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M e t a b o l i c  R e s t o r a t i o n  in  Ra t  L i v e r  Af ter  P a r t i a l  

After  par t ia l  h e p a t e c t o m y  the  t issue mass  in ra t  l iver is 
p r o m p t l y  res tored th rough  regenerat ion.  Tile early periods 
of regenerat ion,  especial ly the  f i rs t  2 days,  are marked  by  
several  metabol ic  and enzymic  changes ~-4. General ly  the  
metabol ic  p a t t e r n  re tu rns  to  normal  as t he  res tora t ion  of 
the  l iver nears  comple t ion  ~. The l iver mass  is regained 
somet imes  be tween  10 and  20 days  af ter  par t ia l  hepa t -  
ectomy.  Therefore,  while the  second day  is i m p o r t a n t  for 
recording the  metabol ic  changes  t h a t  occur as a conse- 
quence of par t ia l  hepa t ec tomy ,  the  t w e n t i e t h  day  is 
i m p o r t a n t  for the  examina t ion  of any  funct ional  or 
enzymat i c  a l tera t ions  re ta ined  by  tile l iver af ter  res tora-  
t ion of the  weight .  

In  th is  s tudy  an increase in the  me tabo l i sm of galactose 
dur ing the  per iod of regenera t ion  was observed.  This  
increase in galactose me tabo l i sm appa ren t l y  d iminished  
upon comple te  res to ra t ion  of the  liver. Since e thanol  
s t rongly  inhibi ts  ox ida t ion  of galactose,  its effect  was also 
s tudied  dur ing  these  periods. 

Materials  and methods. Wis ta r  albino ra ts  (160-180 g) 
were par t ia l ly  hepa tec tomized  6 removing  70% of the  
liver;  the  animals  were fed ad l ib i tum for 2 to 20 days,  
sacrificed and the  l ivers removed.  Sham opera ted  animals  
were used as the  controls  and will be  referred to as ' normal '  
animals.  

Liver  slices were p repared  and incuba ted  in 3 ml  Krebs-  
Ringer  phospha t e  m ed ium (pH 7.4) conta in ing  1 m M  
1-14C-galactose (specific ac t iv i ty  0.5 ~xc/3 tzmoles) and 
e thanol  (5 mM) when  indica ted  in ~Varburg vessels for 
1 h a t  37~ using O 2 as gas phaseL The labeled CO s 
genera ted  f rom the  incuba ted  t issue was t r a p p e d  by  
h y a m i n e  in the  center  wells of the  W a r b u r g  vessels. The 
resul t ing hyamine  ca rbona te  was t rans fe r red  to Scintil la- 
t ion  vials conta in ing  15.0 ml  scint i l la t ion l iquid consis t ing 
of 10 g, 2, 5-diphenyloxazole  (PPO), 0.6 g 1, 4-bis (4-methyi  
-5 phenyloxazolyl)  benzene  in 21 toluene.  The rad ioac t iv i ty  
was assayed  using a Tr icarb Liquid Scint i l la t ion Spectro-  

H e p a t e c t o m y  

meter .  The values of 14CO~ yields are expressed as corre- 
sponding  to ng a toms  of ~4C der ived f rom 1-1'C galactose 
per  100 mg wet  weight  of the  t issue s. 

In  ano the r  set  of expe r imen t s  a p p r o x i m a t e l y  1 h 
following surgery,  bo th  controls  and  par t i a l ly  hepa t -  
ec tomized ra ts  were in jec ted  via the  tai l  vein  w i th  100 lag 
ac t inomycin  D in physiological  saline (Merck, Sharp  and 
Dohme,  Montreal).  Liver  slices were p repa red  and 
galactose me tabo l i sm was s tud ied  by  incuba t ion  in 
W arb u rg  appa ra tu s  as descr ibed above.  

Results  and discussion. F r o m  the  results  in Table  I, 
there  is a two-fold  increase in the  ox ida t ion  of 1-~4C - 
galactose to ~4CO 2 by  regenera t ing  ra t  l iver slices on the  
second day  following par t ia l  hepa t ec tomy .  This  increase 
m a y  be due to  accelerated ra te  of opera t ion  of the  hexose-  
m o n o p h o s p h a t e  shun t  in th is  t issue 9. The increased m e t a -  
bol ism of galactose is reversed by  the  20th day  when  res- 
to ra t ion  of the  l iver  is comple ted  and  the  ra te  of galactose 
ox ida t ion  is s imilar  to  the  controls.  I t  is in te res t ing  to  no te  
t h a t  e thanol  inhibi ts  t he  me tabo l i sm of 1-~4C-galactose to 
vtCO 2 by  25% on the  second day  of regenera t ion  compared  
to 80% inhib i t ion  in the  controls .  On the  20th day  the  
inhib i t ion  of galactose oxida t ion  is only 67%, showing a 
t en d en cy  to re turn  to  normal  metabol ic  pa t t e rn .  
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Table I. Metabolism of 1-14C-galactose to 14CO~ in regenerating rat liver after complete recovery from partial hepateetomy 

Days after partial hepatectomy 14C02 yields ~ 1~CO2 yields ~ when 5 mM ethanol added Inhibition by ethanol (%) 

Sham operated controls 20.10 -c 0.46~ 5.10 4- 0.40 b 75.0 

2 40.00 4. 1.43 30.00 4- 0.70 25.0 

20 20.70 ~ 0.60 ~ 6.90 ~ 0.43 b 67.0 

The values of 1~CO2 yields are expressed as corresponding to ng atoms of I~C carbon derived from 1-14C-galaetose per 100 mg wet weight. 
~p > 0.05. bp < 0.01. cMean -4- S.E. 

Table II. Effect of in vitro administration of aetinomycin D on 14CO~ yields from 1-14C-galaetose and ethanol inhibition in regenerating rat 
liver slices 

Acfinomycin D Normal rat liver slices 
l~CO~ yields c 

Regenerating rat liver slices 
ltCO2 yields 

Ethanol added (5 mM) 
Normal Regenerating 
1~CO2 yields o 14CO2 yields o 

Nil 21.0 ~ 0.46 ~ 38.0 -4- 0.72 4.0 4- 0.42~ 30.0 =~ 0.60 

100~zg 24.0 4. 1.23 ~ 21.0 4- 0.28 5.0 4- 0.45 b 8.0 =~ 0.35 b 

The values of 14CO~ yields are expressed as corresponding to ng atoms of 14C carbon derived from 1-14C-galactose per 100 mg wet weight. 
p >  0.05; ~p < 0.001; ~ 4- S.E. of 6-10 experiments. 
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The a m o u n t  of 14CO2 produced f rom 1-1~C-galactose is 
unaffected in normal  l iver  slices by  the  adminis t ra t ion  of 
ac t inomycin  D ; whereas, in regenera t ing  ra t  l iver  there  is 
a marked  decrease approaching  the  control  values (Table 
II) .  Fur thermore ,  in regenera t ing  ra t  l iver  slices e thanol  
inhibi t ion is a t t enua ted  approaching  the  normal  values 
if the  ant ib io t ic  is injected a t  the  beginning of par t ia l  
hepa t ec tomy  (Table II) .  

The  observat ions  correlate  w i th  the  reports  t h a t  the  
act ivi t ies  of mi tochondr ia l  and microsomal  enzymes are 
a l tered dur ing the  early phase of regenera t ion  and re turn  
to normal  levels upon the  res tora t ion of l iver  mass 5. 
However ,  this  is not  t rue  wi th  all  biological  processes ; for 
instance, po lyplo idy  remains high af ter  complete  restora- 
t ion of tissue mass by  the  liver*~ 

The re turn  of normal  metabol ic  ac t iv i ty  in the  regener- 
a ted l iver  m a y  result  f rom ei ther  regulat ion of enzyme 
ac t iv i ty  or newly synthesized proteins.  The  abol i t ion of 
the  increase in galactose metabo l i sm and decrease in 
e thano!  inhibi t ion by  act i l lomycin D would indicate  t ha t  
the  synthesis  of nucleic acids and thus, the  e laborat ion 
of a new protein migh t  be needed for metabol ic  adap ta t ion  
of  the  regenerat ing ra t  liver. 

This  exper imenta l  approach  of inhibi t ing nucleic acid 
synthesis  has been successfully used to demons t ra te  de 
novo format ion  of several  enzymes.  For  instance, the  
in ject ion of ac t inomycin  D to animals  suppressed the  
adap t ive  synthesis  of g lucokinase~,  glucosyl t ransferase ~ 
and t r yp tophan  pyrrolase ~3. I t  should be emphasized tha t  
the  evidence obta ined by  these exper iments ,  however  

valuable,  can only be deemed t en t a t i ve  unt i l  the  ac tual  
tu rnover  of enzyme-prote ins  is demonst ra ted .  W i t h  this  
l imi ta t ion  in mind,  i t  is concluded tha t  the  act ivi t ies  of 
enzymes of galactose metabo l i sm are adapted  to the  
process of regenerat ion,  being regula ted  by  the  synthesis  
Of newly formed proteins. 

Zusamme*z/assung. Es zeigt  sich w~hrend des frtihen 
Regenera t ionss tad iums bei  der teilweise hepa tek tomie r t en  
Rat tenleber ,  dass ein Anst ieg im Galaktose-Metabol ismus 
mi t  gleichzeit iger Abnahme  seiner H e m m u n g  durch 
E thano l  einhergeht.  Nach  vol ls t~ndiger  Geweberegenera-  
t ion kehr t  der normale  Metabol ismus zurtick. 
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Fibrinogen-Fibrin Conversion as Determined by 

A newly-developed,  sensi t ive method  for de termining  
the c lot t ing t ime  of f ibr inogen involves addi t ion  of suit- 
ably-sized bead part icles to a f ibr inogen solut ion followed 
by exposure of the  mix tu re  to coagula t ing enzyme.  The  
t ime required for gel fo rmat ion  to occur is re la ted to the  
ex ten t  of par t ic le  sed imenta t ion  observed and can be 
readi ly  assessed a t  any t ime  af ter  clot  fo rmat ion  by  
measur ing  the  absorbance of the  coagulated system. The 
influence of several  parameters  on the  results obta ined 

Polymer Bead Sedimentat ion Technique 

with  this technique  suggests t ha t  i t  m a y  be useful in the  
de te rmina t ion  of low f ibr inogen concentra t ions  and low 
levels of t h rombin  c lo t t ing act ivi ty .  

Methods. Bovine  f ibr inogen (65% clottable,  Pentex ,  
iKankakee, Illinois, USA) was dissolved in 0.05 M Tris/HC1 
bulfer,  p H  7.4, conta ining 0 .15M NaC1 (hereafter referred 
to as 'buffered saline') to give a final  concent ra t ion  of 
0.125% (w/v) (in te rms  of 100% clot table  fibrinogen) and 
br ief ly  centrifuged. Bio-Gel  P-2 (200-400 mesh, Bio-Rad 
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Fig. 3. Effect of fibrinogen concentration 
on clot absorbance at several thrombin levels, 
with fixed concentration of Bio-Gel P-2 (1%) 
in 'buffered saline' at 22~ Legend: Final 
thrombin concentrations. 0, 0.36 U/ml; �9 
0.12 U/ml; ~, 0.060 U/ml; • 0.036 U/ml; ~, 
0.024 U/ml. 


