Original Article

Paraoxonase is reduced in patients with growth
hormone deficiency: A novel risk factor for
atherosclerosis
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Background: Growth hormone deficiency (GHD) is associated with an increased cardiovascular mortality. Increased oxidative stress
has been associated with development of cardiovascular and cerebrovascular diseases. In the present study, we aimed to evaluate
oxidant and antioxidant status in patients with GHD by analyzing serum paraoxonase1 (PON1) activity, and malondialdehyde (MDA)
and thiol levels. Materials and Methods: This study was a case–control study. Thirty patients with GHD were included in the study
and compared with 20 healthy controls. Serum PON1 activity, and MDA and thiol levels were measured according to an enzymatic
spectrophotometric method. Results: Serum MDA levels (2.8 ± 1.3 nmol/mL) were higher in GHD group than the controls (1.7 ± 0.5
nmol/mL) (P = 0.001). PON1 activity (149.9 ± 77.9 U/L) was lower in GHD group than the controls (286.3 ± 126.7 U/L) (P = 0.001).
Thiol and high‑density lipoprotein cholesterol (HDL‑cholesterol) levels were lower in GHD group (218.6 ± 103.9 µmol/L and
32.6 ± 13.4 mg/dL, respectively) than the controls (289.6 ± 101.1 µmol/L and 54.3 ± 14.9 mg/dL, respectively) (P = 0.021 and P = 0.001,
respectively). In GHD patients, serum MDA level was negatively correlated with serum HDL‑cholesterol (r = −0.499, P = 0.001),
and serum PON1 activity was positively correlated with serum thiol and HDL‑cholesterol levels (r = 0.306, P = 0.032 and r = 0.303,
P = 0.033, respectively). Conclusion: These data support that GHD is characterized by an imbalance between oxidant and antioxidant
factors. This abnormality may contribute to the increased atherogenic risk in patients with GHD.
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INTRODUCTION
Increased cardiovascular morbitidy and mortality due
to premature atherosclerosis is a clinical feature of
adult‑onset growth hormone deficiency (GHD).[1‑4] It has
been suggested that increased oxidative stress has been
associated with development of cardiovascular and
cerebrovascular diseases.[5]
Oxidative stress represents a pathophysiological
mechanism that stems from a state of disequilibrum
between free radical production and natural antioxidant
defenses.[6] When produced in excess of antioxidant
capacity, they have a number of damaging effects
including cell membrane lipid peroxidation and
lipoprotein peroxidation.[7] Oxidative modification of
low‑density lipoproteins (LDL) in the arterial wall is a
key feature of atherosclerosis and is widely believed to
cause and/or accelerate lesion development.[8]
Reactive oxygen species (ROS) can initiate chain reactions,
reacting with unsaturated fatty acids and cholesterol in
cell membranes, generate lipid peroxide and lipolysis
products, and eventually induce cell metabolism

disorders or even death. Malondialdehyde (MDA) is
one of the main products of lipid peroxidation which
can reflect the degree of lipid peroxidation and indirectly
reflect the degree of oxidative stress in cells. We have
previously shown that MDA level was decreased in some
diseases due to ROS pathogenesis under oxidative stress
and inflammatory conditions.[9,10]
Living organisms have developed complex antioxidant
systems to counteract ROS and to reduce their
damage. The processes are both enzymatic and
non‑enzymatic.[11]
Paraoxonase1 (PON1) is an antioxidant enzyme on
high‑density lipoproteins (HDL) that hydrolyzes
lipid peroxides in oxidized lipoproteins.[12] PON1
protects LDL and HDL from the oxidation induced by
either copper ion or free radical generator. Protective
mechanisms that prevent LDL oxidation, such as PON1
activity, also play a role in atherosclerosis and, thus, are
relevant to GHD as well.[13]
PON1 activity has been suggested to be inversely
associated with oxidative stress in serum and
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macrophages. Reduced PON1 activities have been
reported in several groups of patients with cardiovascular
diseases that are under increased oxidative stress. Research
continues to clarify the relationship of PON1 activity with
oxidative stress, endothelial dysfunction, and genesis of
atherothrombotic vascular disease.[14]
The other antioxidant parameter, i.e., thiol groups, are
important members of the antioxidant team as they have
been shown to destroy ROS and other free radicals by
enzymatic as well as non‑enzymatic mechanisms. Therefore,
the measument of thiol levels is a good reflection of excess
free radical generation.[15] In recent years, studies about
oxidative stress in different diseases have caused attention[16]
as well, but very few data are available in this topic with
regard to patients with GHD.
To the best of our knowledge, the antioxidant enzyme
PON1 has not been searched together with MDA and thiol
groups in patients with GHD so far. In the present study, we
aimed to determine a) acitivities of serum PON1, b) levels
of MDA, an end‑product of lipid peroxidation induced by
ROS; and c) thiol groups as an antioxidant, for evaluating
the oxidative stress in patients with GHD.

MATERIALS AND METHODS
Patients
This study was a case–control study conducted in patients
with GHD who presented to Endocrinology Department of
Erciyes University Medical Faculty Kayseri, Turkey, between
March 2006 and May 2009. The study group consisted of
30 patients (8 males and 22 females) with GHD, with a
mean age of 49.5 ± 11.3 years, who had never been treated
with growth hormone (GH). The subjects suffering from
diabetes mellitus, renal diseases, liver diseases, or cancer
were excluded by medical history, physical examination, and
routine laboratory tests. Severe GHD was defined as a peak GH
level of less than 3 µg/L to a stimulation test (insulin tolerance
test). All subjects with multiple pituitary insufficiencies had
received stable doses of substitution therapy with other
hormones (not GH) for at least 6 months before entry into
the study. The primary diagnosis and treatment of GHD has
previously been described in detail.[17] The main cause of GHD
was Sheean’s syndrome in 19 of 30 patients. Other causes were:
postoperative GHD (4 patients), idiopatic GHD (4 patients),
and congenital GHD (3 patients). The mean of the insulin‑like
growth factor‑I (IGF‑I) levels was 95.2 ± 60.9 ng/mL in patients
with GHD. The patients were compared with 20 healthy
controls (6 males and 12 females), who were matched for
age (mean age 43.2 ± 11.5 years) and sex.
Samples
Informed consent was obtained from patients prior to
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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.
Samples were collected in the morning at 8.00-9.00 a.m. after
an overnight fast for at least 10-12 h and serum samples
were stored at −20°C until assay 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.
Measurements
Measurement of serum MDA concentration
Serum MDA levels were measured according to a method
described elsewhere. [18] The principle of the method
was based on the spectrophotometric measurement of
the color formed during the reaction to thiobarbituric
acid (TBA) with MDA. Concentration of thiobarbituric
acid reactive substances (TBARS) was calculated by
the absorbance coefficient of MDA–thiobarbituric acid
complex and expressed in nmol/mL. As a standard, MDA
bis (dimethyl acethal)–TBA complex was used.
Measurement of serum PON1 activity
Serum PON1 activity was measured according to the
method described elsewhere.[19] We measured the rate
of hydrolysis of paraoxon by monitoring the increase in
absorbance at 405 nm and at 25°C. The basal assay mixture
included 1.0 mM paraoxon and 1.0 mM CaCl2 in 0.05 M
glycine buffer, pH 10.5. One unit (IU) of paraoxonase
activity is defined as 1 mol of p‑nitrophenol formed per
minute, and the activity was expressed as U/L of serum.
Measurement of serum thiol levels
A spectrophotometric assay based on
2,2‑dithiobisnitrobenzoic acid (DTNB or Elman’s reagent)
was used for the thiol assay.[20] An aliquot of serum was
mixed with Tris‑EDTA buffer, then DTNB was added. After
15 min incubation at room temperature, the absorbance was
measured at 405 nm. A reagent blank without sample and a
sample blank with methanol instead of DTNB were prepared
in a similar manner. Glutathione (GSH; 50-100 µmol/L)
solution was used as calibrator. Thiol levels were expressed
as μmol/L.
All laboratory measurements were performed at the research
laboratory of Medical Faculty and Nuclear Medicine. Serum
GH levels were measured using an immunoradiometric
assay (IRMA) with a commercial kit (Diagnostic Systems
Laboratories, Webster, TX, USA). Total cholesterol (TC) and
triglycerides (TG) were measured by commercially available
enzymatic reagents adapted to Conelab autoanalyzer.
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High‑density lipoprotein cholesterol (HDL‑cholesterol)
was measured by spectrophotometric enzymatic method.
Low‑density lipoprotein cholesterol (LDL‑cholesterol) was
calculated using Friedswald’s formula.
Statistical analysis
All analyses were two tailed and were conducted using
computer‑based statistical software (SPSS® for Windows® 9.0).
Continuous variables evaluated by Kolmogorov–Smirnov
test were normally distributed. Data obtained from
the study groups were compared by the parametric
two‑independent sample t‑test; correlation analyses
between variables were made by Pearson correlation
analysis; P < 0.05 was considered as statistically significant.
All the results were expressed as “mean with the standard
deviation” (mean ± SD).

RESULTS
As shown in Table 1, there was no significant difference
of age and sex distribution between the GHD and control
groups. Serum MDA levels were higher in GHD group
than the controls (P < 0.001). PON1 activity, thiol and
HDL‑cholesterol levels were significantly lower in GHD
group than the controls (P < 0.001, P < 0.021, P < 0.001,
respectively). Serum LDL‑cholesterol, TG, and TC levels
were not significantly different between patients with GH D
in and the controls (P > 0.05).
In GHD patients, serum MDA level was negatively
correlated with serum HDL‑cholesterol (r = −0.499,
P = 0.001), and serum PON1 activity was positively
correlated with serum thiol level (r = 0.306, P = 0.032) and
HDL‑cholesterol (r = 0.303, P = 0.033).

DISCUSSION
GHD is associated with a higher risk of atherosclerosis and
cardiovascular disease, but the mechanisms underlying
Table 1: The comparison of serum PON1 activity and
MDA, thiol and lipid levels in patients with GHD with
control group
Parameters
n
Age (years)
MDA (nmol/mL)
PON1 (U/L)
Thiol (µmol/L)
HDL‑cholesterol (mg/dL)
LDL‑cholesterol (mg/dL)
TG (mg/dL)
TC (mg/dL)

GHD
30
49.5±11.3
2.8±1.3
149.9±77.9
218.6±103.9
32.6±13.4
113.5±47.8
137.5±112.3
185.3±89.8

Control
20
43.2±11.5
1.7±0.5
286.3±126.7
289.6±101.1
54.3±14.9
112.1±30.7
142.8±84.2
195.0±24.5

P
0.33
0.001
0.001
0.021
0.001
0.907
0.850
0.641

PON1=Paraoxonase1; MDA=Malondialdehyde; GHD=Growth hormone deficiency;
HDL=High-density lipoproteins; LDL=Low-density lipoprotein; TG=Low-density
lipoprotein; TC=Total cholesterol
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this association are not yet fully understood.[1‑4] Oxidative
stress, which is an imbalance between oxidant production
and antioxidant defenses in favor of the former, plays an
important role in the pathogenesis of atherosclerosis.[21]
Very little data are available on the lipid peroxidation and
oxidative stress in patients with GHD.[22,23]
Patients with GHD have been shown to have an increased
number of atheromatous plaques in carotid and femoral
arteries, compared with control individuals. Several
cardiovascular disease risk markers are proposed to be
the potential link between GHD and atherosclerosis, such
as increased levels of inflammatory markers, increased
intimal media thickness, abnormal arterial wall dynamics,
decreased fibrinolytic activity, insulin resistance, and
abnormal lipid profile, consequently, epidemiological
data regarding the increased risk of cardiovascular and
cerebrovascular death and the reduction of life expectancy
in patients with GHD.[2,4,17]
Lipid peroxidation is caused by ROS leading to oxidative
destruction of polyunsaturated fatty acids constituting
cellular membranes.[24] The destruction of polyunsaturated
fatty acids leads to the production of toxic and reactive
aldehyde metabolites such as MDA. Serum MDA level
seems to be an appropriate and robust biomarker of
oxidative stress, which also is simple enough for routine
clinical use. Our study demonstrated that serum MDA levels
in patients with GHD were significantly increased when
compared to healthy controls. Increased lipid peroxidation
product levels in GHD patients have been shown in
previous studies,[22,23] as also in the present study. Our MDA
results give evidence for increased lipid peroxidation in the
patients with GHD.
We found decreased serum PON1 activity in patients with
GHD compared to healthy controls. To our knowledge,
there is no study cited in the literature about PON1 activity
in patients with GHD. The mechanism of the observed
decrease in serum PON1 activity in GHD patients is
unclear.
This decrease could be related to enhanced lipid peroxidation,
since oxidized lipids are reported to inhibit PON1 activity.
Increased generation of ROS in GHD can explain the
decrease in serum PON1 activity. increased generation
of ROS in GHD can explain the decrease in serum PON1
activity. Moreover, we found that serum PON1 activity was
positively correlated with thiol levels. It has been reported
that protection against LDL oxidation is accomplished by
PON1 inactivation and the authors attributed this to the
interaction between the free sulfhydryl group of PON and
specific oxidized lipids in oxidized LDL.[25] Recent studies
have explored the factors underlying the susceptibility of
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LDL to oxidation and the possible preventive antioxidants.
Thus, PON activity has been shown to be a major contributor
to the anti‑atherogenicity of this lipoprotein, since PON1
neutralizes the harmful effect of lipid peroxides in LDL.
[11,25]
Decreased PON1 activities could be associated with
lipid peroxidation, and could therefore have contributed
to excess mortality from cardiovascular accidents.[15] In the
present study, in support of this hypothesis, we found a
negative correlation between MDA and HDL‑cholesterol
levels and a positive correlation between PON1 activity
and HDL‑cholesterol levels.
Based on these results, we conclude that decreased PON1
activity in GHD may be due to the fact that PON1 activities
may be suppressed by lipid peroxides rather than by
inhibition of the synthesis of the enzyme protein.
So, it may be possible that decreased serum PON1 activity
could be one of the mechanisms underlying the enhanced
risk of atherosclerotic cardiovascular disease in GHD.
Therefore, both protection of lipid peroxidation and
increased PON1 activity could be used as a powerful tool
for the establishment of pathogenesis and protection from
the complications in patients with GHD.
In addition, we have previously shown that PON1 activity
was decreased in some diseases due to ROS pathogenesis
under oxidative stress and in inflammatory conditions
such as hypothyroidism, rheumatoid arthritis, age‑related
macular degeneration, ulcerative colitis, steatohepatitis, and
Behcet’s disease.[10,26‑28] Results of correlation analysis between
variables in patients with GHD were shown in Table 2.
PON1 activity may also be altered as a part of the
inflammatory response. It has been reported that HDL
becomes proinflammatory during the acute phase response,
possibly due to loss of PON1 activity from HDL.[29] A
decrease in PON activity during the acute phase response
could therefore be another factor linking the acute phase
response with increased atherogenesis in GHD.
Another possible mechanism could be that serum PON1
activity was down‑regulated by interleukin‑1 (IL‑1) and
tumor necrosis factor‑a (TNF‑a).[30] There are also studies
indicating that these parameters increase in the sera of
patients with GHD.[31,32] Clinical and experimental data
indicate a major role of the proinflammatory cytokines
TNF‑a and IL‑6 in the development of atherosclerosis.[33]
Consequently, decrease in PON1 in the sera of patients
with GHD may be related to the increase of these cytokines.
Deakin et al. postulated the theory that factors influencing the
serum levels of PON1, either genetically or environmentally,
would in turn affect the capacity of HDL to protect LDL
| April 2013 |

from oxidation, and consequently could be linked to the
development of atherosclerosis.[34]
Another reason of decreased PON1 activity may be
genetic. PON1 activity is under genetic and environmental
regulation and appears to vary widely among individuals
and populations.
Thiol groups have main role in regulating the intracellular
antioxidants. Thiol groups are also present in protein
structures such as albumin or free amino acids,
e.g., cysteine and methionine, and also reduced
glutathione (GSH). In addition, thiol groups are known
to be essential components protecting against the harmful
effects of ROS.[35]
In our study, we found that total serum thiol levels
were significantly lower in GHD group than in the
control group. This decrease could possibly be an
inefficient homeostatic mechanism trying to challenge
increased oxidative stress due to increased serum MDA
and decreased PON1 activity. The assessment of total
serum thiol levels could both provide an estimate of the
antioxidant potential of the serum and also an insight
into the redox status.
Thiol groups inhibit free radical–mediated injury by
eliminating ROS, and protect lipid and protein groups
from oxidation by serving as a biological redox agent.[35]
Therefore, decreased total serum thiol levels in the cells may
reflect its decreasing effect against oxidative injury. At the
same time, positive PON1–total thiol groups’ correlation
demonstrates that protection against antioxidant PON1
inactivation is accomplished by decreased thiol levels in
patients with GHD. Therefore, it is possible to consider that
thiol groups may play a role in lipid peroxidation.
The limitation of our study was that we did not have any
data of body mass index (BMI), weight, and glucose levels.
It would have improved the results of our study.
In conclusion, increased ROS levels in GHD may
result in a pro‑oxidation environment, which in turn
could result in decreased antioxidant PON1 activity
and thiol levels and increased MDA levels; as a result,
decrease in blood PON1 activity and increased lipid
peroxidation may have a role in the pathogenesis of the
atherosclerosis and cardiovascular disease in patients
with GHD. Measurement of PON1 activity could be one
of the alternative strategies in determining patients with
particularly high cardiovascular risk profile. In addition,
in patients with GHD, effective antioxidant therapy
to inhibit oxidative stress is important, and agents to
increase antioxidant enzyme activity may possibly be a
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Table 2: Results of correlation analysis between variables
in patients with GHD
Parameters
MDA‑HDL cholesterol
PON1‑thiol
PON‑HDL cholesterol

r
−0.499
0.306
0.303

P
0.001
0.032
0.033

MDA=Malondialdehyde; GHD=Growth hormone deficiency; HDL=High-density
lipoproteins; PON1=Paraoxonase1

therapeutic option for protecting such patients against
atherosclerosis and cardiovascular disease.
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