
15.2. 1968 Specialia 163 

Deoxyribonucleic  Acid Synthesis  in the Heart Mitochondria after Acute and Exhaust ive  Exercise 

In  a r ecen t  r epo r t  1 i t  was  shown  tha t ,  in dogs s u b m i t t e d  
to  acu te  and  exhaus t i ve  exercise by  m e a n s  of forced 
swimming ,  a m a r k e d  increase in t he  mi tochondr i a l  mass  
of t h e  m y o c a r d i u m  could be observed .  The  same exper i -  
m e n t ,  r e p e a t e d  in ra ts ,  ind ica ted  tha t ,  in associa t ion wi th  
t h e  increase  in t he  mi tochondr i a l  mass,  the re  appea red  
ev idence  of mi tochondr i a l  D N A  synthes is .  Six adu l t  r a t s  
of t he  Wis tax  s t ra in  were  forced to  swim for 90 min  in a 
t a n k  filled w i t h  w a r m  water .  A t  t he  s t a r t  of t he  exper i -  
m e n t  t he  an imals  were  in jec ted  i.p. w i t h  250/~c of t r i t i a t ed  
t h y m i d i n e  (Schwarz  Biores. ,  sp. ac t iv i ty  6 c m/Mol).  As 
cont ro ls  6 an imals  no t  s u b m i t t e d  to  exercise were  in jec ted  
w i t h  t he  s ame  dose of rad ioac t ive  mater ia l .  A t  t h e  end  of 
t he  exercise all t he  ra t s  were  killed wi th  a b low on the  
head,  t h e  h e a r t  was  exposed  and  smal l  pieces of each 
cav i ty  were  f ixed in 1% OsO 4 in p h o s p h a t e  buffer  2 and  
processed  for e lec t ron  microscope  s tudy .  The r ema inde r  
of t he  h e a r t  was  homogene ized  in 0 . 2 5 M  sucrose in a 
tissUe gr inder  w i t h  a Teflon pes t le  a n d  the  mi tochondr i a l  
f rac t ion  was  col lected according  to  FERNANDEZ MORAN'S 
t echn ique  s. The  mi tochondr i a l  f rac t ion  was  su spended  in 
0.25 M sucrose, e x t e n d e d  w i t h  a f ine b rush  on a lbumin ized  
slides and  covered  wi th  a t h in  film of Par lodion.  The  mi to-  
chondr ia l  smears  were  m o u n t e d  wi th  K o d a k  AR-10 s t r ip-  
p ing  film. Af te r  a 4-week-exposure  the  slides were  pro-  
cessed for r ad ioau tog raphy .  A f rac t ion  of each mito-  
chondr ia l  pel let  was  examined  wi th  phase - con t r a s t  and  
e lec t ron mic roscopy  in order  to  contro l  t he  p u r i t y  of the  
p repa ra t ions .  

The  e lec t ron  mic rographs  of the  h e a r t  muscle  cells of the  
an imals  s u b m i t t e d  to  exercise showed  the  exis tence  of in- 
t r a m i t o c h o n d r i a l  fibres. The  fibres were  general ly  seen as 
th ick  and  s t r a igh t  rods  f rom which  emerged  th in  fibrils 
(Figure 1). The  l eng th  of the  fibres was  variable,  and  

genera l ly  only  one was seen per  mi tochondr ion .  The  
general  appea rance  of t he  fibres was  s imilar  to  t h a t  
prev ious ly  r epo r t ed  in mi tochondr i a  f rom o t h e r  k inds  of 
cells 4-s and  cons idered  to be  DNA.  In  t he  con t ro l  an imals  
no i n t r ami t o ch o n d r i a l  f ibres were  found.  

The  r ad i o au t o g rap h s  of the  smears  of the  mi tochondr i a l  
f rac t ion  of the  an imals  s u b m i t t e d  to exercise showed  a 
m a r k e d  ac t iv i ty  ind ica ted  by  the  n u m b e r  of si lver gra ins  
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Fig. 2. Autoradiograph of mitoehondria after exercise. The emulsion, 
exposed for 4 weeks, shows great activity on the applied mitochon- 
dria. x 160. 

Fig. 1. Electron micrograph of heart muscle cells mitochondria after 
exercise. In 2 of them thick fibres may be seen in the matrix (arrows}. 
Uranium acetate stain. × 58,000. 

Fig. 3. Higher magnification of the autoradiograph of Figure 2 
showing silver grains on many mitoehondria visible in the back- 
ground. × 1250. 
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on  t h e  a reas  of t h e  app l i ed  m i t o c h o n d r i a  (Figures  2 a n d  3). 
I n  t he  con t ro l  a n i m a l s  no  d i f ference  w i t h  t h e  b a c k g r o u n d  
could  be  found .  T h e  p h a s e - c o n t r a s t  a n d  e l ec t ron  micro-  
scope s t u d y  of t h e  pe l le ts  p rocessed  for  r a d i o a u t o g r a p h y  
showed  t h a t  no  i n t a c t  cells or  nuc le i  were  p r e s e n t  (Figure  
4). 

The  presence  of D N A  in t h e  m i t o c h o n d r i a  ha s  been  
d e m o n s t r a t e d  b y  morpho log ica l  a n d  b iochemica l  m e t h o d s  
in severa l  p l a n t  a n d  a n i m a l  species 4-12. I n  a r e c e n t  p a p e r  
VOGEL a n d  KEMPER 13 s h o w e d  ev idence  t h a t  in  ex t r a -  

Fig. 4. Low power electron micrograph of one of the mitochondrial 
pellets employed for the autoradiographs. Most of the pellet appears 
to be composed of mitochondria. × 1800. 

cel lular  cu l t u r e s  of m u s h r o o m  m i t o c h o n d r i a ,  ac t ive  D N A  
s y n t h e s i s  a ssoc ia ted  w i t h  morpho log ica l  ev idence  of m i t o -  
c h o n d r i M  rep l i ca t ion  could  be  obse rved .  To  o u r  knowledge  
no  r e p o r t  ex i s t s  on  t h e  ex i s tence  of in  v ivo  m i t o c h o n d r i a l  
D N A  syn thes i s  in  m a m m a l i a n  t issues.  T h e  a p p e a r a n c e  
of i n t r a m i t o c h o n d r i a l  f ibres  t e n t a t i v e l y  iden t i f i ed  as D N A  
accord ing  to  morpho log ica l  cr i ter ia ,  a n d  t h e  c a p t a t i o n  of 
t r i t i a t e d  t h y m i d i n e  would  i nd i ca t e  t h a t ,  u n d e r  t h e  s t imu lus  
of acu t e  a n d  e x h a u s t i v e  exercise,  t h e  m i t o c h o n d r i a  of t h e  
h e a r t  musc le  f ibres  a re  c ap ab l e  of ac t ive  D N A  syn thes i s .  
W h e t h e r  a r e l a t i o n s h i p  ex is t s  b e t w e e n  t h e  D N A  s y n t h e s i s  
a n d  t h e  increase  in t h e  m i t o c h o n d r i a l  mass  c a n n o t  b e  
s t a t e d  w i t h  t h e  p r e s e n t  evidence .  H o w e v e r ,  i t  is t e m p t i n g  
to  specu la te  t h a t ,  as a r e sponse  to  t h e  increase  in  t h e  
e n e r g y  r e q u i r e m e n t s  of t h e  h e a r t  musc le  s u b m i t t e d  to  
enforced  exercise,  t h e  m i t o c h o n d r i a  would  r e p r o d u c e  in a 
s h o r t  t ime,  a n d  t h e  D N A  syn thes i s  wou ld  be  t h e  f i rs t  
s t ep  in th i s  rep l ica t ion .  

Resumen. Las  m i t o c o n d r i a s  del co razdn  de r a t a s  some-  
t i d a s  a n a t a c i d n  fo r zad a  m u e s t r a n  f i l a m e n t o s  cons ide rados  
m o r f o l d g i c a m e n t e  como  de A D N  y c a p t a n  t i m i d i n a  t r i -  
t i ada .  Sobre  la  base  de es tas  obse rvac iones  se sugiere  que  
las  m i t o c o n d r i a s  miocArdicas con  capaces  de  u n a  a c t i v a  
s intes is  de  A D N  como r e s p u e s t a  a r e q u i r i m i e n t o s  funcio-  
na les  agudos .  
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Distribution of Tetracycline-7~H in Subcellular Components of Normal and Tumor Tissues of the 
Albino Rat 

T h e  q u a n t i t a t i v e  d i s t r i b u t i o n  of t e t racyc l ine ,  4-d ime-  
t h y l a m i n o -  1, 4, 4a, 5, 5a, 6, 11 ,12a-octahydro-3 ,  6,10,12,  12a- 
p e n t a h y d r o x y -  6 - m e t h y l -  1 -11 -d ioxo-  2 - n a p h t h a c e n -  ca rb -  
o x a m i d  (TTC), in  n o r m a l  cells, t i ssues  a n d  o r g a n s  h a s  
b e e n  t h e  s u b j e c t  of a n u m b e r  of i nves t i ga t i ons  d u r i n g  t h e  
p a s t  15 yea r s  l-s. I n  t u m o r  t i ssues  t h e  u p t a k e  of TTC has  
b e e n  desc r ibed  as be ing  l imi ted  to  a n a p l a s t i c  t issue,  as 
b e n i g n  t u m o r s  do  n o t  e x h i b i t  TTC f luorescence;  RHODES9 
a n d  MALEK 1° h a v e  also s t a t e d  t h a t  TTC f luorescence  is 
g r ea t e s t  in  t h e  m o s t  necro t ic  regions  of t u m o r s .  I n  s u p p o r t  
of t h e i r  o b s e r v a t i o n s  MILCH n ha s  p roposed  t h a t  t he  m o s t  
nec ro t i c  reg ion  is t h e  a r ea  whe re  TTC is ' a c t i v a t e d '  t o  
f luoresce b y  t h e  f o r m a t i o n  of c h e l a t e - t y p e  b o n d  w i t h  a 
c a l c i u m - p o l y p e p t i d e  c o m p l e x  wh ich  ha s  b e e n  re leased  b y  
ly t ic  ac t ion .  DUBUY 1. r epo r t s  t h a t  T T C  h a s  a se lec t ive  
loca l iza t ion  in t he  m i t o c h o n d r i a l  a n d  m i c r o s o m a l  com-  
p o n e n t s  of cells, a n d  p r e s u m a b l y  t he se  are  t h e  subce l lu la r  
c o m p o n e n t s  w i t h  t he  g r e a t e s t  a m o u n t  of Ca++ or  o t h e r  
meta l l i c  ca t ions  or  p o l y p e p t i d e  ava i l ab l e  for  in t e r ion ic  
bond ing .  Since t h e  f luorescen t  m e a s u r e m e n t  of TTC in 

t i ssues  m a y  be  l imi ted  b y  t h e  a m o u n t  of Ca ++ or poly-  
p ep t i d e  ava i lab le ,  we h a v e  exp lo red  t h e  poss ib i l i ty  of 
u t i l i z ing  t r i t i u m - l a b e l e d  T T C as  a m e a n s  of q u a n t i t a t i o n .  
Th i s  p a p e r  p r e sen t s  t h e  r e su l t s  of o u r  s t u d y  on  t h e  dis- 
t r i b u t i o n  of t h i s  m a t e r i a l  in  v a r i o u s  cell  f r ac t i ons  of 
n o r m a l  a n d  t u m o r  t issue.  

Materials and methods. F e m a l e  S p r a g u e - D a w l e y  ra ts ,  
140-150 g, age 50 days ,  were o b t a i n e d  f rom a local  s u p p l y  
house  a n d  m a i n t a i n e d  on  l a b o r a t o r y  chow a n d  w a t e r  ad  
l i b i t um.  Af te r  r a n d o m  div is ion  in to  con t ro l  a n d  exper i -  
m e n t a l  groups ,  ha l f  t h e  a n i m a l s  were  i nocu la t ed  w i t h  TC 
s a r co ma- l i n e  No. 21 celts 18 o b t a i n e d  f rom donor s  of t h e  
s a m e  s t r a in .  T h e  t r y p s i n i z e d  ceils (6.05 × 10 ~ cells/0.1 
c m  ~) were  s u s p e n d e d  in  0.2 c m  3 Eag le ' s  so lu t ion  a n d  
i n j ec t ed  s.c. a t  a s i te  l a t e ra l  to  t h e  n ipp le  l ine  whi le  
con t ro l  a n i m a l s  rece ived  a n  equa l  v o l u m e  ol  sa l ine  
vehicle .  

F ive  days  a f t e r  inocu la t ion ,  t u m o r s  could  be  p a l p a t e d  
a t  t h e  in j ec t ion  site. A t  th i s  t i m e  10 a n i m a l s  were  each  
in j ec t ed  w i t h  8.0/~c of t r i t i a t e d  T T C  (sp. act .  1.47 × 1011 


