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ABSTRACT
Background: The physicochemical properties of Red Blood Cell membranes (RBC) are altered in liver diseases.
Langmuir monolayers offer an excellent model system to study biological membrane surface properties. The aim of
this study was to evaluate surface properties of erythrocyte membranes in liver diseases.
Methods: Sixty-one patients with various liver diseases and fifteen controls were enrolled. Surface properties of RBC
membrane were evaluated using Langmuir monolayers. Surface pressure area isotherms were recorded at body
temperature using RBC membrane lipid extract. Student‟s t-test and Analysis of variance tests were performed.
Results: Mean maximum surface pressure and hysteresis area were significantly higher in cirrhotic and non-cirrhotic
liver disease groups compared to controls. Within cirrhotics, mean maximum surface pressure and lift off area was
significantly lower in the Child C group as compared to the Child A, B and A-B groups. The mean hysteresis area
was significantly lower in the Child C group as compared to the Child B and A-B groups.
Conclusion: The results of our study confirmed high rigidity of RBC membrane in mild and moderate liver cirrhosis
and high fluidity in severe liver cirrhosis. This study may pave the way to the development of a surface activity based
biophysical tool for therapeutic implication in liver diseases.
Keywords: Liver cirrhosis, Erythrocyte membrane, Langmuir-Blodgett technique, Surface properties, Surface
pressure area isotherms

INTRODUCTION
Cirrhosis is a general term for end-stage liver disease.
It represents the final common histologic pathway for a
wide variety of chronic liver diseases. Cirrhosis is
defined as the histological development of regenerative
nodules surrounded by fibrous bands in response to
chronic liver injury.1 According to the National Institutes
of Health, Cirrhosis is the 12th leading cause of death by
disease and according to the WHO data published in
2011 liver diseases deaths in India reached 208,185 or
2.31% of total deaths.2 Pathological alterations in the
structure or functions of RBC (Red Blood Cell)

membranes are involved in the etiology of liver diseases
including cirrhosis. Patients with severe liver disease may
have spur cell anemia with Red Blood Cells (RBCs) that
have
characteristic
morphological
abnormalities,
hemolytic anemia and altered membrane lipid
composition.3 RBC is a complex structure composed of a
lipid bilayer supported by a scaffolding of cytoskeletal
proteins. Lipid composition determines the structure,
function and integrity of RBC membranes.4 In patients
with liver disease, abnormalities in the composition of
the
plasma lipoproteins
are
associated
with
corresponding changes in the erythrocyte membrane
lipid composition and accompanying changes of their
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morphology.5,6 These changes cause alterations in
membrane fluidity and function with potential
pathophysiological consequences. The normal RBC
membranes are enriched in cholesterol, phospholipids.
The main alteration noticed in liver disease is increased
cholesterol and the phospholipid compositions and
cholesterol-phospholipid (C-P) ratio are also altered.7,8
These changes in membrane lipid composition can affect
the structure, morphology and integrity of erythrocytes.9
Changes in hepatocytes are reflected by RBC changes in
liver diseases. Hence the structure and functions of RBC
membranes could be used to understand pathogenesis and
prognosis of liver diseases.
The membrane function of different cells is not only
dependent on the lipid composition but also on the
architecture (packing and phases) of the lipid membranes.
Modifications of the lipid composition and the
asymmetry of the bilayer have been shown to affect the
overall shape of the erythrocyte, architecture and also the
cell‟s deformability. Changes in lipid profiles of
membrane also alter fluidity, which in turn affects
permeability of membrane.10 Changes in the shape,
mechanical characteristics or the integrity of the
erythrocyte have severe implications on the functionality
and viability of the cell, as can be seen in several
dysfunctional states of the erythrocyte in diseased
states.11 Langmuir monolayer is a technique used to study
the surface properties of cell membranes as model
monolayers. These surface properties of the membranes
can give information regarding overall phase behaviour
and the packing of the lipids. Till now, various studies
have been conducted to see alteration in membrane lipid
composition and fluidity in liver diseases. However, there
is paucity of data regarding surface activity and
interfacial tensiometric properties of RBC membranes in
liver diseases.
The aim of this study was to evaluate and compare the
surface properties using surface pressure area isotherms
of erythrocyte membranes in healthy and liver disease
patients and to correlate these surface parameters with
RBC membrane lipid profiles and with severity of liver
disease.
In India this is perhaps the first study where Langmuir
Blodgett technique was used to evaluate RBC membrane
surface activity using model monolayer in liver diseases.
METHODS
This study was conducted in department of biochemistry
and clinical nutrition, Seth G. S. medical college and
KEM hospital, Mumbai, in collaboration with department
of biosciences and bioengineering, Indian Institute of
Technology (IIT), Mumbai.
This study was approved by the ethics committee of Seth
G. S. medical college.

Subjects
Fifty one patients (Age-30 to 65 years and both sex) of
liver cirrhosis with various etiologies and 10 patients of
non-cirrhotic liver diseases (Total 61 patients of liver
disease) were enrolled from liver clinic at Seth G. S.
medical college and KEM hospital, Mumbai, during June
2013 to January 2014. The diagnosis of liver disease was
based upon clinical features, liver function tests,
International Normalized Ratio (INR), ultrasonography,
upper gastrointestinal endoscopy and liver biopsy
wherever feasible. Patients suffering from concomitant
diseases, which can alter the lipid profiles such as
diabetes mellitus, cancer, acute pancreatitis, recent
parenteral nutrition and acute gastrointestinal bleeding,
renal failure and patients who were on glucose or lipid
lowering drugs were excluded. Child Pugh scores were
calculated for liver cirrhotic patients as an index for the
extent of liver damage. It was used for categorization of
liver cirrhosis patients into mild, moderate and severe
liver cirrhosis.12 Out of 51 liver cirrhotic patients, 15 had
mild, 18 had moderate and 18 had severe liver cirrhosis.
15 ages matched healthy subjects were enrolled as control
group.
Blood samples and clinical tests
Blood sample from patients and controls (10 ml) was
taken in heparin and plain evacuated tubes by
venepuncture after 12 hour fasting and after taking well
informed consent. Blood samples were processed for
several biochemical parameters which included - serum
AST, ALT, ALP, total protein, albumin, bilirubin (Total
and direct), haemoglobin, prothrombin time, total
cholesterol and triglycerides. These analytic procedures
were done using standard kits in the central clinical
biochemical laboratory, Seth G.S. medical college,
Mumbai. RBC membrane ghost was prepared using
method of Stack and Kant, 1974.13 RBC membrane lipid
extraction was carried using method of Rose and
Oklander, 1965.14 Aliquots of lipid extract were taken for
RBC membrane cholesterol and total phospholipids
estimation using the methods of Memon L et al. 2003
and Rouser G et al., 1979 respectively.15,16
All the surface activity studies of monolayers were
conducted in a computer controlled Langmuir–Blodgett
trough (KSV mini trough model, KSV instruments Ltd.,
Finland) in the department of biosciences and
bioengineering, IIT, Mumbai. The Teflon coated trough
is equipped with two Derlin barriers that can be moved
inward and outward at the same speed during
compression and expansion cycles. The entire trough is
surrounded by a water jacket, providing temperature
control. The temperature of the sub phase in the
Langmuir-Blodgett trough was maintained at 37 ± 1°C.
Wilhelmy plate made of platinum was used to sense the
change in surface pressure during the experiment. It was
roughened each time before the start of an experiment to
ensure complete wetting of the plate. The trough was
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cleaned with deionized water, methanol, acetone and
deionized water (again), in sequence several times. The
surface of the sub-phase was cleaned with the help of an
aspirator. Cleanliness was confirmed by a zero reading of
surface pressure. Highly pure deionized water (resistivity
of 18.2 MΩ/cm) was used as the sub-phase for all surface
activity experiments.
RBC membrane lipid extract in chloroform/isopropanol
organic solvent of all patients and controls was used for
monolayer study. 50 µl of sample (concentration
corresponding to 110 A°2/molecule, 19.6 ml of lipid
extract corresponding to 1 ml pack RBCs) was spread as
tiny drops on the surface of the sub-phase using a
Hamilton syringe. 30 minute wait time was given for the
evaporation of the organic solvents. The plots of surface
pressure versus area change are called isotherms. The
surface pressure-area isotherms were recorded by
continuous compression and expansion for three cycles (1
cycle = 1 compression + 1 expansion) with a barrier
speed of 50 mm/min. The maximum relative area change
during compression was 75%. From the surface pressure
area isotherms obtained, the following parameters were
calculated - 1) Maximum surface pressure which is the
maximum value of surface pressure obtained during the
compression stage of the cycle, and it represents the
maximum packing possible of the lipids of the
monolayer. 2) The hysteresis area, which is indicative of
energy trapped in a monolayer is the difference between
the free energy of compression and free energy of
expansion, and was calculated from the area under the
corresponding surface pressure area isotherms. 3) Lift-off
area which indicates interaction of molecules in the
monolayer was obtained by extrapolating the area at
which an increase in surface pressure from the baseline
value was observed to the area cm2 axis. All the

parameters were calculated from the first compression
cycle of the isotherms.17
Statistical analysis
Data were analysed using SPSS version 21. All the
parameters were expressed as mean and Standard
Deviation (SD). To compare a continuous variable
between groups, the Student‟s unpaired t-test was
performed. Analysis of quantitative data between a
qualitative variable with more than two subgroups was
done using one-way ANOVA. Tukey‟s Post Hoc test was
then used for observations between individual groups of
patients if P value of ANOVA was statistically significant
(P <0.05).
RESULTS
In our study 61 liver disease patients and 15 controls
were included. Out of 61 patients, 41 (67.2%) were male
and 20 (32.8%) were female. The most common age
group affected by liver diseases was 41-50 years in both
male (43.9%) and female (30%).
Out of the 61 liver disease patients, 51 (83.6%) were
cirrhotics and 10 (16.4%) were non cirrhotics. According
to Child Pugh criteria, out of the 51 cirrhosis patients, 15
(29.4%) patients belonged to Child-Pugh class A, 18
(35.3%) patients belonged to Child-Pugh class B and 18
(35.3%) patients belonged to Child-Pugh class C.
In our study, the most common cause of cirrhosis was
alcoholic (51%) and in non-cirrhotic liver diseases, 60%
of the patients were of Budd-Chiari syndrome (Figure 1A
& 1B).

Figure 1: A] Causes of cirrhosis (N=51) and B] non-cirrhotic liver diseases (N=10) in study patients.
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Biochemical parameters in control and non-cirrhotic
liver disease group

Biochemical parameters in control and liver cirrhosis
A comparison of biochemical parameters of serum and
RBC membrane between control and cirrhotic group is
shown in Table 1. Serum total cholesterol, total protein,
albumin, haemoglobin and RBC membrane total
phospholipids were significantly lower in cirrhotic group
compared to control group. Serum AST, ALT, AST/ALT
ratio, ALP, bilirubin - total and direct, RBC membrane
cholesterol, RBC membrane cholesterol to phospholipid
ratio were significantly higher in cirrhotic group as
compared to the control group. No significant difference
in serum triglycerides could be observed in cirrhotics in
comparison to control group.

In non-cirrhotic liver disease group, AST, ALT, Total
cholesterol, haemoglobin, RBC membrane cholesterol,
RBC membrane cholesterol to phospholipid ratio were
significantly increased compared to control group. Serum
total protein and albumin were significantly decreased in
non-cirrhotic liver disease group compared to control
group whereas no statistically significant differences
were found between the groups in the other assessed
biochemical parameters (Table 1).

Table 1: Comparison of biochemical parameters in cirrhosis and non-cirrhotic liver diseases with control.

Parameters
AST (mg/dl)
ALT (mg/dl)
AST/ALT Ratio
ALP (mg/dl)
Total Protein (g/dl)
Albumin (g/dl)
Bilirubin total (mg/dl)
Bilirubin direct (mg/dl)
Haemoglobin gm%
INR
Serum cholesterol (mg/dl)
Serum Triglycerides (mg/dl)
RBC membrane cholesterol
(mg/ml pack RBC)
RBC membrane total phospholipid
(mg/ml pack RBC)
Membrane C/P ratio

21.53 ± 4.74
14.60 ± 4.18
1.52 ± 0.326
91.53 ± 25.18
7.41 ± 0.44
4.07 ± 0.27
1.10 ± 0.138
0.51 ± 0.130
13.22 ± 0.81
1.1607 ± 0.16
202.46 ± 19.75
111.46 ± 19.75

Mean ± SD
58.70 ± 32.29
31.4 ± 29.44
2.84 ± 2.08
133.13 ± 76.75
6.80 ± 0.89
3.11 ± 0.70
2.42 ± 2.50
1.33 ± 1.55
10.33 ± 2.22
1.45 ± 0.42
107.18 ± 33.82
102.64 ± 26.42

P value
0.00001***
0.032*
0.018*
0.044*
0.014*
0.0001***
0.047*
0.048*
0.0001***
0.011*
0.0001***
0.236NS

Non-cirrhotic liver diseases
(n=10)
Mean ± SD
P value
54.70 ± 61.99
0.048*
36.10 ± 37.44
0.036*
1.57 ± 0.39
0.746NS
153.10 ± 173.51 0.185NS
6.87 ± 0.58
0.014*
3.17 ± 0.44
0.019*
2.75 ± 3.47
0.077NS
1.64 ± 2.28
0.067NS
10.69 ± 1.52
0.0001***
1.29 ± 0.25
0.121NS
148.90 ± 27.74
0.0001***
116.90 ± 19.03
0.501NS

1.11 ± 0.22

1.35 ± 0.40

0.036*

1.46 ± 0.329

0.004**

2.34 ± 0.302

1.93 ± 0.36

0.0001***

2.18 ± 1.00

0.564NS

0.47 ± 0.080

0.72 ± 0.24

0.0002***

0.75 ± 0.352

0.007**

Control (n=15)
Mean ± SD

Cirrhosis (n=51)

***P <0.001, **P < 0.01, *P <0.05, NS = Not significant (P >0.05)

Comparison of surface activity parameters between
various liver disease groups and control
The Langmuir monolayers were subjected to three
compression cycles. Figure 2 represents the surface
pressure-area isotherms of different groups (average of
first compression cycle) and provides the overall
comparison of tensiometric profile of various groups. The
tensiometric parameters calculated from the isotherms
were Maximum Surface Pressure (MSP), Hysteresis area
and lift-off Area (from the first compression cycle).
In the mild and mild-moderate liver cirrhosis group all
the three surface parameters MSP (P <0.05), hysteresis
area (P <0.001), and lift-off area (P <0.05) were
significantly higher compared to the control group. In
moderate liver cirrhosis group MSP and Hysteresis area
was significantly higher (P <0.05), (P <0.001) compared

to control group whereas no significant difference was
observed in lift-off area between both the groups. In
cirrhotic and non-cirrhotic liver disease groups hysteresis
area was significantly higher compared to control group
(P <0.05), whereas no significant changes could be
observed in MSP and lift-off area between cirrhotic group
and control group. In severe liver cirrhosis group MSP (P
<0.001) and lift-off area (P <0.001) were significantly
lower as compared to control group (Table 2).
RBC membrane lipids and surface activity parameters
vs. severity of liver cirrhosis
Table 3A reports mean value of RBC membrane lipids
and surface activity parameters according to severity of
liver cirrhosis in cirrhotic group. Further Table 3B reports
group significance between individual liver cirrhosis
groups. The RBC membrane cholesterol (mean ± SD) and
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C/P ratio was statistically lower in the severe liver
cirrhosis group (Child C group) as compared to the
moderate liver cirrhosis group (Child B). The RBC total
phospholipid (mean ± SD) was not statistically different
between the four groups (Child A, B, A-B and C)

Suface pressure mN/m

30.00

The maximum surface pressure and lift off area (mean ±
SD) was statistically lower in the Child C group as
compared to the Child A, Child B and Child A-B groups.
The hysteresis area (mean ± SD) was statistically lower in
the Child C group as compared to the Child B and Child
A-B groups (Table-3A & B).

controls
25.00
20.00

mild live
rcirrhosis

15.00

other liver
diseases

10.00
5.00
0.00
0.00

severe liver
cirrhosis
100.00 200.00 300.00

moderate liver
cirrhosis

Area (cm2)

Figure 2: Average surface pressure area isotherms of
different groups.

Table 2: Comparison of maximum surface pressure, hysteresis area and lift off area of diseased groups with
controls.

Groups

Max surface pressure
(mN/m) (Mean ± SD)

Controls (n=15)
Mild liver cirrhosis (n=15)
Moderate liver cirrhosis (n=18)
Mild-moderate liver cirrhosis (n=33)
Severe liver cirrhosis (n=18)
Total cirrhosis (n=51)
Non-cirrhotic liver disease (n=10)

16.5 ± 3.33
20.6 ± 5.50*
24.34 ± 11.6*
22.64 ± 9.43*
9.48 ± 8.98**
18.00 ± 11.1NS
20.02 ± 8.09NS

Hysteresis area
(Micro joule)
(Mean ± SD)
80.26 ± 29.1
200.00 ± 159.85**
260.77 ± 196.39***
233.15 ± 180.59**
77.55 ± 125.12NS
178.23 ± 178.4*
178.1 ±164.2*

Lift off area (cm2 )
(Mean ± SD)
115.5 ± 7.95
127.0 ± 18.1*
123.5 ± 17.7NS
125 ±17.6*
101.5 ± 17.0**
112.5 ± 20.5NS
120 ± 15.9NS

***P <0.001, **P < 0.01, *P <0.05, NS = Not significant (P >0.05)

Table 3A: RBC membrane lipids and surface activity parameters in cirrhotics according to child criteria.

Parameters
RBC membrane
cholesterol mg/ml
pack RBC)
RBC membrane total
phospholipid mg/ml
pack RBC
RBC membrane C/P
ratio
Maximum surface
pressure (mN/m)
Hysteresis area
(micro joule)
Lift off area (cm2)

Child A
(Mild liver
cirrhosis)

Child B
(Moderate liver
cirrhosis)

Child A-B
(Mild-moderate
liver cirrhosis)

Child C
(Severe liver
cirrhosis)

F
value

Significance

1.28 ± 0.250
1.33

1.56 ± 0.46

1.43 ± 0.40

1.18 ± 0.40

3.40

0.022*

2.08 ± 0.46

1.86 ± 0.24

1.96 ± 0.37

1.87 ± 0.34

1.32

0.274

0.66 ± 0.24

0.84 ± 0.25

0.76 ± 0.26

0.63 ± 0.16

2.95

0.037*

20.61 ± 5.50

24.34 ± 11.66

22.64 ± 9.43

9.48 ± 8.98

9.82

0.00001***

200.0 ± 159.85

260.77 ± 196.39

233.15 ± 180.59

77.55 ± 125.12

4.27

0.007**

126.80 +18.02

123.55 +17.71

125 + 17.64

101.55 ± 17.06

8.47

0.00005***

All values are expressed as Mean ± SD
***P <0.001, **P < 0.01, *P <0.05, NS = Not significant (P >0.05)

Table 3B: Relationship between various parameters and severity of liver damage in cirrhotic patients (Post Hoc
tests: multiple comparisons: Using Tukey HSD test).
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Parameters
RBC membrane cholesterol mg/ml
pack RBC
RBC membrane total phospholipid
mg/ml pack RBC
RBC membrane C/P ratio
Maximum surface pressure (mN/m)
Hysteresis area (micro joule)
Lift off area (cm2)

Group A vs. B

Group A vs. C

Group A+B vs. C

Group B vs. C

0.167

0.895

0.133

0.023*

0.311

0.340

0.818

1.0

0.126
0.663
0.738
0.952

0.991
0.005*
0.177
0.001*

0.282
0.00003*
0.013*
0.0001*

0.048*
0.00004*
0.010*
0.002*

Result is significant at <0.05 level*

DISCUSSION
While the fluid nature of biological membrane is well
recognized, the term membrane fluidity is ambiguous; it
refers to several aspects of the dynamic structure of
membranes including a variety of molecular motions of
both the lipid and protein constituents.18 The structural
and dynamic properties of membrane lipid matrix have
been extensively studied using techniques such as
Nuclear Magnetic Resonance (NMR), Electron Spin
Resonance (ESR), Flash Photolysis (FP) etc.19 Langmuir
Blodgett (LB) technique is a well-established sensitive
technique and has been verified as an excellent model
system to study biological membrane properties using
model monolayer.20 Studies with monolayers can help
understanding the behaviour and role of different lipids in
biological membranes. Membrane physical properties
depends on the amount of free cholesterol content,
phospholipid composition, degree of fatty acid saturation,
length of acyl chains.19 In our study, erythrocyte plasma
membrane surface properties were determined in liver
diseases by Langmuir Blodgett technique using
monomolecular layer of RBC membrane lipids.

It can be assumed that in mild and moderate liver
cirrhosis, lipid mixture contained increased amount of
rigidifying lipids in the membrane which may include
saturated fatty acids, cholesterol and some phospholipids.
These lipids cause the formation of tightly packed and
highly ordered compressed monolayer. The present study
measured RBC membrane cholesterol and total
phospholipids which are known to contribute to the
membrane activity. Significantly increased cholesterol
and C/P ratio in mild and moderate liver cirrhotic group
indicate towards increased rigidity. Cholesterol would be
expected to increase membrane rigidity by increasing the
lateral packing of phospholipid acyl chains. The increase
of cholesterol has a condensing effect and reduces acyl
chain mobility and decrease of polyunsaturated fatty acid
content within the phospholipid acyl chains make the
monolayer more rigid.6,21 RBC membrane phospholipid
fatty acid composition also affects the membrane fluidity.
Studies have shown that in liver diseases, fatty acid
composition of phospholipid is altered. The content of
palmitic acid is increased and that of arachidonic and
stearic acid is decreased. Thus polyunsaturated fatty acid
(PUFA) content is reduced corresponding to reduce
fluidity.19,22

Surface activity - mild and moderate liver cirrhosis
Surface activities - severe liver cirrhosis
In mild liver cirrhosis group, MSP was significantly
higher compared to control group. A higher value of
surface pressure indicates that the lipids are closely
packed and are compressed to a “rigid gel state”. In mild
cirrhosis group, hysteresis area was significantly higher
compared to control group which indicate the formation
of stable monolayer. In mild cases, lift off area was also
significantly higher compared to control group. This high
lift-off area in patient samples indicates less amount of
fluidity in the monolayer compared to control group. So
in mild liver cirrhosis, all three surface activity
parameters show lower surface activity indicating high
rigidity of RBC membrane lipid extract compared to
control group. In moderate cases, the surface activity
parameters which include MSP and hysteresis were
significantly higher compared to control. When surface
activity parameters of moderate liver cirrhosis were
compared with mild liver cirrhosis group, the increase
was not statistically significant.

In severe liver cirrhosis, isotherms obtained have lower
MSP values, less hysteresis and lift-off area compared to
mild, moderate, mild plus moderate liver cirrhosis and
control groups. Low values of MSP indicate that the
lipids are packed into the more fluid „liquid condensed
state‟ on the maximum compression. Low lift-off area
also indicates a low intermolecular interactions and high
amount of fluidity in the lipid bilayer. Thus surface
parameters indicate towards higher fluidity of RBC
membrane lipid extract in severe liver cirrhosis.
It can be assumed that high membrane fluidity may be the
consequence of increased lipid peroxidation in severe
liver cirrhosis. Lipid peroxidation causes formation of
short-chain, ionized and unsaturated fatty molecules.
Lipid mixtures with higher content of unsaturated fatty
acids or ionized short chain fatty acids form less ordered
monolayer. Unsaturated fatty molecules have a kinked
structure due to the presence of unsaturated bonds. These
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kinks cause lipids to take up more area in the monolayer,
and hence disrupt their ordered packing. Ionized fatty
molecules repulse each other and suppress intermolecular
interaction thus causing low intermolecular interactions.
Lipid peroxidation is a degenerative process that affects
polyunsaturated fatty acids of membrane phospholipids
under conditions of oxidative stress.23 Lipid peroxidation
causes reductive degradation of lipid acyl side chains and
formation of lipid peroxidation products. Lipid
peroxidation products accumulate in the bilayer and
further contribute to changes in the structural
organization and intermolecular packing of membrane
lipid components and thermodynamics of the membrane
bilayer.23,24 It also promotes an increase in the molecular
volume associated with the unsaturated region of the
hydrocarbon core and induces the apparent interdigitations of the phospholipid acyl chain terminal methyl
segments.25 There is evidence of increased RBC
membrane lipid peroxidation with increased cirrhosis
severity. In a study conducted by A. Geetha et al. 2007,
free radical mediated oxidative stress in severe liver
cirrhosis was evidenced by the elevated levels of lipid
peroxides and lipid hydroperoxides in RBCs due to
imbalance between the prooxidants and/ or free radicals
and antioxidizing systems. In this manner lipid
peroxidation of phospholipid fatty acid causes formation
of short, ionized, unsaturated fatty molecules.26
Although, total phospholipid concentration is not affected
by lipid peroxidation because primary target of lipid
peroxidation is PUFA and secondary target is the
cholesterol molecule. In this study no significant
alterations in RBC membrane total phospholipids could
be observed in severe liver cirrhosis. RBC membrane
cholesterol and C/P ratio were decreased compared to
moderate cirrhosis group which indicate some amount of
cholesterol oxidation and increased fluidity of RBC
membrane respectively.27 As a monounsaturated lipid,
cholesterol is also susceptible to peroxidation (although
albeit less than polyunsaturated phospholipids) and
contribute to membrane oxidative damage. Its oxidation
products include epoxides, peroxides and diols.28
Oxidized forms of cholesterol are known to alter the
structural order and dynamic properties of lipids, with
adverse effects on the function of biological
membranes.29 Lipid peroxidation also causes decreased
uptake of cholesterol from circulation, decreases the
cholesterol concentration in the membrane and increases
the concentration of its peroxidation products in the
membrane.30 Altered phospholipid composition can also
play a role in altering the RBC membrane fluidity. In a
study conducted by James Owen et al., 1982, it was
observed that phosphotidylcholine/sphingomylin ratio is
increased in liver diseases. This causes increase in RBC
membrane fluidity because of decrease in sphingomyelin
molecules compared to phosphatidylcholine. Rigidifying
nature of sphingomyelin molecules is because of its high
content of saturated fatty acids, trans double bond in

sphingosine chains, inter and intramolecular hydrogen
bonding of free hydroxyl groups and amide linkages.19
Our findings are evidenced by the study conducted by
Tukasz Gwoz et al., 2011. In this study, in patients of
alcohol induced severe liver cirrhosis; increased fluidity
was observed at the depth of 5th atom of carbon of fatty
acid hydrocarbon chain, which points to modification of
polar heads of phospholipids in the surface areas of cell
membrane.31 Increase of fluidity of erythrocyte
membrane lipids was also observed in model studies with
t-butylhydroperoxide which initiated the process of
peroxidation.32 Complete lipid composition of RBC
membrane lipid extract was not analysed in our study,
Nevertheless, evidence suggests that interaction of
membrane cholesterol, altered phospholipid composition,
altered fatty acid composition of phospholipid fatty acids
and accumulation of lipid peroxidation products in RBC
membrane played a role in altering membrane fluidity.
And this pushed the membrane fluidity from more rigid
towards more fluid state with increase in liver cirrhosis
severity. On the basis of our findings, it can be suggested
that surface properties can be used as a tool to distinguish
between grade A, B and C of liver cirrhosis.
Surface activity in cirrhotic and non-cirrhotic liver
disease group
In cirrhotic and non-cirrhotic liver disease group, mean
hysteresis area was significantly increased compared to
control group. In cirrhotic and non-cirrhotic liver disease
group, mean hysteresis area was almost equal to each
other. High hysteresis area indicates toward the high
stability of the monolayer which can be attributed to
increased cholesterol concentration in the lipid mixture.
Our results confirm the presence of high cholesterol in
both the patient groups. In the cirrhotic group, RBC
membrane cholesterol and C/P ratio is increased and
membrane total phospholipid in decreased significantly
as compared to control. In non-cirrhotic liver disease
group RBC membrane cholesterol and C/P ratio is
increased compared to control group. Data suggests the
same pattern of surface activity in both the groups. This
indicates that RBC membrane fluidity was mildly
decreased in both disease groups. Increased membrane
cholesterol can modulate membrane lipid order based on
its stereospecific interactions with component
phospholipids and contribute to increased membrane
rigidity.33 A similar finding was observed by James S.
Owen et al., 1982.19 They studied RBC membrane
composition and fluidity in patients of liver diseases and
found that membrane fluidity was significantly decreased
in patient‟s erythrocytes and correlated significantly with
the C/P ratio (r = 0.88, P <0.002) Increase in membrane
cholesterol, decreased phospholipids and increased C/P
ratio in the disease group may be due to impaired
exchange of cholesterol and phospholipids from the
plasma and lipoproteins. It can also be stated that the
decreased levels of phospholipids might have affected the
exchange of cholesterol. In liver disease, net transfer of
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cholesterol occurs from the lipoproteins to the
erythrocyte membrane. This is due to cholesterol in the
plasma as a consequence of secondary lecithincholesterol-acyl-transferase deficiency which saturates
the lipoprotein surface causing shift in the equilibrium. 7
Thus membrane cholesterol level increases.
Biochemical parameters
Significantly higher levels of serum AST, ALT, ALP,
AST/ALT ratio were observed in cirrhotic group as
compared to control group. In non-cirrhotic liver disease
group, ALP, AST/ALT ratio was not significantly
different. In our study mean AST/ALT ratio in cirrhosis
patients was 2.84 and 1.52 in the control group. An
elevated serum AST in relation to serum ALT has been
proposed as an indicator of liver damage. This can be the
result of reduction in hepatic ALT content due to a
deficiency in the cofactor pyridoxine-5-PO4 and
mitochondrial damage leading to release of mitochondrial
AST in serum.34 In our study no direct correlation was
observed between liver enzymes and surface parameters
however it can be postulated that as ALT/AST ratio
increases with increased severity confirming liver
damage. This alteration in hepatocytes was reflected
through altered surface parameters of RBC membrane.
Serum cholesterol levels were significantly lower in liver
cirrhotic group and non-cirrhotic liver disease group as
compared to control group. The significant decline in the
serum total cholesterol in cirrhotic patients compared
with control group has been confirmed by earlier
studies.35 Mehbob, et al., 2007 studied 51 cirrhosis
patients and there was significant decline in serum total
cholesterol levels in patients (P-138.9, C-184.6 P =
0.030).36 This can be attributed to reduced biosynthetic
property of liver in liver diseases. As confirmed by
AST/ALT ratio, gradual increase in hepatocytes damage
can cause gradual decrease in serum cholesterol
synthesis.

associated with altered RBC membrane properties.
RBC‟s health status is crucial to the overall wellness of
the liver disease patient. This study attempts to show a
way to the development of a less-invasive biophysical
tool (based on interfacial properties using tensiometric
parameters) to design therapeutic strategies, track
efficacy of treatment regimens on the surface properties,
integrity and health status of RBCs in liver diseases.
Hence Langmuir Blodgett technique may have
therapeutic and prognostic implication for the benefit of
liver disease patients.
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