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Paraoxonase-1 (PON1) is an esterase and lactonase synthesized by the liver and found in the circulation
associated with high-density lipoproteins (HDL). The physiological function of PON1 seems to degrade
specific oxidized cholesteryl esters and oxidized phospholipids in lipoproteins and cell membranes.
Alterations in circulating PON1 levels have been reported in a variety of diseases involving oxidative
stress including chronic liver diseases. The aim of this work has been planned to demonstrate: the PON1
activity in cirrhosis and non alcoholic steatohepatitis (NASH). This study was carried out on 40 Patients
from Internal Medicine clinic, Suez Canal University Hospital, divided in two groups; 20 patients
suffering from cirrhosis (Cirrhosis group) and 20 patients suffering from NASH (NASH group) in
addition to 20 healthy subjects free from any disease as control group. Fasting blood sugar, lipid profile
and liver function tests were performed in all groups using colorimetric methods, PON1 activity was
measured colorimetri-cally using paraoxon as a substrate and apolipoprotein A1(ApoA1) using
nephlometric method. PON1 activity and ApoA1 levels were significantly decreased in cirrhosis and
NASH patients compared to controls. Cirrhotic patients demonstrated normal lipid profile compared to
their controls except HDL which demonstrated low levels while dyslipidemia was demonstrated in
NASH patients. High levels of ALT and AST were demonstrated in the two patients groups with low
levels of albumin and high levels of total and direct bilirubin in cirrhotic patients only compared to the
controls. PON1 activity was found positively correlated with ApoA1 in the two patients groups while it
was found positively correlated with HDL and negatively correlated with LDL in NASH group only.
PON1activity and ApoA1were significantly reduced in cirrhosis and NASH patients compared to their
controls. Dyslipidemia is associated with patients of NASH. A positive correlation was seen between
PON1 activity and Apo A1 in the two discussed diseases.
Key wards: ApoA1, Cirrhosis, Dyslipidemia, Oxidative stress, NASH, PON1.

INTRODUCTION
PON1 is an enzyme associated with HDL in

circulation. It is a liver-derived glycoprotein of 354
amino acids with a molecular mass of 43 k Da (Primo-
Parmo et al., 1996); a calcium dependant, containing
ApoA1 and apo J (Blatter et al, 1993). Its gene is a
member of a larger gene family of PONs, which
includes two other expressed proteins (PON2 and
PON3), but PON1 is the dominant PON activity in
blood (Draganov, 2007). PON1 has the ability to
hydrolyze the organophosphate substrate paraoxon that
is the toxic metabolite of the insecticide parathion. It
could hydrolyze pro inflammatory oxidized lipids which
present in oxidized low density lipoprotein (LDL) and
ruins their potentially atherogenic characteristics
(Watson et al, 1995).

It can hydrolyze homocysteine thiolactones, a
metabolite of homocysteine (Jakubowski, 2000) and
prevents lipid oxidation: not only of LDL, but also of
HDL itself (Costa et al, 2005). This protection is
probably related to PON1-hydrolysing activity of some
activated phospholipids (Watson et al, 1995) and/or
lipid peroxide products. Marsillach et al. (2008)
reported that alterations in circulating PON1
concentrations have been reported in a variety of
diseases involving oxidative stress.

These include cardiovascular disease, Alzheimer’s
disease, chronic renal failure, HIV-infection, metabolic
syndrome, and chronic liver impairment. These
alterations may adversely affect the protective role of
HDL against oxidative stress and inflammation in these
patients (Marsillach et al, 2010).

Chronic liver diseases are associated with increased
oxidative stress, patients with liver cirrhosis had an
increased serum concentration of total peroxides (a
marker of oxidative stress), monocyte chemoattractant
protein-1 (an index of inflammation), and procollagen
III peptide (a marker of liver fibrogenesis). All these
changes were observed to be strongly associated with a
decrease in serum PON1 activity (Marsillach et al,
2010) which demonstrates a peroxidase like activity and
acts as antioxidant.

NASH is a form of chronic hepatitis with
histological features of alcohol-induced liver disease
that occurs in individuals who do not consume
significant amounts of alcohol (Alba and Lindor, 2003).
The pathogenesis of NASH remains unclear, although
two pathways of injury are implicated: increased
oxidative stress and lipid peroxidation associated with
increased fat deposition in the liver, and tumor necrosis
factor endotoxin-mediated injury (Tilg and Diehl,
2000). Female gender, obesity, hyperlipidemia and
diabetes mellitus are well-known risk factors of NASH
(Alba and Lindor, 2003). Serum PON1 activity is
generally considered to vary in response to the
consumption of PON1 for the prevention of oxidation
(Aviram et al, 1999).

As PON1 exerts a protective effect against oxidative
stress, it is logical to find an association between this
enzyme and liver impairment. Mackness et al. (1991)
investigated the protection against copper-induced LDL
oxidation in vitro provided by purified PON1.

They observed that this enzyme prevents the
generation of lipoperoxides during the process of LDL
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oxidation. Further studies reported that PON1 protects
LDL and HDL from lipid peroxidation by degrading
specific oxidized cholesterol esters and phospholipids
contained in oxidized lipoproteins (Aviram et al, 1998).

Ferre et al. (2001) observed, in rats with CCL4

induced fibrosis that an inhibition of hepatic PON1
activity was an early biochemical change related to
increased lipid peroxidation and liver damage which
suggested that PON1 activity may be involved in the
defense against free radical production in liver
organelles. Many authors reported that PON1 activity
decreases in patients with liver cirrhosis (Ferre et al.,
2005).

Clinical diagnosis of chronic liver impairment and/or
liver fibrosis is currently conducted via the invasive
procedure of needle biopsy followed by histological
evaluation. This procedure has important defects
including a significant mortality rate, sampling error,
and subjectivity. Therefore, the development of non-
invasive tests for the diagnosis of liver disease and the
extent of the disease is an important goal of current
research. Ferre et al. (2002) proposed the addition of
PON1 measurement as a biomarker of liver impairment.
ApoA1 is a 29.0 kDa protein comprising 243 amino
acids (Navab et al, 2006) and is encoded by the APOA1
gene (Arinami et al, 1990). It produced in the liver and
intestine and secreted as the predominant constituent of
nascent HDL particle (Navab et al, 2006). Defects in the
gene encoding it are associated with HDL deficiencies
(Arinami et al, 1990).

It has a specific role in lipid metabolism, promotes
cholesterol efflux from tissues to the liver for excretion,
a cofactor for lecithin cholesterolacyl  transferase
(LCAT) which is responsible for the formation of most
plasma cholesteryl esters (Yui et al, 1988) and delivers
them to the liver or steroidogenic tissues via cell surface
receptors (Pownall and Gotto, 1992), defines the size
and shape of HDL, solubilizes its lipid components and
helps to clear cholesterol from arteries (Dastani et al,
2006). The inhibition of LDL oxidation by HDL is due
to associated proteins of HDL particle; PON1, LCAT
and ApoA1. The combination of these proteins
significantly enhanced the length of time LDL was
protected from oxidation (Hine et al, 2012). The aim of
this work has been planned to demonstrate PON1
activity in diseases associated with dyslipidemia as
NASH and cirrhosis.

MATERIAL AND METHODS
This study was carried out on 40 patients from

Internal Medicine clinic, Suez Canal University
Hospital, divided into two groups, cirrhosis group and
NASH group, each of them consists of 20 patients, in
addition to 20 healthy subjects from the outpatient clinic
came to make their check up and were free from any
disease. All patients were diagnosed by the faculty
members of the mentioned department, their age ranged
from 40 to 60 years old. All patients and healthy
subjects were subjected to full history taking including

age, sex, height, weight and biochemical investigations.
Five ml of fasting blood samples were collected from
each of them. Sera were separated by centrifugation of
the collected blood at 3000 rpm/min for 10 minutes and
stored at – 20ᵒ C till the time of their measurements for
the following biochemical parameters: fasting blood
sugar according to the method described by Burrin and
Price 1985; lipid profile including cholesterol (Allain et
al., 1974), triglycerides (Fossati and Prencipe, 1982),
HDL (Burstein et al., 1970) and LDL (Rifai et al.,
2001). Liver function tests were also carried on the
same samples including ALT and AST (Bergmeyer et
al., 1986), albumin (Doumas and Peters, 1971), total
and direct bilirubin (Balistreri and Shaw, 1987).

ASSAY OF SERUM PARAOXONASE ACTIVITY
Serum paraoxonase activity was determined

according to La Du and Eckerson, 1984 using paraoxon
(Sigma) as a substrate and measuring the increase in the
absorbance at wavelength 405 nm due to formation of
4-nitrophenol by the effect of paraoxonase on paraoxon
by adding 50µl sample serum to1ml Tris/HCL buffer
(100mmol/L, PH 8.0) containing 2mmol/L CaCl2 and
5.5 mmol/L paraoxon (freshly prepared). The rate of
generation of 4-nitrophenol  was determined / minute by
using of UV-visible photometer at 25ᵒ C Enzymatic
activity was calculated from the molar extinction
coefficient 17100 m-1 cm-1 using 1cm light path
cuvette according to the following equation:

Where F=factor = However TV=Total
volume in µl, SV=sample volume in µl, 0.0171= micromolar
extinction coefficient

DETERMINATION OF APOLIPOPROTEIN A1 USING
BINDING SITE GROUP PRODUCT

ApoA1 (soluble antigen) is determined using the
method described by (Rifai, 1986) which involves the
formation of insoluble complexes by adding specific
antiserum. When light is passed through the suspension
formed, a portion of light is scattered and detected by a
photodiode. The amount of light scattered is directly
proportional to the specific protein concentration
(ApoA1) in the test sample. Concentrations are
automatically calculated by reference to a calibration
curve stored within the instrument (Minineph Plus
instrument).

PROCEDURE
One Minineph cuvette was prepared for each sample

to be assayed. A stirring bar was placed in each cuvette
and 20 ul of diluted sample (diluted 1:30 by sample
diluent Supplied) were added to the bottom of each
cuvette. The cuvette was placed in the chamber of the
Minineph Instrument after switching it on and preparing
it for measurement, the cuvette was detected
automatically.
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Four hundreds of minineph apolipoprotein -A1 buffer
and 40 ul of minineph apolipoprotein-A1antiserum were
added to the previous tube then the result was displayed
automatically in g/L.

RESULTS
Demographic Data

The demographic data of each studied group are
shown in table (1).

Table (1): Demographic Data of Each Studied Group.

Variable Cirrhosis
Group

NASH
Group

Control

Gender
F 2 3 8
M 18 17 12

Weight(k
g)F

79.5±0.499 90±5.77 71.625±1.
546

M
79 ±1.063 92.941±4.6

6
77.25±0.8

56
T 79.05±1 92.5±2.312 75±1.21

Height(m
)  F

1.655±0.02
5

1.633±0.01
6

1.655±0.0
08

M
1.678±0.00

8
1.688±0.04 1.678±0.0

12

T
1.676±0.01 1.679±0.01

6
1.669±0.0

1
BMI

(kg/m2) F
29.039±0.6

93
33.757±2.2

33
26.273±0.

566

M
28.045±0.3

26
32.747±2.0

29
27.426±0.

316
P* >0.05 >0.05

T
28.14±0.35 32.898±0.7

78
26.97±0.3

3
P** >0.05 <0.05

All values are in mean ± S.E; F, female; M, male; T, total;
BMI, Body mass index
NASH, Non alcoholic steatohepatitis; p*<0.05 is statistically
significant comparing F against M
p**<0.05 is statistically significant comparing to control
group.

As shown in table (1) BMI of cirrhosis group is
significantly different from the control group (p=0.107)
while it was found significantly higher in NASH group
compared to the control group (p=0.000). Liu et al,
(2010) reported that17% of liver cirrhosis is attributable
to increased body weight in middle-aged women in the
UK. Barclay (2011) reported that obesity accelerates the
progression of cirrhosis; Patients who are overweight or
obese are at greater risk of accelerating the progression
of cirrhosis.

Our results of BMI of NASH group came in
agreement with the findings obtained by Capristo et al.
(2005), Fierbinteanu - Braticevici et al. (2011), Samy
and Hassanian (2011) and Hashemi et al. (2012).
Female and male BMI showed no difference when
compared to each other in the two groups.

Biochemical and Clinical Data of the Studied Groups
The results in table (2) demonstrated the

biochemical characteristics of cirrhosis, NASH groups
and healthy subjects. These biochemical features
include FBS, Cholesterol, TG, HDL, LDL, ALT, AST,
Albumin, D. Bilirubin and T. Bilirubin. Cirrhotic
patients demonstrated normal lipid profile compared to
the control group except for HDL which was
significantly lower  compared to their respective
controls (p<0.05) while in NASH group cholesterol, TG
and LDL were found significantly higher compared to
their respective controls (p<0.05). In addition to
decreased levels of HDL which were significantly
lowered compared to their respective controls (p<0.05).
Ghadir et al. (2010) reported that, in patients with
cirrhosis, there was a significant decrease in serum
triglyceride, total, LDL and HDL cholesterol levels
compared to the control group which came inpartly in
agreement with the present results. Halsted (2004)
reported that there is prominent decline in plasma
cholesterol and triglyceride levels in patients with
severe hepatitis and hepatic failure because of reduction
of lipoprotein biosynthesis. For reduced liver
biosynthesis capacity, low levels of TG and cholesterol
is usually observed in chronic liver diseases.

The same results were obtained in a study by Siagris
et al. (2006). In NASH group the results obtained from
the present study came in agreement with results
obtained by Samy and Hassanian (2011); Hashemi et al.
(2012) and Albano et al. (2012) who reported that
dyslipidaemia are associated with NASH and may have
a role in its pathogenesis. These metabolic disorders
lead to increased circulating levels of free unsaturated
fatty acids with enhanced concentration in the liver
leading to hepatic steatosis, which is considered the first
hit to the liver (Pagano et al, 2002 and Schiff et al,
2007). Duvnjak et al. (2007) reported that fatty liver has
been documented in up to 10 to 15 percent of normal
individuals and 70 to 80 percent of obese individuals.
Fat cells are the only specialized cells to store
triglycerides without harm for themselves. All other cell
types including liver cells may store only a limited
quantity of fat for their current fuel needs without injury
to their condition. Excess of fat in liver cells results in
lipotoxicity (lipid-induced cellular injury) and sometime
later it eventually results in lipoapoptosis of liver cells.
Excess hepatic triglyceride accumulation is associated
with various medications, nutritional factors, and
multiple genetic defects in energy metabolism.
However, the most common disorder which results in
hepatic steatosis is the metabolic syndrome (David et al,
2002).
Both cirrhosis and NASH patients demonstrated high
levels of liver function tests. The biochemical feature of
the two groups showed increased disturbances in the
levels of the liver function tests including ALT, AST,
albumin and bilirubin (total and direct) (table 2). The
differences between the two groups were found in the
levels of bilirubin (total and direct) which were
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significantly higher in cirrhotic group than those of
NASH and healthy subjects. Albumin was lower in
cirrhotic group than those of NASH and healthy
subjects (table 2). ALT and AST were found significan-

tly higher in patients of cirrhosis group (p<0.05).
Albumin was significantly lowered (p<0.05) while
direct and total bilirubin were found significantly higher
(p<0.05) compared to the controls.

Table (2): Biochemical and Clinical Data of Each Studied Group.

FBS, fasting blood sugar; chol, cholesterol ; TG, triglycerides; HDL, high density lipoprotein;  LDL, low density lipoprotein; ALT,
alanine amino transferase; AST, aspartate aminotransferase; PON1, paraoxonase 1; ApoA1, apolipoprotein A1; NASH, non alcoholic
steatohepatitis.

In NASH group ALT and AST were found
significantly higher (p<0.05) and albumin was
significantly decreased (p<0.05) compared to the
controls while there was no difference seen in total and
direct bilirubin compared to the controls.

Several studies have shown that AST/ ALT ratio is
typically <1, but with progression to cirrhosis the ratio
often increases to >1, the specificity of a ratio >1, for
cirrhosis is 75–100%, with a sensitivity of 32–83%
(Bonacini et al, 1997 and Sheth et al, 1998), these
findings came in consistence with our results where the
ratio of AST/ALT was > 1 in all the cases of cirrhotic
patients.This appears to be attributable to a reduction of
ALT production in damaged liver (Schmidt and
Schmidt, 1990) while it was <1 in NASH patients.

Cirrhosis refers to a progressive, diffuse, fibrosing and
nodular condition that disrupts the entire normal
architecture of the liver (Friedman and Schiano, 2004;
Crawford, 2005). It is a chronic degenerative disease in
which normal liver cells are damaged and are then
replaced by scar tissue, it is most often caused by
alcoholism, hepatitis B, hepatitis C and other causes
include gallbladder diseases, too much iron in the liver
and autoimmune hepatitis. The progression of liver
injury to cirrhosis may occur over weeks to years (Wolf,
2012).

Patients with liver cirrhosis have developed permanent
damage to their liver, causing portions of the liver to be
replaced with scar tissue. When this happens, the liver's
ability to produce proteins (such as albumin) becomes
impaired, causes a significant drop in serum albumin
levels which is used as a marker for the severity as part
of the Child-Pugh classification of cirrhosis. These
findings came in consistence with the present results.
Our results came in agreement with the results obtained
by Kedage et al. (2010), Marsillach et al. (2010), who
reported that relative to the control group, the patients
with cirrhosis had a significant increase in serum
aminotransferases together with a decrease in albumin
and HDL-cholesterol concentrations.

NASH represents the most severe histologic form of
nonalcoholic fatty liver disease (NAFLD), which is
defined by fat accumulation in the liver exceeding 5%
of its weight. The disease can remain asymptomatic for
years, or can progress to cirrhosis and hepatocellular
carcinoma (WGO, 2012).

The major feature in NASH is fat in the liver, along
with inflammation and damage.
Many patients with NASH have elevated blood lipids,
such as cholesterol and triglycerides (NIDDC, 2006).
In chronic liver diseases, oxidative stress influences the
pathophysiological changes leading to liver cirrhosis
and to hepatocellular carcinoma. Since PON1 exerts a
protective effect against oxidative stress, it is logical to
find an association between this enzyme and liver
impairment. Table (3) demonstrates lipid profile, PON1
activity and ApoA1in cirrhosis and NASH groups.

Table (3): PON1activity and ApoA1 in Cirrhotic and
NASH Group.

Data demonstrated as mean±SE, *p<0.05 is significant
comparing to controlChol, cholesterol; TG, triglycerides;
LDL, low density lipoprotein; HDL, high density lipoprotein;
PON1, paraoxonase -1; ApoA-1, apolipoprotein A-1.

As shown in table (3) PON1 activity and ApoA1
levels show significant reduction in cirrhotic group
compared to their respective controls (p<0.05). Our
results came in agreement with the results obtained by
Kedage et al. (2010), Marsillach et al. (2007and 2010)
who reported that relative to the control group, the

Lipid ProfileDM
LDL,mmol/LHDL,mmol/LTG, mmol/LChol,mmol/LFBS,mmol/L
2.068±0.1510.936±0.046*1.113±0.0563.597±0.1275.01±0.126Cirrhosis
3.85±0.174*1.069±0.031*2.379±0.279*5.945±0.25*5.04±0.128NASH
2.219±0.0941.49±0.0461.038±0.034.19±0.075.18±0.08Control

Liver Function Tests
T.B, µmol/LD.B,µmol/LAlb,g/LAST, U/LALT, U/L
32.82±2.51*9.422±0.901*27.29±0.45*84±5.54*61±3.37*Cirrhosis
12.492±3.651.577±0.99540.14±3.177*61.15±4.307*87.2±6.55*NASH
10.82±0.6120.76±0.10442.41±1.07713.9±0.78416.75±0.833Control

PON1
U/L

ApoA1
g/L

Control 48.979±2.2 1.83±1.71

Cirrhosis 9.756±0.72* 0.57±0.03*

NASH 23.75±1.197* 1.21± 0.4*

118
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patients with cirrhosis showed a highly decrease in
serum PON1 activity and ApoA1concentration. These
results came in agreement with the results obtained by
Ferre et al. (2006) and Geetha et al. (2007). Two
mechanisms may be suggested to explain the decrease
of serum PON1 activity in patients with chronic liver
diseases; It may be due to increased concentration of
total peroxides in serum of those patients and it has been
previously reported that PON1 is inactivated after
hydrolyzing lipid peroxides, a second possible
mechanism may be related to the fact that alterations in
HDL structure and composition can affect PON1
activity (James and Deakin, 2004). Ferré (2005)
reported that a decrease in PON1 activity suggest an
active role of PON1 in the regulation of oxidative stress,
fibrosis and hepatic cell apoptosis in chronic liver
diseases. Results obtained from the present study
demonstrated a positive correlation between
PON1andApoA1 in the cirrhotic patients as shown in
figure (1).

Figure (1): Correlation between PON1 and ApoA1 in
cirrhotic group.
r = 0.965, p<0.001, ApoA1, apolipoprotein A1, PON1,
paraoxonase 1.

Results obtained by Prakash et al, (2007), Samy and
Hassanian (2011) and Hashemi et al, (2012)
demonstrated significant elevation of ALT and AST
activities in addition to significant decrease in PON1
activity which came in agreement with the results of the
present study. The decrease in serum PON activity in
NASH patients might have resulted from increased
inactivation of PON1 according to increased generation
of reactive oxygen species in NASH (Aviram et al,
1999).

The liver responds to a pro-oxidant by increasing the
synthesis of protective antioxidants enzymes, while with
disease progression, the liver’s capacity to synthesize
antioxidant enzymes may be seriously affected. The
increased products of lipid peroxidation in patients with
NAFLD create and amplify oxidative stress and disturb
the balance between antioxidants and pro-oxidants. In
turn, oxidative stress can cause liver injury and is
considered the second hit to the liver leading to the
development of NASH. Decrease in PON1 activity is
associated with altered lipoprotein metabolism with a
significant decrease in HDL-C and increase in LDL-C
levels, which was found in the present study. PON1

activity showed a significant positive correlation with
HDL levels as shown in figure (2), and showed a
significant negative correlation with LDL as shown in
figure (3), which are consistent with the results obtained
by Samy and Hassanian (2011).There was a positive
correlation between PON1 and ApoA1 as shown in
figure (4).

Figure (2): Correlation between HDL and PON1 activity in
NASH group.
r=0.512, p=0.022, PON1, paraoxonase A1, HDL, high density
lipoprotein.

Figure (3): Correlation between LDL and PON1 Activity in
NASH group
r = - 0.505, p=-0.023, PON1, paraoxonase 1, LDL, low
densitylipoprotein.

Figure (4): Correlation between PON1Activity and ApoA1 in
NASH group.
r=0.792, p<0.001, PON1, paraoxonase 1, ApoA1,
apolipoprotein A1.

Results obtained from the present study of NASH
demonstrated obesity, dyslipidemia, reduced PON1
activity and reduced ApoA1 levels when compared to
their respective controls.

Obesity and dyslipidemia are considered as
important risk factors for the development of hepatic
steatosis and reduced serum PON1 activity reflects
increased oxidative damage in patients with NASH. In
addition ApoA1 promotes cholesterol efflux from
tissues to the liver for excretion. It is a cofactor for
LCAT which is responsible for the formation of most
plasma cholesteryl esters. The combination of PON1,
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LCAT and Apo A1 significantly enhance the length of
time LDL would be protected from oxidation due to the
ability of PON1 to prevent the oxidative inactivation of
LCAT. Any defect of these proteins affect on the
reverse cholesterol transport pathway and increasing of
oxidative stress.  Any defect of these proteins affects the
reverse cholesterol transport pathway and increases
oxidative stress.

In conclusion, it was found from this study that
PON1 enzyme activity and ApoA1were significantly
reduced in cirrhosis and NASH groups. In addition
dyslipidemia is associated with patients of NASH. A
positive correlation was seen between PON1 activity
and ApoA1 in the two discussed diseases.

Further research is recommended in large
populations; study the genetic polymorphism
distribution to achieve a compact overview that could
explain the variability in PON1 activity and its
relationship with the other factors that associate the
disease and its complications. In addition further
controlled studies on the role of atorvastatin and
antioxidants in the prevention of the progression of liver
steatosis are required.
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