
Metabolism 
Clinical and Experimental 

VOL 44, NO 7 JULY 1995 

Altered Lipid Composition and Differential Changes in Activities of 
Membrane-Bound Enzymes of Erythrocytes in Hepatic Cirrhosis 

Hiroki Kakimoto, Yasuharu Imai, Sumio Kawata, Masami Inada, Toshio Ito, and Yuji Matsuzawa 

Lipid composition, fluidity, and Na+,K+-adenosine triphosphatase (ATPase}, MgZ+-ATPase, and acetylcholinesterase (ACHE) 
activities of erythrocyte membranes were examined in comparison to plasma lipid composition and lecithin:cholesterol 
acyltransferase (LCAT) activities in 39 patients with hepatic cirrhosis due to viral hepatitis (Child-Pugh class A, n = 12; class B, 
n = 13; and class C, n = 14). Plasma LCAT activities decreased and the plasma free-cholesterol to phospholipid molar ratio 
(C/PL) increased with progressive severity of hepatic cirrhosis. C/PL and fluorescence polarization (inverse of fluidity) of 
erythrocyte membranes also increased with disease progression (C/PL: Child-Pugh A, 0.911 _+ 0.010; B, 0.941 + 0,011; C, 
0.979 -+ 0.028; and normal, 0.798 -+ 0.010; fluorescence polarization: Child-Pugh A, 0.348 -+ 0.002; B, 0.351 -+ 0.002; C, 
0.355 -+ 0.002; and normal, 0.340 _+ 0.002). There was a correlation between C/PL and fluorescence polarization of erythrocyte 
membranes (r = ,629, P < .001). Na÷,K+,ATPase activity of erythrocyte membranes did not differ between cirrhotic patients 
and normal subjects. On the other hand, MgZ+-ATPase activity decreased in Child-Pugh C cirrhosis. AChE activity was 
decreased in Child-Pugh A cirrhosis, and decreased further in Child-Pugh B and C cirrhosis. AChE and Mg2+-ATPase activities 
correlated inversely with fluorescence polarization (r = - .652, P < .001 and r = - .381, P < .01, respectively). These results 
suggest that the free-cholesterol content of erythrocyte membranes increased in parallel with a decrease in plasma LCAT 
activity with progression of severity of hepatic cirrhosis, and that a resultant decrease in membrane fluidity affected 
Mg2+-ATPase and AChE activities but not Na+,K+-ATPase activity. These membrane-bound enzyme activities may show 
different dependencies on membrane fluidity. 
Copyright © 1995 by W,B, Saunders Company 

ECITHIN-CHOLESTEROL acyltransferase (LCAT) 
synthesized in the liver is secreted into plasma, where 

it catalyzes the esterification of cholesterol by transferring 
the long-chain fatty acyl residue from lecithin to unesteri- 
fled cholesterol. In chronic liver disease, plasma lipopro- 
teins become enriched in cholesterol as a result of reduced 
LCAT activity 1,2 and eventually cause an increase of free 
cholesterol in the membranes of erythrocytes and plate- 
lets. 3-5 It has been suggested that the movement of choles- 
terol between plasma lipoproteins and membranes depends 
on the proportion of cholesterol in lipoproteins and in the 
membranes; this can be determined by measuring the 
amount of cholesterol relative to the amount of phospho- 
lipid, ie, the free-cholesterol to phospholipid molar ratio 
(C/PL) .  6,7 Cooper et aP showed reduced plasma LCAT 
activity and a strong correlation between C/PL of low- 
density lipoproteins and C/PL of erythrocyte membranes in 
patients with alcoholic cirrhosis. 

In cholestatic liver disease, plasma C/PL increases due to 
decreased plasma LCAT activities s and other factors such 
as LP-X, which is enriched in free cholesterol and lecithin. 9 
As a result, these abnormal lipoproteins lead to accumula- 
tion of free cholesterol in erythrocytes. 8 0 w e n  et aP 

reported that C/PL of erythrocyte membranes was in- 
creased and fluidity was decreased in human cholestatic 
liver disease. It was also demonstrated that the plasma 
C/PL could be correlated with C/PL of renal cortical 
brush-border membranes in bile duct-ligated rats, and that 
the increased C/PL of the membranes led to reduced 
membrane fluidity. 2,1° 

Changes in membrane lipids and fluidity are known to 
influence such physiologically important membrane en- 
zymes as Na+,K+-adenosine triphosphatase (ATPase) and 
hormone-responsive adenylate cyclase. 1I In cholestatic liver 
disease, Jackson and Morgan lz reported that the increased 
C/PL of erythrocyte membranes was associated with reduc- 
tion of ouabain-insensitive sodium effiux, but that ouabain- 
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sensitive sodium efflux was not altered. Na+-dependent  
D-glucose transport increased as a result of altered lipid 
composit ion of renal cortical brush-border  membranes  in 
bile duct- l igated rats3 ° Repor ts  have been lacking with 
regard to the changes in lipid composit ion and fluidity of 
extrahepatic cell membranes  and the associated alteration 
in membrane  function in parenchymal liver disease, espe- 
cially nonalcoholic hepatic  cirrhosis. 

The  purpose of  this study was to examine lipid composi- 
tion and fluidity of erythrocyte membranes  in comparison 
to plasma lipid composit ion and L C A T  activities in postvi- 
ral hepatic  cirrhosis classified according to Child-Pugh 
grading, and to investigate whether  the activities of three 
m e m b r a n e - b o u n d  enzymes,  Na+ ,K+-ATPase ,  Mg 2+- 
ATPase,  and acetylcholinesterase (ACHE), are al tered in 
these patients. 

S U B J E C T S  A N D  M E T H O D S  

Patients 

Patients were classified according to Child-Pugh grading. Four- 
teen age-matched (60.3-+ 2.1 years) normal subjects served as 
controls. Thirty-nine patients (age: Child-Pugh A, 63.0 +- 3.0 years; 
B, 60.8 +- 1.9; and C, 60.3 _+ 3.5) with hepatic cirrhosis due to viral 
hepatitis were studied. Clinical data for the patients are listed in 
Table 1. Diagnosis of cirrhosis was made on the basis of histologic 
examination using liver biopsy for 14 patients with Child-Pugh A 
and B cirrhosis or clinical and laboratory findings for the other 
patients. All patients were hepatitis C virus antibody-positive 
(Child-Pugh A, n = 11; B, n = 12; and C, n = 12) or hepatitis B 
surface antigen-positive (Child@ugh A, n -- 1; B, n = 1; and C, 
n = 2). Daily alcohol intake was less than 80 g for all patients and 
healthy controls. None of the patients and healthy controls had 
other diseases that modulate lipid metabolism in erythrocytes, such 
as diabetes mellitus, hyperlipidemia, and renal disease. Informed 
consent was obtained from each patient before inclusion in the 
study. 

Reagents 

Tetrahydrofuran and 1,6-diphenylhexa-l,3,5-triene were ob- 
tained from Wako Pure Chemical Industries (Tokyo, Japan). All 
other chemicals were of analytic grade. 

Preparation of Erythrocyte Membranes 

Venous blood was obtained from patients and healthy controls 
after overnight fasting and then mixed with an anticoagulant. After 
the plasma and buffy coats had been separated by centrifugation 
and removed, erythrocytes were washed three times with isotonic 
Tris-hydrochloride, pH 7.6, and the membranes were prepared 
using the method reported by Hanahan and Ekholm. 13 The 
membranes were then suspended in an equal volume of 20-mOsm 
Tris hydrochloride, pH 7.6, and stored under liquid nitrogen until 
analyzed. Measurements of enzyme activities, lipid composition, 

and fluidity of membranes were performed within 1 week after 
preparation of the membranes. Protein content was measured 
using the method reported by Lowry et al. 14 

Lipid Analysis of Erythrocyte Membranes and Plasma 

Lipids were extracted from erythrocyte membranes using the 
method reported by Bligh and Dyer 15 and from plasma using the 
procedure reported by Folch et al. 16 Aliquots of lipid extracts from 
membranes and plasma were used for cholesterol, phospholipid, 
and fatty acid determinations. Cholesterol level was measured with 
a commercial enzymatic kit (Wako Pure Chemical Industries), and 
total phospholipid content was estimated as inorganic phosphorus 
after digestion with sulfuric acid. 17 Erythrocyte membrane phospho- 
lipids were separated on silica gel A150 (Whatman, Clifton, NJ) 
with one-dimensional thin-layer chromatography using chloroform: 
methanol:isopropanol:0.25% KCl:triethylamine 30:9:25:6:18 (vol/ 
vol). Spots were visualized with Rhodamine 6G vapor and scraped 
from the plate, and then phospholipid levels were measured. After 
fatty acid transmethylation, 3 fatty acid composition in erythrocyte 
membranes was analyzed by a gas-liquid chromatography (GC- 
14A; Shimadzu, Tokyo, Japan) equipped with a 50-m HR-SS-10 
column with a 0.25-mm inner diameter (Shinwa, Kyoto, Japan). 

LCA T Activity 

LCAT activity was measured using proteoliposomes (apolipopro- 
tein A-l:lecithin:cholesterol molar ratio, 0.8:250:12.5) as substrate 
according to the method reported by Chen and Albers) 8 

Fluorescence Polarization 

The fluorescent probe diphenylhexatriene was used to label 
erythrocyte membranes. 19 Diphenylhexatriene was stored in tetra- 
hydrofuran at a concentration of 2 mmol/L and was diluted 
immediately before use to 2,000-fold with 20-mOsm Tris hydrochlo- 
ride, pH 7.6. The colloidal solution obtained was sonicated for 20 
minutes and then mixed with an equal volume of erythrocyte 
membranes (final concentration, 20 Ixg protein/mL). The mixture 
was incubated at 37°C for 1 hour to incorporate diphenylhexatriene 
into the lipid matrix. 

Steady-state measurements of the degree of fluorescence polar- 
ization were made at 25°C in triplicate with the fluorescence 
polarization analyzer FS-501-A (Union Giken, Tokyo, Japan), 
which indicates the intensities of polarized light emitted in parallel 
(Ix) and perpendicularly (Iy). The polarization ratio (P) was 
obtained from the equation P = (Ix - Iy)/(Ix + Iy). 

Na +,K +-tt TPase and Mg 2 +-A TPase Activities 

To measure ATPase activity, 0.4 mL membrane suspension was 
added to 0.6 mL incubation medium containing ATP at 37°C for 30 
minutes. The final composition of incubation medium was as 
follows: 3 mmol/L MgCI2, 100 mmol/L NaCI, 20 mmol/L KCI, 30 
mmol/L Tris hydroehloride (pH 7.4), 0.5 mmol/L EDTA, and 1.0 
mmol/L ATP with or without 0.4 mmol/L ouabain. The reaction 
was terminated by addition of 0.1 mL 50% trichloroacetic acid and 
centrifuged at 4°C. Inorganic phosphate content in the superuatant 

Table 1. Clinical Data for Patients With Hepatic Cirrhosis 

Cirrhosis ALT Total Bilirubin Albumin Prothrombin Child-Pugh 
Level Age, years Sex (M:F) (IU/L) (mg/dL) (9/dL) Time (%) Score 

A 63.0 + 3.0 7:5 45.8 +_ 7.7 1.18 _+ 0.11 3.42 + 0.11 63.7 _+ 2.1 5.9 -+ 0.1 

B 60.8 -+ 1.9 8:5 54.9 -+ 7.8 1.68 -+ 0.21 3.03 _+ 0.07 62.2 -+ 3.8 8.0 +_ 0.3 

C 60.3 -+ 3.5 10:4 63.1 +- 13.2 3.71 _+ 1.10 2.61 -+ 0.09 52.8 +- 5.6 10.7 -+ 0.3 

NOTE. Values are mean -+ S E M  

Abbreviat ion:  ALT, alanine aminotransferase. 
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was measured using the method reported by Jenkins and Mar- 
shall. 20 

AChE Activity 

AChE activity of erythrocyte membranes was measured using 
the method reported by Ellman et al. 21 Acetylcholine iodide (final 
concentration, 0.075 tool/L) was used as the substrate. 

Statistics 

All results are expressed as the mean _ SEM. The difference 
between mean values of groups was tested by the Wilcoxon test and 
Kruskal-Wallis test. Correlation coefficients were obtained by 
linear regression. 

RESULTS 

Individual values for C/PL of erythrocyte membranes in 
cirrhotic patients are shown in Fig 1. In hepatic cirrhosis, 
C/PL of erythrocyte membranes increased with progressive 
severity of cirrhosis. This increase in C/PL of erythrocyte 
membranes resulted from an increase in cholesterol con- 
tent (Table 2). In phospholipids of erythrocyte membranes, 
phosphatidylcholine content increased and phosphati- 
dylethanolamine content decreased with progressive sever- 
ity of hepatic cirrhosis (Table 3). Fatty acid compositions of 
erythrocyte membranes are listed in Table 4. Polyunsatu- 
rated fatty acids and the unsaturation index 22,23 did not 
change in hepatic cirrhosis. Saturated fatty acid levels in 
Child-Pugh A cirrhosis and monounsaturated fatty acid 
levels in Child-Pugh C cirrhosis were slightly increased. 
Plasma lipid composition and LCAT activity of erythrocyte 
membranes from cirrhotic patients are listed in Table 5. 
Plasma C/PL increased in parallel with a decrease in LCAT 
activity. There was a significant correlation between C/PL 
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Fig 1. C /PL of erythrocyte membranes from patients with hepatic 
cirrhosis. Bars indicate the mean of values in each group. *P < .01. 

Table 2. Lipid Composition of Erythrocyte Membranes From 
Patients With Hepatic Cirrhosis 

Free 
Cholesterol Phospholipid 
(izmol/rng (~mol/rng C/PL 

Subjects protein) protein) (mol/mol) 

Cirrhosis 

A 0.475 ± 0.009* 0.522 ± 0,011 0.911 _+ 0.010"§ 

B 0.487 ± 0.015" 0.519 ± 0.018 0.941 _+ 0.011" t  

C 0.505 ± 0.017" 0.517 ± 0,012 0.979 -+ 0.028":1: 

Normal 0.427 ± 0.012511 0.535 ± 0,013 0,798 _+ 0.010~1] 

NOTE. Values are mean -+ SEM. 

*P < .01 v normal subjects. 

tP  < ,05. 

tP  < .01 : v Child-Pugh A. 

§P < .05. 

liP < ,01: vChi ld-Pugh B. 

of erythrocytes and C/PL of plasma (r = .603, P < .001). 
Erythrocyte membrane C/PL also showed a correlation 
with plasma LCAT activity (r = .833, P < .001). Fluores- 
cence polarization values for erythrocyte membranes in 
each group are shown in Fig 2. Fluorescence polarization 
increased (ie, fluidity decreased) with disease progression. 
Since C/PL, the phosphatidylcholine to sphingomyelin 
ratio, and fatty acid composition are determinants of 
membrane fluidity, I1,24,25 we performed multiregression 
analysis on the contribution of these parameters to erythro- 
cyte membrane fluidity in this study. We found that C/PL 
could be correlated with the fluorescence polarization of 
erythrocyte membranes (r = .629, P < .001). No correla- 
tion was found between fluorescence polarization and 
either the phosphatidylcholine to sphingomyelin ratio or 
unsaturation index of fatty acids. 

AChE activity was decreased in Child-Pugh A cirrhosis, 
and decreased further with progression of hepatic cirrhosis 
(normal, 3.86 - 0.15 ixmol/mg protein/rain; Child-Pugh A, 
3.31 _+ 0.16; B, 3.03 + 0.21; and C, 2.57 _+ 0.19; Fig 3). 
MgZ+-ATPase activity decreased only in Child-Pugh C 
cirrhosis (normal, 0.284 --_ 0.018 ~zmol/mg protein/h; Child- 
Pugh A, 0.256-4-0.020; B, 0.271 + 0.008; and C, 
0.195 _+ 0.014; Fig 4). Na+,K+-ATPase activity did not 
differ between cirrhotic patients and normal subjects (nor- 
mal, 0.296 _+ 0.015 ixmol/mg protein/h; Child-Pugh A, 
0.255 -+ 0.022; B, 0.315 _+ 0.014; and C, 0.292 _+ 0.022; Fig 
5). AChE and Mg2+-ATPase activities showed a correlation 
with fluorescence polarization (r = .652, P < .001 and 
r = .381, P < .01, respectively; Figs 6 and 7). 

DISCUSSION 

In liver disease, plasma LCAT activity has been shown to 
decrease, probably due to its decreased synthesis in the 
liver. 26,27 Plasma LCAT activity also decreased in a stepwise 
manner from Child-Pugh A to C cirrhosis in our patients. 
The decrease in LCAT activity resulted in an increase in 
the plasma C/PL. As shown by Cooper et al 5 for alcoholic 
cirrhosis, we confirmed that an elevated plasma C/PL 
showed a strong correlation with erythrocyte membrane 
C/PL in postviral cirrhosis. 

Our findings clearly demonstrate that fluorescence polar- 
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Table 3. Phospholipid Composition of Erythrocyte Membranes From Patients With Hepatic Cirrhosis 

Phospholipid Composition 

Subjects SM (%) PC (%) PS + PI (%) PE (%} PC to SM Ratio 

Cirrhosis 
A 25.5 _+ 0.6 31.5 -+ 0,71" 16.5 _+ 0,3" 26.5 +- 0.31"11 1.25 _+ 0,05t 

B 25.7 -+ 0.5 33.2 + 0.51" 16.6 -+ 0.2* 24.5 _+ 0.71"¢ 1.30 _+ 0.04t 

C 27.6 _+ 0.9 36.2 - 1.01-§11 17.4 _+ 0,41- 18.7 _+ 1.71-§11 1.33 _+ 0.051" 

Normal 26.0 _+ 0.2 28.9 +_ 0.3§¶ 15.8 _+ 0.2¢11 29.2 _+ 0.2§¶ 1.11 _+ 0.02§¶ 

NOTE. Values are mean -+ SEM. 

Abbreviations: SM, sphingomyelin; PC, phosphatidylcholine; PS, phosphatidylserine; PI, phosphatidyl inositol; PE, phosphatidylethanolamine. 

*P < .05. 

1"P < .01, v normal subjects. 

CP < .05. 

§P < .01, v Child-Pugh A. 

liP < .05. 
¶P < .01 v Child-Pugh B. 

Table 4. Fatty Acid Composition of Erythrocyte Membranes From Patients With Hepatic Cirrhosis and Normal Subjects 

Cirrhosis 

Composition A B C Normal Subjects 

Saturated fatty acids (%) 42.7 _+ 0.3t 42.3 _+ 0.4 41.8 _+ 0.2§ 41.5 -+ 0.3 

16:0 25.9 +_ 0.4t 25.7 _+ 0.3t 25.9 _+ 0.4T 22.9 -+ 0.3 

18:0 16.7 _+ 0.2? 16.7 _+ 0.21" 15.9_+ 0.4t 18.7 +- 0.2 

Monounsaturated fatty acids (%) 16.6 _+ 0.3 17.2 _+ 0.2 18.2 -+ 0.4"§11 17.2 +- 0.3 

16:1 0.8 _+ 0.11" 0.8 -+ 0.1t 0.9 -+ 0.21" 0.3 +- 0.1 

18:1 15.8 _+ 0.3t 16.4 _+ 0.2* 17.3 -+ 0.3§11 16.9 +- 0.2 

Polyunsaturated fat tyac ids (%) 40.7 +- 0.4 40.5 -+ 0.5 40.0 -+ 0.5 41,3 -+ 0.4 

18:2 10.7 -+ 0.3 11.1 -+ 0.4 11.6 -+ 0.7 10.8 _+ 0.5 

20:3 1.6 + 0.3 1.9 _+ 0.2 2.0 _+ 0.2* 1.6 _+ 0.2 

20:4 13.8 _+ 0.3 12.5 _+ 0.4*$ 12,5 -+ 0.3*§ 13.8 + 0.5 

20:5 1.7 _+ 0.11" 2,0 -+ 0.2 1.7 _+ 0.2* 2.4 _+ 0.2 

22:5 2.5 -+ 0.1t 2.7 _+ 0,1 2.8 _+ 0.2 2.9 _+ 0.7 

22:6 10.4 -+ 0.3 10.3 -+ 0.2 9.5 +- 0.4 9.8 + 0.2 

Unsaturation index 181.4 _+ 1.9 180.4 -+ 2.1 178.7 -+ 2,6 183.9 -+ 1.6 

NOTE. Values are mean _+ SEM. Unsaturation index calculated as ~ percentage 

*P < .05. 

?P < .01, v normal subjects. 

~;P < .05. 

§P < .01, v Child-Pugh A. 

II P < .05 v Child-Pugh B. 

of fatty acid x number of double bonds. 

Table 5. Plasma Lipid Composition and LCAT Activity of Patients With Hepatic Cirrhosis 

Total Cholesterol Free Cholesterol Phospholipid C/PL 
Subjects (mmol/L) (mmol/L) (mmol/L) (mol/mol) 

LCAT Activity 
(nmol cholesterol 
esterified/h/mL) 

Cirrhosis 
A 3.29 + 0.15t 1.16 -+ 0.03 2.11 _+ 0.08T 0.553 ± 0.010tli 49.1 _+ 2.9t 

B 3.20 -+ 0.32* 1.22 _+ 0.12 2,08 + 0.21 0.592 _+ 0.011t~ 40.8 + 5.7? 

C 2.59 -+ 0,23?¢ 0.96 _+ 0.10",1i 1.55 _+ 0.15?§1t 0.617 _+ 0.018t~ 27.1 _ 3.2t§II 

Normal 4.32 +- 0.32§11 1.28 _+ 0.07 2.56 _+ 0.08§ 0.498 +_ 0.017§¶ 155.2 _+ 8.1§¶ 

• NOTE. Values are mean _+ SEM. 

*P < .05. 

tP  < .01, v normal subjects. 

~P < .05. 

§P < .01, v Child-Pugh A. 

lip < .05, 
¶P < .01 : v Child-Pugh B. 
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Fluorescence polarization of erythrocyte membranes from 
patients wi th  hepatic cirrhosis. Bars indicate the mean of values in 
each group. *P  < .05, * * P  < .01. 

ization increased (ie, fluidity decreased) as the severity of 
hepatic cirrhosis progressed (Fig 2). Lipid composition of 
the membranes affects membrane fluidity. 25 As a result of 
decreased LCAT activity, erythrocyte membranes of our 
patients had higher levels of both phosphatidylcholine and 
free cholesterol, both of which are substrates of LCAT. 
Cholesterol makes membranes rigid, whereas phosphatidyl- 
choline has the opposite effect. Multiple regression analysis 
showed that an increased C/PL was responsible for the 
decreased membrane fluidity, and that there was no corre- 
lation between the phosphatidylcholine to sphingomyelin 
ratio and fluorescence polarization in this study. These 
results agreed well with the report by Owen et al e that the 
reduced fluidity of erythrocyte membranes was predomi- 
nantly a result of an increased C/PL in liver disease, and 
also with another report that the fluorescence polarization 
of renal cortical brush-border membranes correlated well 
with C/PL but not with the phosphatidylcholine to sphingo- 
myelin ratio in bile duct-ligated rats. I° The other factor that 
modulates membrane fluidity is fatty acid composition: an 
increase of unsaturated fatty acids causes an increase in 
membrane fluidity. 11,25 The changes in fatty acid composi- 
tion of erythrocyte membranes (Table 4) were in agreement 
with those reported by Owen et al. 3 In our study, there was 
no correlation between the fluorescence polarization and 
unsaturation index of fatty acids. These results suggest that 
the fatty acid composition of erythrocyte membranes did 
not affect the fluidity of these membranes in patients with 
postviral hepatic cirrhosis. 

Protein-lipid interactions and fluidity play a pivotal role 
in many physiologic processes that take place in cell 

membranes, such as the activity of membrane-bound en- 
zymes. In this study, we measured activities of three 
membrane-bound enzymes of erythrocytes, Na+,K +- 
ATPase, Mg2+-ATPase, and ACHE, in postviral hepatic 
cirrhosis. We found that Na+,K+-ATPase activity of the 
membranes was not altered in all clinical stages of cirrhotic 
patients, whereas Mg2+-ATPase activity decreased in Child- 
Pugh C cirrhosis and AChE activity was already decreased 
in Child-Pugh A cirrhosis and decreased even further in 
Child-Pugh B and C cirrhosis. 

Our patients with postviral cirrhosis showed no change in 
Na+,K+-ATPase activity of erythrocyte membranes, which 
had an increased C/PL and decreased membrane fluidity. 
The effect of changes in lipid composition and fluidity on 
Na+,K+-ATPase activity of erythrocyte membranes is con- 
troversial. There have been two reports on the relationship 
between C/PL and Na+,K+-ATPase activity of erythrocyte 
membranes using phospholipid liposomes. 28,29 Giraud et 
a128 depleted human red blood cells of cholesterol by 
incubation with phospholipid vesicles and measured the 
Na + efflux. Under their experimental conditions, choles- 
terol depletion increased the maximal rate of Na + efflux but 
decreased the apparent affinity for internal Na ÷. Incerpi et 
a129 reported that an increase of cholesterol content by 
incubation with phospholipid liposomes resulted in de- 
creased membrane fluidity and stimulation of Na+,K +- 
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ATPase activity in human erythrocyte membranes. Na +,K +- 
ATPase activity of erythrocyte membranes has been 
measured in some disease conditions. In insulin-dependent 
diabetic patients, Na +,K +-ATPase was reduced and showed 
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patients with hepatic cirrhosis. Bars indicate the mean of activities in 
each group. 

# 
> ~ 4 

'5 
~ 3 o 
13. I/) 

.E E 
0 " 

0 
Z" 

0 
< 

5 -  

. . .  :! 
• • • • e •  

o 

2 • • 

I 

0 ' "  i i ' - -  i i I 

0 . 3 3  0 . 3 4  0 . 3 5  0 . 3 6  0 . 3 7  0 . 3 8  

Fluorescence polarization 

Fig 6. Correlation between AChE activity and fluorescence polar- 
ization of erythrocyte membranes from patients with hepatic cirrho- 
sis. • = - .652, P < ,001. 

a correlation with an increase in membrane fluidityP ° In 
cholestatic liver disease, Jackson and Morgan 12 studied Na + 
efflux of erythrocytes and found that ouabain-sensitive Na + 
efflux (ie, Na+,K+-ATPase) was not changed, but that 
cholesterol loading of normal erythrocytes could reduce 
Na ÷ efflux. These conflicting results might be due to 
different experimental conditions or factors other than lipid 
composition and membrane fluidity. However, our results 
for hepatic cirrhosis did agree with those for cholestatic 
liver disease. 1~,31 

In human erythrocyte membranes, three different pro- 
teins have been identified as Mg2+-ATPase, although their 
physiologic roles remain equivocal. 32 Jackson and Morgan 12 
also studied ouabain-insensitive Na ÷ efftux (ie, Mg 2÷- 
ATPase activity) and found that it decreased and showed 
an inverse correlation with the membrane C/PL in chole- 
static liver disease. In postviral cirrhosis, we found that 
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Fig 7. Correlation between Mg2+-ATPase activity and fluorescence 
polarization of erythrocyte membranes from patients with hepatic 
cirrhosis. • = - .381, P < .01. 
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Mg2+-ATPase activities decreased in Child-Pugh C cirrho- 
sis and that there was an inverse correlation between 
Mg2+-ATPase activity and fluorescence polarization of 
erythrocyte membranes.  

This study demonst ra ted  for the first t ime that A C h E  
activity of  erythrocyte membranes  decreases in patients 
with hepatic  cirrhosis. Cholesterol  loading in rat erythro- 
cyte membranes  results in a decrease in A C h E  activity. 33 In 
erythrocytes from insul in-dependent  diabetic patients, a 
significant correlat ion was found between A C h E  activity 
and membrane  fluidity) ° In our  study, A C h E  activity of 
erythrocyte membranes  decreased with progressive severity 
of hepatic  cirrhosis (Fig 3), and an inverse correlation was 
found between enzyme activity and fluorescence polariza- 
tion (Fig 6). These results indicate that in hepatic cirrhosis, 
as well as in other  conditions, A C h E  activity of  erythrocyte 
membranes  is dependent  on membrane  fluidity, with the 
correlation being positive. 

The mechanisms of  differential changes in membrane-  
bound enzymes remain unclear. Na+,K+-ATPase is a pro- 
tein that penetra tes  the membrane  at active sites on each 

side of the membrane  and acts as a sodium pump, whereas 
A C h E  is a protein that is anchored on the surface of the 
plasma membrane  by an at tached glycosyl-phosphatidylino- 
sitol. 34,35 One  possibility is that Na+,K+-ATPase as a 
membrane-penet ra t ing  enzyme is resistant to a change in 
fluidity of  erythrocyte membranes,  whereas A C h E  is sensi- 
tive to the change. Alkaline phosphatase is another  glycosyl- 
phosphatidylinosi tol-anchored p ro t e inY  ,35 Brasitus et aP 6 
repor ted  that increasing the C / P L  of rat proximal small 
intestinal microvillus membranes  using a nonspecific lipid- 
transfer protein and cholesterol /phospholipid liposomes 
decreased alkaline phosphatase specific activity. Fur ther  
studies on differential changes in activities of membrane-  
bound enzymes of erythrocytes are needed.  

In conclusion, the cholesterol content  of erythrocyte 
membranes  increased with progressive severity of the 
disease, and a resultant decrease in membrane  fluidity 
affected A C h E  and Mg 2+-ATPase activities but not Na+,K ÷- 
ATPase  activity of erythrocyte membranes  in hepatic cirrho- 
sis. These membrane-bound enzymes may show different 
dependencies  on membrane  fluidity for their activities. 
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