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the  cortisol  concen t ra t ion  was var ied f rom 0.25 mM to 
1.0 mM and the  5a-andros tane-3 ,  17-dione concen t ra t ion  
f rom 0.06 mM to 0.35 mM. 
Af te r  10 sec, the  incuba t ion  was s topped  by  pour ing the  
suspens ion  into ice-cold s topp ing  solut ion (2 mM HgC12, 
310 mM NaC1, 1.25 mM KJ) .  The fu r ther  exper imenta l  
p rocedures  have  been descr ibed before ~, s. 
Results and discussion. As has been  described,  the  regions 
of h u m a n  e ry th rocy tes ,  where  the  glucose t r anspo r t  is 
occurring, change  the i r  physical  s t a t e  a t  a t e m p e r a t u r e  
of abou t  20~ this  leads to  d i f fe rent  a p p a r e n t  act iva-  
t ion  energies (~x) above  and  below the  t r ans i t ion  t emp e ra -  
ture.  Figure 1 shows t h a t  a phase  t r ans i t ion  can be ob-  
served as well in the  presence  of the  inves t iga ted  s teroid 
hormones  cortisol and 5e-andros tane-3 ,17-d ione .  The 
t rans i t ion  t e m p e r a t u r e  does no t  change by  addi t ion  of 
the  s teroids  into the  incuba t ion  medium.  F r o m  the  slopes 
of the  Arrhenius  re la t ion i t  follows, however ,  t h a t  the  
hormones  have  an influence on the  ~-values of the  glucose 

Parameters for the change of the physical state of the erythrocyte 
membrane caused by 2 steroid hormones 

Steroid in Apparent activation Hill coefficients for the 
the medium energy (kcal) of inhibition of 

glucose transport glucose transport 
with hormones 

Above the transition 
temperature : 

0 7.3 
Cortisol 11.1 
5~-andro- 13.5 
stane-3, 17:dione 

1.0 at 25~ 
-1.2 at 25 ~ 

Below the transition 
temperature : 

0 20.0 
Cortisol 24.3 0.9 (at 10 ~ 
50r 23.5 -1.1 (at 10~ 
stane-3, 17-dione 

up take  b o t h  above and below the  t r ans i t ion  t empera tu re .  
The da t a  in the  table  show tha t ,  below the  t rans i t ion  
t empera tu re ,  the  influence of the  two steroids on the  
increase of the  a p p a r e n t  ac t iva t ion  energy  is small  and  
similar (about  20%). Above  the  t r ans i t ion  t empera tu re ,  
the  effect  is marked ly  higher.  The increase of the  a p p a r e n t  
ac t iva t ion  energy  by  5e-andros tane-3 ,  17-dione is abou t  
8 5 0 ,  whereas  t h a t  of cortisol  is a b o u t  55%. An increase 
in [x for react ions  ca ta lyzed  by  m e m b r a n e - b o u n d  en- 
zymes has  been a t t r i b u t e d  to a reduc t ion  of m e m b r a n e  
f lu idi ty  9. 
I t  is easy  to  realize t h a t  the  inf luence of the  s teroids  on 
the  decrease of the  m e m b r a n e  f luidi ty  is h igher  above  
the  t r ans i t ion  t empera tu re ,  since a t  th is  t empe ra tu r e -  
range the  m e m b r a n e  f luidi ty  is enhanced  (in the  absence 
of these  compounds) .  A t  lower t empera tu re - range ,  on the  
o the r  hand ,  where  m e m b r a n e  f lu idi ty  is a n y w a y  reduced,  
a fu r the r  marked  reduc t ion  can n o t  be achieved by  the  
hormones .  The fact  t h a t  cort isol  is a compet i t ive  and  
5e-andros tane-3 ,  17-dione is a non-compe t i t ive  inhibi tor  
of glucose t r a n s p o r t  7 obviously  does no t  p lay  any  role. 
The Hill  coefficients of the  inhibi t ion of some m e m b r a n e  
enzymes  were used as a cr i ter ion of the  m e m b r a n e  f lu idi ty  
of ra t  e ry th rocy te s  10. F r o m  our expe r imen t s  (figure 2 a, b 
and table),  i t  can  be seen t h a t  the  Hill  coefficients of the  
glucose t r a n s p o r t  inhibi t ion by  the  two  steroid com- 
pounds  also show stat is t icaIIy d i f fe rent  values (for 10~ 
and 25~ p < 0.0005). 
Above  the  t rans i t ion  t empera tu re ,  the  absolute  values 
of the  Hill  coefficients are h igher  t h a n  below (for cortisol  
p < 0.0005, for 5 e-andros tane-3 ,  17-dione p < 0.01). This  
poin ts  to a h igher  m e m b r a n e  f lu idi ty  above the  t rans i t ion  
t empera tu re .  The in t e rp re t a t ion  of the  re la t ionship  be- 
tween  the  Hill  coefficient  and m e m b r a n e  f luidi ty is still  
u n c l e a r  11. 

8 L. Lacko, B. Wittke and P. Geck, J. Cell. Physiol. 82, 213 (1973). 
9 H. K. Kimelberg, Biochim. Biophys. Aeta d13, 143 (1975). 

10 M. G. Galo, B. Bloj and R. N. Farias, J. Biol. Chem. 250, 6204 
(1975). 

t l  E. M. Massa, R. D. Morero, B~ Bloj and R. N. Farias, Biochem. 
biophys. Res. Commun. 66, 115 (1975). 

H e a v y  w a t e r  in take  in t i s s u e s .  II. H20-D~O e x c h a n g e  in the  m y e l i n a t e d  nerve  of the  frog  1 
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Summary, The kinet ic  p a r a m e t e r s  of D20 intake in t he  frog sciatic ne rve  are ob ta ined  by  means  of infrared spectro-  
scopy. 3 aqueous c o m p a r t m e n t s :  a non-exchangeab le  one (m29~o) and 2 c o m p a r t m e n t s  of quasi-free exchangeable  
wa te r  : ~ 50 % intracel lular  and  ~ 21% extracellular ,  are revealed.  

A great  deal of expe r imen ta l  s tudies  have  been devo ted  
to t he  effects of h e a v y  wa te r  on various biological sys- 
tems'~, ma in ly  because the  use of D20 is the  easiest  w a y  
to replace a normal ly  occurr ing isotope (1H) wi th  i ts  
h e a v y  isotope (2H or D), whose mass  rat io is the  grea tes t  
among  those  of all s table  isotopes.  At  the  same t ime,  th is  
considerable  a t t en t i on  is m o t i v a t e d  also by  the  as- 
sumpt ion  t h a t  the  r ep lacemen t  of l ight  wa te r  wi th  D~O 
could reveal  the  pa r t i c ipa t ion  of wa te r  in various bio- 
logical processes 3. However ,  no molecular  unde r s t and ing  
of deu te r ium isotope effects is so far avai lable;  large 
discrepancies  and  deba tes  still pers is t  w i th  respect  to  the  
significance of cer ta in  d a t a  4. In  our opinion,  th is  m a y  be 
pa r t l y  due to  t he  insuff ic ient  knowledge of the  t ime  

course of D~O incorpora t ion  in to  each biological object .  
While  no t  dealing at  all w i th  deu te r ium isotope effects on 
the  nerve,  the  aim of the  p resen t  inves t iga t ion  is twofold : 
a) to ob ta in  the  kinet ical  pa r ame te r s  of h e a v y  wa te r  in- 
take  in the  nerve,  and b) to reveal  in a p roper  way  the  

1 The first communication in this series is V. Vasilescu, D.-G. 
M~rgineanu and Eva Katona, Naturwiss. 62, 187 (1975). 

2 J. J. Katz and R. L. Crespi, in: Isotope Effects in Chemical 
Reactions. Ed. C. J. Collins and N. S. Bowman. Van Nostrand, 
New York 1971. 

3 S. Lewin, Displacement of Water and its Control of Biochemical 
Reactions, ch.' 8. Academic Press, London 1974. 

4 L. Bass and W. J. Moore, Prog. Biophys. mol. Biol. 27, 145 (1973). 
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d i s t r ibu t ion  of wa te r  in th is  t issue. This la t te r  aspect  is 
essent ial  for t he  accura te  es t imat ion  of all intracel lular  
concentra t ions .  In  con t rad i s t inc t ion  to the  a t t e m p t s  a t  
measur ing  the  extracel lular  space by  means  of large mar-  
ker molecules t h a t  are assumed to  remain  extracel lular  5, 
t he  use of D20 has t he  essent ial  advan tage  of avoiding the  
p e r m a n e n t  source of errors entai led by  the  surface adsorp-  
t ion of these molecules. Similar inves t igat ions  were re- 
por t ed  on the  sm oo th  and  s t r ia ted  muscles 6, b u t  wi th  the  
use of a d i f ferent  t echn ique  and wi th in  a r a the r  d i f ferent  
conceptua l  f ramework.  
Materials and method. Measurements  were made  On frog, 
R. temporar ia ,  sciatic nerves,  t aken  f rom male animals  
w i th  a weight  of abou t  30 g. Each  nerve is weighed (with 
a 10 4 g sens i t iv i ty  balance) and the  pa rame te r s  of its 
exci tabi l i ty  (rheobase and  chronaxie) are de te rmined  by  
s t anda rd  electrophysiological  procedures.  At  0 t ime  a 
bundle  of 4 sciatic nerves,  wi th  the i r  endings f i rmly t ied,  
is placed in 99.7% D20-Ringer  solution. 
The subs t i tu t ion  of the  ex te rna l  D20 for the  t issue wa te r  
is followed up by  means  of the  opt ical  absorpt ion ,  E, of 
the  ba th ing  solution at  ,~ = 1470 rim. At  this  wave leng th  
(in the  near  infrared) H20 has one of its max ima  of 
absorpt ion,  while D20 does no t  absorb  at  all, so t h a t  the  
ex t inc t ion  is p ropor t iona l  to the  concen t ra t ion  rat io 
H20/D20 7. The opt ical  absorb t ion  is measured  by  a 
Hi tach i  EPS-2  spec t romete r  wi th  a P b S  photocel l  as 
infrared detector .  The cal ibra t ion of the  me thod  indicates  
a resolut ion of 0.25% in the  values of H20/D~O ratio.  The 
t empe ra tu r e  a round  the  vessel is regula ted by  the rmo-  
s t a t ed  water  c irculat ion and  a Cu-Cons tan tan  thermo~ 
couple allows its moni tor ing  jus t  near  the  tissue. 
Af ter  following up (for abou t  60 min) the  H20-D20 ex- 
change, the  nerves were again weighed. This control  
shows a weight  increase of less t han  5%, which allows us 
to consider,  in the  theore t ica l  t r ea tmen t ,  t h a t  the  h e a v y  
water  intake in the  t issue is cont inuously  balanced by  an 
equal  water  outflow. After  this weighing, the  exci tabi l i ty  
of the nerves was once again checked, and in all the  cases 
it remained  pract ica l ly  unal tered,  inspire of the  impos-  
sibil i ty of oxygena t ing  the  ba th ing  solut ion during the  
exper iment .  Even tua l ly  the  nerves were dried to cons t an t  
weight  at  105~ in order  to obta in  the i r  to ta l  water  
con ten t :  Vt. 
A complete  expe r imen t  comprises  also the  effect  of t em-  
pera tu re  on the  ra te  of D~O intake in the  tissue. Accord-  
ingly, in each case the  exchange  was first  followed up at  
a given t empe ra tu r e  T on a bundle  of sciatic nerves f rom 
the  r ight  legs of 4 animals,  the  cor responding  left nerves  
being kep t  in the  animals  unti l  the  same exchange was 
followed up on t h e m  at  the  t e m p e r a t u r e  T '  (usually T '  
=- T q- 10). The opt ical  absorp t ion  of the  solut ion is re- 
corded once per rain, excep t  for the  first  minu te  which is 
t aken  to handle  and to ad jus t  the  expe r imen ta l  set t ing.  
Computations. The t ime dependence  of the  expe r imen ta l  
values of the  ext inct ion,  E(t),  is accura te ly  expressed as 
a b iexponent ia l  funct ion:  

E(t) - All exp(-c~t)] -b B[1 -exp( fit)] (1), 

whose pa rame te r s  A, B, c~, fl are ob ta ined  by  numer ica l  
f i t t ing  on an IBM-370 computer .  These pa rame te r s  are 
indicat ive  of the  ra te  of water  exchange for deu te r ium 
oxide and of the  t issue space accessible to D~O. 
A complete  m a t h e m a t i c a l  descr ipt ion of wa te r  distr i-  
bu t ion  in a series of t issular  c o m p a r t m e n t s  was publ i shed  
elsewhere as a theore t ica l  model  s. In  t h a t  descript ion,  
which  offers the  compu ta t iona l  f rame for the  exper imen-  
ta l  da t a  p resen ted  here, the  various wa te r  c o m p a r t m e n t s  
are defined solely on the  basis of wa te r  accessibil i ty for 
diffusion exchange,  in passing over  energy  barr iers  sep- 

a ra t ing  the  c o m p a r t m e n t s .  Obviously,  th is  cr i te r ion  
allows us to  consider  only a series a r ray  of c o m p a r t m e n t s ,  
w i t h o u t  any  a priori  ana tomica l  correspondence .  Based 
on t h a t  general  descript ion,  we res t r ic t  ourselves to re- 
p resen t ing  nerve  wa te r  as d i s t r ibu ted  in only 2 d is t inguish-  
able c o m p a r t m e n t s  of volumes  V 1 and  V2, only  the  com- 
p a r t m e n t  1 being in di rect  co n t ac t  wi th  the  ex te rna l  
solut ion of volume V 0. The whole wa te r  outf low f rom the  
t issue into the  ex te rna l  D20-solut ion (linearly re la ted  to  
i ts  opt ical  absorp t ion  a t  ,~ = 1470 nm) is given by  the  bi- 
exponen t i a l  express ion (1). I n s t e a d  of ~ full de r iva t ion  
which  is beyond  the  scope of th is  communica t i on  9, we 
list  below the  formulas  giving the  volumes  of the  2 com- 
pa r tmen t s ,  V 1 and V2, c o m p u t e d  wi th in  the  l imits  of as- 
suming symmet r i ca l  energy barr iers  separa t ing  the  com- 
p a r t m e n t s ;  and the  a p p a r e n t  free energy changes  for 
h e a v y  wa te r  in take  in the  f i rs t  t i ssular  c o m p a r t m e n t  f rom 
the  outer  one (AG 1 _ 0) and into the  second c o m p a r t m e n t  
f rom the  first  one (AG a _ ,). All these  are funct ions  of the  
pa rame te r s  A, B, ~, fl (at the  t e m p e r a t u r e  T) and  A', B',  
c~', fi' (at t he  t e m p e r a t u r e  T'),  d i rec t ly  ob ta ined  by  
numerica l  f i t t ing of the  expe r imen ta l  points  wi th  the  
equa t ion  (1). The formulas are: 

v 1 v 0 (2) 
(9.298-A)or - Bfi 

9.298 B (~x-fi) 
V2 = [(9.298--A)~-Bfl](9.298 A B) V~ (3) 

Z ~ ( ; 1  - -  0 = RT-----~T---~'2 in (Ac~ }- Bfi)[(9.298 A')cr - B'fi'~ (4) 
T 2 - T 1 (A'~' + B'fi')[(9.298-A)r -. Bfl] 

AG 2 i _  RT(F 2 ln B(~ fi)(A'~'§ B') (5) 
"F 2 T 1 B'(~' fi')(Ar + Bfi)(9.298-A B) 

Results. Owing to the  inheren t  differences among  the  
nerves,  it  would be misleading to average the expe r imen ta l  
values of the  ex t inc t ion  or - which  is the  same of the  
pa rame te r s  A, ]3, ~, ft. Accordingly,  the  f i t t ing  procedure  
was per formed for each pair  of cor responding  curves a t  
the  t empe ra tu r e s  T and T '  and only  the  final values of 
V1, V2, AGI_ 0 and AG~ 1 were media ted .  These values  are 
l isted below, toge the r  wi th  the  errors (mean value 
S.D.) for eight  pairs of recordings a t  t empe ra tu r e s  ranging 
f rom 20 to 30~ 
The to ta l  wa te r  con ten t  of the  nerves (Vt), ob ta ined  by 
hea t  drying,  as well as the  volumes V 1 and V 2, are ex- 
pressed wi th  respect  to the  init ial  fresh weight  of the  
tissue. 
The t ime course of nerve water  r ep lacemen t  by  h e a v y  
wa te r  is s ignif icant ly  expressed by  the  quas i - sa tu ra t ion  
t imes  of the  2 c o m p a r t m e n t s ,  v~ and  r~, def ined by  the  
condi t ions :  1 - exp( -a t )  = 0.95 and  1 -- exp(-fit)  0.95, 
so t h a t  z~ ~ in 0.05/~ and r~ tn 0.05/ft. Obviously  these  
kinet ical  pa rame te r s  s t rongly  depend  no t  only  on the  
volume of the  nerve  water ,  b u t  also on the  size of the  ex- 
te rna l  c o m p a r t m e n t .  For  a rat io Vt/Vo -- 1:8 a t  22~ 
they  are: rx --  25 sec and z 2 = 467 sec. The quas i -sa tur -  
a t ion t imes  zx and T2 are l inearly re la ted  to th is  rat io in 
an inverse propor t iona l i ty .  

5 A. F. Brading and A. W. Jones, J. Physiol. 200, 387 (1969). 
6 B. C. Elford, J. Physiol. 211, 73 (1970). 
7 V. Vasileseu, Eva Katona and D.-G. M~rgineanu, Studia Bio- 

phys 52, 223 (1975). 
8 D.-G. M~rgineanu, J. theor. Biol. 67,377 (1976). 
9 For such derivations reference is made to the above mentioned 

mathematical model or to related works on compartmental 
analysis, reviewed by A. Rescigno and J. S. Beck, in : Foundations 
of Mathematical Biology, vol. II. Ed. R. Rosen, Academic Press, 
New York 1972, 
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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). 

11 M. M. Civan and M. Shporer, Biophys. J. 15, 299 (1975). 
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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. 
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