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M i t o c h o n d r i a l  S ize  D i s t r i b u t i o n  A n a l y s i s  in the  S o l e u s  M u s c l e  of Tra ined  and A g e d  Rats  

The  capac i t y  of muscles  to  oxidize p y r u v a t e ,  ac t iv i t i e s  
of enzymes  of t he  m i t o c h o n d r i a l  e lec t ron  t r a n s p o r t  
chain ,  c o n c e n t r a t i o n  of c y t o c h r o m e  c, a n d  m i t o c h o n d r i a  
p ro t e in  are seen to  increase  in r a t  muscles  sub jec ted  to  a 
s t renous  exercise p r o g r a m  1. A shi f t  in  t he  size d i s t r i b u t i o n  
to smal le r  m i t o c h o n d r i a  has  been  d e m o n s t r a t e d  in  r a t  
m y o c a r d i u m  w i t h  nea r ly  iden t ica l  t r a i n i n g  t echn iques  ~. 
This  sh i f t  in t he  d i rec t ion  of smal ler  m i t o c h o n d r i a  h a s  
been  h y p o t h e s i z e d  to increase  t he  surface  to  v o l u m e  
ra t io  in  response  to  m a t u r a t i o n  a n d  t r a in ing .  

I t  was  t he  purpose  of th i s  s t u d y  to inves t iga t e  ag ing  
a n d  t r a i n i n g  induced  a l t e r a t i ons  in  m i t o c h o n d r i a l  size 
d i s t r i b u t i o n  of soleus muscle  w i t h o u t  r ega rd  to  t he i r  
specific subcel lu lar  local izat ion.  

Twelve  ma le  r a t s  f rom the  Char les  R i v e r  Breed ing  
Labora to r i e s  were t a u g h t  to  r u n  on  a m o t o r - d r i v e n  
t r e a d m i l l  for  3 days.  A t  t he  t e r m i n a t i o n  of t h e  in i t ia l  
l ea rn ing  period,  t h e  an ima l s  were r a n d o m l y  d iv ided  in to  
s e d e n t a r y  and  r u n n i n g  groups.  The  e x p e r i m e n t a l  group 
was t r a i n e d  to  r u n  to  2,100 m / d a y  a t  30 m / m i n  on a 
10% incline.  The  t o t a l  t r a i n i n g  per iod  was c o n t i n u e d  for 
16 weeks a n d  all  an ima l s  were fed s t a n d a r d  l a b o r a t o r y  
chow a n d  were g iven  w a t e r  ad  l i b i t um.  

The  an ima l s  ( including an  i m m a t u r e  a n d  720-day-old 
an imal )  were no t  exercised for 24 h p r io r  to  sacrifice a t  
wh ich  t i m e  to  soleus was r ap id ly  r emoved .  A sec t ion  f rom 
t h e  be l ly  of t he  soleus was  t a k e n  for  e lec t ron  microscopic  
e x a m i n a t i o n  as p rev ious ly  descr ibed  a. 

E l e c t r o n  mi c ro g rap h s  t a k e n  a t  a magn i f i ca t ion  of 
x6 ,000  were e x a m i n e d  b y  p ro jec t ing  t h e m  on to a 

screen a n d  size t y p i n g  i n d i v i d u a l  m i t o c h o n d r i a  w i t h  a 
par t ic le  size analyzer .  The  m i t o c h o n d r i a  were p a r t i t i o n e d  
in to  9 categories  co r respond ing  to  abso lu te  sizes of 
1 . 7 x 1 0  -2, 3 . 8 •  -~, 6 . 8 X 1 0  -2, 15.37<10 -e, 2 7 . 2 x 1 0  -2, 
4 2 . 4 •  .3 , 61.1 •  -~, 8 3 . 2 •  .2 , a n d  1 0 8 . 6 •  .2 ~xm 2. 

T h e  resu l t s  i nd i ca t e  t h a t  t h e  g rea te r  pe rcen t age  of 
m i t o c h o n d r i a l  n u m b e r s  a n d  p e r c e n t a g e  a rea  are  of raze 
types  6 a n d  7. These  size types  compr i se  56.0 to 66 .1% of 
t h e  t o t a l  p e r cen t  n u m b e r s  an d  48.5 to  60 .3% of t h e  t o t a l  
p e r cen t  area.  The  larger  m i t o c h o n d r i a l  size types  1 a n d  2 
acco u n t  for 0.7 to  1.7% of t h e  n u m b e r s  a n d  compr ise  3.1 
to  7 .4% of t h e  pe rcen t age  area.  Conversely ,  t h e  smal les t  
m i t o c h o n d r i a  (sizes 8 a n d  9) compr ise  f rom 17.1 to  25.3% 
of t h e  p e r cen t  n u m b e r  b u t  on ly  4.8 to  8.2 p e r cen t  of t h e  
area.  

C o m p a r i n g  t r a i n e d  a n d  non - t r a ined ,  i t  can  be  seen t h a t  
t h e  t r a i n e d  an ima l s  e x h i b i t  a h igher  p e r c e n t a g e  of size 
6 an d  7 m i t o c h o n d r i a  in  b o t h  p e r cen t  n u m b e r  a n d  p e r cen t  
a rea  a n d  less pe rcen tages  of 8 a n d  9 size types .  T h e  

�9 p e r cen t  n u m b e r  a n d  p e r c e n t  a rea  of t h e  larger  m i t o c h o n -  
dr ia  r e m a i n e d  nea r ly  t h e  same.  T h e  soleus f rom t h e  
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t r a ined  animal  represen ts  more  closely t h a t  d i s t r ibu t ion  
f rom the  50 day,  i m m a t u r e  r a t  in re la t ion  to t he  low 
n u m b e r  of 8 and  9 and high percen tages  of size t ypes  6 
and 7. This  would be in ag reemen t  w i th  the  recen t  hea r t  
s tudies  in our l abora to ry  where  a t ra in ing  induced  shif t  
to  the  size t ypes  cor responding  to  6 and  7 3. 

In the  hea r t  the  smal les t  size mi tochondr i a  are of size 7 
and m a t u r a t i o n  and  t ra in ing  resul ted  in a shif t  t owards  
th is  size. The p re sen t  da t a  clearly show t h a t  for all ages 
t he  p r e d o m i n a t e  size mi tochondr i a  in the  soleus muscle  
is of size t ypes  6 and  7. Due to  t he  non-ex i s tance  of 
mi tochondr i a l  size t ypes  8 and  9 in the  hea r t  and  the  
results  of our  previous  s tudies  we have  hypo thes i zed  t h a t  : 
1. there  exis ts  an ' op t imal '  mi tochondr ia l  size t ype  in the  

Percent number and percent area distributions of mitochondria by 
size grouping 

Group (N) Size categories 

1,2 3,4,5 6,7 8,9 

Percent of total mitoehondrial number 

50 (2) 1.1 17.0 66.1 15.9 
Mature non-trained (6) 1.7 18.6 56.0 23.7 
Mature trained (6) 1.7 19.8 61.4 17.1 
720 (1) 0.7 13.6 60.4 25.3 

Percent of total initochondrial area 

50 (2) 4.8 34.9 56.1 4.2 
Mature non-trained (6) 7.4 38.0 48.5 6.2 
Mature trained (6) 5.9 37.7 51.5 4.8 
720 (1) 3.1 28.4 60.3 8.2 

Size categories correspond to absolute sizes ranging from 1.7 • 10 -2 
to 108.6 • 10 -2 [.Lm 2. 

soleus and  2. the  mi tochondr i a  of size types  8 and  9 are 
precursor  mi tochondr ia .  

The older soleus muscle  samples  (720 day) t e n d  to have  
a h igh pe rcen t  n u m b e r  and  area of size t y p e  8 and  9 
mi tochondr ia ,  s imilar  to  the  ma t u r e  non- t ra ined  animals.  
I f  the  aging muscle  cell is in a s t a t e  of non-growth ,  low 
energy  requ i rement ,  th is  could account  for t he  increase 
in these  size t ypes  wi th  age. 

I t  appears  t h a t  the  t r a in ing  e i ther  resul ted  in t he  
fo rma t ion  of less Smaller mi tochondr ia ,  or t h a t  t he  
smaller  mi tochondr i a  are precursor  mi tochondr i a  to t he  
p r e d o m i n a t e  size types  in the  muscle cell. This  could 
account  for the  h igher  pe rcen t  mi tochondr i a  in the  
m e d i u m  and  larger size types,  as less smal ler  mi tochondr i a  
are found in t ra ined  muscle.  I t  is a poss ib i l i ty  t h a t  these  
smaller  mi tochondr i a  are n o n 4 u n c t i o n a l  and  are only 
precursors  to  the  larger size mi tochondr i a  w i th in  the  
muscle cell. 

We  can hypo thes ize  t h a t  in the  soleus muscle  cell an 
' op t imal '  mi tochondr ion  size is exis tent ,  and  there  exis ts  
pre- funct ional  mi tochondr ia l .  These op t imal  mi tochon-  
drial sizes could be inf luenced by  bo th  cell funct ion  and  
by  subcellular  localization.  F u r t h e r  analysis  of soleus 
mi tochondr ia l  d a t a  w i th  regard  to  specific subcellular  
local izat ion is now in progress.  

Rdsumd. Analyse  par  microscopic  61ectronique du 
muscle j ambie r  post6r ieur  chez des ra t s  gg6s de 50 jours,  
adultes,  avec ou sans e n t r a i n e m e n t  phys ique  et  ~g6s de 
720 j ours. Les r6sul ta ts  la issent  supposer  l ' ex i s tence  d ' une  
faille o p t i m u m  pour  les mi tochondr ies  de m6me que la 
pr6sence de mi tochondr ies  avant-courr i~res .  

D .W.  EDINGTON and  W.B.  McCAFFERTY 

The Commonwealth o] Massachusetts, University o/ 
2Kassachusetts, Dept. o/ Exercise Science, Muscle 
Biochemistry Laboratory, Amherst 
(Massachusetts 07002, USA), 24 November 7972. 

A Comparat ive  Study  of the Correlat ions  Ex i s t ing  in the Ratio Between  Nucleo lar  D i m e n s i o n s  
and N u m b e r  of Nucleol ini  in the Oocytes  of A m p h i b i a  

Introduction and methods. As ear ly  as 1910, CAJAL 1, 
had  been  able to  s h o w  t h a t  t he  nucleolus con ta ined  
a rgen tophi l  spherules,  which  he called ' in t ranucleo lar  
spherules ' .  In  add i t ion  to these  s t ructures ,  the  au tho r  had  
been  able to  ascer ta in  the  presence  of nucleolar  vacuoles,  
i solated granules and  the  nucleolini  no t ed  by  m a n y  
au thors  2. The nucleolini,  which  are found  in re la t ion to  
par t i cu la r  func t iona l  s tages  of t he  nucleolus3, 4, can be 
m a d e  to  d e m o n s t r a t e  well  w i th  the  m e t h o d  of p l a t i n u m  
chloride impregna t ion  5. They  are also p resen t  in the  
cells in v ivo and  have  the  charac ter i s t ic  of being h ighly  
ref rac t ive  3, 6, 7. 

In  the  oocytes  of Bu[o vulgaris, ALBANESE and  BOLO- 
GNARI 8 had  been  able to  ascertain,  by  s ta t i s t ica l  examina-  
t ion,  t h a t  the re  is a cor respondence  be tween  the  nucleolar  
granules and  the  d i ame te r  of the  nucleoli.  

Studies  carr ied out  also along these  lines by  BOLOOI~ARI 
and  CAMINITI 9 on mononuc leo la te  oocytes  of Echinus 
melo conf i rmed t h a t  these  nucleolini,  which  are absen t  in 
t he  smal les t  nucleoli,  become increasingly numerous  as 
t he  vo lume of the  nucleoli  increases.  In  order  to  see 
whe the r  th is  behav iour  is to  be found  in o ther  species, we 
t u rned  our  a t t e n t i o n  to  the  oocytes  of 2 Anouran  Amphi -  

blahs,  Rana esculenta and Discoglossus pictus, and  those  
of a Urode lan  Amphib ian ,  Triturus cristatus. We carried 
out  a s ta t i s t ica l  examina t ion ,  adop t ing  the  same cri ter ia  
t h a t  were used previous ly  s, so t h a t  we could also make  a 
compar i son  be tween  tile 3 species of Amphib ians .  For  the  
s ta t i s t ica l  examina t ion ,  carr ied out  on p repara t ions  t r ea ted  
b y  the  m e t h o d  of impregna t ion  wi th  p l a t i n u m  chloride, 
400 nucleoli  were considered for each species, t he  n u m b e r  
of nucleolini  p resen t  in each nucleolus being counted  and  
the i r  m a x i m u m  d iamete r  measured.  

1 S. RAIVION CAJAL, Trab. Lab. Invest. biol. Univ. Madr. 8, 27 (1910). 
2 T. H. MOSITGOMERY, J. Morph. 75, 265 (1898). 

A. BOLOG~ARI, Atti Soc. pelorit. Sci. fis. mat. nat. 8, 1 (1961).- 
4 M. P. ALBASESZ and A. BOLOGNARI, Caryologia J4, 329 (1961). 
5 A. BOLOGNARI, M. P. ALSANESE and A. DO~ATO, Boll. Soc. ital. 

Biol. sper. 35, 764 (1959). 
6 A. BOLOaNAR~, Archo. ZooI. ital. 4d, 53 (1959). 
7 A. t3OLOGNARI, Experientia 76, 307 (1960). 
s M. P. ALBAN~S~ and A. BOLOGNARI, Z. mikrosk.-anat. Forseh. 66, 

423 (1960). 
9 A. BOLOGNARI and M. CAMINITI, Experientia 28, 554 (1972). 


