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T h e  I n c o r p o r a t i o n  of  x*C-Ace ta te  i n t o  t h e  L i p i d s  
of  V a c u o l a t e d  Rat  L i v e r  C e l l s  

In  earl ier  s tudies  on the  me tabo l i sm of liver undergo ing  
cell vacuola t ion  by  h y pox i a  it has  been  observed  t h a t  the  
incorpora t ion  of labeled amino-ac ids  in to  t he  p ro te ins  is 
impai red  in vacuo la ted  r a t  l iver slices. The pep t ide  bond  
fo rma t ion  is also inhib i ted ,  as we have  d e m o n s t r a t e d  in 
s tudies  on the  syn thes i s  of p - a m i n o h i p p u r a t e  f rom p-ami-  
nobenzoa te  and  glycine in  vitro~, ~'. On the  o the r  hand ,  
glycogen syn thes i s  in vacuola ted  ra t  l iver slices occurs a t  
a normal  rate,  wi th  e i ther  glucose or f ructose as subs t ra -  
te 3. In  order  to get  a be t t e r  u n d e r s t a n d i n g  of the  var ious  
syn the t i c  reac t ions  in ra t  l iver cells which  have  undergone  
vacuota t ion  by  hypoxia ,  we have  carr ied ou t  the  p re sen t  
inves t iga t ion  on lipid syn thes i s  and we have  measu red  the  
incorpora t ion  of sod ium acetate-l-14C into  the  phospho-  
lipids, the  cholesterol  and  the  f a t t y  acids of no rma l  and  
vacuo la ted  ra t  l iver slices. 

Overn igh t - f a s t ed  albino rats ,  weighing 150-180 g were 
used th roughou t .  Liver  cell vacuola t ion  was induced  as 
descr ibed in a previous  pape r  1, by  keeping the  an imals  in 
a con t inuous ly  r enewed  a t m o s p h e r e  of N~ + 3% O 2 for 
2 h. The ra ts  were killed by  decap i t a t i on :  t he  livers were 
quickly  r emoved  and  sliced by  h a n d  wi th  a razor.  The 
slices were t hen  incuba ted  in KREBs-HENSELEIT saline 4 
wi th  l0 [xc of sodium acetate-l-~4C and  a cer ta in  a m o u n t  
of unlabel led sod ium ace ta te  to give a final concen t r a t i on  
of 0.005 M. The incuba t ion  was carr ied ou t  in O~ + 5% 
CO2 a t  37°C, in a conven t iona l  W a r b u r g  appa ra tus .  At  
t he  end of t he  e x p e r i m e n t  the  slices were quick ly  t r ans -  
ferred to  a homogen ize r  tube ,  and  e x t r a c t e d  wi th  e thano l -  
e thy l  e the r  (3:1) as descr ibed  by  Cook  5, The  f i l t ra te  was 
dess ica ted  under  N2 s t ream,  the  residue was dissolved in 
pe t ro l eum ether ,  washed  wi th  an aqueous  solut ion of 
sod ium ace ta te  and  water ,  and  finally dr ied over  an-  
h y d r o u s  Na2SO 4. The phosphol ip ids  were  isolated and  
pur i f ied  according  to  JOHNSON and  ALBERT 6. Samples  of 
t h e  final  phospho l ip id  solut ion in ch loroform were  t a k e n  
for the  m e a s u r e m e n t  of r ad ioac t iv i ty  and  for the  de te r -  
mina t ion  of phosphol ip id  phosphorus~,  s. The s u p e r n a t a n t  
solut ion remain ing  a f te r  p rec ip i t a t ion  of phosphol ip ids  
was e v a p o r a t e d  to  dryness ,  the  residue was redissolved in 
e thano l  and saponif ied  e for 5 h in the  presence  of KOH,  
Cholesterol  was r emoved ,  p rec ip i t a t ed  as t h e  digi tonide,  
washed,  and  finally dissolved in m e t h a n o l :  p a r t  of th is  
solut ion was p la t ed  for the  m e a s u r e m e n t  of rad ioac t iv i ty ,  
while sepa ra te  a l iquots  were  used for the  d e t e r m i n a t i o n  of 
cholesterol  by  the  modif ied  SPEP.RY-SCHOENHEIMER 
m e t h o d  9. The mix tu re  r emain ing  af ter  the  ex t r ac t ion  of 
cholesterol ,  was acidified wi th  HC1, and the  f a t t y  acids 
were e x t r a c t e d  wi th  pe t ro leum ether .  The e therea l  phase  
was washed  wi th  water ,  d e h y d r a t e d  over  a n h y d r o u s  
Na2SO4, and  e v a p o r a t e d  to  d ryness  unde r  N 2. The f a t t y  
acids were dissolved in ace tone ,  and  samples  were p la ted  

for t he  m e a s u r e m e n t  of rad ioac t iv i ty .  Final ly ,  ace tone  
was evapora t ed ,  and  the  f a t t y  acids were de t e rmined  
q u a n t i t a t i v e l y  by  t i t r a t i on  in an e thanol ic  solut ion wi th  
KOH,  and  ca lcula ted  as s teara te .  

Rad ioac t i v i t y  was d e t e r m i n e d  in all the  samples  af ter  
p la t ing  a l iquots  of essent ia l ly  zero mass  on c igare t te  paper  
in s ta inless  steel  p l anche t s  : t h e y  were  coun ted  wi th  a thin-  
mica -window G.M. counter ,  and  a conven t iona l  scaler. 
The radioact iv i t ies  r epo r t ed  are sub jec t  to  a s t a n d a r d  
error  in coun t ing  of no grea te r  t h a n  2%. 

An appropr i a t e  analysis  of var iance  was carr ied out  on 
the  resul ts  of these  exper imen t s ,  which  are shown in the  
Table.  

In  all the  lipid f rac t ions  which  have  been  considered,  
t he  specific ac t iv i t ies  increase s igni f icant ly  ( P  < 0.05: 
phosphot ip ids  and  f a t t y  acids), ~r ve ry  s ignif icant ly  ( P  < 
0.01: cholesterol) ,  a t  least  up to the  second hour  of in- 
cubat ion .  On the  con t ra ry ,  there  is no dif ference be tween  
the  specific act ivi t ies  of the  phosphol ip ids ,  cholesterol ,  
and  f a t t y  acids f rom normal  and  vacuo la ted  ra t  l iver 
slices (P  > 0.05). 

The  resul ts  r epo r t ed  in the  p re sen t  p a p e r  ind ica te  t h a t  
t he  incorpora t ion  of acetate-1-14C into  the  lipids occurs  a t  
a normal  ra te  in vacuo la ted  ra t  l iver cells. Obviously ,  the  
s t a t e m e n t  appl ies  wi th in  the  l imits  of our  e x p e r i m e n t a l  
condi t ions .  I t  c a n n o t  be exc luded  t h a t  lipid syn thes i s  is in 
some way impai red  in  vivo, as a consequence  of a general  
and  t r ans i t o ry  reac t ion  to  hypoxia ,  when  the  ra t  is kep t  
a t  the  reduced  O~ tens ion needed  to  induce vacuola t ion  of 
l iver cells. Bu t  an inh ib i t ion  of lipid syn thes i s  is no t  a 
b iochemical  fea ture  of ra t  l iver cells which have  under -  
gone cell vacuola t ion .  

Similarly,  g lycogen syn thes i s  in  vitro is no rmal  in vac-  
uola ted  liver slices. Therefore  the  i m p a i r m e n t  in p ro te in  
syn thes i s - - a s  revealed by  the  reduced  incorpora t ion  of 
labeled amino  acids in to  the  p ro te ins  of vacuo la ted  l iver 
cells i ncuba ted  i n  vitro c a n n o t  be i n t e rp re t ed  as a con- 
sequence  of a general  metabol ic  tailure of vacuo la t ed  l iver 
cells, b u t  should  be cons idered  as a more  specific d a m a g e  
whose  m e c h a n i s m  is still  largely u n k n o w n  to-day .  

1 A. BERNELLI-ZAZZERA and G. GUIDOTTI, Exp. Cell Res. 14, 614 
( ~ 95s). 
A. B~RNEI.LI-ZAzZERA, D. CARm~ONNa, and E. CASSl, Exp. Cell 
Res. 20, 59'2 (196(t). 

3 A. I~ERNELIL.I-ZAZZERA and (;. (;AJA~ ill press. 
4 H.A. NREBS and K. HENSELEIT, Hoppe Seyler's Z. 210, 33 (1932). 
a I,:. P. CooK, Cholesterol (Acad. Press Inc., New York 1958). 

R. M. JOHNSON and S. ALBERT, J. biol. Chem. 934, 22 (1959). 
7 E.J .  N1NG, Biochem. J. 26, 292 (19,3~2). 
s j .  BERENBLUM and E. B. CHAIN, 13iechem. J. 82, 295 (1938). 

W. M. SVERRY and M. WEBB, J. biol. Chem. 187, 97 (1950). 

Incorporation of sodium acetate-l-14C into different lipid fractions of normal and vacuolated rat liver slices incubated in vitro. Incubation at 
37°C in 5.2 ml of Krebs-Henselcit saline, with 10 [xc ('26 ~M) of sodium acetate-l-14C. Phospholipids: c.p.m./10 ~g phospholipid phosphorus. 
Cholesterol: c.p.m./lo0 ~g of cholesterol. Fatty acids: e.p.m./mg of fatty acids, calculated as stearate. Means of 10 experiments ~ s.e.m. 

Time of incubation Phospholipids Cholesterol Fatty acids 
llormal vacuolated normal vaeuolated llorlnal vaeuolated 

1 h 140 ± 15 14~ i 15 '237 ± 46 256 i 65 119 i '25 157 :t= 50 
2h 171 ± 11 180 =[_ 15 458 ~ 72 539 =ix 118 '215 ~_ 38 267 :ix 74 
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Riassunto .  ~ s t a t a  s t u d i a t a  l ' i nco rporaz ione  del l ' ace-  
t a t o - l - ~ C  nei  Iosfolipidi,  nel  coles teroto  e negli acidi  
grassi di sezioni  di l ega to  n o r m a l e  e vacuo l i zza to  di ra t to .  
Essa non  ~ va r i a t a ,  in  n e s s u n a  detle f razioni  l ipi : l iche con-  
siderate,  nelle sezioni  di l ega to  co lp i to  d a  degene raz ione  
vacuolare .  Si d i s e u t o n o  i r i su l t a t i  in r a p p o r t o  alle preee- 
dent i  osse rvaz ion i  sul la  in ib iz ione  de l l ' i nco rporaz ione  

degli  a m i n o  acidi ma rca t i  nelle p ro t e ine  delle sezi<mi di 
t e g a t o  v a c u o l i z z a  I'o. 
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I sl ihtto di l~atolo/i<t ,/euerah', (~niversilh di  . l l  i lano ( I ta ly ) ,  
October IX, 196 I. 

Inhibitory Effect in vi tro of s o m e  Po lysacchar ides  
and of Horse  S e r u m  A l b u m i n  on Mitochondria l  

Swe l l ing  

I t  is well  k n o w n  t h a t  c e r t a i n  subs tances ,  such as ATP,  
Mg ++, E D T A ,  K +l-a, p r o t e c t  m i t o c h o n d r i a ,  which  are 
suspended in a n  isotonic  saceharose  solut ion,  f rom spon-  
t aneous  swelling.  Th i s  p r o p e r t y  has  been  d e m o n s t r a t e d  
recent ly  in th i s  I n s t i t u t e  b y  CAsu ~ in t he  case of s e ro ton in  
( 5 - h y d r o x y t r y p t a m i n e ) .  

In  th i s  s tudy ,  the  possible  i n h i b i t o r y  effect  in  vitro on 
mi tochondr i a l  swell ing b y  ce r t a in  po lysaccha r ides  is ex-  
amined,  such  as r a b b i t  l iver  glycogeu,  app le  pect in ,  gum 
Arabic,  and  b y  horse  s e rum a l b u m i n ,  the  p r o t e c t i v e  effect  
of which  on  old or  d a m a g e d  m i t o c h o n d r i a  ha s  a l r eady  
been shown  b y  o t h e r  a u t h o r s  2>. 

These  s u b s t a n c e s  were used a t  va r ious  c o n c e n t r a t i o n s ,  
and  so lu t ions  70, 35, and  17.5 mg  of glycogen,  pect in ,  and  
gum Arab ic  in 100 ml of 0.25 M sucrose  were p repa red .  

The  c o n c e n t r a t i o n s  of a l b u m i n  in 0.25 M sucrose  were 
1 . 1 0  5 M ,  0 .5 .  10 5 M ,  0 .25 .  10 ~M.  

S u b s t a n c e s  were suppl ied  by :  Br i t i sh  Drug  Houses,  
Liverpool  ( E n g l a n d ) :  g lycogen;  N u t r i t i o n a l  B iochemica l s  

Corpora t ion ,  Cleveland,  [T.S.;K.: pec t in  a n d  g u m  Arab ic  ; 
l s t i t u t o  S ie ro te rap ico  "l'oscano, S iena  (I ta ly)  : a l b u m i n .  

Assays were carr ied ou t  by  read ing ,  on a I)U model  
B c c k m a n n  s p e c t r o p h o t o m e t e r ,  t he  e x t i n c t i o n  va lues  of 
the  m i t o c h o n d r i a l  suspensions ,  j n d g m g  the  degree  of 
swell ing by  the  g radua l  decrease  in op t ica l  dens i ty ,  accord-  
ing to CLI~;I.ANI) 4. 

M i t o c h o n d r i a  were o b t a i n e d  bv  fract ioneO cen t r i -  
fuga t ion  <>f a lb ino  ra t  l iver homogena t e s ,  acco rd ing  to 
~CHNEII)IgI~. 5. They  were t hen  suspended  in 4 ml of (I.25,11 
sucrose. 10% h<)mogenates in 0.25 ~11 sucrose  were pre- 
pa red  from 1 g of the  tissue. 

T w o  c o n t a i n e r s  w e r e  u s e d  f o r  e a c h  e x p e r i m e n t ,  o n e  o f  
which  con ta ine t l  3 ml 0.25 ,11 sucrose so lu t ion ,  the  o t h e r  
an  equa l  q u a n t i t y  of sucrose so lu t ion  wi th  s u b s t a n c e  dis- 
so lved in it. ;\11 0.25 31 sucrose soluti<ms were buffered  

1 A. Cns~;, l.;xpcr. /6, ISt) (ItH;0). 
B. SACK'rOR, J .  Gem l>ilysiol.. ' tr, ;~1:1 (1952). 

a E . C .  \\'HXI~ACU, .1. biol. Chem. 331, 15SO (1959), 
I K. \V. el.El.AND, N a t u r e  17o, 197 (1952). 
:' W . C .  SCHNEH)ER,.]. biol. Chem. laS, 5S5 (191~;). 
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Fig. 1. Fig. "2. 

Inh ib i t ing  effect  Oll n f i tochondr i a l  swel l ing p r o d u c e d  b y  g lycogen .  Inh ib i t ing  effect  on mi toehond r i a l  swc 1 g p r o d u c e d  b y  pect in .  


