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e n d u r a n c e - t y p e  d e m a n d s  of t r e a d m i l l  r u n n i n g  is com- 
pa t i b l e  w i t h  t he  a p p a r e n t  se lect ive  use of red  f ibers  as 
s h o w n  w i t h  g lycogen deple t ion .  

CARROW et  al. ~ r epo r t ed  g rea t e r  cap i l l a r i ty  increases  
in  w h i t e  regions  of t h e  ga s t rocnemius  t h a n  in  t h e  red  
regions  of t h e  s ame  muscle .  His  m e t h o d  did  no t  inc lude  
e s t ab l i sh ing  t h e  t y p e  of each  f iber  such  as was  done  w i t h  
N A D H - D  in th i s  s t u d y ;  r a the r ,  zones were selected for 
e x a m i n a t i o n .  W e  found  in our  sect ions  t h a t  even  in 
w h i t e  a reas  s ign i f i can t  q u a n t i t i e s  of red f ibers  were 
p resen t .  T h u s  a n  increase  in cap i l l a r i ty  in  t he  wh i t e  

Mean number of capillaries in contact with muscle fibers of various 
histoehemieal classifications 

zone could h a v e  b e e n  due  s imp ly  to  an  increase  in capil-  
l a r i ty  of t he  red fibers. 

No s tudies  he re to fo re  cons idered  no r  showed  a n y  
change  in cap i l l a r i ty  w i t h  respec t  to  f iber  t y p e  fol lowing 
~n exercise t r a i n i n g  p rog ram.  Th i s  s t u d y  shows a se lect ive  
effect  on  red f ibers  a n d  is c o m p a t i b l e  w i t h  p rev ious  d a t a  
showing  a g rea te r  a c t i v i t y  of red  t h a n  wh i t e  f ibers  in  
e n d u r a n c e  t y p e  exercise 11. 

Rdsumd. Le dressage des cochons  d ' I n d e  sur  u n  m o u l i n  
de discipl ine  a u g m e n t e  la capi l lar i t6  des f ibres  muscu-  
laires  rouges,  t a n d i s  que  les f ibres b l anches  et  in te r -  
m6dia i res  ne  c h a n g e n t  pas.  Ces r6su l t a t s  son t  compa t i b l e s  
avec  les donn6es  p r6c6den tes  qu i  conse i l len t  d ' e m p l o y e r  
de pr6f6rence les f ibres  rouges dans  les exercices de 
r6sis tance.  

White Moderate Red Inter- 
mediate b 

Control(4) 3 .9•  4 .6 •  4.54-0.2 5.34-0.3 
n ~ 74 26 22 265 

Exper.(4) 3.84-0.4 4.94-0.4 5.84-0.3 ~ 5 .2~0.1  
n 69 42 50 275 

Significant difference between control and experimental (P  < 0.05). 
b Intermediate fibers taken from 6 soleus muscles, o n, number of 
fibers. 
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D i v e r g e n c e  of the  in v i tro  and in v ivo  E x t r a c e l l u l a r  Space  M e a s u r e m e n t s  in Hear t  M u s c l e  

As has  a l r eady  been  pub l i shed ,  t he  ex t race l lu la r  space 
i nd i ca to r  inu l in -ca rboxy l -C  14 d id  no t  d i s t r i b u t e  u n i f o r m l y  
in t h e  h e a r t  musc le  in  v i t ro ,  whi le  in  v ivo  a nea r ly  h o m o -  
genous  d i s t r i b u t i o n  could be  d e m o n s t r a t e d  1. I n  a suc- 
ceeding  e x p e r i m e n t a l  series, however ,  we fai led also to  
f ind  a fa i r ly  u n i f o r m  i n d i c a t o r  d i s t r i b u t i o n  in t he  myo-  
c a r d i u m  in v ivo  (Table).  The  e x p e r i m e n t s  were pe r fo rmed  
in t he  same  t issue,  n a m e l y  t h e  left  v e n t r i c u l a r  wal l  of 
t he  h e a r t s  of female  Sy r i an  golden h a m s t e r s  (London  
School  of Hyg iene- s t r a in ) ,  a n d  u n d e r  r a t h e r  iden t i ca l  
cond i t ions  as p rev ious ly  descr ibed  ~. As t he  r eason  of th i s  
a p p a r e n t  d i sc repancy ,  we c la im t h e  dev i a t i on  in t h e  t i ssue  
sl icing t echn ique .  Former ly ,  t he  m y o c a r d i a l  piece was 
sec t ioned  in to  a nea r ly  cube- l ike  cen t r a l  p a r t  and  in to  a 
t o t a l  of 6 p e r i p h e r a l  p a r t s  (one for each  face of t he  cube),  
whi le  now we pre fe r red  to  get  a r e c t a n g u l a r  cen t r a l  pa r t ,  
p a y i n g  more  a t t e n t i o n  to  t he  midd le  l ayer  of t he  ven-  
t r i cu l a r  wal l  (Figure  1). Never the less ,  we refer red  to  t he  
p rev ious  we igh t  p r o p o r t i o n  of a b o u t  1 to  3 be tween  
cen t r a l  a n d  pe r iphe ra l  pa r t s .  

S ta t i s t i ca l ly  exac t  e v a l u a t i o n  of t h e  in  v ivo  resu l t s  
showed  s ign i f i can t ly  less i n d i c a t o r  in  t h e  cen te r  of t he  
m y o c a r d i a l  wal l  t h a n  in i ts  p e r i p h e r y  s imi la r  to  t he  in  
v i t ro  resu l t s  ga ined  b y  a n  iden t ica l  s l icing t e c h n i q u e  
(p < 0.01, s ign- tes t )  (Table).  Y e t  a compar i son  of b o t h  
m e t h o d s  d e m o n s t r a t e d  in t he  cen te r  a s ign i f i can t ly  
h ighe r  (p < 0.05, Wi lcoxon- te s t )  a n d  in t h e  p e r i p h e r y  a 
s ign i f i can t ly  lower (p < 0.01, Wi lcoxon- tes t )  c o n t e n t  of 
i n d i c a t o r  in  v ivo  t h a n  in v i t ro .  

F r o m  t h e  resu l t s  descr ibed  a b o v e  i t  is conc luded  t h a t  
t he  ex t race l lu la r  space in t he  v e n t r i c u l a r  wal l  is va r iab le .  
This  r eason ing  m a y  be  exp la ined  b y  morpho logy .  I n  
m a m m a l i a n  h e a r t s  co rona ry  ar ter ies  a n d  ve ins  are loca ted  

in t i le ep ica rd ium,  whi le  in  t h e  i nne r  l ayer  t h e r e  are  
i n t e r t r a b e c u l a r  s inusoids.  I n  add i t i on  t he re  are  also 2 
n e t w o r k s  of l y m p h a t i c s  in  t h e  hea r t ,  one in t h e  epicar-  
d i u m  a n d  t he  o the r  in  t h e  e n d o c a r d i u m  ~. These  ex t ra -  
cel lular  c o m p a r t m e n t s  are miss ing  in t h e  midd le  l ayer  
of t he  v e n t r i c u l a r  wall. I n  add i t ion ,  t h e  inne r  and  ou t e r  
l ayer  does no t  on ly  cons is t  of m y o c a r d i u m  b u t  also of 
f a t t y  and  connec t ive  t issue, wh ich  m i g h t  h a v e  qu i t e  
a n o t h e r  i n t e r s t i t i a l  space t h a n  t he  pu re  m y o c a r d i u m  of 
t he  midd le  layer.  I n  order  to  ref lect  those  morpho log ica l  
charac ter i s t ics ,  t he  in v ivo  a n d  in v i t ro  m e t h o d s  seem 
to  be  equ iva len t ,  a n d  i t  m a y  solely depend  on  t h e  way  
ti le t i s sue  is sect ioned.  B u t  i t  is wor thwh i l e  to  p o i n t  o u t  
t h a t  in  our  p rev ious  in v i t ro  e x p e r i m e n t s  a s imi la r  
i nd i ca to r  d i s t r i b u t i o n  p a t t e r n  could be  discovered,  t h o u g h  
c u t t i n g  ou t  a cube- l ike  cen t r a l  pa r t ,  whi le  u n d e r  in  v ivo  
cond i t ions  th i s  could no t  be revea led  1. Hence  i t  is v e r y  
doub t fu l  w h e t h e r  t he  in v i t r o  d a t a  do rea l ly  r ep re sen t  
morpholog ica l  cha rac te r i s t i c s  of t h e  v e n t r i c u l a r  wal l  or 
w h e t h e r  t h e y  are  on ly  all i n d i c a t o r  of pecular i t i es  due  to  
t h e  in  v i t r o  t echn ique .  T h a t  t h e  l a t t e r  is more  l ike ly  
m a y  be  infer red  f rom a compar i son  of t he  in  v i t ro  a n d  
in v ivo  resul t s  (Table).  The  s t r i k ing  d i s c r epancy  of t h e  
i nd i ca to r  d i s t r i b u t i o n  be tween  b o t h  m e t h o d s  seems to  
be  a consequence  of t i s sue  d a m a g e  p a r t l y  b y  c u t t i n g  t h e  
m y o c a r d i u m  pr io r  to  i n c u b a t i o n  a n d  also b y  swelling, 
vacuo l i s a t ion  and  myolys i s  d u r i n g  ti le i ncuba t i on .  These  

1 K. LOSSNITZER and T. F. KELLEY, Experientia 2d, 126 (1968). 
A. HARRY and B. M. PATTEN, ill PcLthology o] the Heart, 2nd edn 
(Ed. S. E. Gould; Charles C. Thomas Publisher, Splingfield 1960), 
p. 93. 
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Myocardial indicator content 
in vitro in vivo 

Tissue parts Tissue parts 

Superficial Central Superficial Central 

2077 1180 1781 1563 
2551 858 1765 1459 
3347 1812 1842 1524 
2542 913 1714 1474 
3108 1615 1745 1345 
2895 1371 1923 1560 
3090 1529 1783 1480 
2430 1000 1701 1517 
2782 1189 1879 1575 
2301 939 1761 1400 
2476 756 1601 1321 

2691 1197 1772 1474 
4-368 4-327 4-90 4-89 

The single data are expressed as dpm/100 mg wet weight of myo- 
eardium and summarized as the mean -4-S.D. They are based on 
a level of 10,000 dpm/75 ~t of radioactivity in the serum and in the 
incubation fluid respectively 

Fig. 2. Swelling, vacuolization and myocytolysis of myocardial cells 
of the left ventricular wall after 60 rain of in vitro-incubation. The 
heart muscle piece was excized from the heart of a 104-day-old 
healthy female Syrian golden hamster of the London School of 
Hygiene-strain (hematoxylin-eosin), X 400. 

Epicardium 

Endocardium 

Fig. 1. In previous experiments the myocardial piece was sectioned 
in a cube-like (ii.-') central part, 'while now a rectangular eer~tral 
part ([~) was excized. The new slicing patteru corresponds to the 
morphological characteristics of the ventricular wall; which consists 
of 3 different layers: endoeardium with adjacent myocardial area, 
pure myoeardium, and myoeardium with epicardium. 

histological  p h e n o m e n a  are d e m o n s t r a t e d  in Figure 2 and 
are a s sumed  to  or ig inate  in t he  s tands t i l l  of con t rac t ion  
and  c i rcula tory  funct ions.  There  also exis t  2 over lapping  
processes as a func t ion  of t ime,  i.e., the  t issue deter iora-  
t ion and  t h e  indica tor  pene t r a t i on  in to  the  cent ra l  par ts .  
Swollen cells as well as mater ia l  f rom myolyzed  cells 
occluding the  diffusion ways  m a y  h inder  t he  indica tor  
in pene t r a t i ng  the  tissue. In  add i t ion  an emigra t ion  of 
red blood cells f rom the  t issue in to  the  sur rounding  
incuba t ion  m e d i u m  can be observed by  the  naked  eye. 
The  same process  is also bel ieved to  occur for o the r  

substances ,  i.e., hyaluronic  acid and  o ther  macromole-  
cules, which  are known  to exclude inulin f rom a homo-  
genous d i s t r ibu t ion  a. Since those  par t ic les  ma in ly  emerge 
f rom per iphera l  in ters t i t ia l  and vascular  spaces, this  
p h e n o m e n o n  migh t  be a t t r i b u t e d  to the  unequal  indica tor  
d i s t r ibu t ion  in vi tro.  

The f indings descr ibed above d e m o n s t r a t e  t h a t  there  
is no homogenous  extracel lu lar  space t h roughou t  t h e  
vent r icu la r  wall  of the  m a m m a l i a n  hea r t  and  also t h a t  
the  in vi t ro  approach  of extracel lu lar  space measure-  
m e n t s  does no t  reproduce  normal  or o ther  in v ivo con- 
dit ions,  which  are l ikely to be explored.  Therefore  in v i t ro  
results  are h ighly  quest ionable .  

Zusammen/assung. Extraze l lu lXrraumindika torver te i -  
lung ist  in v ivo und in v i t ro  unterschiedl ich ,  t ro tz  ~ihn- 
l icher Tendenz.  Das 3/Iyokard ver / inder t  sich wXhrend 
der in -v i t ro - Inkuba t ion .  Deshalb  erscheint  es unm6glich,  
in v i t ro  normale  beziehungsweise  in vivo her r schende  
Extrazellul/irr~iume zu messen.  
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Measurement of Collateral Flow in Experimental  Coronary Occlusion 

The cur ren t ly  avai lable me thods  to  s t u d y  coronary  
collateral  c irculat ion af ter  acute  or chronic occlusion of 
coronary  arteries, which  include backf low measurements ,  
e lec t romagnet ic  f lowmeter  methods ,  clearance studies,  
c inear te r iography  and corrosion cas t  techniques ,  are 
imper fe t l ,  2. A recent ly  descr ibed au torad iographic  tech-  
nique 3 to  assess the  d i s t r ibu t ion  of blood flow wi th in  
organs has therefore  been used to es t imate  regional 

myocard ia l  blood flow af ter  acu te  l igat ion of coronary  
arteries.  

The m e t h o d  is based on the  appl ica t ion  of small  radio-  
ac t iv i ty  labelled particles,  which  do no t  pass  t h rough  
the  sys temic  capillaries. If  a ca l ibra ted  a m o u n t  of the  
par t icu la te  mate r ia l  is in jec ted  in to  the  sys temic  circula- 
tion, its d i s t r ibu t ion  represents  the  regional  d i s t r ibu t ion  
of blood flow, p rov ided  the  indica tor  is comple te ly  mixed  


