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Vt V l V~ 1 -  VI----+ V----2 Z1GI_ 0 AG2_ ~ 
Vt 

(ml/kg) (ml/kg) (ml/kg) (%) (kcaI/mole) (keal/mole) 

763:t_ 27 163•  19 382:k47 29:k 7 4.7 -4- 0.7 2 .1 j :  0.5 

Conclusions and discussion. As m e n t i o n e d  before,  t he  2 
aqueous  c o m p a r t m e n t s ,  whose  vo lumes  are V 1 a n d  V2, do 
n o t  h a v e  al ly  u n a m b i g u o u s  a n a t o m i c a l  cor responden ts ,  
s imply  because  t h e y  are def ined on ly  on  t h e  basis  of t h e  
w a t e r  access ib i l i ty  for  diffusion exchange .  Never the less ,  
in  v iew of t he  r a p i d i t y  w i t h  w h i c h  t he  exchange  be tween  
t he  e x t e r n a l  so lu t ion  a n d  t he  f i rs t  t i s su la r  c o m p a r t m e n t  
(as expressed  b y  t he  q u a s i - s a t u r a t i o n  t i m e  zl) occurs, one 
can  infer  t h a t  th i s  c o m p a r t m e n t  is ex t race l lu lar ,  n a m e l y  
t h a t  i t  r ep resen t s  t he  in te rce l lu la r  space. Th i s  conclus ion  
is f u r t h e r  s u b s t a n t i a t e d  b y  t he  r a t h e r  10w free ene rgy  
change  AGI_0, w h e n  D20  passes  f rom t h e  e x t e r n a l  
so lu t ion  in to  th i s  c o m p a r t m e n t .  The  second aqueous  
c o m p a r t m e n t  of t he  nerve,  in to  wh ich  t h e  h e a v y  w a t e r  
i n t a k e  proceeds  m u c h  more  slowly, m o s t  p r o b a b l y  re- 
p resen t s  t he  axop lasmic  water .  The  fac t  t h a t  AG2_ 1 is 
even lower  t h a n  AG~_ o can  be  t e n t a t i v e l y  accoun ted  
for b y  a s suming  t h a t  w a t e r  passage  t h r o u g h  t he  con- 
j u n c t i v e  s h e a t h  s u r r o u n d i n g  t he  ne rve  is energe t ica l ly  
more  i m p o r t a n t  t h a n  t he  passage  t h r o u g h  t he  axo lemma.  
Anyhow,  b o t h  AGI_ 0 and  AG2_ 1 show t h a t  t h e  i n t a k e  
of h e a v y  w a t e r  in to  t h e  ne rve  is no t  a ccom pan ied  b y  

s ign i f ican t  ene rgy  changes ,  so t h a t  one can  conc lude  t h a t  
a t  leas t  70% of t h e  whole  ne rve  w a t e r  is a l m o s t  free for  
r ap id  diffusion exchange .  The  r e m a i n d e r  of up  to 30~o 
of the  n e r v e  w a t e r  is no t  revea led  b y  t he  d e u t e r i u m  oxide  
r ep lacement ,  a n d  t h u s  i t  appea r s  as e i the r  ' b o u n d '  or 
somehow ' o b s t r u c t e d '  water .  M a y b e  i t  is more  cor rec t  to  
call  t h i s  c o m p a r t m e n t  ' invis ib le '  f rom the  v i e w p o i n t  of 
the  p r e sen t  t echn ique .  The  s lowness of t he  overa l l  process  
of h e a v y  w a t e r  p e r m e a t i o n  in to  t he  t i ssue  is to  be a t -  
t r i b u t e d  m a i n l y  to t h e  spa t i a l  c o m p a r t m e n t a l i z a t i o n  t h a n  
to  differences  in  t he  s t a t e  of water .  These  conclusions  are  
in  v e r y  good a g r e e m e n t  n o t  on ly  w i t h  s imilar  inves t i -  
ga t ions  6, b u t  also w i t h  r ecen t  N M R  m e a s u r e m e n t s  on t h e  
muscle  10,11. 
A p rac t i ca l  i nd i ca t i on  ar i s ing  f rom th i s  s t u d y  is t h a t  in  t h e  
inves t iga t ions  of t he  physiological  effects of d e u t e r i u m  
on  the  m y e l i n a t e d  nerve ,  w h e n  d e u t e r i a t i o n  is o b t a i n e d  
b y  s imple  immers ion  in h e a v y  water ,  one should  wa i t  for 
severa l  t ens  of m i n u t e s  un t i l  h e a v y  w a t e r  replaces  l igh t  
wa te r  in t he  deeper  t i s su la r  c o m p a r t m e n t s .  
I t  is to  be  obse rved  t h a t  our  m e a s u r e m e n t s  are p rac t i ca l ly  
i n c o m p a t i b l e  w i t h  s t i r r ing,  wh ich  means  t h a t  t he  effect  
of t he  uns t i r r ed  layer  a t  t he  surface of the  t i ssue  is de 
facto  inc luded  in t he  results .  Anyhow,  th i s  effect  leads to  
an  a p p a r e n t  r a t e  of exchange  wh ich  is lower t h a n  t he  t r u e  
one, a f ac t  s t r e n g t h e n i n g  f u r t h e r  t he  above  conclusions.  

10 P. S. Belton, R. R. Jackson and K. J. Packer, Biochim. Biophys. 
Acta 286, 16 (1972). 
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Summary. W h e n  a 38% hepa t i c  r e sec t i on  (rat) is followed in 24-72 h b y  a 30~o hepa t i c  resec t ion  (in t he  same animal) ,  
in  v i t ro  cell su rv iva l  is obse rved  in l iver  r e m n a n t  t i ssue  r e m o v e d  a t  a n y  i n t e rva l  fol lowing the  s e c o n d  resect ion.  

Cells f rom the  l iver  r e m n a n t s  of wean l ing  or i m m a t u r e  
r a t s  su rv ive  in cu l tu re  w h e n  r e m o v e d  a t  a n y  i n t e r v a l  
fol lowing a large hepa t i c  resect ion1,  2. I n  m a t u r e  ra ts ,  
however ,  e m p l o y i n g  t he  same p r i m a r y  cu l tu re  t echniques ,  
on ly  cells r e m o v e d  f rom t he  hepa t i c  r e m n a n t  a t  i n t e rva l s  
g rea te r  t h a n  46 h fol lowing hepa t i c  resec t ion  su rv ive  in 
cul ture .  Th i s  r e p o r t  descr ibes  t he  inf luence  of a p r io r  
hepa t i c  resec t ion  on  t he  g r o w t h  capac i t y  of r e m n a n t  
l iver  cells (ma tu r e  ra t )  r e m o v e d  d u r i n g  th i s  ea r ly  ( <  46 h) 
in te rva l .  

S ix ty  200 g male  W i s t a r  r a t s  were sub jec t ed  to a med ia l  
l o b e c t o m y  (38% hepa t i c  resect ion).  A t  3 s u b s e q u e n t  
in te rva l s ,  i.e., 8 h, 24 h and  72 h, 20 of t he  same  an ima l s  
were s u b j e c t e d  to  a second (left) l ebec tomy.  This  would  
c o n s t i t u t e  a 30% hepa t i c  resec t ion  in t he  i n t a c t  ra t ,  b u t  
more  t h a n  t h a t  in th i s  s i tua t ion .  40 (control)  r a t s  h a d  
single 68% or 30% resect ions.  A t  i n t e rva l s  of 12, 24, 36, 
a n d  48 h fol lowing t he  second hepa t i c  resect ion,  an ima l s  
in  t he  e x p e r i m e n t a l  g roups  were  sacr i f iced a n d  l iver  t is-  
sue r e m o v e d  for cul ture .  A t  t h e  same  in t e rva l s  fol lowing 
t he  single (control)  resect ions,  t i ssue  was also ob ta ined .  
Tissue was  t a k e n  f rom t he  c a u d a t e  lobe, a n  a rea  n o t  
con t iguous  to p r io r  resection(s) .  

L ive r  t i ssue  f rom 5 ra t s  in  each  of t he  12 e x p e r i m e n t a l  
and  8 con t ro l  g roups  was combined ,  minced,  t he  cells 
d ispersed w i t h  t r y p s i n  so lu t ion  (0.25%), suspended  in 
Eag le ' s  m i n i m a l  essent ia l  m e d i u m  (MEM) and  coun ted .  
E a c h  cell pool  so fo rmed  was inocu la ted  in to  20 P e t r i  
dishes (1.8 • 106 cells/dish),  c o n t a i n i n g  MEM w i t h  20% 
feta l  calf  s e rum (FCS) addi t ive .  Cul tures  were m a i n t a i n e d  
a t  37 ~ in a n  i n c u b a t o r  f lushed w i t h  CO 2 and  refed w i t h  
the  same  media .  Af te r  2 days  in cul ture ,  v iab le  (a t t ached)  
cell popu l a t i ons  are r educed  to approx .  5% of t he  inoc- 
u lum.  Af t e r  16 days  in cul ture ,  cells a t t a c h e d  to  t he  p l a t e  
were r e m o v e d  w i t h  t r y p s i n  solut ion,  r e suspended  in M E M  
and  c o u n t e d  w i t h  a h e m a c y t o m e t e r .  

As n o t e d  in p rev ious  s tud ies  1, ~ the re  was no  cell sur-  
v iva l  in t i ssue  r e m o v e d  8, 24, a n d  36 h fol lowing a single 
hepa t i c  resect ion,  e i the r  30% or 68% (table, a a n d  b). 
A p r e l i m i n a r y  resec t ion  (38%) however ,  pe r fo rmed  24, 
40 or 72 h pr io r  to  a 30% resect ion,  resu l ted  in s u r v i v a l  

1 D. M. HAYS, Y. ]V[ATSUSHIMA, I. TEDO and A. TSUNODA, Proc. Soe. 
exp. Biol. Med. 138, 658 (1971). 

2 D. M. HAYS, Y. I-IIRAI, S. YOKOYAMA and K. NAKAJIMA , J. Surg. 
Res. 17,590 (1971). 
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Interval after single resection at which cells are removed for culture 
8 h 24 h 36 h 48 h 

a) Single 68% resection NG NG NG 546 ~ ~- 24 
b) Single 30% resection NG NG NG 1.68 4- 32 

Interval after second resection at which cells are removed for culture 
8 h 24 h 36 h 48 h 

c) 38% resection followed in 24 h by 30+ % resection 363 �9 :l= 37 243 q_ 23 396 ~= 30 413 ~ 33 
d) 385/0 resection followed in 40 h by 3 0 + %  resection 67 ~ 14 153 • 27 212 ~ 32 214 • 40 
e) 38% resection followed in 72 h by 3 0 + %  resection 101 =k 5 140 ~ 6 210 ~ 6 755 ~ 21 

~Number of cells/plate • 10 a (mean =z S.D.). NG = no growth. - Cell pools were formed from trypsin-dispersed regenerating liver tissue 
removed from 5 rats. The inocululn in each plate was 1.8 • 106 of these ceils. The figure for each tinle interval (above) represents the mean 
• S. D. in 20 plates with the same inoculum cultured for 16 days (see text.). 

of  cel ls  r e m o v e d  a t  al l  3 i n t e r v a l s ,  8, 24, a n d  36 h fo l l owing  
t h e  s e c o n d  r e s e c t i o n .  A s  in  p r e v i o u s  s t u d i e s ~ ,  2, t i s s u e  
r e m o v e d  48 h fo l l ow i ng  a n y  size of  r e s e c t i o n  (or r e s ec t i ons )  
g r e w  in  v i t r o  a n d  m a x i m u m  g r o w t h  w a s  a l w a y s  o b t a i n e d  
in  t i s s u e  r e m o v e d  a t  t h i s  i n t e r v a l  p o s t  r e s e c t i o n  ( tab le) .  
F o l l o w i n g  t h e  40 h a n d  72 h (2nd)  r e s e c t i o n s ,  cell  s u r v i v a l  
w a s  i n c r e a s e d  w i t h  e a c h  l e n g t h e n i n g  of  i n t e r v a l  p o s t  
r e s e c t i o n ,  i .e . ,  8 h p o s t  r e s e c t i o n  to  48 h p o s t  r e s e c t i o n .  

T h e  r e l a t i v e  f a i l u re  of  cel ls  f r o m  l ive r  to  f o r m  a m o n o -  
l a y e r  w h e n  t h e y  a r e  r e m o v e d  d u r i n g  t h e  i n i t i a l  i n t e r v a l  
( <  46 h) :fol lowing 6 8 %  h e p a t i c  r e s e c t i o n ,  e m p l o y i n g  t h i s  
c u l t u r e  t e c h n i q u e  is of  i n t e r e s t ,  a s  i t  is d u r i n g  t h i s  p r ec i s e  
p e r i o d  t h a t  al l  of  t h e  p r i n c i p a l  i n d i c e s  of  t h e  in  v i v o  re-  
p l i c a t i o n  of  cel ls  in t h e  r e m n a n t  l i ve r  d u r i n g  t h e  r e g e n e r -  
a t i v e  r e s p o n s e  r e a c h  a p e a k  a n d  d e c l i n e a - L  Cel ls  f r o m  
r e g e n e r a t i n g  l ive r  t i s s u e  c u l t u r e d  in  so f t  a g a r  a lso  h a v e  
m i n i m a l  c o l o n y  f o r m i n g  c a p a c i t y  w h e n  t h e y  a r e  r e m o v e d  
d u r i n g  t h i s  i n i t i a l  p e r i o d  fo l l owi ng  h e p a t i c  r e s e c t i o n ,  a n d  
a c t i v e l y  f o r m  co lon ie s  w h e n  t h e y  a re  r e m o v e d  l a t e r  
in  t h e  r e g e n e r a t i v e  r e sponseS ,  9. T h i s  ' g r o w t h  i n h i b i t i o n '  
i n t e r v a l  a p p e a r s  to  be  l o n g e r  in  t h e  m o u s e  t h a n  in  r a t s  s, 9, 
a s  is t h e  g e n e r a l  r e g e n e r a t i v e  r e s p o n s e .  

I t  m i g h t  be  a s s u m e d  t h a t  t h i s  r e l a t i v e  g r o w t h  i n h i b i -  
t i o n  w a s  r e l a t e d  to  t h e  e f f ec t  of  t h e  t r a u m a  of  t h e  l i ve r  
e x c i s i o n  p e r  se o n  r e m n a n t  cells,  p o s s i b l y  p r o d u c i n g  a n  
i n c r e a s e d  s u s c e p t i b i l i t y  to  t h e  a c t i o n  of  t r y p s i n ,  o r  in  
s o m e  o t h e r  w a y  d i r e c t l y  i n h i b i t i n g  c a p a c i t y ,  for  in  v i t r o  
g r o w t h .  F r o m  t h e s e  s t u d i e s  h o w e v e r ,  i t  a p p e a r s  t h a t  t h i s  
is n o t  t h e  case .  T h e  initial h e p a t i c  r e s e c t i o n  a p p e a r e d  to  
be  t h e  g o v e r n i n g  f a c t o r  in  e s t a b l i s h i n g  t h e  g r o w t h  p o t e n -  
t i a l  of  t h e  r e g e n e r a t i n g  l i ve r  cel ls  in  v i t r o .  A s e c o n d  re-  
s e c t i o n  w a s  n o t  f o l l o w e d  b y  a p e r i o d  of  g r o w t h  i n h i b i t i o n ,  
a p h e n o m e n o n  a l w a y s  s e e n  f o l l o w i n g  a s i ng l e  r e s e c t i o n .  
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Summary. M y o g e n e s i s  w a s  a c c e l e r a t e d  b y  a d d i t i o n  of b o n e  m a r r o w  cel ls  to  m u s c l e  m i n c e s  c u l t u r e d  in d i f f u s i o n  c h a m -  
bers .  T h i s  e f f e c t  w a s  i n h i b i t e d  b y  u s i n g  go l d  s u p p r e s s e d  b o n e  M a r r o w  cells .  

I t  is g e n e r a l l y  a g r e e d  t h a t  m u s c l e  r e g e n e r a t i o n  a f t e r  in -  
j u r y  is b r o u g h t  a b o u t  b y  a c t i v a t e d  s a t e l l i t e  cel ls  a n d  
c l e a v e d  m o n o n u c l e i  ( s u r r o u n d e d  b y  a s a r c o p l a s m i c  r im) ,  
w h i c h  p r o l i f e r a t e ,  f u s e  a n d  s y n t h e s i z e  m y o f i l a m e n t s  2,a. 
H o w e v e r ,  d i s t a l l y  a r i s i n g  cel ls  h a v e  n o t  b e e n  e x c l u d e d  as  
m y o b l a s t  p r e c u r s o r s ,  a n d  t h e  p r e s e n t  w o r k  w a s  u n d e r -  
t a k e n  t o  t e s t  s u c h  a p o s s i b i l i t y .  
T h e  e x p e r i m e n t s  we re  d o n e  o n  m u s c l e  m i n c e s  c u l t u r e d  in  
d i f f u s i o n  c h a m b e r s  e i t h e r  a l o n e  o r  m i x e d  w i t h  b o n e  
m a r r o w  cel ls .  T h e  m e t h o d  is n e a r e r  to  in  v i v o  c o n d i t i o n s  
a n d  is tess  t e c h n i c a l l y  d e m a n d i n g  t h a n  c o n v e n t i o n a l  
t i s s u e  c u l t u r i n g  4-~. T h e  c h a m b e r s  ( c a p a c i t y  of  0 .13 ml)  
we re  m a d e  o f  Mi l l ipo re  f i l t e r s  (0.22 ~xm a n d  0.45 v m  p o r e  

size) c e m e n t e d  t o  b o t h  s ides  of  a l u c i t e  r i n g  (13 m m  in  
d i a m e t e r ) ,  w i t h  a n  a c c e s s  ho l e  o n  t h e  s ide .  2 c h a m b e r s  
w e r e  i m p l a n t e d  i n t o  e a c h  p e r i t o n e a l  c a v i t y  of  y o u n g  
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