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Bleeding complication and abnormal platelet functions are associated with liver cirrhosis. The 
aim of the present investigation was to assess the functional integrity of platelets in terms of li-
pids like cholesterol and phospholipids, glycoproteins and membrane-bound enzymes. Liver cir-
rhotic patients with bleeding complications were studied. Age and sex matched normal healthy 
volunteers were also involved in this study as a control group. Levels of cholesterol, phospholi-
pids, glycoproteins and adenosine triphosphatases were assessed in isolated platelet membrane 
fraction. The level of glycoproteins and the activity of adenosine triphosphatases were found to 
be decreased significantly in cirrhotic patients. The cholesterol/phospholipid ratio was found to 
be altered significantly, indicating an alteration in the fluidity of platelet membrane. The results 
of this study reveal that the functional impairment of platelets in liver cirrhotic patients which is 
responsible for their bleeding tendency might also be due to altered lipid and enzyme levels in 

platelet membrane.
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Cirrhosis is a diffuse process characterized by 
fibrosis and the conversion of normal liver architec-
ture into structurally abnormal nodules (Blaker et al., 
2001). It is the final pathologic and clinical expres-
sion of a wide variety of chronic liver diseases (Pan 
et al., 2004). The major complications reported to be 
associated with cirrhosis are jaundice (Gubernick 
et al., 2000), infections, portal hypertension (Bilbao 
et al., 2002), variceal and gastrointestinal bleeding 
(Odelowo et al., 2002; Ito et al., 2005). Liver failure in 
cirrhosis is assessed by features such as ascites (Aa-
lami et al., 2000), encephalopathy (Butterworth, 2000), 
low serum albumin and prothrombin deficiency not 
corrected by vitamin K (Bustamante et al., 1999).

Blood platelets are cells that quite often un-
dergo damage in chronic liver diseases (Panasiuk et 
al., 2001). Abnormalities in platelet count and func-
tions are common in patients with all forms of liver 
diseases (Goulis et al., 1999). Plasma concentrations 
of thrombopoietin, the key regulator of platelet 
function, mainly produced by the liver, have been 

reported to be reduced in liver cirrhotic patients 
(Schiodt et al., 2003). The abnormal bleeding compli-
cations in cirrhosis appear to be related to the defec-
tive platelet functions (Homoncik et al., 2004).

Blood coagulation can be considered as a host 
defense mechanism aimed at maintaining vascular 
integrity. Platelets have a normal life span in the 
circulation, secrete dense granule contents and ag-
gregate normally in response to various stimuli and 
facilitate hemostasis in injured arterioles (Xu et al., 
2002; Italiano et al., 2003). 

The major components of platelet membranes 
like glycoproteins, lipids and enzymes contribute to 
the functional integrity and their biological activities 
like adhesion and aggregation which are important 
for the formation of primary hemostatic plug (Ra-
masamy, 2004) and coagulation cascade. 

Although many reports have stated that there 
is variation in the activity and the level of factors 
which activate platelets, studies regarding the lev-
el of lipids, glycoproteins and enzymes of platelet 
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membrane are limited. Hence, the present work is 
aimed to find out the level of lipids and glycopro-
teins in the platelets of cirrhotic bleeders. 

MATERIALS AND METHODS

Subjects. Patients registered in the Depart-
ment of Surgical Gasteroenterology and Proctology, 
Stanley Government Hospital (Chennai, India) were 
enrolled in this study. The sample consisted of fifty 
patients of 30–40 years of both sexes. Age and sex 
matched healthy volunteers with normal liver func-
tions were used as control subjects. Case histories 
of patients were obtained which furnished details 
regarding their habits and symptoms. The patients 
had their diagnosis confirmed by endoscopy, Dop-
pler use and CT scan. The study was carried out for 
a period of one year. The patients selected for the 
study had bleeding in the variceal region or nose or 
gums etc. The bleeding complication was confirmed 
by bleeding- and clotting-time determination. The 
cirrhotic condition was also confirmed by the clini-
cal data such as platelet count, levels of albumin, 
bilirubin and prothrombin time. The aggregation ca-
pacity of platelets was also evaluated. All these ana-
lytical procedures were done by using standard kits. 

Blood samples were collected from each pa-
tient with sterilised equipment and processed for 
serum and platelet preparation. The proposed plan 
of work was approved by the Ethical Committee of 
Stanley Medical College and Hospital and the blood 
samples were collected with the consent of each pa-
tient.

Isolation of platelets. The method of Aster 
and Jandl (1964) was adopted for the isolation of 
platelets. Briefly, 10 ml of blood was collected with 
acid citrate dextrose anticoagulant solution in the ra-
tio of 9 : 1. The anticoagulated blood was centrifuged 
at 160 × g for 10 min to obtain PRP. The PRP ob-
tained was again centrifuged at 160 × g to remove 
the red blood cells. The PRP was centrifuged at 
300 × g for 5 min to pellet out platelets. The wash-
ing procedure was continued until the suspension 
was erythrocyte free and the purity was confirmed 
by microscopic examination. The platelet pellet was 
suspended in platelet storage buffer containing 0.109 
M NaCl, 4.3 mM K2HPO4, 16 mM Na2HPO4, 8.3 mM 
NaH2PO4 and 5.5 mM glucose, pH 7.5, and stored at 
4oC until further analysis.

Isolation of platelet membrane. Platelet mem-
brane was isolated based on the method adopted by 
Lind et al. (1982). Briefly, equal volume of platelet 
suspension and Triton X-100 lysis buffer was taken 
in microfuge tubes and mixed by inversion. The 
clarified suspension of platelets was immediately 
centrifuged at 4oC for 2.5 h at 100 000 × g. Super-

natant was discarded and the translucent platelet 
membrane pellet was carefully collected from the 
microfuge tube and used for the estimation of lipids 
and glycoproteins.

Assay of liver marker enzymes. The activities 
of serum transaminases were assayed by using as-
partate (AST) and alanine (ALT) as substrates along 
with the co-substrate α-ketoglutarate. The activities 
were expressed in terms of pyruvate liberated (King, 
1960).

Assay of alkaline phosphatase. The proce-
dure of Bowers and Mc Comb (1975) was adopted 
for the assay of ALP. The rate of formation of 4-ni-
trophenol from 4-nitrophenylphosphate is the basis 
of this analytical procedure.

Assay of γ-gluatamyl transferase. The assay 
method is based on the conversion of l-γ glutamyl 
p-nitroanilide to p-nitroanilide which is measured as 
change in absorbance at 409 nm (Goldberg, 1980).

Extraction of membrane glycoproteins. The 
protein-bound carbohydrate components were pre-
cipitated by the method of Glossmann and Newille 
(1971).

Briefly, 2 ml of membrane suspension was 
added to 5 ml of 1% phosphotungstic acid solu-
tion and centrifuged. The precipitated protein was 
washed with 3 ml of 5% tichloroacetic acid and sedi-
mented. The pellets obtained were dissolved in 2 ml 
of 0.1 M NaOH. The extract was suitably hydrolysed 
and used for the estimation of α1-acid glycoprotein, 
hexose, hexosamine, fucose and sialic acid.

Separation of serum glycoproteins. To 0.1 ml 
of serum, 2 ml of alcohol was added and centrifuged. 
The supernatant was decanted. The precipitate was 
hydrolysed with acid to liberate protein-bound car-
bohydrate according to the method of Tettamanti et 
al. (1973).

Assay of glycoproteins. α1-acid glycoprotein 
was estimated by the method of Winzler (1955) using 
Folin–Ciocalteau reagent. After removing heat-coagu-
lable proteins with perchloric acid, the orosomucoid 
which remains in solution was precipitated by phos-
photungstic acid and estimated by determining its ty-
rosine content using Folin–Ciocalteau reagent.

Hexose was estimated by the method of 
Niebes (1975) using orcinol-sulphuric acid reagent.

Hexosamine was quantified by the method of 
Wagner (1979) by using acetyl acetone and Ehrlich’s 
reagent. 

Fucose was estimated by the method of Win-
zler (1955). Briefly, 1.0 ml of precipitated glycopro-
tein from platelet membrane and 1.0 ml of processed 
serum were dissolved in 1 ml of 0.1 M NaOH and 
placed in an ice-bath and 4.5 ml of cold H2SO4 was 
added and mixed well. The tubes were heated in a 
boiling water bath for 3 min and cooled, then 0.1 ml 
of 3% cysteine was added and mixed immediately. 
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The tubes were allowed to stand at room temp. for 
60–90 min. The absorbance of the solution at 396 
and 430 nm was measured in a UV spectrophotom-
eter and the difference in the absorbances was taken 
for the calculation.

Sialic acid was estimated in terms of thiobar-
bituric acid reacting substances (Warren, 1959).The 
same methods were adopted for the estimation of 
glycoproteins in serum. All the glycoprotein levels 
were expressed as ng/1 × 105 platelets.

Assay of platelet membrane-bound enzymes. 
The activity of total ATPase was determined by the 
method of Evans (1969) by using ATP as the sub-
strate in the presence of Na+, K+, Mg2+ and Ca2+ 
ions.

Na+,K+-ATPase activity was measured accord-
ing to the method of Bonting (1970) in the presence 
of Na+ and K+ ions. The level of Mg2+-dependent 
ATPase was determined by the method of Ohnishi et 
al. (1982) and Ca2+-dependent ATPase activities were 
quantified by the method of Hjerton and Pan (1983) 
using ATP as substrate in the presence of Mg2+ and 
Ca2+ ions, respectively.

In all the ATPases assays, the activity was ex-
pressed in terms of nanomoles of phosphorus liber-
ated/minute per 1 × 105 platelets. 

Estimation of lipids in serum and platelet 
membrane. Lipids were extracted from the plate-
let membrane by the method of Schick et al. (1983). 
The membrane preparation containing 2 mg of pro-
tein/ml was mixed with chloroform/methanol mix-
ture (2 : 1, v/v) in the ratio of 1:9 (v/v). The solution 
was homogenised at low speed and the organic li-
pid layer was carefully separated and evaporated to 
dryness in a conical flask. The lipid was dissolved 
in a known amount of chloroform/methanol mix-
ture. Total phospholipids were estimated in terms 
of inorganic phosphorus by the method of Fiske and 
Subbarow (1925) after Barlett (1959) perchloric acid 
digestion. Serum and platelet membrane cholesterol 
were estimated by using ferric acetate/uranyl acetate 
reagent (Jung & Parekh, 1971).

The method of Roughan and Batt (1968) was 
adopted for the estimation of glycolipids. It was es-
timated by determining the hexose content and mul-
tiplying it by 4.45.

Statistical analysis. The values were sub-
jected to analysis of normal tests of significance. 
Fischer’s null hypothesis (1995) was adopted to 
find out the significance of variations between the 
analytical data of normal subjects and cirrhotic pa-
tients. For statistical analysis group 1 (normal sub-
jects) were compared with group 2 (cirrhotic pa-
tients). Some of the parameters were also analysed 
by Spearman test and the rs values were calculat-
ed to find the correlation (Sundar Rao & Richard, 
1999).

RESULTS

Table 1 presents the clinical characteristics 
of the patients selected for the study; about 70% of 
the cases came under Child-Pugh class C category 
and the platelet count was found to be significantly 
low when compared to normal healthy volunteers. 
Eighty percent of the cirrhotic patients were chronic 
alcoholics. The albumin level was found to be sig-
nificantly low in 70% of the cases and 90% of the 
cases were found to be jaundiced. Prothrombin time 
was found to be significantly prolonged in 90% of 
the cases. About 90% of the patients had defective 
platelet aggregation.

Table 2 shows the activity levels of transami-
nases, alkaline phosphatase and γ-GT in the serum 
of liver cirrhotic patients and of normal healthy vol-
unteers. The activity levels of the liver marker en-
zymes are found to be increased significantly (P < 
0.001) in liver cirrhotic patients.

The levels of hexose, hexosamine, fucose, 
sialic acid and α1-acid glycoprotein in the platelet 
membrane of liver cirrhotic patients and of normal 
healthy volunteers are presented in Table 3. The 
levels of hexose, hexosamine, fucose and sialic acid 
are found to be significantly low (P < 0.001) in liver 
cirrhotic patients. A significant decrease (P < 0.01) is 
observed in the level of α1-acid glycoprotein in the 
platelet membrane of liver cirrhotic patients. The se-
rum levels of hexose, hexosamine, fucose, sialic acid 
and α1-acid glycoprotein in liver cirrhotic patients 
and of normal healthy volunteers are shown in Ta-
ble 4. There is a significant decrease (P < 0.001) in 
the levels of hexose, hexosamine, fucose, sialic acid 
and α1-acid glycoprotein in the study group.

Table 5 presents the activity of total ATPases, 
Na+,K+-ATPase, Mg2+-ATPase and Ca2+-ATPase in 
the platelet membrane of liver cirrhotic patients and 
of normal healthy volunteers. The activities of all 
these enzymes are significantly reduced (P < 0.001) 
in the platelet membrane of liver cirrhotic patients.

The levels of cholesterol and phospholipid in 
the serum of liver cirrhotic patients and of normal 
healthy volunteers are shown in Table 6. Significant 
decreases in the levels of phospholipid and choles-
terol (P < 0.001) are found in the serum of liver cir-
rhotic patients. The platelet lipid profile shows a de-
crease (P < 0.001) in the level of phospholipid and 
an increase (P < 0.001) in the level of cholesterol in 
liver cirrhotic patients. The cholesterol/phospholipid 
ratio is also represented in Table 6. The cholesterol/ 
phospholipid ratio is found to be increased signifi-
cantly in the platelets of liver cirrhotic patients.

Table 7 presents the associations between 
variables as determined by Spearman’s correlation 
coefficient. The results clearly show that the degree 
of liver damage is closely correlated with the level 
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of platelet dysfunction assessed by means of platelet 
count, cholesterol/phospholipid ratio and total AT-
Pases. 

DISCUSSION

The activities of transaminases, ALP and γ-GT 
have been used as markers for hepatobiliary diseas-
es. The level of ALT in the blood is increased in con-
ditions in which hepatocytes are damaged or dead. 
As cells are damaged, ALT leaks out into the blood 
stream. All types of hepatitis and cirrhosis have 
been reported to cause liver damage that can lead to 

Table 1. Clinical characteristics of patients

Characteristics Number of patients

Total number 50

Male / female 32/18

Age in years (range) 30–40

Grade (according to Child–Pugh 
class) 

A 5

B 10

C 35

Platelet count 

 Below 1 ×  105 cells/μl 38

 Above 2 × 105 cells/μl 12

WBC count

 4.0 to 11.0 × 103 cells/μl 35

 More than 11.0 × 103 cells/μl 15

Cause of cirrhosis

 Alcoholic 40

 Viral and metabolic 10

Albumin level 

 More than 3.5 g/dl 5

 2.8 to 3.5 g/dl 18

 Less than 2.8 g/dl 27

Bilirubin 

 Less than 2 mg/dl 5

 2 to 3 mg/dl 15

 More than 3 mg/dl 30

Prothrombin time

 Less than 4 seconds 5

 4 to 6 seconds 15

 More than 6 seconds 30

Ascites 35

Percentage platelet aggregation 
when compared to age and sex 
matched normal volunteers

 80% 5

 Less than 50% 45

Table 2.  Activity of transaminases, ALP and γ-GT  in 
the serum of  liver cirrhotic patients and normal healthy 
volunteers. 

Activities are expressed as (IU/L). Values are expressed as 
mean ± S.D. for 25 individuals in each group.

Normal subjects Liver cirrhotic patients

AST 10.86 ± 1.06 75 ± 5.56*

ALT 12.46 ± 1.4 63 ± 3.27*

ALP 53 ± 4.91 107.9 ± 16*

γ-GT 45.6 ± 5.9 66 ± 7.5*

*P < 0.001 when compared to normal healthy volunteers.

Table 3.  Levels of  hexose, hexosamine, fucose, sialic 
acid and α1-acid glycoprotein in the platelet membrane  
of liver cirrhotic patients and normal healthy volunteers. 

Levels are expressed as ng/1 × 105 platelets. Values are ex-
pressed as mean ± S.D. for 25 individuals in each group.

Normal 
subjects

Liver cirrhotic 
patients

Hexose 0.263 ± 0.017 0.206 ± 0.013**

Hexosamine 0.53 ± 0.005 0.467 ± 0.069**

Fucose 6.75 ± 1.01 4.39 ± 0.69**

Sialic acid 15.0 ± 2.16 10.06 ± 1.59**

α1-Acid glycoprotein 0.03 ± 0.0025 0.028 ± 0.002*

**P < 0.001, *P < 0.01 when compared to normal healthy volunteers. 

Table 4. Levels of hexose, hexosamine, fucose, sialic acid  
and α1-acid glycoprotein in the serum  of liver cirrhotic 
patients and normal healthy volunteers. 

Levels are expressed as mg/dl. Values are expressed as 
mean ± S.D. for 25 individuals in each group.

Normal  
subjects

Liver cirrhotic 
patients

Hexose 65.66 ± 2.12 48 ± 2*

Hexosamine 127 ± 2.53 80 ± 1*

Fucose 11.1 ± 1.5 7.4 ± 0.9*

Sialic acid 61.5 ± 7.2 43.6 ± 5.1*

α1-Acid glycoprotein 5 ± 0.75 2.6 ± 0.2*

*P < 0.001 when compared to normal healthy volunteers.
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elevations in the serum ALT activity (Cohen & Ka-
plan, 1979). ALT is a cytosolic enzyme of the liver 
which can be increased in cases of liver cell death 
resulting also from other causes such as shock and 
drug toxicity. The level of ALT may also be correlat-
ed roughly with the degree of cell death or inflam-
mation. AST is an enzyme similar to ALT which is 
a mitochondrial enzyme present in large quantities 

in heart, liver, skeletal muscle and kidney. In many 
cases of liver inflammation, AST and ALT activities 
are elevated roughly in the ratio of 1:1 but in some 
conditions like alcoholic hepatitis and chronic hepa-
titis C infection, the serum AST levels have been 
reported to be elevated higher than the serum ALT 
levels (Khokhar, 2003). In our study, AST level is 
found to be elevated more than that of ALT which 
is confined to the liver. The level of ALP is found 
to be significantly elevated in cirrhotic cases when 
compared to the activity level of transaminases. It 
has also been reported to be raised in cholestasis 
(Whitfield et al., 1972). So, the elevated liver marker 
enzyme levels in cirrhotic patients clearly proved 
that they had significant liver abnormality. 

Primary platelet adhesion to vascular collagen 
initiates complex intracellular reactions resulting in 
platelet interaction with other platelets forming ag-
gregates. Furthermore, in addition to releasing ac-
tivating substances, the collagen-adherent platelets 
enhance the generation of thrombin, the culmination 
of the coagulation cascade leading to the formation 
of a fibrin-stabilized plug of aggregated platelets. 
This step is critically dependent on the transforma-

Table 5. Activity of total, Na+,K+, Mg2+ and Ca2+ ATPases 
in the platelet membrane of liver cirrhotic patients and 
in normal healthy volunteers. 

Activities are expressed as nmoles of phosphorus libera-
ted/min per 1 × 105 platelets. Values are expressed as mean 
±S.D. for 25 individuals in each group.

Normal  
subjects

Liver cirrhotic  
patients

Total ATPase 100.5 ± 21.6 64.5 ± 13.5*

Na+,K+-ATPase 27.4 ± 6.1 21.4 ± 6.0*

Mg2+-ATPase 46.6 ± 9.2 35.2 ± 8.4*

Ca2+-ATPase 41.7 ± 11 25.6 ± 8.2*

*P < 0.001 when compared to normal healthy volunteers.

Table 6. Levels of phospholipid and cholesterol in the serum and platelets and cholesterol/phospholipid ratio in the 
platelets of liver cirrhotic patients and in normal healthy volunteers.

Values are expressed as mean ± S.D. for 25  individuals in each group.

Normal subjects Liver cirrhotic patients

Serum (mg/dl) Cholesterol 143.3 ± 17.6 36.3 ± 3.0*

Phospholipid 151.3 ± 8.5 82 ± 12*

Platelets (ng/1 × 105 platelets) Cholesterol 0.18 ± 0.01 0.25 ± 0.01*

Phospholipid 0.21 ± 0.01 0.099 ± 0.006*

Platelets Cholesterol/Phospholipid ratio 0.88 ± 0.05 2.53 ± 0.28*

*P < 0.001 when compared to normal healthy volunteers.

Table 7.  Rank correlation between liver enzyme level and platelet components in liver cirrhotic patients. 

Values are presented as mean. 

Subjects ALT (IU/L) Platelet count (cells/μl) Cholesterol/ 
Phospholipid ratio

Total ATPases
(nmoles of phosphorus liberated/min 
per 1 × 105 platelets)

Normal 12.46 280 000 0.875 100.5

Class A (n = 5) 23.0 210 000
(rs-0.3, P < 0.05)

1.0
(rs-0.4, P < 0.05)

90.5
(rs-0.52, P < 0.05)

Class B (n = 10) 35.0 175 000
(rs-0.7, P < 0.02)

1.5
(rs-0.72, P < 0.02)

70.65
(rs-0.69, P < 0.02)

Class C (n = 35) 60.0 40 000
(rs-0.57, P < 0.01)

2.3
(rs-0.54, P < 0.01)

62.5
(rs-0.56, P < 0.01)

Based on the critical values of the rank correlation coefficient (Spearman’s rho-rs) null hypothesis of no correlation is rejected and it is 
concluded that liver enzyme change and the levels of platelet components are correlated (n = number of pairs).
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tion of the platelet membrane into a catalytic sur-
face and shedding of microparticles, which influence 
blood coagulation (Ruggeri & Savage, 1998). 

Glycoproteins present in the platelet are high-
ly important for the platelet adhesion and activation 
in response to blood vessel damage and crucial for 
normal hemostasis and these events are also thought 
to be primary in arterial thrombosis (Hiramatsu et 
al., 1976). Many receptors present in the platelets 
are glycoproteins and a wide variety of studies have 
been undertaken to confirm the mode of action of 
receptors (Nomura et al., 1996; Reverter et al., 1996). 
Platelet glycoprotein polymorphism has been inten-
sively studied as a genetic risk factor. We have stud-
ied the levels of glycoproteins which were found to 
be significantly low in both serum and platelets. This 
would have resulted in the abnormality of platelets 
which in turn reflected in the defective platelet ad-
hesion and activation properties. 

The enzymes associated with the platelet 
membrane, like ATPases and nucleotidases, are es-
sential for the membrane-related functions like adhe-
sion, aggregation and secretion of granules. Na+,K+-
ATPase belongs to a family of ATPases which are 
present in virtually all mammalian cell membranes. 
Other members of this family include enzymes de-
pendent upon magnesium (Mg2+-ATPase) and calci-
um (Ca2+-ATPase). Because Na+,K+-ATPase transports 
Na+ ions extracellularly and K+ ions intracellularly, 
it plays an important role in maintaining the level 
of membrane polarization (Powell & Cantley, 1980). 
Consequently, modulation of Na+,K+-ATPase activity 
may lead to alterations in the function of various cell 
types, including peripheral blood mononuclear cells. 
In our study, it is observed that there is a significant 
reduction in the activity of Na+,K+-ATPase which 
might result in reduced cation exchange through the 
membrane and thereby its reduced energy-depend-
ent secretory functions. Biochemical characterization 
of the calcium ATPases isolated from human plate-
let intracellular and plasma membranes has been 
reported (Enouf et al., 1989). This enzyme catalyses 
Ca2+-dependent exchange of hydride ions to calcium 
ions which influence the rate of signal transduction 
which is highly essential for the timely release of se-
cretory granules and formation of actomyosin com-
plex in the platelet membrane during adhesion. So, 
the observed low level of calcium ATPase activity 
would have also influenced the defective platelet ac-
tivities such as adhesion, aggregation and secretion. 

The liver is the central organ for cholesterol, 
phospholipid, triglyceride and lipoprotein metabo-
lism. The functional impairment of liver would re-
sult in the reduced capacity to synthesize many im-
portant biomolecules, including lipids. It has been 
shown that in cirrhosis with hepatocellular carcino-
ma, plasma phospholipid levels show a significant 

negative correlation with total bilirubin and ALT 
(Ahaneku et al., 1992). Also, in our study we have 
observed increased levels of ALT and decreased lev-
els of phospholipids. It was observed in the present 
investigation that most of the patients involved in 
the study have significant hypocholesterolaemia. 
Hepatitis C virus infection is reported to be associat-
ed with hypocholesterolaemia (Polgreen et al., 2004). 

Platelet dysfunction in liver diseases is as-
sociated with an abnormality in lipid composition. 
Results of our study show an increase in the cho-
lesterol/phospholipid ratio which might lead to a 
decrease in membrane fluidity. This decrease in 
membrane fluidity might affect receptor functions 
by changing the lateral mobility or clustering of 
receptors in their vertical orientation (Brulet & Mc-
Connell, 1976). Phospholipids have been reported 
to influence membrane fluidity. Our study suggests 
that the increase in the cholesterol/phospholipid ra-
tio might have affected the membrane fluidity. If the 
membrane fluidity decreases, the secretory function 
of the platelet will be severely affected, the proco-
agulants will not be secreted at a normal level, and 
thereby aggregation will be affected. As a result of 
this mechanism, liver cirrhotic patients might have 
excessive bleeding. 

Generally, the fluidity of biomembranes is 
responsible for their functional integrity, which is 
largely determined by the levels of protein and cho-
lesterol/phospholipid ratio. A significant alteration 
in the level of lipids in platelet membrane would 
contribute to the secretory functions and thereby to 
the defective adhesion and aggregation properties. 

The results were analysed by using Spearman 
test and we found that the degree of functional dis-
turbance in liver is correlated with the platelet dys-
function. 

From the results of this investigation, it could 
be concluded that the alterations observed in the 
levels of ATPases, lipids and glycoproteins also con-
tribute to the defective functions of platelets in liver 
cirrhotic patients with bleeding complications.
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