b rough t  into connection wi th  the 
decreasing respi ra tory  activity of the organism, thus  forcing 
the muscle fibres to adap t  to the more anaerobic conditions 2. 

1 G.F. GAUTHIER and H. A. PADYKULA, J. Cell Biol. 28, 333 (1966). 
M. ERMINI, Acta geront. 3, 141 (1973). 

Myof ibr i l lar  and M i t o c h o n d r i a l  A T P a s e  A c t i v i t y  
of Red,  White ,  d i a p h r a g m a t i c  and Cardiac  M u s c l e  
of You n g  and Old Rats  

M. C. Honorati and M.  Ermin i  
Centro di Gerontologia Sperimenlale 1 .N .R .C.A . ,  Ancona (Italy) 

The specific activities of the myofibrillar Ca 2+, Mg2+-stimu - 
lated ATPase and of the azide inhibited Mg~+-stimulated 
mitochondrial  ATPase have been measured in different 
str iated muscles - white and red skeletai muscle of hind limbs, 
d iaphragm and hear t  - of young (4 6 months)  and old rats  
(over 20 months) .  

In  young animals the myofibril lar ATPase of the white (W) 
muscle (2.29 ~ 0.37 [~moI P i /mg prot. /5 min, 25 ~ n for all 
values = 5) is more active t han  the red (R) (1.65 -4- 0.13) and 
the diaphragmat ic  (D) muscle 's  one (1.57 • 0.31), bu t  similar 
to the hear t  (FI) muscle (2.47 ~= 0.56). This surprisingly high 
value mus t  be caused by  a s trong presence of mitochondria  
within the washed rayofibrils, if one considers t h a t  normal ly  
the myosin  and purified aciomyosin ATPase of the H are 
found to be similar to those of red skeletal muscles 1. 

The mitochondrial  ATPase of the muscle whole homogenate  
(in presence of EGTA and Mg 2+, inhibited by  azide) is highest 
in the H (5.67 • 0.98 Ezmol P i /mg prot . /5 rain, 25~ and 
lowest in the W (1.28 4- 0.26); in R (1.65 =: 0.68) and D 
(1.95 • 0.33) it is higher than  in W, bu t  still much lower t h a n  
in H. Significant differences between R and W can be seen 
part icular ly considering the percent  inhibition by  azide 2 (R: 
63 • 12%; W:  24 • 13%). The D (70 -4- 6%) and H (73 ~= 9%) 
show similar inhibition as R. 

In  old animals the values for the myofibrils of W (2.10 • 
0.66), R (1:75 =~ 0.52), D (1.54 • 0.44) and H (2.21 • 0.32) 
are not  significantly different from the young animal 's  ones. 
But  the differences between W and R and -W and D are not  
significant any  more! Similarly the mitochondrial  ATPase 
appears  not  to be reduced significantly, a l though all the mean 
values are lower (W: 1.12 • 0.33; R: 1.31 4- 0.69; D: 1.78 
0.21; H:  4.12 • 1.43). While the inhibition by  azide is similar 
in R (63 2_ 12%) and D (70 • 6%) in young  animals,  the R ' s  
ATPase is less inhibited (50 ~ 16%) than  the D ' s  one (69 -t- 
10%) in old animals. 

-We conclude tha t  part icular ly the mitochondrial  ATPase 
and it 's inhibition by  azide reveals a clear difference between 
the R and W type  of str iated muscle. The same is t rue  for the 
myofibril lar ATPase except in the case of the H. Aging does 
not  seem to influence these enzymes much, bu t  the disap- 
pearing significance of difference between W and R myo- 
fibrillar ATPase as well as the less inhibited miiochondrial  

1 K. Br and E. JENNY, Experientia 27, 1396 (1971). 
2 M. ERMINI, Experientia 26, 173 (1970). 



216 Speeialia EXPERIENTIA 30/2 

ATPase of R could be interrpreted as a consequence of the 
organism's overall reduced respiratory activity a, thus adapting 
the 1R's metabolic situation more to the ~vV anaerobic type. 

3 M. ERMINI, Acts geront. 3, 141 (1973). 

The water and fat tests and the result of the determination 
of the myofibrillar ATPase activity, however, could signify 
that  the mussel is still growing while already aging, thus 
permitting to conclude from it 's lengths to it 's age a. If this can 
be verified by further investigations the gerontological 
researcher can be provided easily with these abundant animals 
whose biological age is relatively simple to estimate. 

Biochemica l  Aspects  of the Aging of the Sea 
Musse l  Mytilus gallo-provinciaUs 
M. Ma~fredi and 21/[. Ermini 
Centro di Gerontologia Sperimentale Z.N,R.C.A., Ancona (Italy) 

The sea mussel Mytilus galloprovincialis has been examined 
as a possible model for gerontological research of biochemical 
direction. The sessility of these animals and the tendency to 
grow in colonies is allowing to collect within a very limited 
area mussels of different ages at the same time, thus guaranting 
relatively similar living conditions for every member of a 
chosen population. 

Hoping that  the length of the shells might be in relation 
with the animal's age 1, it was tried to 'calibrate' the shell's 
length with the biological age of it 's proprietor determining 
certain biochemical parameters known to change in mammals 
during aging. 

The content of water in percent of the animals body weight, 
and the aceton-ether extractible lipids were determined in 
whole animals with increasing length of the shells (6-7 groups 
between 35 and 80 ram), and of the adductor posterior and 
byssus retractor muscles the contents of total arginine and 
arginine phosphate (AP) were determined, as well as the 
myofibrillar ATPase activity. With increasing lengths of the 
shells the whole body water content seems to increase slowly 
from 82% (40-50 ram) to 85% (over 60 ram). The lipids are 
rather irregular but seem to decrease from 10~o (dry body 
weight) to 5~o. 

The content of total arginine is higher in the adductor than 
in the byssus retractor and remains constant for all lengths 
(13-15 ~xmol Pi/fresh wt.), while in the retractor there can be 
observed a decline from 11.5 ~zmol (40-50 mm) to 7 ~zmol 
(70-75 mm). The AP is rather low in both muscles (1-2 ~xmol/g) 
and shows no age dependent changes, the variations being 
quite large, probably due  to methodical inadequacies. The 
specific activity of the myofibrillar ATPase is higher in the 
adductor (0.318 ~zmol P]mg prof./5 rain, 25~ than in the 
byssus retractor (0.2) as it is expected considering the former as 
'phasic', the latter as 'tonic' muscle. With increasing length of 
the shell there is a continuous decline of the adductor's ATPase 
to 0.175 (63-65 ram) while the byssus retractor shows an 
activity of 0.105 at this length. An analogy to the mammals'  
quite expressed decrease of phosphocreatine during aging ~ has 
not been seen for the mussel's AP in relation to it 's length. 

1 L. tlARANG~V, Aeta biol. hung. 76, 57 (1965). 
2 M. ERMINI, Gerontologia 76, 65 (1970). 
3 H. INAGAKI, C.r. Aead. Set., Paris 274, 1828 (1972). 

Ultrastructural  Maturation of Myocytes  
W. O. Gross 
Insti~ut d' Histologie, U~civersitd Lausanne (Switgerland) 

Ultrastructural maturation of myocytes is generally missing 
in culture : Fibrils and mitochondria do not dispose themselves 
in an ordered parallelity extended to several cells, and these 
cells are not jointed together by intercalated discs. These 
signs of maturation do not appear in cultures, even though the 
formerly trypsinized myocardial cells of chick embryo associate 
ill clumps and pulsate as so-called mini hearts during weeks 
and even months. Therefore, the factor inducing maturation 
of myocytes in normal heart development is not present in the 
monolayers and cell agglomerations. The poor function of 
rhythmical contraction does not contain this 'agent',  respon- 
sible for maturation, not taking into account that  the condi- 
tions of culture, which maintain the pulsating activity for 
such a long time, do not provide it either (Film). 

However a cell conglomeration, which, besides rhythmical 
contractions had some kind of functional task, was found in 
culture. From a purely mechanical point of view, this task is 
the same as the one accomplished by myocytes in the heart 
wall. This contraction in the heart acts against a tension 
provided by blood. In culture, the beating activity of some 
united cells acted against a traction, since the monolayer 
incorporated them to the cord which was formed by the 
rolling up of this monolayer. Through electron microscopical 
investigations of this portion of the pulsating cord, pulsation 
which is extended by linear stresses of fixed parts of the cord, 
we detected intercalated discs and a certain parallelity of 
initochondria and myofibrils. This is characteristic during 
Hamburger-Hamilton stage 15 of maturation to 41. 

Therefore, whereas the pulsating activity alone can only 
maintain the already existing development stage of heart 
ceils, it may be concluded from our actual observations that  
the causal momentum of ultrastructural maturation is identi- 
cal to the tonus against which the myocytes normally have to 
contract. 

P R A E M I A  

T h e  R o u s s e l  P r i z e  

In  view of the  ever  growing impor t ance  of s teroids in 
the rapeu t i c  med ic ine ,  the  la te  P res iden t  J. C. IRoussel, 
cha i rman  of t he  well known  F rench  pha rmaceu t i ca l  Com- 
pany ,  crea ted  in 1969 an in te rna t iona l  Pr ize  i n t ended  to 
s t imula te  fu r ther  new research in th is  par t icu lar  area. The 
Pr ize  is given every  2 years  to a chemis t  or a b iochemis t  
whose work  has been  chosen as t he  bes t  by  an in te rna t iona l  
Commi t t ee  of ou t s t and ing  scient is ts  in the  field. 

The nex t  Pr ize  ($10,000) which  is scheduled for June  
1974, will be concerned  wi th  the  work,  in t he  field of ste- 
roids and  re la ted compounds ,  publ i shed  before December  
1973. 

The Award  Commi t t ee  for the  year  1974 is as follows: 
P res iden t :  Sir Derek Bar ton .  Members :  Professors  K. 
Bloch, E. Diczfalusy,  A. Eschenmoser ,  M. Getizon, J. Jac- 
ques, G. Stork.  Secre tary  : Prof.  J. Mathieu,  Centre  de Re-  
cherches,  Roussel  UclaI, F-93230 Romainvi l le  (France).  

Candida tes  for the  Pr ize  m a y  be of any  na t iona l i ty  and 
f rom any  labora tory .  They  should be in t roduced  b y  a per-  
son of h igh  scientif ic s t and ing  and  suppor t ed  b y  two 
o ther  referees. Nomina t i on  should be s u b m i t t e d  to  t he  
P re s iden t  or to  the  Secre tary  before March 1st, 1974. Any  
s u p p l e m e n t a r y  in fo rmat ion  m a y  be ob ta ined  f rom the  
Secretary.  


