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BACKGROUND: Carbon monoxide poisoning (COP) is an important cause of mortality
and morbidity worldwide. This study was to investigate the levels of serum paraoxonase (PON),
arylesterase (ARYL), ceruloplasmin (Cp), and sulfhydryl (-SH) in the treatment of COP, and to further
understand the pathophysiology of COP.

METHODS: This prospective study comprised 107 individuals with COP (group 1) and 50
healthy volunteers (group 2). Serum, plasma, and erythrocyte samples were taken on admission
from all participants with COP. This process was repeated in the 90" and 180" minutes of treatment.
Samples were taken from the control group only once. The levels of plasma PON, ARYL, Cp activity
and -SH were measured in both groups.

RESULTS: Age, gender, and carboxyhemoglobin level were not correlated with PON, ARYL,
Cp, and -SH levels. PON, ARYL, and -SH levels were significantly decreased in group 1 compared
with group 2. Conversely, Cp was significantly elevated in group 1 in contrast to group 2. Although
ARYL was lower on admission in patients with COP than that was observed in the 90" and 180"
minutes (P<0.001), Cp was higher on admission than at the other time points (P<0.001).

CONCLUSIONS: Participants with COP had decreased levels of antioxidants (PON, ARLY, and
-SH). COP represses the antioxidant system.
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INTRODUCTION

Carbon monoxide (CO) is a colorless, odorless,
tasteless, and nonirritant gas that is primarily produced
as a result of the incomplete combustion of any
carbonaceous fossil fuel."”» CO poisoning (COP) is a
serious health problem worldwide. Exposure to high
concentrations is lethal, resulting in approximately
50 000 visits to the emergency department and 2 700
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deaths annually in the United States." ™ The non-specific
symptoms of CO exposure include headache, nausea,
vomiting, palpitations, dizziness, and confusion. As
exposure increases, patients develop more pronounced
and severe symptoms, and oxygen-dependent organs,
such as the brain and heart, show the earliest signs of
injury."” The diagnosis of COP depends primarily on the
history of exposure, but an exact diagnosis is possible
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through a measurement of high CO hemoglobin (COHb)
levels.!"** The standard treatment is the administration
of 100% oxygen, which should be continued until the
COHD level returns to normal.™”!

Free radicals are defined as molecules or molecular
fragments that contain one or more unpaired electrons
in atomic or molecular orbitals.”’ Although they have
a very short life cycle, free radicals are very harmful to
organisms because of their activity.”! To prevent free
radical damage, the body normally uses its antioxidant
defense system, but if antioxidants are unavailable
or if free-radical production becomes excessive,
tissue damage can occur. Free radicals interact with
biomolecules such as carbohydrates, lipids, proteins, and
DNA, thus leading to structural and metabolic alterations
in cells. This results in tissue damage in vital organs,
including the heart, kidneys, liver, stomach, lungs, and
brain.”’

Paraoxonase-1 (PON1) is a high-density lipoprotein
(HDL)-associated enzyme with three activities:
paraoxonase (PON), arylesterase (ARYL), and
dyazoxonase.”* PON protects low-density lipoprotein
(LDL) and HDL from oxidation.” """ Human serum
PON and ARYL are enzymes of the esterase group that
are encoded by the same gene, and have similar active
centers.""” ARYL is recognized as an antioxidant enzyme
because it hydrolyzes lipid peroxides and oxidizes
lipoproteins as paraoxonase.'””’ PON and ARYL
have been reported to decrease in many patients with
hypercholesterolemia, diabetes mellitus, cardiovascular
disease, liver and kidney diseases, and iron deviancy
anemia.””'"'*) Ceruloplasmin (Cp) which contains
copper atoms is a plasma protein.""”’ Cp permits the
incorporation of iron into transferrin without the formation
of toxic iron products. Under physiologic conditions, Cp is
also important in the control of membrane lipid oxidation,
likely by direct oxidation of cations, thus preventing their
catalysis of lipid peroxidation.""” Another antioxidant
group is the total sulfhydryl (-SH) group, which plays
a crucial role in protecting cells from oxidative damage
by interacting with the electrophilic group of reactive
oxygen species (ROS) as the first and major member of
the physiologic antioxidant defense system."” In humans,
decreased levels of -SH have been shown to cause various
disorders, such as liver failure, coronary artery disease,
stroke, and other neurological disorders.!"”"

The present study aimed to investigate serum PON,
ARYL, Cp and -SH levels in the treatment of COP, and
to increase our understanding about the pathophysiology
of COP.
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METHODS

This study was conducted at the Department of
Emergency and Clinical Biochemistry of Gaziantep
University, Turkey from 2011 to 2012. The study
protocol conforms to the principles of the Helsinki
Declaration, and was approved by the Medical Ethics
Committee of Gaziantep University. All participants gave
written informed consent.

This study comprised 157 individuals, of whom
107 were enrolled in a COP group (group 1) and the
remaining 50 in a control group (group 2). The control
group consisted of healthy individuals who were
administrative staff of our hospital (Table 1).

All participants were free of acute or chronic
diseases, and were of normal body habitus. In
addition, they submitted a detailed medical history
and underwent a physical examination by physicians.
Participants who suffered from coronary artery disease,
hypercholesterolemia, hypertension, neurological
disorders, diabetes mellitus, liver and kidney diseases,
peripheral vascular disease, lung disease, multiple sclerosis,
iron deficiency, or anemia, as well as those with obesity
seen after submission of the medical history, physical
examination, and laboratory examination were excluded.

Body mass index, blood sample collection
and COHb level measurements

Body mass index was calculated by dividing weight
in kilograms by height in meters squared (kg/m’). Blood
samples were withdrawn from a cubital vein into blood
tubes, and immediately stored on ice at 4 °C. Then,
serum was separated from cells by centrifugation at 3 000
r/min for 10 minutes. The serum samples were stored
at —80 °C until analysis. Blood samples for antioxidant
study were taken once from group 2 and three times from
group 1: on admission, and at the 90" and 180" minutes
of treatment. COHb level measurements were performed
using a signal extraction pulse CO-oximetry device
(Masimo SET Rainbow, Masimo Co., USA). All the

Table 1. Comparison of groups 1 and 2 in terms of clinical characteristics
and lipid profiles

Parameters Group | (n=107) Group 2 (n=50) P
Age (yr) 35.4+16.3 33.5+16.2 ns
BMI (kg/m®) 24.3+2.3 23.6+2.8 ns
Male/Female 50/57 24/26 ns
TG (mg/dL) 164.86+21.5 168.35+28.8 ns
TC (mg/dL) 169.89+39.3 172.56+34.4 ns
HDL C (mg/dL) 50.3+8.8 49.8+7.6 ns
LDL C (mg/dL) 128.44+23 125.94+20.4 ns
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participants in group 1 were given 100% oxygen using
a non-breather face mask, and none of them received
hyberbaric oxygen therapy.

Measurement of paraoxonase and
arylesterase activity

PON was measured in basal activity. The rate of
paraoxon hydrolysis (diethyl-p-nitrophenylphosphate)
was measured by monitoring the increase in absorbance
at 412 nm at 37 °C. The amount of generated p-
nitrophenol was calculated from the molar absorptivity
coefficient at pH 8, which was 17 000 mol/cm. Serum
PON was expressed as U/L.!"” Phenylacetate was used as
a substrate to measure ARYL by monitoring the increase
of absorbance at 270 nm at 37 °C. Enzymatic activity
was calculated from the molar absorptivity coefficient of
the produced phenol, 1 310 mol/cm. One unit of ARYL
was defined as 1 pmol phenol generated per minute
under the above conditions, and expressed as U/L.!"”’

Measurement of Cp and total sulfhydryl
groups of serum samples

Cp enzymatic activity was measured according to
Erel's method.” Using this method, ferrous ion was
oxidized to ferric ion, via Cp ferroxidase activity. The
results of this measurement were expressed as U/L.
The -SH of the serum samples was assayed according
to Ellman's method,”"! as modified by Hu et al.”” The
results of the assay were expressed as mmol/L.

Statistical analysis
COHD, PON, ARYL, Cp, and -SH were examined

graphically using the Kolmogorov-Smirnov test. If the
data of the test were normally distributed and independent,
groups 1 and 2 were compared using the independent-
sample ¢ test. If the data were normally distributed and
dependent, Pillai's Trace test was performed to evaluate
the differences at admission, at the 90™ minute, and at
the 180™ minute of treatment. The relationship between
variables was analyzed using Pearson's product-moment

correlation test. The results were expressed in mean =+
standard deviation. For statistical evaluation, we used
SPSS for Windows Version 18.0 (SPSS Inc., Chicago,
[linois, USA). In all comparisons, P<0.05 was considered
statistically significant.

RESULTS

In this study the average time of the patients between
CO exposure and admission to the emergency department
was 33.50%13.6 minutes. All the patients were conscious
on arrival. Some of them were directly admitted to
the emergency department of our hospital, and others
were referred from other hospitals. In all patients, CO
exposure was the result of the defective heating system.
The clinical characteristics of groups 1 and 2 were
comparable in terms of age, gender, body mass index,
triglycerides, total cholesterol, HDL cholesterol and LDL
cholesterol (Table 1). In both groups, age and gender
were not correlated with the levels of PON, ARYL, Cp,
and —SH. Nor correlation was observed between COHb
levels and PON, ARYL, Cp and —SH levels in group 1.
The difference between mean PON, ARYL, Cp, and —SH
levels in men and women was not statistically significant
in the two groups (P>0.05).

The comparison of COHb levels with PON, ARYL,
Cp and —SH levels in group 1 was shown in Table 2.
PON, ARYL, and -SH levels were lower in group 1 than
in group 2 (P<0.001 for all), but Cp level was higher
in group 1 than in group 2 (P<0.001) (Table 3). All
the patients with COP were treated in the emergency
department, and had a good recovery after discharge
from the hospital.

DISCUSSION

Previously, COP was thought to be due to cellular
hypoxia caused by replacing oxyhemoglobin with COHb,
while producing a relative anemia.” COP is far more
complex than expected and its pathophysiology is beyond

Table 2. Comparison of PON, ARYL and Cp activity, -SH levels (mean+SD)

Parameters Admission 90" minute 180" minute P

COHb (%) 21.85+£7.7 13.84+5.4 8.34+4.7 0.000
Paraoxonase (U/L) 143.34+51.8 147.52+57.90 148.02+61.38 0.484
Arylesterase (U/L) 108.32+16.16 113.52+19.76 124.64+26.81 0.000
Ceruloplasmin (U/L) 722.11£120 679.71+108 648.79+85.73 0.000
-SH (mmol/L) 0.40+0.06 0.41+0.07 0.41+0.06 0.154

* Pillai's trace test.
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Table 3. Comparison of PON, ARYL, Cp activity, and -SH levels between both groups (mean+SD)

Parameters Groups Admission 90" minute 180" minute P
Paraoxonase (U/L) Patient 143.34451.8 147.52+57.90 148.02+61.38 0.001"
Control 187.04+31.7 — — 0.000"
0.000"
Arylesterase (U/L) Patient 108.32+16.16 113.52+19.76 124.64+26.81 0.000
Control 168.65+24.53 — — 0.000
0.000
Ceruloplasmin (U/L) Patient 722.11+120 679.71£108 648.79+85.73 0.000
Control 518.05+64.62 — — 0.000
0.000
-SH (mmol/L) Patient 0.40+0.06 0.41+0.07 0.41+0.06 0.000
Control 0.46+0.06 — — 0.000
0.000

*P: patient group (on admission) vs. control group; “P: patient group (90™ minute) vs. control group; “P: patient group (180

the formation of COHb. The pathophysiological effects of
CO lead to problems in four areas: hemoglobin binding,
direct cellular toxicity, heme-containing proteins-binding,
and increases in oxidants, such as nitric oxide (NO).””!
These effects help to explain why COHb levels are not
correlated with the severity of the clinical situation.
If early and appropriate treatment is not provided, the
combination of hypoxia/ischemia and direct cellular
toxicity and the effects of oxidants may initiate a chain of
events that result in severe disability or death.

Oxidative stress can occur because of overproduction
of oxidants, a decrease in antioxidant defenses or
a combination of these factors. Organisms possess
antioxidative mechanisms to overwhelm oxidants. The
natural antioxidant system consisting of antioxidant
enzymes and numerous antioxidant compounds protects
functional and structural molecules against ROS, singlet
oxygen, NO, superoxide anion, hydrogen peroxide,
hydroxyl radicals, alkoxyl radicals, peroxyl radicals,
and lipid peroxides-mediated cytotoxicity and tissue
damage. In some conditions, oxidants increase and
antioxidants decrease, and antioxidative mechanisms
may be incapable of completely preventing oxidative
damage. As a consequence, oxidative stress, which
has been implicated in over 100 disorders, develops.
Some of these disorders (such as diabetes mellitus,
atherosclerosis, hypertension, cardiac dysrhythmia, and
myocardial damage) are present in COP."***!

There is no study on the relationship between COP
and antioxidant sub parameters (PON, ARYL, Cp, and
-SH). To our knowledge, ours is the first to examine
PON, ARYL, Cp and -SH levels in patients with COP.
Wang et al™ demonstrated that CO-mediated delayed
neuronal damage might be related to an increase of lipid
peroxidation and a decrease of antioxidative status.
The time-dependent changes of lipid peroxidation and
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T
" minute) vs. control group.

antioxidative status in serum, cerebral cortex, and
hippocampus are at least in part involved in the toxic
effects of neuronal CO poisoning. Another study"®
demonstrated that COP increases the total oxidant status
but does not change the total antioxidant status. Kavakli
et al assessed total antioxidants, whereas we evaluated
a limited number of antioxidants. In the present study,
we found that PON and ARYL and -SH levels were
significantly lower in group 1 than in group 2 (Table 3).
The chemical mechanisms for this apparent decrease
in antioxidant defenses have not been elucidated, and
further analysis is required. Unlike other antioxidants,
the mean Cp level was increased presumably because of
a compensatory mechanism or an inflammatory response
(Table 3). In our study we found that PON, ARYL,
and -SH levels increased with time, whereas Cp level
decreased (Table 2).

Oxidative stress induced by CO toxicity plays a
significant role in various chronic conditions, such as
cardiovascular diseases. Evidence of high intakes of
antioxidants such as carotenoids, vitamin E, vitamin
C, and selenium associated with a lower risk for many
diseases has been shown in studies involving large
groups of men and women.””*” The use of antioxidants
also appears to be beneficial for tissue recovery
after ischemic-reoxygenation injuries."””! Therefore,
antioxidant supplementation may lead to an increase in
the antioxidant defense system and, thus, improvement
in the clinical symptoms of COP.

In conclusion, we observed a significant decrease
in PON, ARYL and -SH levels in patients with
COP, indicating that these patients had a suppressed
antioxidative status. However, these results are not
sufficient to explain the relationship between antioxidants
and COP. Further studies are required to clarify the
possible mechanisms underlying the decreased and
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increased levels of the factors.

Our study had several limitations. The patients with
COP were not clinically very serious, so we could not
evaluate the possible difference in antioxidant status with
regard to serious cases. Moreover, only PON, ARYL, Cp,
and -SH were examined in our study. An evaluation of
more parameters may obtain better results and contribute
to an increased understanding of pathophysiology of
COP.
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