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zyten1%:11 oder eine Erhéhung bzw. Erniedrigung des
Héamatokrits von Bedeutung® Zu einer umfassenden
Charakterisierung der Fliesseigenschaft gehdren daher
auch Messungen der entsprechenden Einzelparameter®.
Fiir Routinemessungen sowie als Suchmethode iiber die
eventuelle Bedeutung der Viskositit haben sich die
Messungen der Plasma- und Vollblutviskositit be-
wihrt10,

Zur Messung der Plasmaviskosidt sind seit langem
Kapillarviskosimeter ausreichend geeignet. Die Voll-
blutviskositit bedarf jedoch wegen des strukturviskésen
Verhaltens des Blutes weiterer und anderer Messvoraus-
setzungen?® 12, Wesentlich ist hierbei die Messung bei
unterschiedlichen Schergraden. Besonders interessant
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Fig. 2, a + b. Verhalten der Vollblut- und Plasmaviscositit bei
physiologischen Temperaturinderungen.

Collagen in Aging Muscles

Collagen of mammals accumulates rapidly during
growth in organs rich in connective tissue at a rate
exceeding that of some other proteins!. According to
FisueEr and RaMseEY 2, HELANDER?, and GuTtH#4, thereis a
relative increase in collagenous proteins and a decrease
in myosin and total proteins in muscular atrophy of
various types. However, the different fractions of collagen
and their quantitative changes during aging with reference
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fiir medizinische Aussagen sind die Schergrade unter
100 sec?!, da etwa in diesem Bereich das Blut von einem
Newtonschen Fliessverhalten in ein plastisches bzw. bei
extrem niedrigen Schergraden in ein pseudoplastisches
Fliessverhalten iibergeht® 2. Ideal fiir die Messung der
Vollblutviskositdt wire daher ein Gerdt, das bei extrem
niedrigen Schergraden, d.h. unter 50 sec-1, optimale
Messbedingungen aufweist. Fiir Gerdte, die mit dem
Platte-Kegel-System arbeiten und damit preislich er-
schwinglich sind, ist dies nach unseren Untersuchungen
nur beschriankt méglich und verlangt zumindest Erfahrung
in der Messtechnik.

Die Ergebnisse beim Kapillarviskosimeter zeigen wegen
der grossenordnungsmadissig gleichen Abweichung vom
Eichwert bei drei unterschiedlichen Kapillaren, dass der
limitierende Faktor dieser Messkette wahrscheinlich in
der Temperatureinstellung und eventuellen Tempera-
turkonstanz liegt. Die Bedeutung der Temperatur auf
die Viskositdt zeigen die weiteren Untersuchungen. Hier-
bei fithren geringe Temperaturerhdhungen nicht nur zu
einer Senkung der Plasmaviskositit, sondern dariiber
hinaus muss ein direkter Einfuss auf die Erythrozyten
angenommen werden, da das Vollblut prozentual eine
fast doppelt so grosse Verminderung der Viskositit
gegeniiber dem Plasma zeigt. Nur durch zusidtzliche Mes-
sungen der Aggregation und Flexibilitit kénnte dieser
Effekt ndher differenziert werden.

Ohne Einfluss auf die Fliesseigenschaft bleibt dagegen
eine Verminderung der Thrombozyten, obwohl damit
nicht ausgeschlossen ist, dass extrem hohe Thrombozyten-
zahlen, wie bei der Thrombophilie, doch eine Bedeutung
auf die Vollblutviskositidt haben kénnten.

Summary. The capillary viscosimeter (Viscotimer)
tested with different Ubbelohde-viscosimeters is suitable
for measurements of plasmaviscosity; the limitting
factor of the measuring method is the exact adjustment
of the temperature. When testing the plate-cone-viscosi-
meter (Wells-Brookfield Microviscosimeter), we achieved
scientifically adequate results only when using shear
rates 230, 115 and 46 sec-'. An influence of different
thrombocyte-concentrations on the viscosity of whole
blood and plasma could not be detected. The flow capacity
of whole blood and plasma is distinctly dependent on the
temperature.
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to slow, fast, and cardiac muscles in the rat have not been
reported so far, and hence the present study.
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Matevials and wmethods. Albino rats of wistar strain
aged 10, 15 and 20 months, were maintained at 28 + 2°C
on a commercial diet. The animals were decapitated; the
red, white and cardiac muscles were removed and weighed
immediately. The water and protein content’ were
estimated. Tissues from 2 animals were pooled for each
estimation, The salt soluble, acid soluble, and insoluble
collagen was extracted and purified according to Jack-
soN®, and hydrolyzed in 6 N HCI for 3 h at 50 y. The
amount of hydroxyproline present in each fraction was
then estimated by the colour reaction of STEGMANN as
modified by WoEssNEr?. The tissue somatic index?

wet wt. of the particular muscle
( P X 100) was calculated.

wet wt. of the animal

Results. A uniform decrease, in tissue somatic index
(Figure 1) water content and total proteins (Figure 2) is
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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-
torum longus); H, cardiac muscle.
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The ratios of salt soluble to acid soluble and acid soluble to insoluble
collagen in aging muscles of rat

Ratio Agein months
10 15 20

Salt soluble

Acid soluble Red 0.4748 0.3890 0.3174
‘White 0.2866 0.1512 0.1503
Heart 0.4039 0.2536 0.1656

Acid soluble

Insoluble 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.

seen with advance in age in all the 3 muscles. However,
when compared to heart and white muscles, the red
muscle contains more proteins (Figure 2) and collagen
(Figure 3). The total collagen level expressed as percent
collagen with reference to total proteins increases in all
the 3 muscles with advance in age, but the rate of increase
varies with the type of muscle (Figure 3}, whereas salt
soluble collagen decreases progressively in all 3 muscles
in contrast to acid soluble and insoluble collagen (Figure
4).

Discussion. The decrease in the tissue somatic index
of the muscles probably indicate the progressive senile
muscular atrophy with increase in age. The present
result, of increase in total collagen content in the heart
muscle, supports the view of SoBEL et al.®. The salt
soluble collagen seems to be the form in which collagen
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Fig. 4. Tissue somatic index versus percentage salt soluble, acid
soluble and insoluble collagen with reference to total proteins in red,
white and cardiac muscles of albino rats.
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appears extracellularly, which is the precursor of both
acid soluble and mature form1®. A uniform decrease in
the salt extractable collagen, which is generally accepted
as the newly synthesized material, could be either due
to decrease in the rate of synthesis with a constant turn-
over, or increase in the turnover rate with a constant
rate of synthesis, or variations in the conversion rates of
salt soluble to acid soluble collagen during aging. When
the ratios of salt soluble to acid soluble, and acid soluble to
insoluble collagen (Table) are compared, it is seen that
there is accumulation of more mature or insoluble collagen
which probably indicates the occurrence of cross linkages
during the maturation of fibres. The quantitative varia-
tions in salt soluble, acid soluble and insoluble collagen
probably may have physiological implications during
aging. However, the accumulation of more mature form
of collagen in muscle with advance in age is disadvantageo-
us to the organism, since it affects the contractility and
muscle mechanics, although it contributes strength and
support to the tissue!®. The present study is a preliminary
report on the characterization of metabolism of collagen
during aging.
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Summary. The salt, acid and insoluble collagen frac-
tions were estimated in red, white and cardiac muscles
of 10-, 15- and 20-month-old albino rats. The total
collagen level with reference to total proteins is more in
red than in white and cardiac muscle. Accumulation of
more of insoluble collagen and decrease in salt extractable
collagen is seen in all three muscles with aging.
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Studies on Ageing of Collagen by Perchlorate Reactions

Tendon fibres are a biological object of nearly pure
collagen which is of plasma origin and has well defined
age changes. Isometric tension of tendon fibres increases
with the age of the animal. We studied different factors
which influence these age changes!'-®. In the following
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Fig. 1. Tension in 3 M NaClO, and photometric absorption of soluble
and insoluble collagen in a) 4-month-old, b) 10-month-old and ¢) 25-
month-cld rats.

experiments, we use sodium perchlorate to stimulate
isolated collagen-tendon-fibres to isometric tension pro-
duction under different conditions, such as age, influence
of aldehyde, etc. and changes of the fibres weight.

Methods. Isometric tension is produced by immersing
tendon fibres in 5 M NaClO, solution (signed PC). Tail
tendons of rats are used which are 50 mm long, have a
diameter of + 0.15 mm and a weight of + 4-5 mg. They
can be fixed in an electric tensimeter at low tension and
immersed in different solutions. Tension changes at con-
stant length are measured. They are analyzed and their
content of soluble and insoluble collagen measured by
photometric absorption (Neumany and Locan?). We
used an Elco photometer and registered between 520-620
nm; 562 nm is used as the value for hydroxyprolin (1.e.
collagen) content. The exchange of different solutions,
such as of physiological NaCl (0.85%,), or solutions of
formaldehyde and other substances, is described in the
text.

Experiments. Collagen-tendon-fibres were immersed in
5 M NaClO,. An increase of tension starts immediately
and becomes maximal in about 1 min. It then relaxes
again. Fibres of young and old animals behave differently;
their tension decreases in young in a shorter time than in
old animals tendon. Continuous immersion in PC will
result after a few minutes in a definitive disappearance
of tension capacity in the relaxed state. If, however, the
fibre, after it has been immersed in PC and produced
maximal tension, is immediately transferred into physio-
logical NaCl (0.85%), then the tension decreases again to
about the original value and tension and relaxation can
now be repeated several times. We generally used 4
tension tests for each experiment. Figures 1 a-c show
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