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Summary 

The lipid composition and fluidity of  plasma membranes have been studied 
at different  stages of  liver regeneration (4, 15 and 24 h after surgery). 

The phospholipid and fat ty  acid composition is no t  modified, whereas the 
cholesterol/phospholipid ratio is lower with respect to control membranes. 

The modification of the physical properties of the membranes has been 
studied directly by EPR analysis and indirectly by temperature dependence and 
cooperativity of some membrane-bound enzymes (Mg2+-ATPase, (Na + + K+) - 
ATPase and 5'-nucleotidase). Surgical operation or anaesthesia alone causes an 
early increase in fluidity; such an effect  appears to be markedly reduced at a 
later stage. There seems to be a marked effect  of  regeneration on plasma mem- 
brane fluidity 15 h after partial hepatectomy when several parameters - - sur -  
face fluidity, cholesterol/phospholipid ratio, and 5'-nucleotidase activity in the 
presence of  concanavalin A -- are modified and indicate an increase in mem- 
brane fluidity. 

It  is suggested that  this modification of  membrane properties could be 
related to the proliferative process. 

Introduct ion 

The plasma membrane undergoes several alterations during cell proliferation 
and the modification of  lipid fluidity appears to be of major interest [1]. The 

Abbreviat ions:  5NS, 16NS, 5-, 16-N-oxyl-4t,4t-dimethyloxazoHdine derivatives o f  stearic acid, respec- 
tively.  
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presence of particular phospholipids [2], the fatty acid composition [3], and 
the cholesterol/phospholipid ratio play a crucial role in membrane fluidity 
regulation. Changes either in the cholesterol/phospholipid ratio or in fatty acid 
composition of plasma membranes have been observed under different 
physiological and pathological conditions [4--6]. Plasma membrane fluidity 
appears to be involved in the control of those membrane functions linked to 
the proliferative process, such as permeability [7], receptor and antigen mobil- 
ity [8], enzyme activities [9] and lectin agglutination [10]. 

In the case of regenerating liver, the plasma membrane is known to undergo 
biochemical and enzymatic modifications [11--15], some of which have been 
correlated with the cell cycle [16]. The aim of the present study was to inves- 
tigate whether changes occur in plasma membrane fluidity during the earliest 
cell cycle of liver regeneration following partial hepatectomy. For this pur- 
pose, the correlations existing among lipid components have been investigated 
in rat liver plasma membranes prepared at different times after partial hepatec- 
tomy, i.e.: phospholipid composition, total phospholipid/protein ratio, free 
cholesterol/phospholipid ratio and fatty acid composition of membrane phos- 
pholipids. The modifications of the physical state of the membrane have been 
studied both directly by electron paramagnetic resonance (EPR) and indirectly 
by investigating both temperature dependence and cooperativity of some mem- 
brane enzymes. In fact, those two parameters can be correlated with the mem- 
brane fluidity state [17--20]. 

Materials and Methods 

Male Sprague Dawley rats (average body weight 150 g) fed ad libitum before 
and after surgery (either sham operation or partial hepatectomy) were used. 
Partial hepatectomy was performed according to the procedure of Higgins and 
Anderson [21] under light ether anaesthesia. Animals were killed 4, 15 and 
24 h after surgery. Autoradiographic analysis of [3H]thymidine loaded cells indi- 
cated that these times corresponded to G1 phase, beginning and end of S phase, 
respectively. Membranes from partially hepatectomized, sham operated, 
anaesthetized, and control animals were prepared in parallel, immediately after 
liver removal, by the method of Ray et al. [22]. Membrane proteins were esti- 
mated using the method of Lowry et al. [23], with bovine serum albumin as a 
standard. Membrane purity was checked as described by Luly et al. [24]. 

Cholesterol/phospholipid ratio 
Total membrane lipid extraction and purification were performed following 

the procedure of van Hoeven and Emmelot [25]. Single lipid classes were 
separated by silica gel thin-layer chromatography using petroleum ether/ 
diethylether/acetic acid, ( 7 5 : 2 5 : 1 )  as the solvent. Zones containing free 
cholesterol and phospholipids were scraped off and eluted according to the 
method of Skipski and Barclay [26]. Cholesterol was measured in the eluates 
using Liebermann-Burchard reagent (acetic anhydride/sulfuric acid, 19:  1). 
Membrane and eluate lipid Pi was determined according to the method of 
Morrison [27]. The Pi contents were multiplied by 25 to calculate the amount 
of phospholipids. 
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Phospholipid composition 
Phospholipid fractions were separated from the whole lipid extract by silica 

gel thin-layer chromatography using chloroform/methanol/acetic acid/water 
(25 : 15 : 4 : 2) as the solvent system, according to Ray et al. [22]. The iden- 
tification of separated phospholipids was carried out by comparing them with 
simultaneously chromatographed standards (supplied by Supelchem, Milano, 
Italy) and by specific staining reactions. 

Zones containing single phospholipids were scraped off and processed for 
the determination of Pi, according to the method of Morrison [27]. The total 
Pi recovery of all phospholipid classes was in the range of 95%. 

Fatty acid composition of phospholipids 
Phospholipids were separated from the total lipid extract by silica gel TLC 

following the procedure of van Hoeven and Emmelot [25]. The zone cor- 
responding to the phospholipid band was scraped off and suspended in 1.15 
N H2SO4 in methanol for hydrolysis and methylation of fatty acids according 
to the method of Stancliff [28]. Methyl esters were extracted with petroleum 
ether and subjected to gas liquid chromatography (GLC) analysis on a Perkin- 
Elmer F 30 equipped with a flame ionization detector. 

A glass column 11.8 ft long was used, packed with 15% diethyleneglycol 
succinate (DEGS) on 80--100 mesh chromosorb with a 25 ml/min nitrogen 
flow rate under isothermal conditions at 200°C. The temperature of both the 
injector and the detector was kept at 300°C. 

Fatty acids with 16--22 carbon atoms were considered. The individual fatty 
acid percentage was calculated on the basis of the elution area. The saturated/ 
unsaturated fatty acid ratio and unsaturation index (average number of double 
bonds/fatty acid) were also calculated. 

Spin label studies 
The spin labels used were either 5- or 16-N-oxyl-4',4'-dimethyloxazolidine 

('doxyl') derivatives of stearic acid (termed 5NS and 16NS, respectively) ob- 
tained from Synvar Co., Palo Alto, CA. 

The labels were dissolved in absolute ethanol at a concentration of 10 mM, 
and added to membranes, taking care that the label to phospholipid molar ratio 
was in the range of 1 : 100. 

Previous experiments have shown that all the label is incorporated into the 
membranes under such conditions and no free label is detectable either in the 
supernatant after centrifugation or by examination of the typical signal of 
unincorporated label. 

The freedom of motion of spin labels in the membranes was calculated by 
measuring the following parameters. 

For 5NS, which probes the outer region of the bilayer, the spectra exhibit 
probe ordering proportional to the separation of the two hyperfine extrema 
and the order parameter S may be calculated according to Seelig [29] by the 
following equation: 

S -  T , - - T I  .__an 
t 

Tzz--Txx an 
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where T~, 7'1 are the hyperfine splitting parameters, Tzz and Txx represent 
intrinsic hyperfine splitting in rigid matrix, and a is the anisotropic constant in 
rigid matrix (a' being the value obtained in this work). 

For the 16NS, the pseudoisotropic rotational correlation times, ~c, were cal- 
culated by using the following equation according to Eletr and Inesi [30] : 

r c = 6.5 • lO-l°Wo(x/ho/h_l -- 1) 

where w0 is the width of the medium-field line and h0, h_~ refer to the heights 
of the medium- and upper-field lines, respectively. 

E n z y m e  analysis 
(Na* + K +)-ATPase and Mg2+-ATPase were assayed using the method of Bon- 

ring [31] in an incubation medium containing 92 mM Tris-HC1 (pH 7.5)/15 mM 
MgSO4/60 mM NaC1/0.1 mM EDTA/4 mM ATP and about 100 pg membrane 
protein either in the presence or in the absence of 5 mM KC1. 

5'-nucleotidase was assayed by the method of Aronson and Touster [32] in 
an incubation medium (0.5 ml final volume) containing 0.1 M glycine-NaOH 
(pH 9.0) buffer; 0.01 M MgC12; 5 mM 5'-AMP; about 100 pg membrane protein 
in the presence of various concanavalin A concentrations (pM) (0.00; 0.025; 

0 .05;  0.125; 0.25; 0.5; 1). 
The reactions were stopped by addition of 10% trichloroacetic acid after 15 

min incubation and the Pi content was measured in the supernatant as reported 
by Bonting [31]. 

Results 

Lipid composition of isolated plasma membranes 
Fig. 1A shows the cholesterol/phospholipid ratio in liver membranes from 

control, anaesthetized, sham operated, and partially hepatectomized animals, 
at 4, 15 and 24 h. The parameter studied appears to be already equally altered 
in sham operated and in anaesthetized animals with respect to controls. 

At the earliest time after operation (4 h) a marked decrease is evident in the 
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Fig. 1. C h o l e s t e r o l / p h o s p h o l i p i d  ( A )  and p h o s p h o l i p i d / p r o t e l n  (B)  rat ios  (w/w) in  i so lated  liver p lasma 
m e m b r a n e s  f r o m  c o n t r o l  (A A), a n a e s t h e t i z e d  (~ o) ,  s h a m  o p e r a t e d  (× ×) ,  a n d  partial ly 
h e p a t e c t o m i z e d  (o  o) rats. Va lues  are the m e a n  o f  three  e x p e r i m e n t s  ±S.D. 
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T A B L E  I 

P H O S P H O L I P I D  C O M P O S I T I O N  O F  L I V E R  P L A S M A  M E M B R A N E S  F R O M  C O N T R O L  (C),  A N D  1 5  
A N D  2 4  h S H A M  O P E R A T E D  (SO)  A N D  P A R T I A L L Y  H E P A T E C T O M I Z E D  (PH)  R A T S  

E a c h  va lue  is t he  average  o f  n d e t e r m i n a t i o n s ,  e x p r e s s e d  as  a p e r c e n t a g e  o f  t o t a l  p h o s p h o H p i d  Pi. E r r o r  
was  less t h a n  5%. 

P h o s p h o l i p i d s  C 1 5  h 2 4  h 
(n = 1 1 )  

SO P H  SO PH 
( n = 4 )  ( n = 5 )  ( n = 7 )  ( n = 8 )  

L y s o p h o s p h a t i d y l c h o l i n e  1 .53  1 . 8 8  2 . 7 3  2 .37  2 . 0 0  
S p h i n g o m y e l i n  2 3 . 8 6  2 1 . 3 1  2 1 . 4 5  2 3 . 8 0  2 1 . 7 4  
P h o s p h a t i d y l c h o l i n e  3 9 . 1 8  3 5 . 5 5  3 7 . 5 0  3 7 . 6 8  3 8 . 8 7  
P h o s p h a t i d y l s e r i n e  + p h o s p h a t i d y l i n o s i t o l  1 3 . 2 6  1 8 . 9 3  1 6 . 5 2  1 2 . 7 8  1 5 . 8 7  
P h o s p h a t i d y l e t h a n o l a m i n e  2 2 . 6 5  2 2 . 3 0  2 1 . 7 0  2 3 . 3 0  2 1 . 3 1  

cholesterol/phospholipid ratio, both in sham operated and in hepatectomized 
animals, whereas at later times the ratio appears to increase again towards nor- 
mal values in sham operated animals and to remain constantly lower in hepa- 
tectomized ones. 

The phospholipid/protein ratio (Fig. 1B) is lower in partially hepatecto- 
mized with respect to sham operated animals at all times considered. 

Table I shows the phospholipid composition of rat liver plasma membranes 
of controls and 15 and 24 h sham operated and partially hepatectomized ani, 
mals. The phospholipid content of each fraction is given as total phospholipid 

T A B L E  II 

F A T T Y  A C I D  C O M P O S I T I O N  O F  P H O S P H O L I P I D S  F R O M  L I V E R  P L A S M A  M E M B R A N E S  O F  C O N -  
T R O L  (C)  A N D  4 ,  1 5  A N D  2 4  h S H A M  O P E R A T E D  (SO)  A N D  P A R T I A L L Y  H E P A T E C T O M I Z E D  (PH)  
R A T S  

E a c h  va lue  is t h e  average  o f  t h r e e  d e t e r m i n a t i o n s  e x p r e s s e d  as p e r c e n t a g e  o f  to ta l  c o n t e n t .  E r r o r  w a s  less 
t h a n  5%. 

A c y l  g r o u p s  C 4 h 1 5  h 2 4  h 

SO PH SO P H  SO PH 

1 6 : 0  2 5 . 6 4  2 3 . 1 1  
1 6 : 1  2 . 9 0  1 . 4 8  
1 8 : 0  2 4 . 9 0  2 8 . 5 6  
1 8 : 1  9 . 3 4  9 . 3 9  
1 8 : 2  1 6 . 7 8  1 4 . 5 9  
2 0 : 1  0 . 1 0  0 . 1 4  
2 0 : 3  0 . 6 7  0 . 6 5  
2 0 : 4  1 8 . 4 6  1 8 . 6 6  
2 0 : 5  0 . 3 8  0 . 7 3  
2 2 : 4  0 . 7 9  2 .61  

s a t u r a t e d  
~atio 1 . 0 2  1 .07  

u n s a t u r a t e d  

u n s a t u x a t i o n  i n d e x  1 . 2 7  1 .31  

2 3 . 9 0  2 0 . 5 9  2 1 . 0 7  2 3 . 8 0  2 1 . 3 6  
1 . 6 6  1 . 0 9  1 .37  0 . 9 9  1 . 1 8  

3 0 . 0 7  2 8 . 1 6  3 0 . 8 8  3 1 . 5 0  3 0 . 3 1  
8.89 8.81 9 .41  7 .89  9 . 6 2  

1 7 . 8 0  1 6 . 9 4  1 5 . 9 3  1 5 . 0 5  1 5 . 4 6  
0 . 0 0  0 . 0 9  0 . 0 9  0 . 1 6  0 . 1 2  
0 . 3 6  0 . 8 3  0 . 3 7  0 . 5 2  0 . 6 4  

1 4 . 4 4  2 0 . 8 5  1 8 . 2 5  1 8 . 7 4  1 8 . 6 5  
0 . 6 6  0 . 4 5  0 . 5 1  0 . 2 4  0 . 5 6  
2 .16  2 . 1 5  2 . 1 0  1 .07  2 . 0 3  

1 .17  0 . 9 5  1 . 0 8  1 . 2 3  1 . 0 6  

1 . 1 6  1 . 4 0  1 . 2 7  1 .21  1 .29  
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percentage. The percent amount  of  phosphatidylserine plus phosphatidylinosi- 
tol is given as a single value. 

The values obtained for normal liver membranes are in the range of those 
already reported [25].  No significant variation is observed in the proport ions 
of the single phospholipid classes after partial hepatectomy,  results being simi- 
lar to those obtained for membranes from sham operated animals. 

The percent  fa t ty  acid composit ions of  phospholipids from liver membranes 
of  control, sham operated,  and partially hepatectomized rats 4, 15 and 24 h 
after operation are reported in Table II. 

The percent composit ion of  the single fat ty  acids does not  appear to be sig- 
nificantly affected either by sham operation or by partial hepatectomy.  The 
variations observed appear to be within physiological range, except  for a slight 
decrease in arachidonic acid 4 h after hepatectomy.  The saturated/unsaturated 
fat ty acid ratio, and the unsaturation index show some small differences in 
hepatectomized with respect to sham operated animals. Fat ty  acids of mem- 
branes from hepatectomized animals appear to be less unsaturated at 4 and 15 
h after operation, and more unsaturated after 24 h than those from sham oper- 
ated animals. 

Membrane fluidity 
Spin label studies. The order parameter of  5NS inserted in the membrane 

reflects the extent  of  mobili ty of  the surrounding lipid alkyl chains in the sur- 
face region of  the bilayer. It can be seen in Fig. 2 that at the initial times a 
decrease of  order occurs in all groups, although this is greater in the hepatec- 
tomized rats than in anaesthetized or sham operated animals. There is a marked 
increase in fluidity in hepatectomized rats 15 h after operation. 
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Fig. 2. Mobi l i ty  of  5 - d o x y l  stearic acid (5SN) in i so lated liver p lasma  m e m b r a n e s  f r o m  contro l  
(A A), anaesthet ized (D a), sham operated (X X), and partially h e p a t e c t o m i z e d  
(o o) rats. Data  are expres sed  as order  p ar am e te r  values (S). 
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acid (16NS) in isolated liver plasma membranes from control 
A), anaesthetized (~ o), sham operated (X X), and partially hepatectomized 
o) rats. Data are expressed as pseudoisotropic rotational correlation time values (Tc). 

Contrary to what is observed with 5NS, which probes the membrane surface, 
the 'deep' probe 16NS does not show appreciable differences in the pseudoiso- 
tropic rotational correlation times (rc) among the different groups (Fig. 3). In 
all instances we observed a decrease in rc, indicative of increased fluidity, sug- 

~-o.s 
'--as 
'~0.7 

~D.6 
~0.5 

0.4- 

0.2 

® 
0.2. 

~ 2 '  ~o4 
'~0.6 

m 
~S.8 

* . D s:~ 3:3 3:, 3.~ 
I /T . lO ~ ( K " )  

3,1 3.1 3:2 3:3 3:, 3:5 
1/T.10:3{ K " }  

® 

I 

o. 9 

.o. 8 

~ .  6 

~Q.5 

'~ 0.4 

0.1 
0 

3,1 

© 

3:2 s'3 3'.~ 31s " 

1 / T . 1 0 3 (  K " }  

Fig.  4. A r r h e n i u s  p lo t s  o f  Mg2+-ATPase  (A);  ( N a  + + K+)-ATPase  (B),  and  5 t -nue leo t idase  (C) ac t iv i ty  in  iso- 

l a t ed  l iver  p l a s m a  m e m b r a n e s  f r o m  1 5 h  s h a m  o p e r a t e d  (* I )  and  par t ia l ly  h e p a t e c t o m i z e d  
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Fig .  5. E f f e c t  o f  concanaval in  A on 5r-nucleot idase  act iv i ty  o f  i so lated  l iver p lasma m e m b r a n e s  f r o m  1 5  h 

sham opera ted  (4 I ), and partially h e p a t e c t o m i z e d  (o  o) rats. The e n z y m a t i c  act iv i ty  has b e e n  
m e a s u r e d  as bzmol P i / m g  prote in  per  h. Values ,  average o f  f ive e x p e r i m e n t s ,  are expres sed  as percentage  o f  
to ta l  e n z y m e  act iv i ty .  Standard dev ia t ions  d o  n o t  e x c e e d  5% of  the mea n .  

Fig .  6.  Hill's p l o t  o f  concanaval in  A ( C o n  A)  inhibi t ion  on  5P-nucleotidase act iv i ty  o f  i so lated  liver p lasma 
m e m b r a n e s  f r o m  15  h sham opera ted  (+ I)  and partially h e p a t e c t o m i z e d  (o  o) rats. The 
e n z y m e  act iv i ty  has  b e e n  m e a s u r e d  as # t o o l  P i /mg  prote in  per  h. Va lues  are the m e a n  o f  f ive e x p e r i m e n t s  
and standard deviat ions  do n o t  e x c e e d  5% of  the m ea n .  For  (o  o) n = 0 . 6 8  + 0 . 1 2  and for 
(+ I )  n = 1 .4  + 0 .2  (P < 0 . 0 0 1 ) .  

gesting that fluidization in the membrane core is not to be ascribed to regenera- 
tion. 

Enzyme analysis. The Arrhenius plots of Mg2+-ATPase, (Na++ K+)-ATPase 
and 5'-nucleotidase of  liver membranes from 15 h sham operated and partially 
hepatectomized rats are given in Fig. 4. Both in sham operated and hepatec- 
tomized animals -- according to previous observations in normal rat liver mem- 
branes [33] --  the Arrhenius plots of  (Na ÷ + K+)-ATPase and 5'-nucleotidase 
show a break at 22--24°C, while those of Mg2+-ATPase are linear. Analogous 
experiments performed on liver membranes from 24 h partially hepatectomized 
animals do not show any difference (data not reported) from those from sham 
operated animals. Partial hepatectomy does not appear to modify the tem- 
perature dependence of  these enzymes. 

Fig. 5 shows the effect of different concanavalin A concentrations on 
5'-nucleotidase activity of  15 h sham operated and partially hepatectomized rat 
liver membranes. It can be seen that in both 15 h partially hepatectomized and 
sham operated animals, low concentrations of  the lectin induce an activation of 
the enzyme followed by a clear-cut inhibition, in accordance with data 
reported by other authors for liver membranes of  normal rats [34].  Several 
authors have reported that both in liver [34] and in other systems [35,36] con- 
canavalin A is an allosteric effector of  5'-nucleotidase. The values of  concana- 
valin A-induced inhibition presented as Hill's plots (Fig. 6) give an n value for 
the membrane enzyme from sham operated animals of  1.4 + 0.2, thus showing 
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the presence of  cooperativity, and an n value for liver membranes from 15 h 
partially hepatectomized rats of  0.68 + 0.12, which suggests a loss of  coopera- 
tivity of  the enzyme. 24 h after partial hepatec tomy no difference is detected 
with respect to sham operated animals (data not  shown). 

Discussion 

Some modifications have been observed in the plasma membrane in the 
course of  liver regeneration during the earliest cell cycle after partial hepatec- 
tomy.  

An increase in fluidity has been detected in the surface of the membrane 
probed with the 5NS. This modification, which is at first similar to that  ob- 
served in sham operated and anaesthetized rats, is greater in 15 h hepatecto- 
mized animals than in controls. An increase in fluidity is also observed in the 
inner part of  the bilayer, probed using 16NS, with respect to control animals, 
but  such a modification cannot be correlated with the regeneration process, 
since no difference has been observed between hepatectomized and sham 
operated animals. 

Phospholipid composit ion does not  appear to be modified at the times con- 
sidered. The fat ty  acid composit ion of  phospholipids shows only a slight trend 
towards a lower unsaturation at 4 and 15 h and a trend towards a higher un- 
saturation at 24 h. These modifications, however, are not  such as to either 
induce changes in membrane fluidity or counterbalance the effects induced by 
the decrease in the cholesterol/phospholipid ratio. The phospholipid/protein 
ratio appears to be lower both in sham operated and in hepatectomized animals 
at all times considered. 

The increase in surface fluidity detected by EPR analysis can be correlated 
with the change in cholesterol/phospholipid ratio. It is well known that choles- 
terol exerts a condensing effect on fluid membrane lipids and is involved in 
physiological regulation of  membrane fluidity [37].  The only exception to the 
parallel behaviour of  cholesterol/phospholipid ratio and fluidity occurs 24 h 
after hepatectomy,  at which time the cholesterol/phospholipid ratio is lower in 
hepatectomized animals, and fluidity is not  appreciably different in hepatecto- 
mized and sham operated animals. At that time other  membrane components  
may counterbalance the effect exerted by the decreased cholesterol/phospho- 
lipid ratio. Membrane proteins have, for instance, been shown to exert  a rigidiz- 
ing effect  on the lipids throughout  the bilayer [38]. 

Results obtained in enzyme assays performed at the times when either a 
composit ion or a fluidity modification occurred (15 h and 24 h) show that, 
whereas Arrhenius plots of  the membrane enzymes examined ((Na÷ + K÷) - 
ATPase, Mg2+-ATPase and 5'-nucleotidase) do not  change, the 15 h Hill's plots 
of 5'-nucleotidase -- in the presence of concanavalin A -- show a change in the 
Hill's coefficient from 1.4 + 0.2 to 0.68 + 0.12, which suggests a loss of 
cooperativity in the enzyme [35,36].  Since it has already been reported [17] 
that  variations in Hill's coefficient in cooperative membrane enzymes depend 
on their relationship to lipids and on the fluidity condition of  the latter, we 
may suggest that the different behaviour of  5'-nucleotidase 15 h after partial 
hepatectomy is related to the fluidity enhancement observed with the EPR 
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spectrum of the 5NS probe. This seems to be supported by the fact that 
5'-nucleotidase cooperativity returns to the values observed in the sham oper- 
ated animals 24 h after partial hepatectomy,  i.e. the time at which the EPR 
data of the 5NS probe reveal only a very slight fluidity modification in hepatec- 
tomized with respect to sham operated animals. The fact that  no variation has 
been detected in the Arrhenius plots could be ascribed to the lower sensitivity 
of  this parameter to membrane fluidity [ 17]. 

On the basis of  the data obtained we may conclude that liver plasma mem- 
brane fluidity is affected by several factors. Surgical operation, or anaesthesia 
alone, causes this parameter to increase soon after hepatectomy.  Such an effect 
appears to be markedly reduced at later times. From this observation emerges 
the need to use membranes from sham operated animals as controls, since they 
allow for effects caused by surgical operation (anaesthesia, surgical stress, 
altered food intake) which, especially at an early stage of  liver regeneration, 
complicate the detection of  fluidity and composit ion modifications in the 
membrane. The probable occurrence of  these modifications is supported by 
the fact that  in early liver regeneration there is a variation in the blood content  
of  some hormones [11,39],  and ions [40] which are known to affect the activ- 
ity of  some membrane enzymes by changing the physical state of lipids [18, 
41]. 

The effect  of  regeneration on plasma membrane fluidity observed 15 h after 
partial hepatec tomy appears to be of  particular interest. At this time our pro- 
liferation model is at the onset  of  the S phase of the cell cycle as shown by 
autoradiography. 

A fluidity increase, ascribed to neutral lipid contamination, has been 
detected by other investigators [42] in regenerating liver membranes 24 h after 
hepatectomy (S phase of  their system). We believe that  the correlation ob- 
served between surface fluidity, cholesterol/phospholipid ratio, and the 5'-nu- 
cleotidase Hill's coefficient in the presence of  concanavalin A, suggests that the 
fluidity increase might be better  correlated with the proliferative process. This 
hypothesis is in agreement with previous data from our laboratory showing an 
increased surface mobili ty of  concanavalin A receptors in hepatocytes  iso- 
lated from 15 h hepatectomized rats (unpublished results). 

The increased activity of  adenylate cyclase, which we have observed in previ- 
ous research, in regenerating liver at 15 h, the time at which fluidity increases, 
suggests that a causal ratio may be established for regenerating liver between 
the increase in fluidity (and cholesterol/phospholipid ratio decrease) and the 
increase in adenylate cyclase activity. This is supported by the correlation 
between decreased adenylate cyclase activity and radioactive cholesterol uptake 
observed in kidney fibroblasts by Klein et al. [43]. 

In our system the assumption [44],  that the membrane exerts its influence 
on the regulation of  the cell cycle by modulating the activity of  some enzymes 
through lipid fluidity changes, seems valid. 
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