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SUMMARy

Sk

Fi‘:;eta] muscle from young adult and senescent male

meChe"_344 rats was characterized histochemically and
]ezgma”ﬁ Extensor digitorum longus (EDL) and

the £ (SOL) muscles were used. Histochemically, in
type L Fhere were no differences in the percent of
fibers among age groups, and there was no
For for change in percent type Ila or IIb fibers.
th L, the percent of type I fiber was greater in
in ,29e¢d animals. The percent of type Ila was lower
I1g de' 0ld animals and the percent of type IIb and
( 1d not change. Maximal shortening velocity
“"'g]haaX)’ determined by the slack test method, was
mugc]”ged in the EDL but was increased in the soleus
ISOmEoE Oof young adult versus senescent Lats.
Unchq Mc tension (P,) was greater in SOL and was
N9ed in EDL from senescent versus young rats.
NTRODUCT 1o
It
reg;:‘zs been reported that muscle performance, in
(Lars to speed and strength, changes with senescence
r‘e]atn et al, 1979, Syrovy and Gutmann, 1977). Age-
prOt:q changes may occur in the contractile
UPomms’ or in other factors such as the
Seqy SUSCul_ar junction or the calcium release ‘and
ty tering systems. Likewise, changes in fiber
(g” pe"Centages and fiber number have been reported

Hny g e;ggg )et al, 1983, Bass et al, 1975, Zelena and

e
histecsse”}tiﬂ objective was therefore to describe
musﬂeem‘ca] and mechanical changes which occur in
“”dergt as the animal ages. The rationale is to
aDp]y and the changes as background information to
CO!\Cej\,1n the field of Meat Science. It is
assomaab]e that senescence related changes may be
fu . tEG_W1th factors controlling meat quality and
Wory ONality for further processing. Therefore the
Und&rtaks an exercise in fundamental science
% yger, on With the hope that the information would
Ul to practical application.

factglsstrain, age, nutrition, exercise and other
Pats ..My influence results. We therefore used
Fish ra’SEd specifically for aging studies. These
bQCkg,.o 344 (F344) rats have a uniform genetic
Congj4 Und and are reared under rigidly controlled
ONs to minimize environmental effects.

MAT
RIALS AND - MeTHODS
Rat

s
for "SPe of ages 3, 8-10, 27-28 and 29-30 months

i

hj ;
Mony Stochemical work and of ages 9 and 29-30
"Ecejp Or mechanical characterization. Upon
h0u37 of animals they were kept in conventional

befor\eg, One per cage, for an average of 10 days

aneSthe“,se- On the day of experiment the rat was

ang $1zed with sodium pentobarbitol and the EDL
Muscles were exposed and removed.

el e
nj :
Musc) o St0Chemical experiments the EDL and SOL
Teisureq Were exposed, their in situ lengths (Lo)
&) With the foot at right angles to the lower

°Fig’jna”d they were cut free near the points of

MOtt da”d insertion. Each muscle was gently
Exyge'\at and weighed, and then placed in an
0 &d solution containing 137 mM NaCl, 5 mM

ZOr O.JW CaCl,, 3 mM HEPES, 11 mM glucose, pH 7.3,
btai, m~8 hr.  This period of time was used to
®asurements of shortening velocity and

isometric tension of contralateral SOL and EDL
muscles. The muscles were frozen at approximately
rest length in isopentane cooled in liquid nitrogen,
and were stored in liquid nitrogen until they were
sectioned in a cryostat at -20°C. Transverse serial
sections (8-10 um thick) cut from the belly of each
muscle were picked up on glass slides and stored for
24 hr or less in the cryostat until they could be
stained. Half an hour before staining the slides
were placed in a hood at room temperature to dry.
The sections were stained for myosin ATPase (M-
ATPase) using the method of Dubowitz and Brooke
(1973) [with modifications by Suzuki (1976) and
Suzuki and Cassens (1980)], which is based on the
method of Padykula & Herman (1955). In the present
work, the acid preincubation solution was adjusted to
pH 4.35 and the alkaline to pH 10.25 just prior to
use. The alkaline preincubation was for 20 min and
the time in the incubation solution (step 2, Dubowitz
and Brooke, 1973) was 45 min for the acid-
preincubated slides and 30 min for the alkaline-
preincubated slides. Following the second water
rinse the slides were fixed in a 1:3 mixture of
acetic acid and absolute ethanol for 4 min, followed
by two 4-min changes in absolute ethanol, clearing,
and mounting. Fiber type was distinguished solely
from the acid preincubation sections using the
nomenclature of Brooke and Kaiser (1970). Type I
fibers stain dark following acid preincubation and
light following alkaline preincubation. Type Ila
fibers stain light following acid preincubation and
dark following alkaline preincubation, and type IIb
fibers stain intermediate following acid
preincubation and dark following alkaline
preincubation. The SOL is reported to have type Ilc
fibers rather than type IIb, although these fibers
stained like type IIb fibers with the preincubations
used in this study (Brooke and Kaiser, 1970). The
alkaline preincubation slides were used to
qualitatively verify the reversal of the staining
pattern at this pH. The number of fibers of each
type within the entire section were counted, with
the sum of the fiber types being the total number of
fibers in the cross section. Because of the
anatomical organization of the EDL and SOL muscles,
a cross section through the belly includes all the
fibers in the case of the SOL and most of the fibers
in the case of the EDL (Close, 1964).

The complete details of the preparation and
apparatus used for making mechanical measurements on
living fiber bundles and skinned fibers is given in
Eddinger et al (1986).

RESULTS AND DISCUSSION

The histochemical fiber type composition and fiber
number for the EDL and SOL muscles are summarized
in Table 1. There was no change in the percentage
of type I and type II (a and b) fibers in the EDL
between the 3 and 30 month age groups. However,
there were small changes in the percent of type II
fibers between the 9 and 30 month age groups. The
percent of type Ila fibers was found to decrease
significantly between these age groups, whereas the
percent of type IIb increased significantly. The
number of fibers in the EDL did not change
significantly with aging.

The SOL muscle showed a large increase in type I and
a decrease in type II fibers (type Ila and c;
according to the Brooke and Kaiser (1970)
nomenclature the intermediate-staining fibers in the
rat SOL are type IIc) with increasing age after 9
months. The percent of type [ fibers increased
significantly from the 3 and 9 month age groups to
the 27 month age group and continued to increase to
the 30 month age group. The percent of type Ila
fibers showed a significant decrease from the 9 to
the 30 month age group, whereas the percent type I[lc




Table 1. Fiber percent and type composition of EDL and SOL musclies from F344 rats with agingl

Age (months)?2 3 9 28 30
EDL

N 10 22 17 10

% Type I 345118 3.1 + 1.48 3.2 + 1.52 3.0 + 0.82

% Type Ila 12.8 + 2.73,b 16.3 ¥ 5.1b 12.4 ¥ 3.82»b 11.1 ¥ 5.8

% Type 1Ib 83.8 ¥ 3.32,b 80.6 + 5.60 84,4 ¥ 4,128,b 85.9 ¥ 6.02

Total fiber no. 3243 ¥ 4392 3152 + 4672 2896 + 4414 3071 + 3462
SOL

N 10 26 17 12

% Type I 84.9 + 5,72 80.5 + 5.04 90.7 + 7.1b 94.1 + 3.5b

% Type Ila 9.2 ¥ 6.4a,b 11.3 ¥ 8.8 6.2 ¥ 7.22,b 2.8 % 2.7

% Type Ilc 5.9 ¥ 5.5 8.2 ¥ 7.62 3.1 %3.92 3.1+ 3.12

Total fiber no. 2751 ¥ 1738 2330 ¥ 277 2161 ¥ 2140 2328 + 205P

1 A1l values given are means + standard deviation; different superscript letters in the same row aré

significantly different (p < 0.05].
EDL type Ila fibers,

2 Group ages given are rounded off from mean ages.

Each superscript letter should be considered
the only significant difference was found for values at 9 and 30 months of age).

individually (i.e., for the

fibers showed no statistically significant change.
Fiber number decreased significantly from the 3 to 9
month age group and then remained constant through
the 30 month age group.

In entire transverse sections through the belly of
the EDL and SOL muscles, difference in fiber type
composition were readily observed. The EDL had a
nonuniform distribution of fiber types with the vast
majority of the type [ fiber population located on
the medial and anterior side of the muscle
corresponding to the proximal heads of the muscle.
The SOL muscle had a more uniform distribution of
fiber types.

Muscle bundles from the EDL and SOL showed
characteristic differences in their optimal stimulus
frequencies, twitch and tetanus time courses, and
twitch-tetanus ratios. The EDL and SOL bundles

generated maximal tetanic tension at stimulation
frequencies of ~60and 30 Hz, respectively. The EDL
bundles showed a very rapid rise to peak tension,
which then tended to decrease slightly over the
remainder of the tetanus. The SOL bundles developed
tension at a much slower rate, never actually
reaching a steady plateau during a 1l-s tetanus
(values were >90% P,).. Differences were also
apparent in the contraction times (CT)for EDL versus
SOL muscles; although there were no significant age-
related differences (senescent vs. control mean + SD:
SOL, 129 + 17 vs. 113 + 16 ms; EDL s B8latr? vs . 530, &
5ms). The CT values Tor SOL bundles were in each
case approximately three times longer than those for
the EDL bundles. These values are similar to those

The tension per cross-sectional area was higher 1
the EDL bundles than in the SOL bundles in thé
control group. There was a significant increase ifl
Po in the SOL bundles from the senescent rats vS:
control, but no difference was found in Po betweef
the EDL bundles from the senescent and control rats
(Table 2).

The force-velocity relationship was measured 7f
several fiber bundles using the load-steppind
technique, (Hi1l, 1938). The data from 7 to 1}
muscle bundles for each age group were pooled t0
characterize the force-velocity relationships fof
both the EDL and SOL. Velocity values (V) obtained
at a number of loads (P) less than P, were plotte
and were fitted with hyperbolas using Kill'$
equation: (P + a)V = 6(Py - P). The load-steppind
results show a decrease in Vg, (estimated bY
extrapolation) for the EDL bundles with senescenc®
and no change in Vpay for the SOL bundles.

To avoid reliance on extrapolation to zero ]oad t0
estimate Vpay, determinations of Vmax were madé
directly using the slack test method. There was @
significant increase in Vpax in the SOL bundles O
the senescent vs. control rats, with no significant
difference in Vpay between the EDL bundles ©

senescent and control rats. There was no corre]atiog
between the small changes in fiber type percenta®

and Vpax values, with correlation coefficient
ranging between 0.03 and 0.66 for the bundles and 29
groups examined.

obtained by Close and Hoh (1980) from directly ACKNOWLEDGEMENT
stimulated whole EDL (37.5 ms) and SOL (122 ms) ¢
muscles of a 4 wk-old female Wistar rats at 200C. Complete details of the work described herein can bc
found in the manuscripts by Eddinger et al 1985 a0
1986.
Table 2. Maximal isometric tension
Bundles Skinned Fibers
SoL* EDL SOL™ EDL
Control Senescent Control Senescent Control Senescent Control Senescent
16 16 16 15 8 7 8 8 0
Po™™ 59.0+20.0 85.0+18.0 114.0+40.0 89.0+35.0 87.0+8.0 122.0+20.0 98.0+30.0 123.0+22-

Values are means + SD.

Means for senescent rats significantly different from means for young adult ratss; P<0305.
Maximal isometric tension (P,) normalized to cross-sectional area (kN/mZ).
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