
15. 10. 1975 Specialia 1181 

z y t e n  l ~  oder  eine E r h 6 h u n g  bzw. E r n i e d r i g u n g  des 
H i i m a t o k r i t s  yon  B e d e u t u n g  6. Zu e iner  u m f a s s e n d e n  
Cha rak t e r i s i e rung  der  F l iesse igenschaf t  geh6ren  d a h e r  
a u c h  Messungen  der  e n t s p r e c h e n d e n  E i n z e l p a r a m e t e r  6. 
F t i r  R o u t i n e m e s s u n g e n  sowie als S u c h m e t h o d e  t iber  die 
even tue l l e  B e d e u t u n g  der  Viskosi t / i t  h a b e n  sich die 
Messungen  der  P l a s m a-  u n d  Vol lblutviskosi tS . t  be-  
w/ ih r t  10. 

Zur  Messung der  P l a smav i skos i~ t  s ind sei t  l a n g e m  
Kap i l l a rv i skos ime te r  aus re i chend  geeignet .  Die Voll- 
b lutviskosi t /~t  b e d a r f  j edoch  wegen  des s t r u k t u r v i s k 6 s e n  
V e r h a l t e n s  des B lu tes  wei terer  u n d  ande r e r  Messvoraus-  
s e t zungen  9,12. "Wesentlich is t  h i e rbe i  die Messung bei  
un t e r s ch i ed l i chen  Schergraden .  Besonders  i n t e r e s s a n t  
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Fig. 2, a @ b. Verhalten der Vollblut- ntld Plasmaviscosittit bei 
physiologisehen Temperatur~inderungen. 

ftir mediz in i sche  Aussagen  s ind die Scherg rade  u n t e r  
100 sec -1, da  e twa  in d iesem Bere i ch  das  B lu r  v o n  e i n e m  
Newtonsc t l en  F l i e s sve rha l t en  in ein p las t i sches  bzw. bei  
e x t r e m  n iedr igen  Sche rg raden  in ein psendop las t i sches  
F l i e s sve rha l t en  tibergeht9,12. Idea l  ftir die Messung  de r  
Vol lblutviskosi t /~t  w~re d a h e r  ein Gergt ,  das  bei  e x t r e m  
n iedr igen  Schergraden ,  d . h .  u n t e r  50 sec -1, o p t i m a l e  
Messbed ingungen  aufweist .  F t i r  Ger/ite,  die m i t  d e m  
P l a t t e - K e g e l - S y s t e m  a r b e i t e n  u n d  d a m i t  preis l ich er- 
schwingl ich  sind, i s t  dies n a c h  unse ren  U n t e r s u c h u n g e n  
n u r  b e s c h r ~ n k t  m6gl ich  u n d  v e r l a n g t  z u m i n d e s t  E r f a h r u n g  
in der  Mess technik .  

Die Ergebn isse  b e i m  Kap i l l a rv i skos ime te r  zeigen wegen  
der  gr6ssenordnungsm~tss ig  gle ichen A b w e i c h u n g  v o m  
E i c h w e r t  bei  drei  un t e r s ch i ed l i chen  Kapi l la ren ,  dass  de r  
l imi t i e rende  F a k t o r  dieser  Messke t t e  wahr sche in l i ch  in 
der  T e m p e r a t u r e i n s t e l l u n g  u n d  even tue l l en  T e m p e r a -  
t u r k o n s t a n z  liegt. Die B e d e u t u n g  der  T e m p e r a t u r  au f  
die Viskosit~it zeigen die we i t e r en  U n t e r s u c h u n g e n .  Hier -  
bei  f i ihren  geringe T e m p e r a t u r e r l l 6 h u n g e n  n i c h t  n u r  zu 
e iner  S e n k u n g  de r  P l a smav i skos i t~ t ,  s onde rn  dar f ibe r  
h i n a u s  muss  ein d i r ek t e r  E infuss  auf  die E r y t h r o z y t e n  
a n g e n o m m e n  werden ,  da  das  Vo l lb lu t  p r o z e n t u a l  eine 
fas t  doppe l t  so grosse V e r m i n d e r u n g  der  Viskos i t~ t  
gegent iber  d e m  P l a s m a  zeigt. N u r  d u r c h  zus~tzl iche Mes- 
sungen  der  Aggrega t ion  u n d  Flexibi l i tXt  k 6 n n t e  dieser  
Ef fek t  nS~her d i f fe renz ier t  werden.  

Ohne  Einf luss  auf  die F l iesse igenschaf t  b l e i b t  dagegen  
eine V e r m i n d e r u n g  der  T h r o m b o z y t e n ,  obwoh l  d a m i t  
n i c h t  ausgeschlossen  ist, dass  e x t r e m  hohe  T h r o m b o z y t e n -  
zahlen,  wie bei  der  Th romboph i l i e ,  doch  eine B e d e u t u n g  
auf  die Vol lb lu tv i skos i tXt  h a b e n  k6nn ten .  

Summary .  The  cap i l l a ry  v i scos imete r  (Viscotimer)  
t e s ted  w i t h  d i f fe ren t  Ubbe lohde -v i scos ime te r s  is su i t ab le  
for m e a s u r e m e n t s  of p l a smav i scos i t y ;  t he  l i m i t t i n g  
fac tor  of t he  m e a s u r i n g  m e t h o d  is t he  exac t  a d j u s t m e n t  
of t he  t e m p e r a t u r e .  W h e n  t e s t i ng  the  pla te-cone-viscosi -  
m e t e r  (Wel ls-Brookf ie ld  Microviscosimeter) ,  we ach ieved  
scient i f ical ly  a d e q u a t e  resu l t s  on ly  w h e n  us ing  shea r  
r a t e s  230, 115 and  46 sec 1. An  inf luence  of d i f f e ren t  
t h r o m b o c y t e - c o n c e n t r a t i o n s  on  t he  v i scos i ty  of whole  
b lood a n d  p l a s m a  could no t  be  de tec ted .  The  flow c a p a c i t y  
of whole b lood and  p l a s m a  is d i s t i nc t ly  d e p e n d e n t  on  t h e  
t e m p e r a t u r e .  
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Collagen in Aging Muscles  

Collagen of m a m m a l s  accumula t e s  r ap i d l y  d u r i n g  
g r o w t h  in o rgans  r ich  in connec t ive  t i ssue  a t  a r a t e  
exceeding  t h a t  of some o t h e r  p ro t e in s  1. Accord ing  to  
FISHER and  I~AMSEY 2, ]7IELANDER 3, a n d  GUTH 4, the re  is a 
re la t ive  increase  in col lagenous p ro t e in s  and  a decrease  
in m y o s i n  and  t o t a l  p ro t e in s  in muscu l a r  a t r o p h y  of 
va r ious  types .  However ,  t he  d i f fe ren t  f r ac t ions  of col lagen 
an d  the i r  q u a n t i t a t i v e  changes  du r ing  aging w i t h  reference 

to slow, fast ,  a n d  card iac  muscles  in the  r a t  h a v e  no t  b e e n  
r epo r t ed  so far, a n d  hence  t he  p r e sen t  s tudy .  

1 D. A. LOWTHER, Int. Rev. connect. Tissue Res. 1, 63 (1963). 
2 E. FlSllER and V. W. RAMSEY, Am. J. Physiol. 143, 571 (1946). 
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4 L. GUTH, Neurosci. Res. Progr. Bull. 7, 1 (1969). 
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M a t e r i a l s  a n d  methods .  A l b i n o  r a t s  of  w i s t a r  s t r a i n  
a g e d  10, 15 a n d  20 m o n t h s ,  we re  m a i n t a i n e d  a t  28 -4- 2~  
o n  a c o m m e r c i a l  d ie t .  T h e  a n i m a l s  w e r e  d e c a p i t a t e d ;  t h e  
red ,  w h i t e  a n d  c a r d i a c  m u s c l e s  w e r e  r e m o v e d  a n d  w e i g h e d  
i m m e d i a t e l y .  T h e  w a t e r  a n d  p r o t e i n  c o n t e n t  ~ we re  
e s t i m a t e d .  T i s s u e s  f r o m  2 a n i m a l s  w e r e  p o o l e d  for  e a c h  
e s t i m a t i o n .  T h e  s a l t  so lub le ,  a c i d  so lub le ,  a n d  i n s o l u b l e  
c o l l a g e n  w a s  e x t r a c t e d  a n d  p u r i f i e d  a c c o r d i n g  t o  JACK- 
s o n  ~, a n d  h y d r o l y z e d  in  6 N HC1 for  3 h a t  50 y~. T h e  
a m o u n t  of  h y d r o x y p r o l i n e  p r e s e n t  in  e a c h  f r a c t i o n  w a s  
t h e n  e s t i m a t e d  b y  t h e  c o l o u r  r e a c t i o n  o f  STEGMANN as  
m o d i f i e d  b y  WOESSNER 7. T h e  t i s s u e  s o m a t i c  i n d e x  s 
(.e,  wt o, = c , o  ) 

wet wt. of the animal • 100 w a s  c a l c u l a t e d .  

Resu l t s .  A u n i f o r m  d e c r e a s e ,  in  t i s s u e  s o m a t i c  i n d e x  
( F i g u r e  1) w a t e r  c o n t e n t  a n d  t o t a l  p r o t e i n s  ( F i g u r e  2) is 

The ratios of salt soluble to acid soluble and acid soluble to insoluble 
collagen in aging muscles of rat 

Ratio Age in months  

10 15 20 

Salt soluble 
Acid soluble 

ACid soluble 
Insoluble 

Red 0.4748 0.3890 0.3174 
White 0.2866 0.1512 0.1503 
Heart  0.4039 0:2536 0:1656 

Red 0.8807 0.8211 0.6086 
White 0.7610 0.7987 0.6109 
Heart 0.7968 0.5297 0.6432 

Each value represents the average of 4 observations in case of 10 
and 20 months  and 2 observations in case of 15 months.  
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Fig. 1-3. Tissue somatic index (Figure 1), total protein content 
(Figure 2), and percentage total collagen with reference to total 
proteins (Figure 3) in red, white and cardiac muscles of 10-, 15- and 
20-month-old albino rats. R, red (soleus); W, white (extensor digi- 
toruln longus); H, cardiac muscle. 

s e e n  w i t h  a d v a n c e  in  age  in al l  t h e  3 m u s c l e s .  H o w e v e r ,  
w h e n  c o m p a r e d  t o  h e a r t  a n d  w h i t e  m u s c l e s ,  t h e  r e d  
m u s c l e  c o n t a i n s  m o r e  p r o t e i n s  ( F i g u r e  2) a n d  c o l l a g e n  
( F i g u r e  3). T h e  t o t a l  c o l l a g e n  l eve l  e x p r e s s e d  a s  p e r c e n t  
c o l l a g e n  w i t h  r e f e r e n c e  t o  t o t a l  p r o t e i n s  i n c r e a s e s  in  al l  
t h e  3 m u s c l e s  w i t h  a d v a n c e  in  age ,  b u t  t h e  r a t e  of  i n c r e a s e  
v a r i e s  w i t h  t h e  t y p e  of  m u s c l e  ( F i g u r e  3), w h e r e a s  s a l t  
s o l u b l e  c o l l a g e n  d e c r e a s e s  p r o g r e s s i v e l y  in  al l  3 m u s c l e s  
i n  c o n t r a s t  t o  a c id  s o l u b l e  a n d  i n s o l u b l e  c o l l a g e n  ( F i g u r e  
4). 

D i s c u s s i o n .  T h e  d e c r e a s e  in  t h e  t i s s u e  s o m a t i c  i n d e x  
o f  t h e  m u s c l e s  p r o b a b l y  i n d i c a t e  t h e  p r o g r e s s i v e  sen i l e  
m u s c u l a r  a t r o p h y  w i t h  i n c r e a s e  in  age ,  T h e  p r e s e n t  
r e s u l t ,  of  i n c r e a s e  in  t o t a l  c o l l a g e n  c o n t e n t  in  t h e  h e a r t  
m u s c l e ,  s u p p o r t s  t h e  v i e w  of  SOBEI~ e t  a12. T h e  s a l t  
s o l u b l e  c o l l a g e n  s e e m s  t o  be  t h e  f o r m  in  w h i c h  c o l l a g e n  
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6 I). S. JACKSON, in Methods o/Biochemical Analysis (Ed. D. GLICK; 
Interseience Publishers, New York, London, Sydney 1967), vol. 
15. 

7 j .  F. WOESSNER, Arch. Biochem. 93, 440 (1961). 
8 I~. SATYANARAYANA, V.  R .  SELVARAJAN, V.  CHANDRASEKI~ARAN, 

R. RAMA~URTm and K. S. SWAMI, Curr. Sci. 44, 127 (1975). 
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appears  extracel lularly,  which  is the  precursor  of b o t h  
acid soluble and  ma tu re  form 1~ A un i form decrease in 
the  salt  ex t rac tab le  collagen, which  is general ly  accep ted  
as the  newly  synthes ized  material ,  could be e i ther  due 
to  decrease in the  ra te  of synthes is  wi th  a cons t an t  t u rn -  
over, or increase in the  t u rnove r  ra te  w i th  a con s t an t  
ra te  of synthesis ,  or var ia t ions  in the  convers ion ra tes  of 
salt  soluble to acid soluble collagen dur ing  aging. W h e n  
the  rat ios  of sal t  soluble to acid soluble, and  acid soluble to  
insoluble collagen (Table) are compared ,  i t  is seen t h a t  
there  is accumula t ion  of more  ma tu re  or insoluble collagen 
which  p robab ly  indicates  t he  occurrence of cross l inkages 
dur ing  the  m a t u r a t i o n  of fibres. The q u a n t i t a t i v e  var ia-  
t ions  in sal t  soluble, acid soluble and insoluble collagen 
p robab ly  m a y  have  physiological  impl ica t ions  dur ing  
aging. However ,  the  accumula t ion  of more  ma tu r e  form 
of collagen in muscle wi th  advance  in age is d i sadvan tageo-  
us to  the  organism, since i t  affects the  con t rac t i l i ty  and  
muscle mechanics ,  a l though  i t  con t r ibu tes  s t r eng t h  and  
suppor t  to the  t issue *~ The presen t  s tudy  is a p re l iminary  
repor t  on the  charac te r iza t ion  of m e t a b o l i s m  of collagen 
dur ing aging. 

Summary. The salt,  acid and  insoluble collagen frac- 
t ions  were e s t ima ted  in red, whi te  and cardiac muscles 
of 10-, 15- and  20-month-old  albino rats.  The to ta l  
collagen level w i th  reference to  to ta l  pro te ins  is more  in 
red  t h a n  in whi te  and cardiac muscle. Accumula t ion  of 
more  of insoluble collagen and  decrease in salt  ex t r ac t ab l e  
collagen is seen in all th ree  muscles wi th  aging. 
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Studies  on A g e i n g  of Col lagen by Perchlorate  React ions  

Tendon fibres are a biological objec t  of near ly  pure  
collagen which is of p lasma origin and has well def ined 
age changes.  I somet r ic  tens ion of t endon  fibres increases 
wi th  the  age of the  animal.  We s tudied  d i f fe rent  factors  
which influence these  age changes  ~-a. In the  following 
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Iqg. 1. Tension in 5 1~'[ NaCIO 4 and photometric absorption of soluble 
and insoluble collagen in a) 4-month-old, b) 10-month-old arid c) 25- 
inorlth-old r~tt~. 

exper iments ,  we use sodium perch lora te  to  s t imula te  
isolated col lagen- tendon-f ibres  to isometr ic  tens ion  pro-  
duc t ion  under  d i f fe rent  condit ions,  such as age, inf luence 
of a ldehyde,  etc. and  changes  of the  fibres weight .  

Methods. I somet r ic  t ens ion  is p roduced  b y  immers ing  
t en d o n  fibres in 5 3~ r NaC104 solut ion (signed PC). Tail 
t endons  of ra t s  are used which  are 50 m m  long, have  a 
d iamete r  of ~ 0.15 m m  and  a weight  of +_ 4-5 mg. T h e y  
can be f ixed in an electr ic  t ens ime te r  a t  low t ens ion  and 
immersed  in d i f fe rent  solutions.  Tension changes  a t  con- 
s t a n t  length  are measured.  They  are analyzed and  the i r  
con ten t  of soluble and insoluble collagen measured  by  
pho tome t r i c  abso rp t ion  (NEUMANN and  LOGAN4). We 
used an Elco p h o t o m e t e r  and  regis tered be tween  520-620 
n m ;  562 n m  is used as the  value for hyd roxypro l i n  (i.e. 
collagen) conten t .  The exchange  of d i f ferent  solut ions,  
such as of physiological  NaC1 (0.85%), or solut ions of 
fo rma ldehyde  and  o ther  subs tances ,  is descr ibed in the  
tex t .  

Experiments. Col lagen- tendon-f ibres  were immersed  in 
5 M NaC104. An increase of tens ion  s ta r t s  i m m e d i a t e l y  
and  becomes max i ma l  in abou t  1 min.  I t  then  re laxes  
again. Fibres  of young  and  old animals  behave  d i f fe ren t ly  ; 
the i r  t ens ion  decreases  in young  in a shor te r  t ime  t h a n  in 
old animals  t endon .  Cont inuous  immers ion  in PC will 
resul t  af ter  a few minutes  in a def in i t ive  d i sappea rance  
of tens ion  capac i ty  in the  re laxed s ta te .  If,  however ,  t h e  
fibre, af ter  i t  has  been  immersed  in PC and p ro d uced  
max ima l  tension,  is immed ia t e ly  t r ans fe r red  in to  phys io-  
logical NaCI (0.85%), t h e n  the  tens ion  decreases again to  
abou t  the  original  value and  tens ion  and  re laxa t ion  can 
now be repea ted  several  t imes.  W e  general ly  used 4 
tens ion  tes t s  for each exper iment .  Figures  1 a - c  show 
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