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summary

Sks]o*_,
Fish 3 muscle from young adult and senescent male 
mecj1e r ,344 rats was characterized histochemically and 
soleanica l ly .  Extensor digitorum longus (EDL) and 
the fn ^01 ) muscles were used. Histochemically, in 
t yp e » there were no differences in the percent of 
t rgnd 1 f ibers  among age groups, and there was no 
F0r cn,f ° r change in percent type I la or l i b  f ib e rs .F o r  .  ' - i m i i y c  i l l  I . G U I .  i . j f p c  t i n  u i  i i u  i i u c i  j .

the ! the percent of type I f ib e r  was greater in
i n t a9ed animals. The percent of type I la  was lower 
i„ ne o'
, c  did

U c ^ o l d  animals and the percent of type 11 b and
(y “ m not change. Maximal shortening ve loc ity  
uncha ’ determined by the slack tes t method, was 
* u "9ed ln the EDL but was increased in the soleus 
Isom* e , ° f  young a d u l t  versus senescent r a ts .  
uhcha0triC tenslon (Po) was greater in SOL and was 

n9ed in £DL from senescent versus young rats.

P roduction
i t

(L
as been reported tha t muscle performance, in

arsonto speed and strength, changes with senescence
rsi et  a l , 1979, Syrovy and Gutmann, 1977). Age- ated ,

° t e in s ,  o r in  o th e r  f a c t o r s  such as the
P ro t" -“ changes may occur in  the  c o n t r a c t i l e  
neUrom,1 n S ’ orsSque SCula r  junction or the calcium re lease and 
type ster" in9 systems. Likewise, changes in f ib e r  
(Si-|kf>er'Centages and f ib e r  number have been reported 
Hnir e!'man et a l , 1983, Bass et a l , 1975, Zelena and
C ; s 9 « - >
^ stoch en.t ^a: objective was therefore to describe 
muscip m'cal and mechanical changes which occur in 
Underst as the aol"131 ages. The ra t iona le  is to 
aPpi ta.nd the changes as background information to 
c°ncei r0 tde  ° f  Meat Science. I t  is
asS o c i t 1e ^ at senescence related changes may be 
funt t i o ted w i th factors c o n tro l l in g  meat q ua l i ty  and 
Wor^ n a l i t y f ° r fu r the r processing. Therefore the 
Phder t Was an e x e rc is e  in  fundamental science 
de Usef i the h°Pe that t l̂e information would

u ' to pract ica l app l icat ion. 
fP’Fiai c+
factor^ s tra ’' n> a9e> n u t r i t io n ,  exercise and other 
rats influence resu lts .  We therefore used

rai sed s p e c i f ic a l ly  fo r  aging studies. These^sher -r-------- „ - .... ........—
nacknPQ JA4 (F344) ra ts  have a uniform genetic 
dOhdip-jUnd and are reared under r ig id ly  contro lled 

°ns to minimize environmental e f fec ts .

T rials
Rap

and methods

V  of ages 3, 8-10, 27-28 and 29-30 months
Months t0cNemical work and o f ages 9 and 29-30 
rscei„* f or mechanical c h a ra c te r iz a t io n .  Upon 

animals they were kept in conventionalofl "iirin
°6fore ,,^°ne per cage, fo r  an average of 10 daysane. ,u?e- On the day of experiment the ra t wasSt h
ahd $0LSl2ed with sodium pentobarbitol and the EDL 

muscles were exposed and removed.
ror
""JScigj s t °ohemi cal experiments the  EDL and SOL 
?®asUr wer-g exp0Sec)> th e i r  in s i tu  lengths (Lo)
e9)

red ( — ' r »  ..... - • -- ■ '-••-3 — ■ \ /
iwith the foot at right angles to the lower 

n J they were cut free near the points ofand
ot* . âr,d i nserti on Each muscle was gently°tted

Siy9enat--a,ncl w e ighed , and then p laced  in  anU J  3  c f l A f  i y  u c u  ,  u  i i u  u i i c i i  i n  u n

f ^> 1 s° Io t io n  containing 137 mM NaCl, 5 mM
h O.5.0  CaC12» 3 mM HEPES, 11 mM glucose, pH 7.3, 
hf.. • -8 hr _ This period of time was used to 

rements of shortening ve loc ity  and
Obtai

n ^easu

iso m e tr ic  tension of c o n t r a la te ra l  SOL and EDL 
muscles. The muscles were frozen at approximately 
rest length in isopentane cooled in l iq u id  n itrogen, 
and were stored in l iq u id  nitrogen u n t i l  they were 
sectioned in a cryostat at -20°C. Transverse seria l 
sections ( 8 -10  ym th ick) cut from the be l ly  of each 
muscle were picked up on glass slides and stored for 
24 hr or less in the cryostat un t i l  they could be 
stained. Half an hour before staining the slides 
were placed in a hood at room temperature to dry. 
The sec tions  were s ta ined fo r  myosin ATPase (M- 
ATPase) using the method of Dubowitz and Brooke 
(1973) [w i th  m o d i f ic a t io n s  by Suzuki (1975) 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 a lka line  to pH 10.25 ju s t  p r io r  to 
use. The a lka line  preincubation was fo r 20 min and 
the time in the incubation solution (step 2, Dubowitz 
and Brooke, 1 973 ) was 45 min f o r  the  a c id -  
pre incubated s l ides  and 30 min fo r  the a lka l ine -  
preincubated s l ides. Following the second water 
r in se  the s l id e s  were fixed in a 1:3 mixture of 
acetic acid and absolute ethanol fo r  4 min, followed 
by two 4-min changes in absolute ethanol, c lear ing , 
and mounting. Fiber type was distinguished sole ly 
from the acid p re incuba t ion  sec tions  using the 
nomenclature of Brooke and Kaiser (1970). Type I 
f ibe rs  stain dark fo l low ing acid preincubation and 
l ig h t  fo l lowing a lka line  preincubation. Type 11 a 
f ibe rs  stain l ig h t  fo l lowing acid preincubation and 
dark fo l lowing a lka line  preincubation, and type 11 b 
f i b e r s  s t a i n  i n t e r m e d i a t e  f o l l o w i n g  ac id  
p r e in c u b a t io n  and d a rk  f o l l o w i n g  a l k a l i n e  
preincubation. The SOL is reported to have type l ie  
f ibers  rather than type l i b ,  although these f ibe rs  
stained l ik e  type l ib  f ibers  with the preincubations 
used in th is  study (Brooke and Kaiser, 1970). The 
a l k a l i n e  p re in c u b a t io n  s l i d e s  were used to  
q u a l i ta t iv e ly  v e r i fy  the reversal of the staining 
pattern at th is  pH. The number of f ibe rs  of each 
type w ith in  the en t i re  section were counted, with 
the sum of the f ib e r  types being the to ta l  number of 
f ib e r s  in the cross s e c t io n .  Because of the 
anatomical organization of the EDL and SOL muscles, 
a cross section through the be l ly  includes a l l  the 
f ibe rs  in the case of the SOL and most of the f ibers  
in the case of the EDL (Close, 1964).

The com p le te  d e t a i l s  o f the p repa ra t ion  and 
apparatus used fo r  making mechanical measurements on 
l iv in g  f ib e r  bundles and skinned f ibe rs  is given in 
Eddinger et al (1986).

RESULTS AND DISCUSSION

The histochemical f ib e r  type composition and f ib e r  
number fo r  the EDL and SOL muscles are summarized 
in Table 1. There was no change in the percentage 
of type I and type I I  (a and b) f ibers  in the EDL 
between the 3 and 30 month age groups. However, 
there were small changes in the percent of type I I  
f ibe rs  between the 9 and 30 month age groups. The 
percent of type I la f ibe rs  was found to decrease 
s ig n i f ic a n t ly  between these age groups, whereas the 
percent of type l ib  increased s ig n i f ic a n t ly .  The 
number o f  f i b e r s  in  th e  EDL did not change 
s ig n i f ic a n t ly  with aging.

The SOL muscle showed a large increase in type I and 
a decrease in type I I  f i b e r s  (type 11 a and c; 
a c c o rd in g  to  the  Brooke and K a is e r  (1970) 
nomenclature the in termediate-staining f ibe rs  in the 
ra t SOL are type l ie )  with increasing age a f te r  9 
months. The percent of type I f ibe rs  increased 
s ig n i f ic a n t ly  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 11 a 
f ibers  showed a s ig n i f ic a n t  decrease from the 9 to 
the 30 month age group, whereas the percent type l ie
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TaDle 1. Fiber percent and type composition of EDL and SOL muscles from F344 rats with agingl L
Age (months)2 3 9 28 30

N
% Type I 
% Type 11 a 
% Type l ib  
Total f ib e r  no.

10
3.4 ±  l . l a

12.8 + 2.7a>b
83.8 + 3.3a-b 
3243 + 439a

EDL
22

3.1 + 1.4a 
16.3 + 5 . l b 
80.6 + 5.6b 
3152 + 467a

17
3.2 + 1 .5a

12.4 + 3 .8a’ b
84.4 + 4 . l a >b 
2896 + 44l a

10
3.0 + 0.8a 

11.1 + 5.8a 
85.9 + 6 .0a 
3071 + 346a

N
% Type I 
% Type I la 
% Type l ie  
Total f ib e r  no.

10
84.9 + 5.7a 

9.2 + 6.4a>b 
5.9 + 5.5a 

2751 + 173a

SOL
26

80.5 + 5.0a 
11.3 + 8 .8a 
8.2 + 7.6a 

2330 + 277b

17
90.7 + 7.1b 
6.2 + 7.2a >b 
3.1 + 3 .9a 

2161 + 214b

12
94.1 + 3 .5b 
2.8 + 2 .7b 
3.1 + 3 . l a 

2328 + 205b

U l l  values given are means + standard d e v ia t io n ;  d i f fe re n t  superscript le t te rs  in the same
EDLntvoeai ia y fidbef r r erh P /  ° ,05^V- Each suPe rs c r iPb le t te r  should be considered in d iv id u a l ly  ( i . e . ,  

L ype I la f ib e rs ,  the only s ig n i f ic a n t  d i fference was found fo r  values at 9 and 30 months of age).

 ̂ Group ages given are rounded o f f  from mean ages.
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f ib e rs  showed no s t a t i s t i c a l l y  s ig n i f ic a n t  change. 
Fiber number decreased s ig n i f ic a n t ly  from the 3 to 9 
month age group and then remained constant through 
the 30 month age group.

in en t i re  transverse sections through the be l ly  of 
the EDL and SOL muscles, d i fference in f ib e r  type 
composit ion were readi ly  observed. The EDL had a 
nonuniform d is t r ib u t io n  of f ib e r  types with the vast 
majori ty  of the type i f ib e r  population located on 
the  m ed ia l and a n t e r i o r  s id e  o f  the  muscle 
corresponding to the proximal heads of the muscle. 
The SOL muscle had a more uniform d is t r ib u t io n  of 
f ib e r  types.

Muscle bund les  from  th e  EDL and SOL showed 
cha rac te r is t ic  d ifferences in th e i r  optimal stimulus 
frequencies, tw itch and tetanus time courses, and 
tw itch-tetanus ra t ios .  The EDL and SOL bundles 
generated maximal te tan ic  tension at stimulation 
frequencies of-\-S0and30 Hz, respective ly. The EDL 
bundles showed a very rapid r ise  to peak tension, 
which then tended to decrease s l i g h t l y  over the 
remainder of the tetanus. The SOL bundles developed 
tens ion  at a much slower ra te ,  never a c tu a l l y  
reaching a steady p la teau dur ing  a 1-s tetanus 
(va lues were >90% P0 ) .  D if fe rences  were also 
apparent in the contraction times (CT)for EDL versus 
SOL muscles; although there were no s ig n i f ic a n t  age- 
related differences (senescent vs. control mean + SD- 
SOL, 129 + 17 vs. 113 + 16 ms; EDL, 37 + 2 vs .“ 39 + 
5ms). The CT values Tor SOL bundles were in eacF 
case approximately three times longer than those fo r 
the EDL bundles. These values are s im ila r  to those 
obta ined by Close and Hoh (1980) from d i r e c t l y  
stimulated whole EDL (37.5 ms) and SOL (122 ms) 
muscles of a 4 wk-old female Wistar rats at 20°C.

The tension per cross-sectional area was higher i n 
the EDL bundles than in the SOL bundles in th« 
control group. There was a s ig n i f ic a n t  increase i n 
P0 in the SOL bundles from the senescent rats vs- 
con tro l,  but no d ifference was found in P0 between 
the EDL bundles from the senescent and control rats 
(Table 2).

The f o r c e - v e lo c i t y  re la t io n s h ip  was measured irl 
several f i b e r  bundles using the 1 oad-steppin9 
technique, ( H i l l ,  1938). The data from 7 to l 1 
muscle bundles fo r  each age group were pooled 4° 
ch a ra c te r ize  the fo rce -ve loc ity  re lationships f ° r 
both the EDL and SOL. Velocity values (V) obtained 
at a number of loads (P) less than P0 were plotted 
and were f i t t e d  w ith  hyperbolas using H i l l ' s 
equation: (P + a)V = 6(P0 - P). The 1 oad-steppih9
re s u l ts  show a decrease in Vmax (est imated W 
extrapola t ion) fo r  the EDL bundles with senescence 
and no change in Vmax fo r  the SOL bundles.

To avoid reliance on extrapolat ion to zero load 4° 
es t im ate  Vmax , determinations of Vmax were made 
d i re c t ly  using the slack tes t method. There was 3 
s ig n i f ic a n t  increase in Vmax in the SOL bundles ° f 
the senescent vs. control ra ts ,  with no s ign if icant 
d i f fe r e n c e  in Vmax between the EDL bundles of 
senescent and control ra ts . There was no correlatioh 
between the small changes in f ib e r  type percents 
anb Vmax va lues , w ith  c o r r e la t io n  c o e f f i c ie n t5 
ranging between 0.03 and 0.66 fo r  the bundles and a5e 
groups examined.
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Table 2. Maximal isometr ic tension

______________ Bundles_______________________  __________________ Skinned Fibers

SOL* _______  ________ EDL SOL*

Control Senescent Control Senescent Control Senescent Control Senescent

Nr\ ★★Po
16

59.0+20.0
16

85.0+18.0
16

114.0+40.0
15

89.0+35.0
8

87.0+8.0
7

122.0+20.0
8

98.0+30.0
8

123.0+22.0

Values are means +_ SD.
**  Means fr° r senescent rats s ig n i f ic a n t ly  d i f fe re n t  from means fo r  young adult ra ts ,  P<0.05. 

Maximal isometr ic tension (P0) normalized to cross-sectional area (kN/m2).
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