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Boil ing of nephrec tomized  dog plasma at  p H  4.9 for 10 
min  prior  to dialysis decreased the  binding capac i ty  by  
83% (Figure 3). There  was no change in the  binding 
capac i ty  of nephrec tomized  ra t  p lasma following dialysis 
a t  5 ~ to 50~ 

Seven commerc ia l ly  avai lable  Cohn fract ions of normal  
human  plasma showed some capaci ty  to bind angiotensin 
(Figure 4). Since each fract ion was tes ted at  a concentra-  
t ion equal  to the  to ta l  pro te in  concentra t ion  of t he  dia- 
lyzed plasma of nephrec tomized  dogs (40 mg per ml), the  
binding capac i ty  of these fractions, except ing fract ion 
IV-4 (eft-globulin) and fract ion V (albumin), can be 
considered insignif icant  when compared  to the  b inding 
capac i ty  of whole plasma.  These 7 Cohn fract ions were 
also s tudied in a concent ra t ion  of 28 mg /ml  and incubated  
wi th  2.5 pg angiotensin I labeled wi th  1126 I0r 2 h, at  37~ 
in the  presence of tris buffer  wi th  lysozyme (100 mg/  
100 ml. Free  angiotensin was then  separated f rom the  
bound by  charcoal  absorpt ion.  Three  of the  fract ions 
showed capaci ty  to bind angiotensin:  h u m a n  fract ion 
IV-1 (e-globulin) bound 46% of the  radioact ive  mater ia l ,  
h u m a n  fract ion I I I  (fl-globulin) bound 30% and, h u m a n  
fract ion I I I -0  (fl-lipoprotein) bound 28%. Similar  results 
were obta ined  when radioact ive  angiotensin I I  was used. 
The difference in the  results obta ined by  these 2 methods  
is confusing, bu t  m a y  be due to the  difference in the  
molecular  conformat ion  be tween  angiotensin labeled 
wi th  1125 and unlabeled angiotensin.  Fur thermore ,  we 
were unable to displace the  rad ioac t iv  e angiotensin I or I I  
bound to the  e-globulin proteins  by  adding unlabeled 
angiotensin,  even using amounts  as high as 1 rig. 

The  a m o u n t  of angiotensin used in the  equi l ibr ium 
dialysis s tudy  was far above the  physiological  level. Con- 
centra t ions  of 20 to 100 pg of angiotensin per ml of p lasma 
have  been repor ted  for normal  h u m a n  plasma 7-9. The  
a m o u n t  of b inding of angiotensin which we are observing, 
30 to 50 ng/ml,  is incredibly great  when compared  to 
these normal  circulat ing levels. Al though  binding of 
radioact ive  angiotensin by  the  human  e-globulin fract ion 
was observable  in an ionic envi ronment ,  the  fact  t ha t  the  
bound angiotensin could no t  be displaced indicates t h a t  
the  binding is not  specific. These results, toge ther  wi th  
the  observat ion  t h a t  wi th  equi l ibr ium dialysis no measur-  
able binding by  the assay used was detectable  in the  pres- 
ence of saline or buffer, precludes the  postula t ion of any 
defini te  physiological  significance for this binding. How- 
ever, since dialysis against" distil led water  is commonly  
used for the  e l iminat ion of angiotensin f rom plasma, our 
observat ions  m a y  have  some technical  significance. The 
non-dia lyzabi l i ty  of the  pressor substance found in renal  
ve in  blood plasma by HELMER et al. 1 and GROLLMAN 2 and 
which seems to be pharmacological ly  similar to angio- 
tensin, m a y  be due to this  binding phenomenon.  This 
possibi l i ty  has been suggested by  Schweikert  et  al. 1~ 
Since boiling at  p H  4.9 destroys most  of the  binding 
ac t iv i ty  of plasma, and p H  has an influence on the  degree 
of binding,  leads us to th ink  tha t  p lasma proteins are the  
factors t ha t  b ind angiotensin.  

Rdsumd. La  liaison de l ' angiotens ine  par  les prot6ines 
p lasmat iques  est d6montr6e par  dialyse 6quilibr6e. 
L 'angio tens ine  radioact ive  li6e ne pu t  &tre d@lacge par  
l 'angiotensine non radioact ive,  ce qui  d iminue la significa- 
t ion physiologique de ce t te  liaison. 
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Fig. 4. Angiotensin II binding capacity of Cohn's fractions of human 
plasma. The protein composition of each fraction is: I, fibrinogen; 
II, y-globulin; III, fl-globulin; III-0, fl-lipoprotein; IV-l, e-glo- 
bulin; IV-4, e-and fl-globulin; V, albumin. 
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S p o n t a n e o u s  T r a n s m i t t e r  Re l ease  f r o m  N e r v e  E n d i n g s  and Contract i l e  P r o p e r t i e s  in the So l eus  and 
D i a p h r a g m  M u s c l e s  of Seni le  Rats  

Senile a t rophy  proceeds a t  a different  ra te  in di f ferent  
muscles 1,2. This migh t  be due to secondary changes in 
the  skeletal  muscle re la ted to associated disturbances,  
especially jo in t  diseases, differences in androgen sensi t iv i ty  
as indicated by  the  marked  a t rophy  of the  leva tor  ani  
muscle af ter  cas t ra t ion  a, or to differences in degree of 
motor  ac t iv i ty .  In  the  senile leva tor  ani  and extensor  
d ig i to rum muscles of the  rat,  bo th  fast  muscles, a consider- 
able reduct ion  of spontaneous  t r ansmi t t e r  release and 
prolongat ion  of cont rac t ion  t ime  4, 5, apparen t ly  re la ted to 
decrease of myos in  ATPase  act ivi ty% h a s b e e n  observed.  
Marked reduct ion  of moto r  ac t iv i ty  is also ve ry  conspi- 
cuous in man,  as demons t r a t ed  by  decreased f requency 

discharge in motor  units  7 and the obvious decrease in 
force of muscle cont rac t ion  in the  elderly age groupS. 

The  d iaphragm muscle is forced to continuous regular  
neuromuscular  funct ion connected wi th  the respi ra tory  
ac~, and i t  appeared of in teres t  to compare  the  changes in 
spontaneous  t r ansmi t t e r  release and contract i le  behav iour  
in the  d iaphragm and the  soleus muscle of old rats.  

Materials and methods. For  recordings of the f requency 
of min ia ture  endpla te  potent ia ls  (MEPP), muscles of 
young  and old rats  were dissected and placed in a f la t  
chamber ,  submersed in LILEY'S solut ion ~ 3-4 animals  
were used in each series and M E P P  f rom 32 and 51 muscle 
ceils f rom the  d iaphragm and 30 and 51 muscle cells f rom 
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Frequency of transmitter release/sec and contraction properties in msec in soleus and diaphragm muscles of young (3 months) and old (30-33 
months) animals 

Frequency % 
of trans- 
mitter 
release/see 

FCT % HCT % TCC % HRT % LP % 

Y 1.52~0.i0 35.0~1.2 12.8~0.43 5.2~0.39 38.2~0.95 3.4• 
Soleus --92.1 +18.9 +17.2 +32.2 +41.1 +23.5 

O 0.12• 41.6~0.7 15.0~0.22 11.5~0.39 53.9~1.0 4.2~0.14 
Y 3.82• 16.1• 8.2• 5.4• 14.2• 3.0~0.1 

Diaphragm --54.7 +28.6 +14.6 +18.5 +57.0 +26.7 
O 1.73~0.08 20.7• 9.4~0.4 6.4• 22.3• 3.8~0.13 

FCT, full contraction time (time to peak); HCT, half relaxation time; TCC, maximal rate of tension development; HRT, half relaxation time 
and LP, latency period. Absolute and relative (%) values of these parameters are indicated, the values of the muscles of young animals being 
100%. Number of observations on contraction properties was 7 for both the diaphragm and soleus muscles. 

the  soleus muscles  respec t ive ly  were recorded by  the  usual  
microe lec t rode  t echn ique  10. M E P P  were p h o t o g r a p h e d  
off the  screen of an oscilloscope, t r ans fo rmed  to  a regular  
p u l s e n  and  the i r  f requency/sec  was coun ted  for 180-300 
sec f rom each fibre by  a Tesla decadic  counter .  

Contract i le  proper t ies  of the  whole soleus and  of s t r ips  
of the  d i a p h r a g m  muscles  f rom 3-month-o ld  rats ,  i.e. a t  a 
t ime  when  con t rac t ion  t imes  in these  muscles  are shor t -  
est  12, and  30-33-month-o ld  ra t s  were s tudied  in vi t ro .  The 
muscles  were set  up in a c h a m b e r  w i th  P t  e lect rodes  for 
mass ive  s t imula t ion  13, the  t e m p e r a t u r e  of the  t issue 
cul ture  m e d i u m  being 37~ The tw i t ch  responses  s t a r t ing  
f rom the  same (optimal) res t ing  tens ion  were moni to red  
on an oscilloscope and recordings of l a tency  per iod  (t ime 
f rom s t imulus  a r t e fac t  to  f i rs t  mechanica l  response),  full- 
( t ime to  peak),  ha l f -con t rac t ion  t ime,  hal f  re laxa t ion  t ime  
and  m ax ima l  ra te  of tw i t ch  tens ion  d e v e l o p m e n t  were 
m a d e  by  an au toma t i c  analyzer  of muscle  con t rac t ion  
proper t ies  14. The max ima l  ra te  of t ens ion  d e v e l o p m e n t  is 
expressed  as a t ime  cons tant ,  i n d e p e n d e n t  of ampl i tude  of 
con t rac t ion  referr ing to  speed of t ens ion  deve lopmen t  in 
msec  in the  midd le  (25-75%) p a r t  of the  ascending con- 
t r ac t ion  curve where  a l inear slope can be assumed.  

Results and discussion. The Table shows the  decrease of 
f requency  of M E P P  in the  d i aph ragm and  soleus muscle 
f ibres in young  and  old animals,  and the  changes  in con- 
t rac t i le  proper t ies  in these  2 muscles dur ing  old age. 

In  b o t h  cases, there  is a p ro longa t ion  of con t rac t ion  
t ime,  ra te  of max ima l  tw i t ch  tens ion  deve lopment ,  and  
half  re laxa t ion  t ime  in the  muscles of the  old animals.  
P ro longa t ion  of con t rac t ion  t ime  in muscles  of old ani- 
mals  has been found also in the  leva tor  ani and  ex tensor  
d ig i to rum longus muscleS, 12. I t  can be seen t h a t  the  
s lowing down of con t rac t ion  proper t ies  in bo th  muscles  is 
ve ry  s imilar  in the  soleus and d i aph ragm muscle.  However ,  
t he  differences be tween  these  2 muscles  are ve ry  conspi-  
cuous in respect  to decrease of f requency  of M E P P ,  which 
is cons iderab ly  more  p ronounced  in the  soleus t h a n  in the  
d i a p h r a g m  muscle.  

I t  can be concluded t h a t  t he  reduc t ion  of f requency  of 
spon taneous  t r a n s m i t t e r  release, which  a p p a r e n t l y  occurs 
in all muscles  5, is re la t ively  m u c h  less p ronounced  in the  
d i a p h r a g m  t h a n  in the  soleuS muscle and  th is  m a y  be due 
to  t he  higher  usage of these  muscle f ibres re la ted  to the  
cont inuous  resp i ra to ry  ac t iv i ty .  The slowing of cont rac-  
t ion  proper t ies  observed so far in all muscles  we have  
examined  5, e, 12 appears  to be charac ter i s t ic  for the  ageing 
process;  however ,  t he  differences in the  s lowing down 
process  of cont rac t i le  behaviour  be tween  d i a p h r a g m  and  
soleus muscle  are ve ry  small,  whereas  t he  differences in 
decrease of f r equency  of t r a n s m i t t e r  release are ve ry  
marked .  

The re la t ive ly  less p ronounced  reduc t ion  in spon taneous  
t r a n s m i t t e r  release in t he  d i a p h r a g m  muscle  dur ing  old 
age p rov ides  evidence for t he  impor t ance  of increased 
ac t iv i ty  on the  aging process,  a re la t ion  which  in man  has  
r emained  uncer ta in  15,1% The obse rva t ion  t h a t  in old age 
f requency  of spon taneous  t r a n s m i t t e r  release is m u c h  
more  af fec ted  t h a n  con t rac t ion  proper t ies  suggests  t h a t  
these  2 mechan i sms  are no t  necessar i ly  d i rec t ly  connected,  
and /o r  t h a t  f requency  of nervous  impulse  ac t iv i ty  is more  
or p r imar i ly  opera t ive  in regula t ion  and d e v e l o p m e n t  of 
speed of muscle  con t rac t ion  t h a n  previous ly  suggested i~. 

Zusammen/assung. Die Frequenz  der  s p o n t a n e n  Media- 
torf re i legung yon  Nervenend igungen  und  die K o n t r ak -  
t ionsgeschwindigke i t  s inken im Soleus- und  Zwerchfell-  
muskel  wAhrend des Al te rns  yon  Ra t t en .  Die Frequenz-  
ern iedr igung ist weft  s t a rke r  ausgepr~gt  im Soleus als im 
Zwerchfel lmuskel ,  wAhrend die Unte r sch iede  in den Kon-  
t r ak t ionsgeschwind igke i t en  unbet r / ich t l ich  sind. Die rela- 
t iv  geringe Senkung der  ACh-Fre i se tzung  im senilen 
Zwerchfel lmuskel  wird zur in tens iven  Nerv - Impu l sak t iv i -  
t a t  be im Atmungsprozess  in Beziehung gebracht .  
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