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Investigation of serum paraoxonase-1 activity and lipid levels in
patients with hyperthyroidism

Giilden BASKOL', Kiymet DOLBUN SECKIN', Fahri BAYRAM?, Fatih TANRIVERDI®

Aim: The present study was designed to investigate the relationship among the serum paraoxonase-1 (PON-1) activity,
lipid levels, and thyroid hormone status in patients with hyperthyroidism.

Materials and methods: The study group comprised 30 patients with primary hyperthyroidism and 18 normal healthy
controls who were matched for age and sex. Serum PON-1 activity was determined by spectrophotometric methods.

Results: Serum PON-1 activity was found to be lower in patients compared to controls (P < 0.05). Free triiodothyronine
(T,) and free thyroxine (T,) levels were significantly higher in the patient group compared to the control group (P <
0.001 and P < 0.001 respectively). Thyroid-stimulating hormone (TSH) and total cholesterol values were found to be
lower in patients than in the controls (P < 0.001 and P < 0.001 respectively). Low-density lipoprotein cholesterol levels
were found to be decreased in patients compared to controls (P < 0.005). Triglyceride and high-density lipoprotein
cholesterol levels were not significantly different between the 2 groups (P > 0.05). Serum PON-1 activity was found to be
negatively correlated with free T, levels (r = —0.324, P < 0.05) and positively correlated with total cholesterol (r = 0.330,
P <0.05) and TSH levels (r = 0.577, P < 0.001).

Conclusion: Our PON-1 results show that there is decreased antioxidant defense in patients with hyperthyroidism.
Therefore, we think that effective antioxidant therapy to increase PON-1 activity may be a therapeutic option in patients

with hyperthyroidism.
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Introduction

Thyroid hormones play a crucial role in biology,
acting on gene transcription and the synthesis
and degradation of proteins, regulating the basal
metabolic rate and mitochondrial oxidative
metabolism, and inducing changes in the antioxidant
defense system (1). In excessive production of
thyroid hormones, the basal metabolic rate can be
increased by 100% (2). Hyperthyroidism induces
a hyperdynamic cardiovascular state that is
associated with tachycardia, systolic hypertension,
atrial fibrillation, and increased cardiovascular
mortality (3). Thyroid hormones influence lipid
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metabolism, including synthesis, mobilization, and
degradation (4). Hyperthyroidism triggers lipolysis
in subcutaneous tissue, increasing interstitial glycerol
levels, lipid oxidation, and circulating fatty acid
concentrations (5).

Reactive oxygen species (ROS) normally occur
at relatively low levels in all cells and tissues. ROS
are highly reactive molecules that, when present
in excess, overwhelm the protective systems and
result in cell damage, severe metabolic dysfunctions,
and damage to biological macromolecules (6). A
variety of enzymatic and nonenzymatic mechanisms
have evolved to protect cells against ROS. Lipid
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peroxidation is a well-established mechanism
of cellular injury in humans, and it is used as an
indicator of oxidative stress in cells and tissues (7).

Paraoxonase-1 (PON-1) is an antioxidant
enzyme on high-density lipoproteins (HDLs) that
hydrolyzes lipid peroxides in oxidized lipoproteins.
PON-1 activity has been suggested to be inversely
associated with oxidative stress in serum and
macrophages (8). PON-1 has cardioprotective effects
that protect low-density lipoprotein (LDL) and HDL
from oxidation, induced by either copper ion or
free radical generators (9). In addition, it has been
reported that PON-1 activity is decreased in some
diseases due to ROS pathogenesis under oxidative
stress, such as asthma in children or iron deficiency
anemia during pregnancy (10,11). Recently there
have been increasing experimental and clinical
studies that show the role of free radicals in the
etiology of many diseases, and there are increasing
data supporting the theory that thyroid disease is
associated with increased cardiovascular risk. There
have been limited studies about PON-1 levels in
hyperthyroidism. The present study was designed to
investigate the relationship among the serum PON-1
activity, lipid levels, and thyroid hormone status in
patients with hyperthyroidism.

Materials and methods
Patients

The study group comprised 30 patients (9 men, 21
women) with primary hyperthyroidism, with a
mean age of 42.7 + 14.3 years. The main causes of
hyperthyroidism were Graves disease (22 patients),
toxic nodular goiter (7 patients), and toxic adenoma
(1 patient). The patients were compared with 18
normal healthy controls (4 men, 14 women), who
were matched for age (mean age: 36.5 + 14.1) and sex.

All laboratory measurements were performed at
the research laboratory of the Department of Nuclear
Medicine, Faculty of Medicine. Thyroid hormone
levels, except thyroid-stimulating hormone (TSH),
were measured using radioimmunoassay with the
following commercial kits: free triiodothyronine
(T,) (ZenTech, Angleur, Belgium), free thyroxine
(T,) (ZenTech), and immunoradiometric TSH
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assay (TSH-IRMA; BioSource, Nivelles, Belgium).
Total cholesterol (total-C), triglycerides (TG), and
glucose were measured with a commercially available
enzymatic reagent adapted to an autoanalyzer
(Konelab, Vantaa, Finland). HDL-cholesterol
(HDL-C) was measured by the cholesterol oxidase-
phenol aminophenazone enzymatic method.
LDL-cholesterol (LDL-C) was calculated using the
Friedewald equation (12).

Samples

Informed consent was obtained from patients prior
to the study. The study protocol and the procedures
were approved by the Erciyes University ethical
committee and 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 —20 °C until assays for analysis.

Chemicals

All chemicals used in this study were from Sigma
Chemical Co. (St. Louis, MO, USA) and were of
analytical grade or the highest grade available.

Measurement
Assay of paraoxonase activity

Serum PON-1 activity was measured according to
a method described elsewhere (13). 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 CaCl, in 0.05 M glycine buffer, pH 10.5. The
definition of 1 unit of paraoxonase activity was taken
as 1 millimole of p-nitrophenol formed per minute,
and activity was expressed as U/mL of serum.

Statistical analysis

SPSS 15.0 for Windows (SPSS Inc., Chicago, IL,
USA) was used for statistical analyses. P < 0.05 was
statistically significant. All data were subjected to
the Kolmogorov-Smirnov test for normality and are
presented as mean + standard deviation. Differences
among the groups were assessed with Student’s t-test.
Pearson’s correlation analysis was used to determine
whether significant correlations existed between
chosen variables.
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Results

There was no statistically significant difference of age
distribution between the control and patient group
(P>0.05). Free T, and free T, levels were significantly
higher in the patient group compared to the control
group (P < 0.001 and P < 0.001, respectively).
TSH and total-C values were found to be lower in
the patients than the controls (P < 0.001 and P <
0.001, respectively). LDL-C levels were found to
be decreased in patients compared to controls (P <
0.005).

TG and HDL-C levels were not significantly
different between the 2 groups (P > 0.05). Glucose
levels were found to be significantly higher in the
patient group (P < 0.001). Serum PON-1 activity was
found to be lower in patients compared to controls (P
< 0.05) (Table 1).

Correlations

HDL-C levels were found to be negatively correlated
with TG levels (r = —0.307, P < 0.05). TG levels were
found to be positively correlated with total-C levels

(r=0.559, P < 0.001). Free T, and free T, levels were
found to be negatively correlated with total-C levels
(r =-0.479, P < 0.001; r = —0.449, P < 0.005). TSH
levels were found to be positively correlated with
total-C levels (r = 0.503, P < 0.001). LDL-C levels
were found to be positively correlated with total-C
levels (r = 0.825, P < 0.001), TG levels (r = 0.422, P <
0.005), and TSH levels (r = 0.505, P < 0.001). LDL-C
levels were found to be negatively correlated with free
T, levels (r = -0.568, P < 0.001) and free T, levels (r =
—-0.470, P < 0.001).

Serum PON-1 activity was found to be negatively
correlated with free T, levels (r = -0.324, P < 0.05)
and positively correlated with total-C levels (r =
0.330, P < 0.05) and TSH levels (r = 0.577, P < 0.001)
(Table 2).

Discussion

Hyperthyroidism is a relatively common disease and,
according to the 6-year National Health and Nutrition
Examination Survey III Study, the prevalence of

Table 1. Biochemical features and serum PON-1 activities in patients with hyperthyroidism and healthy controls. Serum PON-1 activity
was lower in the patient group than in the controls (P < 0.05).

Parameters Patients with hyperthyroidism Healthy controls P
N 30 (9 men, 21 women) 18 (4 men, 14 women)
Age (years) 42.7+14.3 36.5+14.1 >0.05
f;;:;a(lprr:séé L; 2047) 13.6:£8.1 3.1£0.3 <0.001
ng;;gzggys 0-20.0) 363+17.4 13.4+17 <0.001
(Tligr(::lji I;I;e: 0.20-5.20) 0.05 +0.06 12038 <0.001
?ﬁogﬁiiﬁigez 35-160) 123.0 + 40.0 127.8 £90.3 >0.05
(leg*fnil(rr’;i; & a0 0 1547 +29.1 185.8 + 33.6 <0.001
&%r;il(rrr;i; ‘2)35_85) 51.2£17.5 555+ 13.0 >0.05
(lel?;ncla(lnrlagé ‘;? 60-170) 77.3£27.0 103.6 +22.7 <0.005
((1;\111;?221(;:5; ‘::L;O_ 110) 104.8 +21.0 82.5+ 134 <0.001
PON-1 (U/mL) 216.7 +121.9 316.1 £ 147.9 <0.05
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Table 2. Correlation among parameters in hyperthyroidism. Serum PON-1 activity was found to be negatively correlated with free T,
levels (r = —0.324, P < 0.05) and positively correlated with total-C levels (r = 0.330, P < 0.05) and TSH levels (r = 0.577, P <

0.001).
Parameters r P
TG - HDL-C -0.307 <0.05
TG - total-C 0.559 <0.001
Total-C - free T, -0.479 <0.001
Total-C - free T, —-0.449 <0.005

Total-C - TSH 0.503 <0.001
LDL-C - total-C 0.825 <0.001

LDL-C-TG 0.422 <0.005

LDL-C - TSH 0.505 <0.001
LDL-C - free T3 —0.568 <0.001
LDL-C - free T4 -0.470 <0.001
PON-1 - free T4 -0.324 <0.05
PON-1 - total-C 0.330 <0.05

PON-1 - TSH 0.577 <0.001

hyperthyroidism was 1.3% in a population of 12
years of age or older (14). Thyroid hormones regulate
the basal energy expenditure and a hyperthyroid
state causes metabolic abnormalities such as insulin
resistance, dyslipidemia, and cardiovascular diseases
(CVDs) (1). Thyroid hormones play a crucial role
in the regulation of antioxidants and accelerate free
radical production in the mitochondria (3). Studies
have also shown that thyroid hormones appear to
exert a prooxidant activity in target cells (15). It has
been reported that hyperthyroidism is associated
with increased oxidative stress and oxidative damage
to lipids and genomic DNA in the aortic wall (16).

Thyroid hormones regulate the expression
of enzymes in the lipid metabolism (17). In the
literature it has been shown that TG was decreased
in hyperthyroid patients (1), but in our study we
did not find a significant difference between the
2 groups. We found decreased total-C levels in the
patient group compared to the healthy controls.
In accordance with our results, decreased total-C
levels in patients with hyperthyroidism have been
reported in several studies (18). Increased LDL-C
levels are associated with high CVD risk. We found
decreased levels of LDL-C, which were similar to
the findings of other studies (4,19,20). Interestingly

in hyperthyroidism, LDL-C is reduced, but the risks
of several cardiovascular conditions, such as atrial
fibrillation, angina pectoris, tachycardia, systolic
hypertension, and palpitations, are increased (21).
A hypermetabolic state in hyperthyroidism may be
responsible for these conditions.

Thyroid hormones can increase mitochondrial
biogenesis, fatty acid oxidation, and tricarboxylic
acid cycle activity (22). Thyroid hormones also have
a large impact on glucose metabolism, and novel
findings support that hyperthyroidism is associated
with insulin resistance (23). We found significantly
higher glucose levels in the patient group compared
to the controls, which may be explained by increased
endogenous glucose production through more rapid
glycogenolysis and gluconeogenesis, consistent with
the literature.

Serum PON-1 is thought to protect lipoproteins
against oxidative modification and is accepted as
a preatherosclerotic marker (10). It has crucial
roles in protecting LDL against oxidation and
detoxification of highly toxic substances (24).
We found decreased serum PON-1 activities in
patients with hyperthyroidism compared to healthy
controls. Aviram et al. (25) found that PON-1
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reduced oxidized lipids in atherosclerotic lesions
that were sampled from a coronary artery or
carotid. It has been reported that hyperthyroidism
is associated with a higher risk for ischemic stroke
among young adults (26). Azizi et al. (27) showed
that a significant reduction in PON-1 activity was
observed in both hyper- and hypothyroid patients.
Raiszadeh et al. (28) reported that reduced PON-1
activity in patients with hyperthyroidism reverts
to normal after euthyroidism. Our study results are
in accordance with previous studies showing that
PON-1 activity is decreased in hyperthyroidism
(28,29). Increased production of free oxygen
radicals in hyperthyroidism may be responsible for
that decrease, or the decreased PON-1 activity may
occur as part of an inflammatory response. Serum
PON-1 activity was found to be negatively correlated
with free T, levels as shown in relevant previous
studies. Yavuz et al. (30) reported that PON-1
activity was negatively correlated with serum TT,
and TT, levels and positively correlated with insulin
sensitivity. Positive correlations between total-C and
TSH levels and PON-1 activities were found in the
present study. We thought that the increase of free
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T, levels in hyperthyroidism may cause a decrease
in PON-1 activity, which is known as an important
antioxidant enzyme with cardioprotective effects.

Although hyperthyroidism is usually associated
with low total and LDL cholesterol levels, the cardiac
abnormalities in this condition are thought to be
secondary to the hypermetabolic state. It has been
reported in several studies that lipid oxidation and
inflammation play a central role in the development of
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that effective antioxidant therapy to increase PON-1
activity may be a therapeutic option in patients with
hyperthyroidism.
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