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Human serum paraoxonase (hPON1) is an important
antioxidant enzyme. It protects low-density lipopro-
teins against oxidative stress and prevents atheroscle-
rosis development. Anticancer agents have cardiotoxic
effects, and this situation can lead to significant com-
plications. Our aim was to evaluate the in vitro effects
of some of the anticancer agents such as cetuximab,
paclitaxel, etoposide, docetaxel, and ifosfamide on the
activity of hPON1 in this study. For this reason, PON1
was purified from human serum with a specific activity
of 3654.2 EU/mg and 16.84% yield using simple chro-
matographic methods. The five chemotherapeutic
agents dose dependently decreased in vitro hPON1
activity. IC50 values for cetuximab, paclitaxel, etopo-
side, docetaxel, and ifosfamide were 0.0111, 0.042,
0.226, 0.665, and 23.3 mM, respectively. Ki constants
were 0.0194, 0.0165, 0.131, 0.291, and 8.973 mM,
respectively. The inhibition mechanisms of cetuximab,
etoposide, docetaxel, and ifosfamide were non-compe-
titive, and for paclitaxel was competitive. Conse-
quently, inhibition of hPON1 by these anticancer
agents may explain some of the cardiotoxic actions of
these drugs.
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A free radical is an atom or molecule which has one or
more unpaired electrons in its endmost orbitals. Free radi-
cals are highly unstable, and they have extremely high
chemical reactivity. Their electrons interact with other
molecules within cells and damage various biological sub-
stances, including proteins, lipids, and DNA (1–4). Cells
include some antioxidant defense mechanisms that protect

these biological materials from the harmful effects of free
oxygen radicals. For instance, lipid peroxidation, defined
as the oxidative deterioration of lipid, is one of the harmful
effects of free radicals on the metabolism. Lipid peroxida-
tion is known to cause atherosclerosis in particular and
some other vascular diseases (5). PON1 is an antioxidant
enzyme which inhibits the lipid peroxidation. It has a cru-
cial role in the lipid metabolism to prevent oxidative modifi-
cations from the low-density lipoproteins (6). PON1 also
protects oxidation from the phospholipids in the high-den-
sity lipoprotein (HDL) structure. This situation slows the
development of the foam cell formation and atherosclero-
sis by preventing the accumulation of cholesterol in the
macrophages (7). Thus, PON1 is a protector against the
development of atherosclerotic lesions in human and ani-
mal models (8–12). Low serum PON1 activity levels may
be associated with increased levels of cardiovascular dis-
eases. Namely decreased PON1 activity may be a prog-
nostic factor for coronary heart diseases.

Firstly, Mackness et al. (13) showed that serum PON1
activity protects the oxidation of the LDL phospholipid at
the beginning of the process of atherosclerosis (13). Also,
many studies have been conducted that show the relation-
ship between PON1 and atherosclerosis. Due to its antiox-
idant properties, PON1 activity is known as being
important for cardiovascular physiology. Many studies
show that PON1 activity reduces the risk of cardiovascular
disease caused by oxidative stress (14). Besides, PON1
activity reduces inflammatory processes, hyperthyroidism,
certain neuropathies, diabetes, cancer, and many other
diseases, by preventing oxidative stress (15–20). For
instance, Malik et al. (4) report that the role of oxidative
imbalance in the oral squamous cell carcinoma may be
associated with the antioxidant status. Thus, ‘PON levels
may act as an indicator of oxidative stress in cancer’. Also,
some studies have shown that PON1 activity is lower in
patients with various cancers than in the controls (21). On
the other hand, recent studies emphasize the reduction of
PON1 activity in mental diseases such as Alzheimer’s dis-
ease (22), anxiety disorder (23), and Parkinson’s disease
(24). Therefore, inhibition of the PON1 enzyme is not
desired and hazardous for living organisms (25).

Nowadays, novel drugs are still being developed for most
diseases, including the above-mentioned ones. Thus, the
determination of PON1 inhibitors and activators can be
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very important for new drug development, especially for
diseases associated with oxidative stress. For this reason,
in this study, we examined the effects on the purified
hPON1 activity of some anticancer drugs commonly used
in medical applications. These drugs were cetuximab,
paclitaxel, etoposide, docetaxel, and ifosfamide (Figure 1).
Cetuximab belongs to a group of cancer drugs known as
monoclonal antibodies. It is especially used in the treat-
ment of large bowel cancer and for head and neck cancer
because it stops the division and growth of the cancer
cells (26). Paclitaxel and docetaxel represent the taxane
family of drugs. They are used for the treatments of vari-
ous types of cancer. They work by preventing the division
and growth of the cancer cells (27). Etoposide is an anti-
cancer drug mainly used to treat lung and testicular can-
cers. It belongs to the topoisomerase inhibitor drug class.
Etoposide works by blocking the topoisomerase 2
enzyme, which is necessary for the separation and the
growth of the cancer cells (28). Ifosfamide is a chemother-
apeutic agent. It is active as an alkylating agent and an
immunosuppressive agent. This compound belongs to the
isofamides. The action mechanism of the ifosfamide has
not been determined, but appears to be similar to other
alkylating agents as it also stops or slows down the
growth of cancer cells. Ifosfamide is used to treat certain
testicular cancers. Additionally, it is used for bone and soft
tissue sarcomas or other types of cancers (29). These
drugs are commonly used as chemotherapeutic agents,
but their in vitro effects on purified hPON1 are not known.
These anticancer agents also have cardiotoxic effects,
which can lead to significant complications (30). Therefore,
understanding these cardiotoxic effects is crucial for
cancer survivors.

Materials and Methods

Materials
DEAE-Sephadex A-50, Sephadex G-100, paraoxon, pro-
tein assay reagents, and chemicals for electrophoresis
were obtained from Sigma Chemical Co (Steinheim, Ger-
many). All of the other chemicals used were of analytical
grade and were obtained from either Sigma-Aldrich or
Merck (Darmstadt, Germany). Anticancer agents were pro-
vided from the University Hospital Pharmacy (Atat€urk
University, Erzurum, Turkey).

Methods

Paraoxonase activity assay
Paraoxonase enzyme activity was determined at 25 °C
with paraoxon (1 mM) in 50 mM glycine-NaOH (pH 10.5)
containing 1 mM CaCl2. The enzyme assay was based on
the estimation of p-nitrophenol at 412 nm. Assays were
performed using a spectrophotometer (CHEBIOS UV–VIS,
Fullerton, CA). The molar extinction coefficient of para-
nitrophenol (e = 18 290/M/cm at pH 10.5) is used for the
calculation of enzyme activity. One enzyme unit was
defined as the amount of enzyme that catalyzes the
hydrolysis of 1 lmol of paraoxon at 25 °C (31).

Ammonium sulfate precipitation
Twenty five mililiters of Triton X-100-treated human serum
was precipitated with ammonium sulfate (60-80%). The
precipitate was collected by centrifugation at 15 000 9 g

for 20 min and redissolved in 100 mM Na-phosphate buf-

Figure 1: Chemical structures of anticancer
agents such as paclitaxel, etoposide,
docetaxel, and ifosfamide.
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fer (pH 7.0). Then, it was dialyzed in the presence of 1 mM

Na-phosphate buffer (pH 7.0) at 4 °C (25,32–35).

DEAE-Sephadex A-50 anion exchange
chromatography
DEAE-Sephadex A-50 anion exchange column was pre-
pared and equilibrated with 100 mM Na-phosphate buffer
(pH 7.0). After dialysis in the presence of 1 mM Na-phos-
phate buffer (pH 7.0) at 4 °C, the enzyme solution was
loaded onto the DEAE-Sephadex A-50 anion exchange
column. The column was washed with 100 mM Na-phos-
phate buffer (pH 7.0), and then, elution was performed
with a linear gradient of 0–1.5 M NaCl. These processes
were performed as in our previous studies (25,32–35).
Enzyme activity of all elutions was checked at 412 nm.
Active fractions were combined. All purification procedures
were performed at 4 °C.

Sephadex G-100 gel filtration chromatography
The Sephadex G-100 gel was equilibrated with 100 mM

Na-phosphate buffer (pH 7.0). After DEAE-Sephadex col-
umn, fractions were mixed with glycerol and loaded onto
the Sephadex G-100 column for gel filtration process. Elu-
tion was performed with the same buffer. The measure-
ment of the protein amount (280 nm) and enzyme activity
(412 nm) was performed for each fraction. Elution tubes
which observed the enzyme activity were combined for
kinetic studies (25,32–35).

Protein determination
Quantitative protein determination was carried out by mea-
suring the absorbance at 595 nm according to Bradford.
Bovine serum alb€umin was used as a standard in this
experiment (36).

SDS–polyacrylamide gel electrophoresis
Enzyme purity was controlled according to Laemmli’s pro-
cedure. The procedure includes two different acrylamide
concentrations as 3% and 8% for running and stacking
gel, respectively (37). The experiment was carried out as
our previous studies (38,39). SDS-PAGE was stained with
silver reagent, and the electrophoretic pattern was pho-
tographed (Figure 2). Line 1 contains standard proteins.
The standard protein marker was purchased from Thermo
(USA). Line 2 contains purified human serum PON1
enzyme.

Drug–enzyme interaction studies
The inhibitory effects of cetuximab, paclitaxel, etoposide,
docetaxel, and ifosfamide as antineoplastic drugs were
examined. hPON1 activities were measured in the pres-
ence of different drug concentrations. Control activity was
considered as 100% at the absence of any compound.

Thus, Activity%–[Drug] curves were drawn, and drug con-
centrations that produced 50% inhibition (IC50) were calcu-
lated from these curves for each drug. Paraoxon was
used as a substrate in all kinetic studies. Ki values of the
drugs were calculated by measuring enzyme activity at
three different drug concentrations with five different sub-
strate concentrations. Lineweaver–Burk graphs were used
for the determination of Ki and inhibition type (40).

Results and Discussion

Oxidative stress is described as a disturbance in the bal-
ance between the production of reactive oxygen species
and the antioxidant protection system. Many factors such
as smoking, fast foods, lack of good nutrition, stress, air
and water pollutants, alcohol, pesticides, exposure to tox-
ins, and inadequate amounts of physical activity cause the
increase in levels of free oxygen radicals. This situation
leads to oxidative stress (1,3,41,42). Oxidative stress has
been implicated in many diseases. Some of these include
neurodegenerative and other diseases such as Parkinson’s
disease and Alzheimer’s disease, atherosclerosis, hyper-
tension, diabetes mellitus, ischemic diseases, and cancer
(1). The cellular membrane damage is one of the best
known toxic effects of free oxygen radicals. This process
is initiated by lipid peroxidation. The oxidative modification
of LDL is a crucial step in the pathogenesis of atheroscle-
rosis (5). Atherosclerosis is a serious disorder caused by
plaque that builds up inside the arteries (43) and is the
biggest cause of death in the developed world.

The living metabolism is protected from free oxygen
radicals in various ways. One way can be enzymatic.

Figure 2: SDS-PAGE bands of human serum PON1. The
procedure includes two different acrylamide concentrations as 3%
and 8% for running and stacking gel, respectively. Line 1 contains
standard proteins. The standard protein marker was purchased
from Thermo (Carlsbad, CA, USA). PON1 enzyme is in line 2.
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Antioxidant enzymes and peptides such as catalase (CAT),
superoxide dismutase (SOD), glutathione peroxidase
(GPx), and glutathione (GSH) including PON play a role in
this metabolism. On the other hand, non-enzymatic com-
pounds, particularly vitamins such as vitamins A, C, and E,
are also forms of antioxidant defense mechanisms (41,44).

PON1 is one of the most important endogenous antioxi-
dant enzymes in the human body. Human serum PON1
(EC 3.1.8.1) is associated with HDL and an antioxidant
function. It can hydrolyze lactones and several non-phy-
siological substrates, including aryl esters and
organophosphates (OPs) (25,32,33). The paraoxonase
gene family consists of three members: PON1, PON2,
and PON3 (45). These isozymes show differences with
regard to their subcellular localizations, catalytic activities,
and substrate specificities. While PON1 and PON3 are
expressed primarily in the liver, PON2 is widely expressed
in various tissues including brain, liver, and kidney. These
three human PON genes share approximately a 60%
identity at the amino acid level and approximately 70% at
the nucleotide level (45). In particular, PON1 is the best
known member and the most studied in the paraoxonase
family. The antioxidant properties of PON1 are known to
be caused by free thiol groups in its three-dimensional
structure. A free sulfhydryl at cysteine 284 plays a vital
role in the antioxidant mechanism of PON1 such as the
preventing of LDL oxidation (34). Therefore, PON1 is a
preventive for vascular diseases and other cardiovascular
diseases. These protector enzyme activity levels are not
only vital for cardiovascular diseases, but also others
associated with oxidative stress. Because of this, reduced
PON1 activity may be linked to many diseases (25,32–
35). Therefore, the protection of the PON1 activity in dis-
eases associated with oxidative stress is crucial for the
living metabolism. As in a number of enzymes, PON1
activity is also affected by a number of factors such as
environmental chemicals, drugs, and smoking, alcohol,
diet, age, and disease conditions (46). For example, in
some studies, PON1 activity was found to be lower in
smokers when compared to non-smokers. Cigarettes
contain a substantial amount of free radicals which play a
significant role in the impairment of the oxidative balance
and cause cell damage. Chronic cigarette smoking is one
of the major risk factors for the development of

atherosclerosis and other diseases (47–49). It is known
that cigarette smoking leads to a reduction of the quantity
in the serum. The amount of HDL is vital in the serum,
because PON1 is linked to the HDL structure. The reduc-
tion of HDL leads to the decreasing of the PON1 protein
in the serum. Thus, atherosclerotic lesions are shown to
increase inside the arteries.

Cancer is also one of the most serious health problems
in the developing world. In recent years, some studies
have been performed in regard to the relationship
between the various cancers and PON1 activity. The end
products of lipid peroxidation have an important role in
oncogenesis. Thus, oxidized low-density lipoprotein is
responsible for the development of oxidative stress-related
cancer diseases (4,50–52). The results show that PON1
activity also has a vital role in cancer diseases. Due to
the preventive effect of oxidative stress, scientists report
the HDL-associated PON1 levels may act as a potential
marker in cancer. For instance, several studies demon-
strated that serum PON1 activity is lower in patients with
lung (53), pancreatic (54), gastric (55), gastroesophageal
(56), prostate (57), epithelial ovarian cancer (58), and oral
squamous cell carcinoma (4) when compared to the con-
trol groups.

Many chemicals, including drugs, have a role to play in the
increasing or decreasing of the various enzyme activities.
Due to the balance of enzyme activities in the metabolism,
extra-inhibition or activation may be a risk for living things.
Many studies have been conducted on the modulation of
PON1 activity by drugs. For example, Gouedard et al. (59)
investigated the effects of pravastatin, simvastatin, and flu-
vastatin on human hepatoma cells PON1. They found that
these drugs caused a 25–50% decrease in PON1 activity.

Table 1: Summary of PON1 purification procedure from human serum

Purification steps
Activity
(EU/mL)

Total
volume (mL)

Protein
(mg/mL)

Total
protein (mg)

Total
activity (EU)

Specific activity
(EU/mg) Yield (%)

Purification
fold

Serum sample 102.4 25 6.1 152.5 2560 16.78 100 1
Ammonium sulfate
precipitation (60–80%)

100.2 15 5.191 77.865 1503 19.3 58.71 1.15

DEAE-Sephadex A-50 anion
exchange chromatography

64.52 12 0.174 2.088 774.24 370.8 30.24 22.09

Sephadex G-100 gel filtration
chromatography

53.9 8 0.0148 0.118 431.2 3654.2 16.84 217.7

Table 2: IC50 and Ki values and inhibition types

Anticancer drugs IC50 (mM) Ki (mM) Type of inhibition

Cetuximab 0.011 0.0194 � 0.004 Non-competitive
Paclitaxel 0.042 0.0165 � 0.011 Competitive
Etoposide 0.226 0.131 � 0.071 Non-competitive
Docetaxel 0.665 0.291 � 0.108 Non-competitive
Ifosfamide 23.30 8.973 � 0.955 Non-competitive
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There was a similar decrease in the mRNA of PON1 pro-
tein. In the same cells, fenofibric acid (250 mM) also
caused a 50% and 30% increase in PON1 activity and
mRNA, respectively (59). Other studies on PON1 activity
investigated the effects of different hypocholesterolemic
drugs such as spironolactone, mevastatin, lovastatin,
pravastatin, and prulifloxacin (60–62). PON1–drug interac-
tion studies are still being conducted in our laboratory. In
our previous studies, the inhibitory effects of some cardio-
vascular therapeutics such as digoxin, metoprolol tartrate,
verapamil, diltiazem, amiodarone, dobutamine, and
methylprednisolone (34), and antibiotic drugs such as tei-
coplanin, rifamycin, tobramycin, ceftriaxone sodium,
cefuroxime sodium, ceftazidime, ornidazole, and amikacin
sulfate (25), anesthetics such as etomidate, propofol, and
ketamine (32), calcium channel blockers such as nifedip-
ine, nitrendipine, isradipine, and amlodipine besylate (35)
were investigated. According to our findings, cardiovascu-
lar therapeutics inhibit the hPON1 enzyme, more strongly
compared to the other drugs such as antibiotics, anesthet-
ics, and calcium channel blockers. Other drugs show the
inhibition effects in almost similar concentrations. In the
present study, five chemotherapeutic agents were
observed to have lower inhibition effects than antibiotics,

anesthetics, and calcium channel blockers. It can be
understood from the studies that PON1 is a drug-target
enzyme. However, more extensive inhibition studies are
necessary for a better understanding of the protective role
of PON1 against the toxic effects of drugs, environmental
chemicals, and oxidative stress. Thus, enzymatic toxicol-
ogy studies are important in the development of new
drugs.

The present study examined the in vitro inhibition effects
of some anticancer drugs on the human serum PON1
enzyme. For this, PON1 was the purified human serum as
mentioned in our previous studies (25,32–35). The enzyme
was obtained with a specific activity of 3654.2 EU/mg pro-
tein, with a 217.7-fold purification and a yield of 16.84%
(Table 1). SDS–polyacrylamide gel electrophoresis (PAGE)
was performed after the purification of the enzyme, and
the electrophoretic pattern is shown in Figure 2. After all
the purification steps, the in vitro inhibition effects of cetux-
imab, paclitaxel, etoposide, docetaxel, and ifosfamide on
the purified enzyme were investigated. The IC50 values
were found by Activity%/[Inhibitor] graphs to be 0.011,
0.042, 0.226, 0.665, and 23.30 mM for cetuximab,
paclitaxel, etoposide, docetaxel, and ifosfamide, respec-

Figure 3: IC50 graphs for anticancer
agents. Human serum paraoxonase (hPON1)
activities were measured in the presence of
different drug concentrations. Control activity
was considered as 100% at the absence of
any compound. Thus, Activity%–[Drug]
curves were drawn, and drug concentrations
that produced 50% inhibition (IC50) were
calculated from these curves for each drug.
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tively (Table 2; Fig. 3). According to the results, the
order of the inhibitors is as follows: cetuximab ˃ pacli-
taxel ˃ etoposide ˃ docetaxel ˃ ifosfamide (Table 2;

Fig. 3). The Ki values and inhibition types of these drugs
were determined from the Lineweaver–Burk curves using
different paraoxon concentrations (Table 2; Figure 4). We
found that paclitaxel exhibited competitive inhibition, and
the others exhibited non-competitive inhibition. Accord-
ingly, paclitaxel may have a connection with the amino
acids of the active site. According to this information, we
designed a possible scheme for paclitaxel (Figure 5). Other
drugs may interact with the enzyme structure outside of
the catalytic site.

Conclusions

In conclusion, hPON1 was purified using three simple
purification steps in a short time with high specific activity.
We examined the in vitro effects of some anticancer
agents on the purified hPON1 activity. We identified that
cetuximab, paclitaxel, etoposide, docetaxel, and ifosfamide
reduced the activity of hPON1 at different concentrations.
These anticancer agents may have cardiotoxic effects
which may lead to significant complications (30). Under-
standing these cardiotoxic effects may be crucial for can-
cer survivors. However, it may be necessary to carry out
further studies such as in vivo studies to obtain a more
concrete idea about the cardiotoxic actions of these
drugs.

Figure 4: (A–E) Lineweaver–Burk graph of
cetuximab, paclitaxel, etoposide, docetaxel,
and ifosfamide, respectively. Ki values and
inhibition types of the drugs were
determined by measuring enzyme activity at
three different drug concentrations with five
different substrate concentrations.

Figure 5: Schematic representation of the interaction of
paclitaxel with the PON1 active site.

Chem Biol Drug Des 2016; 88: 188–196 193

Anticancer Agents Inhibit Paraoxonase-1



References

1. Yoshikawa T., Naito Y. (2002) What is oxidative stress.
Jpn Med Assoc J;45:271–276.

2. Valko M., Rhodes C.J., Moncol J., Izakovic M., Mazur
M. (2006) Free radicals, metals and antioxidants in
oxidative stress-induced cancer. Chem Biol Inter-
act;160:1–40.

3. S� ıktar E., Ekinci D., S� ıktar E., Beydemir S� ., G€ulc�in _I.,
G€unay M. (2011) Protective role of L-carnitine supple-
mentation against exhaustive exercise induced oxida-
tive stress in rats. Eur J Pharmacol;668:407–413.

4. Malik U.U., Siddiqui I.A., Hashim Z., Zarina S. (2014)
Measurement of serum paraoxonase activity and MDA
concentrations in patients suffering with oral squamous
cell carcinoma. Clin Chim Acta;430:38–42.

5. Singh U., Jialal I. (2006) Oxidative stress and
atherosclerosis. Pathophysiology;13:129–142.

6. Mackness M., Mackness B. (2004) Paraoxonase 1 and
atherosclerosis: is the gene or the protein more impor-
tant? Free Radical Biol Med;37:1317–1323.

7. Ekmekci O., Donma O., Ekmekci H. (2004) Paraox-
onase. Cerrahpas�a J Med;35:78–82.

8. Deakin S.P., James R.W. (2004) Genetic and environ-
mental factors modulating serum concentrations and
activities of the antioxidant enzyme paraoxonase-1. Clin
Sci;107:435–447.

9. Mackness B., Quarck R., Verreth W., Mackness M.,
Holvoet P. (2006) Human paraoxonase-1 overexpres-
sion inhibits atherosclerosis in a mouse model of meta-
bolic syndrome. Arterioscler Thromb Vasc
Biol;26:1545–1550.

10. Gran�er M., James R.W., Kahri J., Nieminen M.S.,
Syv€anne M., Taskinen M.R. (2006) Association of
paraoxonase-1 activity and concentration with angio-
graphic severity and extent of coronary artery disease.
J Am Coll Cardiol;47:2429–2435.

11. Tang W.H., Hartiala J., Fan Y., Wu Y., Stewart A.F.R.,
Erdmann J., Kathiresan S., Roberts R., McPherson R.,
Allayee H., Hazen S.L. (2012) Clinical and genetic
association of serum paraoxonase and arylesterase
activities with cardiovascular risk. Arterioscler Thromb
Vasc Biol;32:2803–2812.

12. Triolo M., Annema W., Dullaart R.P.F., Tietge U.J.F.
(2013) Assessing the functional properties of high-den-
sity lipoprotein-an emerging concept in cardiovascular
research. Biomark Med;7:457–472.

13. Mackness M., Arrol S., Durrington P.N. (1991) Paraox-
onase prevents accumulation of lipoperoxides in low-
density-lipoprotein. FEBS Lett;286:152–154.

14. McElveen J., Mackness M.I., Colley C.M., Peard T.,
Warner S., Walker C.H. (1986) Distribution of paraoxon
hydrolytic activity in the serum of patients after
myocardial infarction. Clin Chem;32:671–673.

15. Abbott C.A., Mackness M.I., Kumar S., Boulton A.J.,
Durrington P.N. (1995) Serum paraoxonase activity,
concentration and phenotype distribution in diabetes

mellitus and its relationship to serum lipids and lipopro-
teins. Arterioscler Thromb Vasc Biol;15:1812–1818.

16. Goswami B., Tayal D., Gupta N., Mallika V. (2009)
Paraoxonase: a multifaceted biomolecule. Clin Chim
Acta;410:1–12.

17. Nowak M., Wielkoszy�nski T., Marek B., Kos-Kudła B.,
�Swiez tochowska E., Siemi�nska L., Karpe J., Kajdaniuk
D., Głogowska-Szelazg J., Nowak K. (2010) Antioxidant
potential, paraoxonase 1, ceruloplasmin activity and C-
reactive protein concentration in diabetic retinopathy.
Clin Exp Med;10:185–192.

18. C�ayır K., Bilici M., Tekin S.B., Kara F., Turkyılmaz A.,
Yıldırım A. (2010) Serum paraoxonase and arylesterase
activities in esophageal cancer: a controlled study. Eur
J Gen Med;7:398–403.

19. Karaman E., Uzun H., Papila I., Balci H., Ozdilek A.,
Genc H., Yanardag H., Cigdem P. (2010) Serum
paraoxonase activity and oxidative DNA damage in
patients with laryngeal squamous cell carcinoma. J
Craniofac Surg;21:1745–1749.

20. Balci H., Genc H., Papila C., Can G., Papila B., Yanar-
dag H., Uzun H. (2012) Serum lipid hydroperoxide levels
and paraoxonase activity in patients with lung, breast,
and colorectal cancer. J Clin Lab Anal;26:155–160.

21. Saadat M. (2012) Paraoxonase 1 genetic polymor-
phisms and susceptibility to breast cancer: a meta-
analysis. Cancer Epidemiol;36:101–103.

22. Pi Y., Zhang L., Chang K., Li B., Guo L., Fang C.,
Gao C., Wang J., Xiang J., Li J. (2012) Lack of an
association between Paraoxonase 1 gene polymor-
phisms (Q192R, L55M) and Alzheimer’s disease: a
meta-analysis. Neurosci Lett;523:174–179.

23. Bulut M., Selek S., Bez Y., Karababa _I.F., Kaya M.C.,
Gunes M., Emhan A., Aksoy N., Sir A. (2013) Reduced
PON1 enzymatic activity and increased lipid hydroper-
oxide levels that point out oxidative stress in general-
ized anxiety disorder. J Affect Disord;150:829–833.

24. Kirbas A., Kirbas S., Cure M.C., Tufekci A. (2014)
Paraoxonase and arylesterase activity and total oxida-
tive/anti-oxidative status in patients with idiopathic
Parkinson’s disease. J Clin Neurosci;21:451–455.

25. Ekinci D., Beydemir S. (2009a) Evaluation of the
impacts of antibiotic drugs on PON 1; a major
bioscavenger against cardiovascular diseases. Eur J
Pharmacol;617:84–89.

26. Bonner J.A., Harari P.M., Giralt J., Cohen R.B., Jones
C.U., Sur R.K., Raben D., Baselga J., Spencer S.A.,
Zhu J., Youssoufian H., Rowinsky E.K., Ang K.K.
(2010) Radiotherapy plus cetuximab for locoregionally
advanced head and neck cancer: 5-year survival data
from a phase 3 randomised trial, and relation between
cetuximab-induced rash and survival. Lancet
Oncol;11:21–28.

27. Grant D.S., Williams T.L., Zahaczewsky M., Dicker
A.P. (2003) Comparison of antiangiogenic activities
using paclitaxel (taxol) and docetaxel (taxotere). Int J
Cancer;104:121–129.

194 Chem Biol Drug Des 2016; 88: 188–196

Alim and Beydemir



28. Hande K.R. (1998) Etoposide: four decades of devel-
opment of a topoisomerase II inhibitor. Eur J
Cancer;34:1514–1521.

29. Patel S.R., Vadhan-Raj S., Papadopolous N., Plager
C., Burgess M.A., Hays C., Benjamin R.S. (1997)
High-dose ifosfamide in bone and soft tissue sarco-
mas: results of phase II and pilot studies – dose–re-
sponse and schedule dependence. J Clin
Oncol;15:2378–2384.

30. Yeh E.T.H., Tong A.T., Lenihan D.J., Yusuf S.W.,
Swafford J., Champion C., Durand J.B., Gibbs H.,
Zafarmand A.A. (2004) Cardiovascular complications of
cancer therapy: diagnosis, pathogenesis, and manage-
ment. Circulation;109:3122–3131.

31. Renault F., Chabri�ere E., Andrieu J.P., Dublet B., Mas-
son P., Rochu D. (2006) Tandem purification of two
HDL-associated partner proteins in human plasma,
paraoxonase (PON1) and phosphate binding protein
(HPBP) using hydroxyapatite chromatography. J Chro-
matogr B;836:15–21.

32. Alici H.A., Ekinci D., Beydemir S. (2008) Intravenous
anesthetics inhibit human paraoxonase-1 (PON1)
activity in vitro and in vivo. Clin Biochem;41:1384–
1390.

33. Ekinci D., Beydemir S. (2009b) Effect of some anal-
gesics on paraoxonase-1 purified from human serum.
J Enzyme Inhib Med Chem;24:1034–1039.

34. Isg€or M.M., Beydemir S. (2010) Some cardiovascular
therapeutics inhibit paraoxonase 1 (PON1) from human
serum. Eur J Pharmacol;645:135–142.

35. T€urkes� C., S€oy€ut H., Beydemir S. (2014) Effect of cal-
cium channel blockers on paraoxonase-1 (PON1) activ-
ity and oxidative stress. Pharmacol Rep;66:74–80.

36. Bradford M.M. (1976) A rapid and sensitive method for
the quantitation of microgram quantities of protein uti-
lizing the principle of protein–dye binding. Anal
Biochem;72:248–251.

37. Laemmli U.K. (1970) Cleavage of structural proteins
during the assembly of the head of bacteriophage T4.
Nature;227:680–685.

38. Beydemir S., Ciftci M., Kufrevioglu €O._I. (2002)
Purification and characterization of glucose 6-
phosphate dehydrogenase from sheep erythrocytes
and inhibitory effects of some antibiotics on
enzyme activity. J Enzyme Inhib Med Chem;
17:271–277.

39. S€oy€ut H., Beydemir S� . (2008) Purification and some
kinetic properties of carbonic anhydrase from rainbow
trout (Oncorhynchus mykiss) liver and metal inhibition.
Protein Pept Lett;15:528–535.

40. Lineweaver H., Burk D. (1934) The determination of
enzyme dissociation constants. J Am Chem
Soc;56:658–666.

41. G€ulc�in _I., Beydemir S�., Topal F., Gagua N., Bakuridze
A., Bayram R., Gepdiremen A. (2012) Apoptotic,
antioxidant and antiradical effects of majdine and iso-
majdine from Vinca herbacea Waldst. and kit. J
Enzyme Inhib Med Chem;27:587–594.

42. Harrison D., Griendling K.K., Landmesser U., Hornig
B., Drexler H. (2003) Role of oxidative stress in
atherosclerosis. Am J Cardiol;91:7–11.

43. Orlandi A., Bochaton-Piallat M.L., Gabbiani G., Spag-
noli L.G. (2006) Aging, smooth muscle cells and vas-
cular pathobiology: implications for atherosclerosis.
Atherosclerosis;188:221–230.

44. Mates J., Perez-Gomez C., De Castro I.N. (1999)
Antioxidant enzymes and human diseases. Clin
Biochem;32:595–603.

45. Precourt L.P., Amre D., Denis M.C., Lavoie J.C., Del-
vin E., Seidman E., Levy E. (2011) The three-gene
paraoxonase family: physiologic roles, actions and reg-
ulation. Atherosclerosis;214(1):20–36.

46. Costa L.G., Vitalone A., Cole T.B., Furlong C.E. (2005)
Modulation of paraoxonase (PON1) activity. Biochem
Pharmacol;69:541–550.

47. Scheffler E., Huber L., Fruhbis J., Schulz I., Ziegler R.,
Dresel H.A. (1990) Alteration of plasma low density
lipoprotein from smokers. Atherosclerosis;82:261–265.

48. Nishio E., Watanabe Y. (1997) Cigarette smoke extract
inhibits plasma paraoxonase activity by modification of
the enzyme’s free thiols. Biochem Biophys Res Com-
mun;236:289–293.

49. Aslan R., Kutlu R., Civi S., Tasyurek E. (2014) The cor-
relation of the total antioxidant status (TAS), total oxi-
dant status (TOS) and paraoxonase activity (PON1)
with smoking. Clin Biochem;47:393–397.

50. Gadomska H., Janecki J., Marianowski L., Nowicka G.
(1997) Lipids in serum of patients with malignant ovar-
ian neoplasms. Int J Gynaecol Obstet;57:287–293.

51. Girotti A.W. (1998) Lipid hydroperoxide generation,
turnover, and effector action in biological systems. J
Lipid Res;39:1529–1542.

52. Ray G., Batra S., Shukla N.K., Deo S., Raina V.,
Ashok S., Husain S.A. (2000) Lipid peroxidation, free
radical and antioxidant status in breast cancer. Breast
Cancer Res Treat;59:163–170.

53. Elkiran T.E., Mar N., Aygen B., Gursu F., Karaoglu A.,
Koca S. (2007) Serum paraoxonase and arylesterase
activities in patients with lung cancer in a Turkish pop-
ulation. BMC Cancer;7:48.

54. Akcay M.N., Polat M.F., Yilmaz I., Akcay G. (2003a)
Serum paraoxonase levels in pancreatic cancer.
Hepatogastroenterology;50(Suppl 2):ccxxv–ccxxvii.

55. Akcay M.N., Yilmaz I., Polat M.F., Akcay G. (2003b)
Serum paraoxonase levels in gastric cancer. Hepato-
gastroenterology;50(Suppl 2):cclxxiii–cclxxv.

56. Korpacka K.M., Boehm D., Matusiewicz M., Dia-
kowska D., Grabowski K., Gamain A. (2008) Paraox-
onase 1 (PON1) status in gastroesophageal
malignancies and associated paraneoplastic syn-
dromes-connection with inflammation. Clin
Biochem;41:804–811.

57. Stevens V.L., Rodriguez C., Talbot J.T., Pavluck A.L.,
Thun M.J., Calle E.E. (2008) Paraoxonase 1 (PON1)
polymorphisms and prostate cancer in the CPS-II
Nutrition Cohort. Prostate;68:1336–1340.

Chem Biol Drug Des 2016; 88: 188–196 195

Anticancer Agents Inhibit Paraoxonase-1



58. Camuzcuoglu H., Arioz D.T., Toy H., Kurt S., Celik H.,
Erel O. (2009) Serum paraoxonase and arylesterase
activities in patients with epithelial ovarian cancer.
Gynecol Oncol;112:481–485.

59. Gouedard C., Koum-Besson N., Barouki R., Morel Y.
(2003) Opposite regulation of the human paraoxonase-
1 gene PON1 by fenofibrate and statins. Mol Pharma-
col;63:945–956.

60. Tomas M., Senti M., Garcia-Faria F., Vila J., Torrents
A., Covas M., Marrugat J. (2000) Effect of simvastatin
therapy on paraoxonase activity and related lipopro-

teins in familial hypercholesterolemic patients. Arte-
rioscler Thromb Vasc Biol;20:2113–2119.

61. Leviev I., James R. (2000) Simvastatin increases
plasma levels of the antioxidant enzyme paraoxonase
by PON1 gene activation. Atherosclerosis;151:41.

62. Malin R., Laaksonen R., Knuuti J., Janatuinen T.,
Vesalainen R., Nuutila P., Terho L. (2001) Paraoxonase
genotype modifies the effect of pravastatin on high-
density lipoprotein cholesterol. Pharmacogenet-
ics;11:625–633.

196 Chem Biol Drug Des 2016; 88: 188–196

Alim and Beydemir


