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A new marker for lipid peroxidation: Serum paraoxonase
activity in non-alcoholic steatohepatitis

Yeni lipid peroksidasyon belirleyicisi: Non-alkolik steatohepatitte serum

paraoxonase aktivitesi
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Background/aims: Relationship between hepatic antioxidant
paraoxonase 1 (PON1) activity, lipid peroxidation and liver in-
Jjury was investigated in patients with non-alcoholic steatohepa-
titis. Methods: A total of 23 patients with non-alcoholic steato-
hepatitis (15 males, 8 females; mean age: 40.30+7.67 yrs) and
23 healthy controls (14 males, 9 females; mean age: 39.70+ 8.78
yrs) were enrolled in the study. Serum paraoxonase 1 activity
and levels of a well-known lipid peroxidation marker, serum
malondialdehyde, were determined. Results: Serum paraoxo-
nase 1 activity decreased significantly in non-alcoholic steato-
hepatitis compared to the control group (p<0.01). Serum malon-
dialdehyde levels were significantly higher in patients with
non-alcoholic steatohepatitis as compared with the control gro-
up (p<0.05). No statistically significant correlations were found
between serum paraoxonase 1 activities and the grade-stage of
non-alcoholic steatohepatitis, serum lipid levels or serum ma-
londialdehyde levels (p>0.05). Conclusions: Increased lipid
peroxidation may be either a cause or a result of liver injury in
patients with non-alcoholic steatohepatitis. Although serum pa-
raoxonase 1 activity does not reflect the degree of liver damage
in non-alcoholic steatohepatitis, reduced paraoxonase 1 acti-
vity, especially in the presence of mild disease, could be interp-
reted as a biochemical marker of the lipid peroxidation.

Key words: Non-alcoholic steatohepatitis, lipid peroxidation,
paraoxonase 1, malondialdehyde

INTRODUCTION

Non-alcoholic steatohepatitis (NASH) is a form of
chronic hepatitis with histological features of alco-
hol-induced liver disease that occurs in individu-
als who do not consume significant amounts of al-
cohol (1). Female gender, obesity, hyperlipidemia
and diabetes mellitus are well-known risk factors
of NASH (1). However, NASH is not necessarily a
disease of patients that have one or more risk fac-

Amag: Non-alkolik steatohepatit olgularinda karaciger koken-
li antioksidan paraoxonase 1 aktivitesi ile lipid peroksidasyonu
ve karaciger hasari arasindaki iliskinin ortaya konulmast
amaglandi. Yontem: Non-alkolik steatohepatit tanist almis 23
olgu (15 erkek, 8 kadin; yas ortalamasi: 40.30+7.67 yil) ve 23
kontrol (14 erkek, 9 kadin; yas ortalamasi: 39.70+ 8.78 yil) ¢a-
lismaya dahil edildi. Serum paraoxonase 1 aktivitesi ve lipid
peroksidasyon belirleyicisi olarak kabul edilen serum malondi-
aldehid diizeyleri ol¢iildii. Bulgular: Serum paraoxonase 1 ak-
tivitesi non-alkolik steatohepatit grubunda kontrol grubuna go-
re istatistiksel olarak anlamli derecede diisiik bulundu
(p<0.01). Serum malondialdehid diizeyleri non-alkolik steato-
hepatit grubunda kontrol grubuna gore istatistiksel olarak an-
lamli derecede artmuig olarak bulundu (p<0.05). Serum para-
oxonase 1 aktivitesi, hastaligin derecesi, serum lipid diizeyleri
ve serum serum malondialdehid diizeyleri arasinda istatistik-
sel olarak anlamly bir iligki gosterilemedi (p>0.05). Sonug¢: Art-
nus lipid peroksidasyonu non-alkolik steatohepatit’te ortaya ¢i-
kan karaciger hasarinin bir sonucu veya nedeni olabilir. Sonug
olarak, her ne kadar serum paraoxonase 1 aktivitesi ile hasta-
ligin evresi arasinda dogrudan bir iligki olmasa da non-alkolik
steatohepatit’in erken evresinde dahi serum diizeylerinin an-
lamli derecede azalmast, paraoxonase 1 aktivitesinin lipid pe-
roksidasyonunun biyokimyasal belirleyicisi olarak kabul edile-
bilecegini diigiindiirmiistiir.

Anahtar kelimeler: Non-alcoholic steatohepatitis,
peroxidation, PON1, MDA

lipid

tors. In fact, NASH has been reported in those wit-
hout any of the above-mentioned risk factors (2).
The pathogenesis of NASH remains unclear, alt-
hough two pathways of injury are implicated: inc-
reased oxidative stress and lipid peroxidation as-
sociated with increased fat deposition in the liver,
and tumor necrosis factor endotoxin-mediated in-
jury (3-10). A role for lipid peroxidation in NASH
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has been suggested by recent studies showing its
presence in both animal models of non-alcoholic
fatty liver and humans with steatosis of different
etiologies (3-13). The proinflammatory and profib-
rogenic properties of lipid peroxidation end pro-
ducts, malondialdehyde (MDA) and 4-hydroxyno-
nenal, potentially account for all of the typical his-
tological features observed in this disorder (1, 3,
4). Paraoxonase (PON) is an ester hydrolase that
catalyzes the hydrolysis of some xenobiotics, such
as organophosphates, unsaturated aliphatic es-
ters, aromatic carboxylic esters, and possibly, car-
bamates. The paraoxonase gene family contains at
least three members, PON1, PON2 and PONS3. Se-
veral studies have shown that PON1 has antioxi-
dant properties especially against low-density li-
poprotein (LDL) oxidation (14-16). The liver plays
a key role in the synthesis of serum PON1 (15, 17-
19). It was shown that PON1 levels decreased in
chronic liver disease and the authors put forward
that serum PON1 activity measurement could sig-
nificantly improve the current efficiency of a labo-
ratory’s evaluation of patients with suspected
chronic liver disease (19). Liver enzyme elevati-
ons, especially mild to moderate increases in se-
rum alanine aminotransferase (ALT) levels and
infrequently in serum aspartate transaminase
(AST) and g-glutamyl transpeptidase (GGT) le-
vels, were detected in patients with NASH (1). Ho-
wever, there is no correlation between the enzyme
levels and the severity of histopathological impair-
ment. Ultrasonographic findings are not correla-
ted with liver enzyme levels or histological fin-
dings. Liver biopsy is the gold standard for diagno-
sis at present (1-10). As mentioned above, measu-
rement of PON1 activity may contribute to the di-
agnosis of patients with suspected liver disease. In
addition, PON1 is accepted as an antioxidant
enzyme (14-16). In light of these data, this study
was designed to investigate (a) the oxidative and
antioxidative status by measuring serum MDA le-
vels and PON1 activity, (b) whether or not PON1
activity can be a non-invasive method of estima-
ting the severity of liver disease, and (c) the rela-
tion between PON1 activity and MDA, ALT, GGT,
and AST levels, or histopathological findings in
patients with NASH.

MATERIALS AND METHODS

A total of 23 patients with NASH (15 males, 8 fe-
males; mean age: 40.30+7.67 years) and 23 he-
althy controls (14 males, 9 females; mean age:
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Table 1. The demographic variables and body
composition in the two groups

Variable NASH Control P
Gender (M/F) 9/14 8/15 NS
Age (yr) 40.3£7.7 39.7+8.8 NS
BMI, kg/m® 29.32+4.25 25.36+5.15 <0.01

Data are mean+standard deviation, NS=nonsignificant

39.70+ 8.78 years) were enrolled in the study
(Table 1). NASH patients were admitted or refer-
red to our department with liver enzyme elevati-
ons, which were found by coincidence. For the di-
agnosis of NASH and to rule out other possible li-
ver diseases, all patients with NASH underwent a
detailed clinical and laboratory evaluation. Pati-
ents and controls with possible ethanol ingestion,
a previous or current history of gastrointestinal
surgical procedures and protein malnutrition and
a history of corticosteroid use were excluded from
the study. Laboratory studies were obtained at the
time of referral and these included serum liver
tests (ALT, AST, alkaline phosphatase, total bili-
rubin, albumin, and total protein levels), hepatitis
B and C serology (hepatitis B surface antigen, an-
tibody to hepatitis B surface antigen, antibody to
hepatitis B core antigen and antibody to hepatitis
C virus), autoimmune serology (anti-mitochondri-
al antibody, anti-nuclear antibody, anti-smooth
muscle antibody, and anti-liver/kidney microso-
mal antibody), studies of iron metabolism (fasting
serum iron, transferrin saturation, and ferritin le-
vels), and ceruloplasmin levels. Serum glucose,
cholesterol, triglyceride, high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein
cholesterol (LDL-C) levels were also obtained. Ab-
dominal ultrasonography was performed in all ca-
ses. Control cases had normal ultrasonographic
findings. NASH was definitively diagnosed in all
patients by histopathological examination follo-
wing liver biopsy. A combination of hepatocellular
steatosis, ballooning and disarray, acinar, or por-
tal inflammation, and fibrosis in histopathological
examinations was graded as grade I (mild), grade
2 (moderate), and grade 3 (severe), and fibrosis
was staged as stage one to four as suggested by
the necroinflammatory grading and staging sys-
tem for steatohepatitis (20). Body mass index
(BMI) was calculated as weight (in kilograms) di-
vided by the square of height (in square meters) in
all patients and controls. Cases were classified in-
to three groups as normal weight group (BMI <25
kg/m?®), overweight group (BMI>25 - <30 kg/m?®)
and obese group (BMI>30 kg/m®) (21).
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Informed consent was obtained from the patients
prior to the study. Erciyes University Ethical
Committee approved the study protocol and the
procedures; these were in accordance with the
Helsinki Declaration of 1975. All blood samples
were collected in the morning after an overnight

fast, and serum samples were stored at - 70°C un-
til assay for PON1 and MDA.

Assay of Paraoxonase Activity

We measured the rate of hydrolysis of paraoxon by
monitoring the increase of absorbance at 405 nm
and at 25°C. The basal assay mixture included 1.0
mM paraoxon and 1.0 mM CacClz in 0.05 M glycine
buffer, pH 10.5. One unit (IU) of paraoxonase acti-
vity is defined as 1umol of p-nitrophenol formed
per min, and activity was expressed as U/L of se-
rum (22).

Measurement of Serum MDA Concentration

Serum MDA levels were measured according to a
method described elsewhere (23). The principle of
the method was based on the spectrophotometric
measurement of the color occurring during the re-
action of thiobarbituric acid with MDA. Concent-
ration of thiobarbituric acid reactive substances
(TBARS) was calculated by the absorbance coeffi-
cient of MDA-thiobarbituric acid complex and exp-
ressed in nmol/ml. As a standard, MDA bis (di-
methyl acethal)-TBA (thiobarbituric acid) complex
was used.

Statistical Analysis

All results are expressed as mean values with the-
ir standard deviations (+x SD). Mann-Whitney U,
x2 and Fischer exact tests were used to compare
the differences in values between the groups. Spe-
arman’s correlation analysis was performed. All
analyses were two-tailed and were conducted
using computer-based statistical software (SPSS®
for Windows® 9.0); p value less than or equal to
0.05 was accepted as statistically significant.

RESULTS

The results of the main parameters studied in the
groups are summarized in Table 2. Hypertriglyce-
ridemia was detected in two (8.7%) subjects in the
control group and in four (17.4%) patients in the
NASH group (p>0.05). Six patients (26.1%) and
two (8.7%) subjects in the control group had
hypercholesterolemia (p>0.05). Among 23 patients
in the NASH group, 10 (43.5%) were overweight
and 10 obese (43.5%), while in the control group,
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Table 2. The results of main biochemical tests in the
two groups

NASH Controls P

PONT1 activity (U/L) 186.38+138.76 248.36+90.79 <0.01

MDA (nmol/ml) 1.56+0.93 1.04+x0.43 <0.05
ALT (U/L) 89.30+37.02 22.13+8.44 <0.001
AST (U/L) 57.83+45.81 22.78+8.97 <0.001
GGT (U/L) 70.95+40.02 20.13+5.54 <0.001
Glucose (mg/dl) 94.26+x11.79  75.78+12.17 <0.001

175.17+42.18 NS
159.87+45.36 NS
135.26+38.22 NS
39.65+12.98 NS

Total cholesterol (mg/dl) 195.87+40.81
Triglyceride (mg/dl) 153.22+61.32
LDL cholesterol (mg/dl) 125.36+34.83
HDL cholesterol (mg/dl) 41.35+11.06

Data are mean+SD, NS=nonsignificant

eight subjects (34.8%) were overweight and four
(17.4%) obese (p<0.05). The steatohepatitis group
had higher BMI (p<0.01). None of the patients or
the subjects in the control group had morbid obe-
sity, and none of the patients had a diagnosis of di-
abetes mellitus. On the other hand, mean serum
glucose level was higher in the NASH group than
in the control group (94.26+11.79 mg/dl vs.
75.78+12.17mg/dl; p<0.001). Serum PON1 activi-
ties were found to be significantly lower in the
NASH group than in the control group (p<0.01; Fi-
gure 1). Serum MDA levels were significantly hig-
her in patients with NASH as compared with the
control group (p<0.05; Figure 2).

Histopathological examinations revealed that 19
(82.6%) of the NASH patients had grade 1 and fo-
ur (17.4%) had grade 2 necroinflammatory acti-
vity. Three patients (13%) had stage one and two
patients (8.7%) had stage two fibrosis. No
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Figure 1. Serum PONT activities in the two groups
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Figure 2. Serum MDA activities in the two groups

statistically significant correlations were found
between serum PON1 activities and the grade-sta-
ge of NASH, serum lipid levels or serum MDA le-
vels (p>0.05).

DISCUSSION

The pathogenesis of NASH is poorly understood.
The exact stimulus that causes steatosis to prog-
ress to steatohepatitis and fibrosis is unclear. Re-
cently, increased free fatty acid levels, increased
mitochondrial fatty acid B oxidation, increased he-
patic lipid peroxidation and the presence of perip-
heral insulin resistance were identified in patients
with either fatty liver alone or NASH without cirr-
hosis (1, 3-13). MDA and 4-hydroxynonenal (HNE)
are well known by-products of lipid peroxidation
(1, 3, 4). Reactive oxygen species, which are for-
med due to increased microsomal w-oxidation, pe-
roxisomal B-oxidation, and mitochondrial B-oxida-
tion, trigger lipid peroxidation; this in turn causes
cell death and release of MDA and HNE (3, 4, 6).
In this study, significantly higher levels of MDA
were measured in patients with NASH than in
controls. Increased serum MDA level is one of the
well-known indicators of lipid peroxidation, but
there is insufficient data about serum PON1 levels
in patients with NASH. Reduced serum PON acti-
vities have previously been reported in diabetes
mellitus, chronic renal failure and rheumatoid
arthritis (24-28). The present study revealed that
serum levels of PON1 activity were reduced in pa-
tients with NASH. The mechanism of decrease in
serum PON1 activity in patients with NASH is
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unclear. Serum PON1 activity is generally consi-
dered to vary in response to the consumption of
PON1 for the prevention of oxidation (29). The
decrease in serum PON activity in NASH patients
might have resulted from increased inactivation of
PON1 according to increased generation of reacti-
ve oxygen species in NASH (29, 30). There is inc-
reasing evidence that several cytokines mediate
hepatic inflammation, apoptosis, and necrosis of
liver cells and fibrosis. Among the various cytoki-
nes, the proinflammatory cytokine tumor necrosis
factor-o. (TNF-a) has emerged as a key factor in
various aspects of liver disease. TNF-o mediates
not only the early stages of fatty liver disease but
also the transition to more advanced stages of li-
ver damage (5). It has been shown that proinflam-
matory cytokines such as interleukin-1 and TNF-
o. down-regulated mRNA expression of PON1 in
HepG2 cells (31). This cytokine-mediated reducti-
on of PON1 production by the liver might be res-
ponsible for the decreased serum PON1 activity in
NASH patients. On the other hand, decreased se-
rum PON1 activity could be accepted as another
evidence of increased lipid peroxidation, since it
was shown that a decrease in liver microsomal
PON1 activity is an early biochemical change rela-
ted to lipid peroxidation and liver injury observed
in rats with CCl4-induced cirrhosis (32). It was
suggested that these changes result in the conver-
sion of HDL from an anti-inflammatory/antioxi-
dant complex into a proinflammatory/prooxidant
complex (32). In a recent study, decreased PON1
activity in sera of patients with chronic liver dise-
ase was suggested to be related to the degree of li-
ver damage (19). In our study, a great majority of
NASH patients (82.6%) had grade 1 necroinflam-
matory activity and 18 of 23 (78.2%) patients had
no fibrosis. Although NASH patients had minimal
disease activity, decreases in PON1 activities we-
re evident. Nevertheless, we could not determine a
statistically significant correlation between grade
and stage of NASH and serum PON1 and MDA le-
vels.

Increased MDA level, a well-known lipid peroxida-
tion marker, and reduced serum PON1 activity
reflect increased oxidative damage in patients
with NASH. We conclude that increased lipid pe-
roxidation may be either a cause or a result of li-
ver injury in patients with non-alcoholic steato-
hepatitis, and that serum PON1 activity does not
reflect the degree of liver damage in non-alcoholic
steatohepatitis.
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