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Abstract

Serum paraoxonase (aryldialkylphosphatase, EC 3.1.8.1., PON1) is an esterase protein synthesised by the liver and
released into the serum, where it is associated with HDL lipoproteins. In this study, we have determined the in vitro
effects of the following antibiotics: sodium ampicillin, ciprofloxacin, Rifamycin SV and clindamiycin phosphate, on
human hepatoma (HepG2) cells (liver hPON1). All the antibiotics caused a dose-dependent and time-dependent
decrease in the paraoxonase activity while Rifamycin SV was the most effective antibiotic due to its low 50%
inhibition concentration (IC, ) value. Liver hPON1 activity was determined using paraoxon as a substrate. The IC_|
values of the drugs were calculated from graphs of hydratase activity (%) by plotting concentration of the drugs

that showed an inhibition effect.
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Introduction

Paraoxonase-1 (PON1) is a high-density lipoprotein (HDL)-
associated serum enzyme whose primary physiological role
is to protect low-density lipoproteins (LDL) from oxidative
modifications [1]. It is a member of a three gene family con-
sisting of PON1, PON2 and PONS3 that are located on human
chromosome 7 [2]. The three PON genes show a high similar-
ity at the amino acid level between the mammalian species
PON1 and PONS3, which are expressed primarily in the liver.
In contrast PON2 is widely expressed in a number of tissues
including brain, liver, kidney and testis and it may have mul-
tiple mRNA forms [3,4]. Unlike PON2 and PON3, PON1 is an
efficient esterase towards many OP (organophosphate) com-
pounds including paraoxon, the insecticides parathion and
chlorpyriphos as well as the nerve agents sarin and soman
[5]. The enzyme derives its name from its ability to hydrolyse
paraoxon into p-nitrophenol and diethylphosphate, a reac-
tion that was first demonstrated by Aldridge in 1953 [6]. The
ability to hydrolyse paraoxon is routinely used for measuring
PON1 activity in vitro in serum samples. Furthermore the
enzyme inhibits atherogenesis by preventing the oxidation

of HDL and low-density lipoprotein (LDL). PON1 hydrolyses
aliphatic lactones such as dihydrocoumarin, y -butyrolactone
and homocysteine thiolactone. Therefore, PON1 prevents
protein homocysteinylation which is the process involved in
atherogenesis [7,8].

More recently, in addition to its important roles in a broad
range of fields, PON1 has been shown to play a critical role
in the metabolism of pharmaceutical drugs [3]. Paraoxonase
should be studied more given its physiological and metabolic
importance on medically important drugs that are commonly
used in therapies such as antibiotics. There are only a few
reports that have determined the changes in paraoxonase
enzyme activities by antibiotics [9,10,11]. In our previous
study, we reported that different classes of antibiotics dif-
ferentially affect the PON1 enzyme activity from mouse liver,
mouse serum and human serum in vitro. These differential
inhibitions on different cells or models imply that the PON1
enzyme inhibition may be distinct in human cells. However,
there is no information available about the inhibition of this
enzyme in human hepatoma cells which are important cells
for the metabolism of drugs in the body.
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Therefore in the present study, we aimed to evaluate the
effects of penicillin, chinolon, antimicobacterial and macrolid
derived antibiotics on the paraoxonase enzyme activity of
HepG2 cells, in vitro. The antibiotics were chosen from differ-
ent classes. Ampicillin is a beta-lactam antibiotic that is active
against both Gram-positive and Gram-negative bacteria and is
widely used for the treatment of infections [12]. Ciprofloxacin is
abroad-spectrum antibiotic belonging to the fluoroquinolone
class. Today, fluoroquinolones are the most commonly-
prescribed antimicrobial agents. Ciprofloxacin is considered
a benchmark for comparing the efficacy of new fluoroqui-
nolones and it is also active against both Gram-positive and
Gram-negative bacteria [13]. Rifamycins are a group of antibi-
otics which are synthesised either naturally by the bacterium
Amycolatopsis mediterranei, or artificially. Rifamycins are
particularly effective against mycobacteria and are therefore
used to treat tuberculosis, leprosy, and Mycobacterium avium
complex (MAC) infections [14]. Clindamycin is a lincosamide
antibiotic and it prevents the protein synthesis of bacteria,
causing the cells to die [10] (Figure 1).

Materials and methods

Materials

The cell culture reagents and chemicals were obtained from
Sigma (Germany). All other chemicals used were of analytical
grade and obtained from either Sigma or Merck (Germany).
Medical drugs were provided by the local pharmacy.

Paraoxonase enzyme assay

Paraoxonase enzyme activity towards paraoxon was quanti-
tied spectrophotometrically by the method described by Gan
etal. [15]. The reaction was followed for 2min at 37°C by moni-
toring the appearance of p-nitrophenol at 412nm in a Biotek

H co,Na

[C] Rifamycin

(USA) automated recording spectrophotometer. The final sub-
strate concentration during the enzyme assay was 2mM and
all rates were determined in duplicate and corrected for the
non-enzymatic hydrolysis. PON1 activity (1U/L) was defined
as 1 umol of p-nitrophenol formed per minute.

Cell culture of HepG2 cells and in vitro inhibition kinetic
studies

A human hepatoma cell line (HepG2) was used in this study.
The cells were seeded at 250 000/well into 12-well plates
containing Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with glutamine (0.2 mM), penicillin and strep-
tomycin (100 U/mL and 100 pg/mL, respectively), and bovine
fetal calf serum (10% (v/v). The cells were then incubated at
37°C under 5% (v/v) CO,. After the cells had been incubated
for 16h, different concentrations of antibiotics were added
into the medium. The concentrations for sodium ampicillin
used were as follows: 1, 10, 30, 50, 75, and 100 pug/mL. For cip-
rofloxacin: 1, 50, 100, 200, 300 and 500 pg/mL. For Rifamycin
SV: 0.5, 1, 5, 15, 25 and 50 pg/mL. Finally for clindamiycin
phosphate: 1, 15, 25, 40, 50 and 100 pg/mL. For each drug,
cells were lysed with a lysis buffer (10% Triton X_100 and
500mM potassium phosphate buffer, pH 8) according to
the method of Foka et al. [16] and after the 2, 4, and 6h time
points the drug was added. The enzyme activity of the super-
natant was determined according to Gan et al. [15]. For each
drug, a graph of percentage activity versus drug concentra-
tion was plotted for different inhibitor concentrations, and
the drug concentrations causing 50% inhibition (IC, ) were
calculated.

Statistical Analysis
Statistical analysis was performed using a Minitab program
(PC version) for Windows, version 10.02. Analysis of variance,

H OPO,H,
[B] Clindamiycin phosphate

0]

0
) A

[D] Ciprofloxacin

Figure 1. Molecular structure of antibiotics (A) sodium ampicillin, (B) clindamiycin phosphate, (C) Rifamycin SV and (D) ciprofloxacin.
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ANOVA, was used when more than two groups were com-
pared. Data are presented as mean + SD and values of p<0.05
were considered significant.

Results and discussion

Paraoxonase is one of the most important enzymes in lipid
metabolism, cardiovascular disease and atherosclerosis. In
addition to these roles PON1 has also been shown to play a
role in the metabolism of pharmaceutical drugs [18]. It was
found that PON1 enzyme activity was increased significantly
in rabbits that had been fed a hypercholesterolemic diet with
four weeks of atorvastatin application [19]. In another study,
patients with established cardiovascular disease with high-
density lipoprotein cholesterol were treated with rosuvastatin
and this resulted in a significant increment of serum PON-1
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drugs [20,22,23]. The effect of different pharmaceutical drugs
on paraoxonase enzyme activity can be used in order to clarify
PONT1 status in the metabolism. So, given the physiological
importance of paraoxonase, the study of the effect of antibiot-
ics on paraoxonase enzyme activity is an increasingly impor-
tant issue for human health.

The different concentrations of the antibiotics used
(sodium ampicillin, clindamiycin phosphate, Rifamycin
SV, ciprofloxacin) were applied to the growing HepG2 cells
and after 2h, 4h and the 6h incubation the cells were lysed
using the lysis buffer. The enzyme activity of the superna-
tant was determined for each drug and the drug concen-

Table 1. The IC_, values of antibiotics on paraoxonase activity in HepG2
cells (2, 4 and 6h at time points after the drug application).
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Figure 2. 2h (A), 4h (B) and 6h (C) effects of sodium ampicillin (I), ciprofloxacin (II), Rifamycin SV (III), clindamiycin phosphate (IV) on paraoxonase

activity for HepG2.
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trations causing 50% inhibition (IC,) were also calculated
(Table I). As seen in Table I, Rifamycin SV is the most effec-
tive antibiotic for all time intervals while ciprofloxacin has
the least inhibitory effect on the PON1 activity of the HepG2
cells. Sodium ampicillin and clindamiycin phosphate both
showed their maximum effect following 6h of incubation.

There are not many studies evaluating the effects of drugs
on human serum PON1 enzyme on cells in vitro. According
to the study of Gouedard et al. [24] provastatin, simvastatin
and fluvastatin caused decrease in PONI1 activity and PON1
mRNA levels in the culture medium of HuH7 human hepatoma
cells. In contrast; provastatin, simvastatin and fluvastatin
and fenofibric acid caused a 50% and 30% increase in PON1
activity and mRNA, respectively. In another in vitro study on
isolated lipoproteins, two oxidised metabolites of atorvastatin
and a metabolite of gemfibrozil were found to increase HDL-
associated PON1 activity [25].

HepG2 cells were used as a model for evaluating the
effects of antibiotics on liver hPON1. Although PONI1 has
both paraoxonase and lactonase activity, the PON1 lactonase
activity is lower than the PON2 and PONS3 lactonase activi-
ties. Paraoxon is the specific subtrate for PON1 and the best
method to determine PON1 spesific activity in crude cell
extracts is to use paraoxon as the substrate. All antibiotics
caused a decrease in paraoxonase activity in the Hep2G cells.
This decrease was in a dose-dependent and time-dependent
manner for the antibiotics (Figure 2). Rifamycin SV was the
most effective antibiotic due to its low IC_ value (Table I).
In our previous studies, we found that Rifamycin SV inhibits
PON mouse liver activity at the 4h time point but it didn’t
exhibit any significant inhibition effect for the mouse serum
PONT1 at any of the time points in vivo. Rifamycin SV also
didn’t inhibit the human serum PONT1 activity in vitro on the
purified enzyme. Sodium ampicillin and clindamiycin phos-
phate exhibited the most potent inhibitory effect at the 6h
time point, although the ciprofloxacin was the most effective
atthe 4h time point. It is also reported that sodium ampicil-
lin, ciprofloxacin and clindamycin phosphate significantly
inhibited purified human serum PONI1 activity in a dose-
dependent fashion. These antibiotics also showed different
inhibition effects on mouse serum and liver [10].

Conclusion

Paraoxonase (PON1) is an anti-oxidant enzyme carried on
high-density lipoproteins (HDL). Although there are a huge
number of studies describing the critical role of PON1 in a
variety of diseases specifically cardiovascular disease and
atherosclerosis, there is only limited information available
about the effects of antibiotics on PON1 activity. In this study,
we have evaluated that four different classes of antibiotics
namely: sodium ampicillin, ciprofloxacin, Rifamycin SV and
clindamiycin phosphate, can cause a dose-dependent and a
time-dependent decrease in paraoxonase activity in human
hepatoma (HepG2) cells.
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