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ABSTRACT

Introduction: Non-Alcoholic Steatohepatitis (Nash)/Non-
Alcoholic Fatty Liver Disease (NAFLD) is one of the important
causes of morbidity and mortality worldwide. Serum paraoxonase
(PON 1) is a glycosylated protein, an esterase associated with
High density lipoprotein (HDL), and can be speculated to be a
potential biomarker of liver injury or lipid peroxidation.

Aim: To assess the PON 1activity in NASH/NAFLD in combination
with standard liver function tests in evaluating liver damage.

Materials and Methods: The case-control study was
conducted at Department of Biochemistry, Osmania General
Hospital, Hyderabad, India. Serum Paraoxonase levels were
estimated in 30 clinically diagnosed NASH/NAFLD patients,
and 30 apparently healthy blood donors. Serum Paraoxonase
levels was measured by kinetic assay in spectrophotometer
along with standard liver function tests (total and direct bilirubin,
total protein, albumin, Alanine Transaminase (AST), Aspartate
Transaminase (AST), Alkaline Phosphatase (ALP). Results were

expressed as Mean+Standard deviation (Mean+SD) of various
parameters. Paired t-test was used to compare the parameters
between control and case group. ROC curve analysis was done
to assess maximum sensitivity and maximum specificity and
diagnostic efficiency. A p-value of <0.05 was considered to be
statistically significant.

Results: Serum PON 1 levels were significantly (p-value < 0.001)
decreased in patients (712.7+232.9 ng/mL) when compared
with controls (988+238 ng/mL). ROC curve analysis showed
increased senstivity (86.67%) and decreased specificity (60%)
of PON 1 as compared to total and direct bilirubin, AST and ALT.
The Area Under Curve (AUC) for serum PON 1 was 0.79, and
PON 1 had highest diagnostic efficiency of 73% as compared
to other liver parameters (56.6%-69.9%) in NASH /NAFLD.

Conclusion: Serum Paraoxonase is an early diagnostic marker
for patients with oxidative stress like NASH/NAFLD and serum
PON 1 levels should be measured along with standard liver
function tests.

Keywords: Antioxidant, Diagnostic efficiency, Liver damage, Liver function tests, Oxidative stress

INTRODUCTION

Alcoholic liver diseases, non-alcoholic fatty liver disease, viral hepatitis
and hepatocellular carcinoma are the major primary diseases of liver
[1]. Iron and copper overload, chronic alcohol consumption and
non-alcoholic steatohepatitis also leads to damage due to cellular
oxidative stress [2].

NAFLD is defined as accumulation of fat in the cytoplasm of
hepatocytes when other causes of steatosis such as excessive
alcohol consumption, drugs, Hepatitis B and C are ruled out [3].
The prevalence rate of NAFLD in Asia-pacific region is 12-24% [4].
Globally, the annual incidence in adult population was reported to
be 3-5% [5]. The prevalence of NAFLD, with abnormal enzymes
is influenced by the presence of co-existing obesity, diabetes and
dyslipidemia [6].

Currently the available data suggested a two-hit model of
pathogenesis encompassing of 2 sequential events:

1. Hepatic steatosis due to Insulin resistance

2. Hepatocyte inflammation and necrosis due to oxidative injury
to hepatocytes.

This oxidative stress results in lipid peroxidation of lipid laden
cells, the reactive end-products cause mitochondria and plasma
membrane damage [7].

PON 1 is a glycosylated protein, an esterase with an apparent
mass of 43-47 KDa and consists of 354 amino acids. In mammals,
PON gene family has 3 members PON1, PON2 and PON3, located
on chromosome 7 [8]. It is synthesised in the liver, secreted into
plasma where it binds to HDL. HDL associated paraoxonase
inhibits the biological activity of oxidised low density lipoprotein
(ox-LDL) [9]. As an antioxidant, it hydrolyses lipid peroxides, and
thus intervenes in the regulation of oxidative stress and hepatic
cell apoptosis [10,11].

Based on these findings, the present study was designed to
evaluate serum PONT1 levels in NASH/NAFLD patients, and assess
its diagnostic utility as an early biomarker.

MATERIALS AND METHODS

The case-control study was conducted in the Department of
Biochemistry, Osmania General Hospital, Hyderabad, India
from May 2013 to December 2014. The present study is a part
of the previously published work, ‘Serum Paraoxonase-a marker
of alcoholic liver diseases’ [12]. Ethical committee approval was
obtained from the Ethics Scientific Committee of Osmania Medical
College (Reg No.:M120717031) before commencement of the
study. The nature and purpose of the study was explained to the
participants and informed written consent was obtained before
collection of blood samples.

Sources of Sample
1. Department of Biochemistry, Osmania General Hospital.

2. Department of Medicine, Osmania General Hospital.
3. Department of Liver Care Unit, Osmania General Hospital.

Inclusion criteria: Clinically diagnosed 30 (power of the study
is 80 and 95% CIl) NASH/NAFLD patients admitted or attending
the Outpatient Department was selected. Patients with Type I
Diabetes Mellitus (T2DM) with duration of disease >10 years or
obese individuals with grade Il fatty liver infiltration confirmed with
Ultrasound were included. Apparently healthy 30 individuals were
recruited as controls.

Sample collection: Blood samples (5 mL) were collected in
plain vacutainer by venepuncture while maintaining strict aseptic
precaution. To obtain sera, samples were centrifuged at 3000 rpm
for 10 minutes. A portion of the sera was used for analysis of
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liver function parameters such as total bilirubin, direct bilirubin,
AST, ALT, ALP, total protein and albumin. The remaining sera
were stored at -20°C for PON 1 analysis. Homolysed and lipemic
samples were excluded.

Biochemical Parameters

The liver function test parameters: total bilirubin, direct bilirubin,
AST, ALT, ALP, total proteins and albumin were measured by
TransasiaChem 5 semi-autoanalyser using ErbaPATH reagents.
Serum PON was estimated using 4-nitrophenylacetate (Sigma
Aldrich  Chemicals) as substrate. The rate of generation of
4-nitrophenol was determined at 402nm (402= 14000 M-1cm-1 at
pH7.4) and kinetic curve were plotted [13].

STATISTICAL ANALYSIS

Results were expressed as Mean+SD. The data was analysed
using Graph Pad Prism Demo software version 6. Paired t-test
was used to assess the differences between various parameters
of cases and control. ROC curve analysis was done to assess
maximum sensitivity and maximum specificity, diagnostic efficiency
and area under curve. A p-value <0.05 was considered to be
statistically significant.

RESULTS

Mean+SD of various standard liver function tests and serum PON
1 levels in cases and controls are presented in [Table/Fig-1]. Serum
PON 1 levels were significantly (p-value <0.001) decreased in
patients when compared with controls. Among LFT parameters,
statistical difference (p-value<0.05) was observed between total
bilirubin and albumin levels.

[Table/Fig-1]: Mean+SD of various standard liver function tests and serum PON 1
levels in cases and controls.

AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase;
PON 1: Paraoxonase; Students’ paired t-test; *p-value< 0.05-statistically significant

Sensitivity of PON 1 was 86.67% which was much higher than
standard LFT parameters that ranged from 20% to 73.33%,
whereas the specificity was lower (60%) than standard LFT
parameters with the exception of total protein whose specificity
was 50% [Table/Fig-2].

Area under curve is 0.79 highest for PON 1 when compared to
standard LFT parameters (AUC=0.71 for total bilirubin, AUC=0.60 for
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albumin, AUC=0.59 alanine transaminase and total protein) indicating
PON 1 has the diagnostic accuracy in NASH/NAFLD patients when
compared to standard LFT parameters [Table/Fig-3-8].

DISCUSSION

In the absence of significant alcohol intake, viral infection, or any other
specific aetiology of liver disease, when the fat accumulation exceeds
more than 5% of hepatocytes then it is termed NAFLD. Histologically,
it ranges from Simple steatosis(SS) to NASH, which is characterised
by SS+ necroinflammation [14]. Clinico-pathological diagnosis of
NASH requires presence of cell injury seen as cellular ballooning, focal
necrosis, fibrosis and inflamsmation and exclusion of alcohol as major
contributor [15]. The common predisposing factors are diabetes and
central obesity while Insulin Resistance (IR) is detectable universally
[16]. Two important key factors in development and progression from
steatosis to more advanced stages of liver damage are oxidative stress
and lipid peroxidation [10]. Oxidative stress arises due to imbalance
between reactive metabolites and antioxidant defence system. These
reactive metabolites induce free radical mediated lipid peroxidation
that regulates the progression of liver diseases [17]. Morphological
changes are observed in mitochondria, which include swelling and
intramitochondrial crystals, indicating presence of pro-oxidant free
radicals (superoxide and hydroxyl radicals) [18,19].

Liver is the major site of HDL synthesis and has highest PON1
gene expression [20-21]. Analysis by PON 1 inhibitors shows that
all phases of LDL oxidation and its initiation (conjugated dienes
formation), propagation (peroxides formation), and decomposition
(aldehydes formation) conferred by PON1 are affected [22]. PON
1 degrades specific ox-LDL and prevents the generation of
lipoperoxides during LDL oxidation. PON1 inhibits HDL oxidation
and preserves its function [23].

Parameters Referencerange | Controls Cases p-value Based on the available literature and established facts, the present

g;'dtlii)“mbiﬂ 0.1-1.2 0.8240.51 1191068 | 0.0204* studyl was done to determine Ithe diagnostic utility of PQN 1isan
early indicator of NAFLD and liver damage due to oxidative stress.

(Es;rge%gilirubin 0.0-0.3 0.36+0.31 0424032 | 0.4637 The diagnosis of NAFLD based on asymptomatic elevation of
aminotransferases, radiological findings of fatty liver or unexplained

AST (UL) 10-40 27741344 | 31.99+25.87 | 0.4235 persistent hepatomegaly. Although serum AST and ALT are raised

ALT (UL) 10-40 24.31£14.36 | 32.5£19.12 0.0657 up to 2-3 times the normal level in NAFLD, Mofrad P et al., reported

ALP (U/L) 24-112 70.63+15.01 | 65.97+16.45 | 0.2564 normal ALT levels in NAFLD therefore these values are not reliable

: for diagnosis of NASH/NAFLD [24,25].

Total proteins 6.0-8.3 7212096 | 67612 | 01142 9 : ] .

(g/dL) In the present study, PON 1 levels were significantly decreased

Albumin (g/dL) 3.2-5.0 4.3+0.72 3.8+0.91 0.0217~ due to oxidative stress even when the standard liver parameters

Serum PON 1 remained the same, indicating that sensitivity of PON1 as an early

- 988+238 | 712.7+232.9 | <0.001* " . ) -
(ng/mL) - * - marker. In addition, the diagnostic efficiency of PON 1 was much

higher than all the standard liver parameters collectively.

Atamer A et al., evaluated the changes in oxidative stress in
hepatosteatosis patients in terms of lipid peroxidation, nitric oxide and
PON 1 activity, and reported that PON1 activity and nitric oxide levels
were significantly lower (p-value <0.001)in patients with hepatosteatosis
when compared with the controls. They also reported that the levels
of LDL were significantly raised and that of HDL and apolipoprotein
A1 were significantly lower without any changes in levels of hepatic
enzymes thus indicating that changes in lipid metabolism occurs in
hepatosteatosis that are important indicators of liver cell impairment

Total bilirubin Direct bilirubin AST ALT ALP Total protein Albumin PON 1
Sensitivity 60 36.67 46.67 36.67 20 70 73.33 86.67*
Specificity 80 83.33 70 86.21 96.67 50 63.33 60
BCV >0.95 >0.45 >32.8 >33.7 <48.5 <7.11 <4.01 <924.8
AUC 0.7111 0.5522 0.57 0.59 0.56 0.59 0.60 0.79*
DE 69.9 56.6 58.3 59.9 58.3 59.9 68.3 73"
p-value 0.0050* 0.4871 0.32 0.20 0.36 0.21 <0.018" <0.0001

[Table/Fig-2]: Sensitivity, Specificity and Best cut-off value (BCV), Area under curve (AUC), Diagnostic efficiency (DE) and significance (p-value) in discriminating cases and

controls.
*p-value<0.05-statistically significant
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[Table/Fig-3]: ROC of serum paraoxonase 1.
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[Table/Fig-5]: ROC of Aspartate transaminase.
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[Table/Fig-6]: ROC of Alanine transaminase.
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[Table/Fig-7]: ROC of Total protein.
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[Table/Fig-8]: ROC of Albumin.

[26]. Bell LN and Theodorakis JL, reported similar results, where
success rate of diagnosis of NAFLD patients using PON 1 was 100%
with an area under ROC=1.0, as compared to the success rate of ALT
which was 55% with an area under ROC=0.53 [27].

The decreased levels of PON 1 observed could be due to alteration
in PON1 synthesis by liver, alterations in HDL structure or it is
alterations in HDL structure [28-30].

Routinely done standard biochemical tests for liver dysfunction are
not a reliable indicator of the presence or absence of liver disease,
therefore, histopathological examination of liver via biopsy has
become the diagnostic method of choice. However, liver biopsy
is subjected to sampling bias and has several disadvantages
like invasive nature, perspicacity and a mortality rate which is
noteworthy. Numerous studies have reported that the estimation of
serum paraoxonase along with standard LFT will improve the clinical
outcome by assessing the extent of liver damage [11,31,32].

LIMITATION

Patients with T2DM were taken as cases, but T2DM itself is an
independent risk factor for altered PON 1 value, so, it’s hard to
determine whether the altered PON 1 values are a result of the
combined effect of T2DM and NASH/NAFLD or NASH/NAFLD
alone or T2DM alone. For implementing in routine assay it is better
to adapt non-toxic lactonase assay rather than the use of toxic and
unstable substrates.

CONCLUSION

From the present study, it was established that detection of serum
PON 1 levels can be used as an early, non-invasive diagnostic
marker in addition to standard liver parameters, while liver biopsy
still remains the gold standard for diagnosing NASH/NAFLD.
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