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Abstract

BACKGROUND: This study examined the relationship between serum glutathione peroxidase 1 (GPx-
1) activity and endothelial dysfunction in the subjects with and without metabolic syndrome (MetS).

METHODS: This case-control study was conducted on 76 subjects, 38 were patients with MetS
and 38 were without MetS. The demographic, clinical, and laboratory features of the subjects
were measured and then compared. The MetS was diagnosed according to the definitions of the
National Cholesterol Education Program (NCEP) and International Diabetes Federation (IDF).
Serum GPx-1 activity was measured by standard methods. Endothelial dysfunction was assessed
with flow-mediated dilation (FMD) technique.

RESULTS: In case-control study of 76 subjects, all of MetS risk factors including abdominal
obesity, triglyceride (TG), low serum level of high-density lipoprotein cholesterol (HDL-C),
hypertension (HTN), and fasting plasma glucose (FPG) were significantly higher than healthy
individuals (P < 0.050). FMD was significantly lower than normal subjects (P < 0.050). Serum
GP-1 activity was significantly lower in patients with MetS compared to normal subjects
(21.7 + 13.5 vs. 79.0 + 38.6, respectively) (P = 0.001). The value of GPx-1 was significantly
correlated with diastolic blood pressure (DBP) (r = -0.249, P = 0.040), C-reactive protein (CRP)
(r = -0.409, P = 0.014), and FMD (r = 0.293, P = 0.050) in patients with MetS. The results of
logistic regression showed that a unite increase in CRP (mg/dl), FMD (%), and endothelin-1
(ET-1) (pg/ml) and a unit decrease in GPx significantly increased the odds ratio (OR) of MetS;
after adjusting for age and sex the results remained significant except for FMD (P < 0.050)

CONCLUSION: Endothelial dysfunction is related to serum GPx-1 activity in patients with MetS.
GPX-1 activity is associated with risk of cardiovascular diseases (CVDs) and peripheral vascular
diseases (PVDs) in patients with MetS.
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Introduction complex interactions between genetic and
The metabolic syndrome (MetS) is currently environmental factors, as well as predominant
characterized by a bunch of risk factors mainly for
atherosclerosis and type-2 diabetes mellitus
(T2DM).12 Typical features of MetS are low level of
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incidence of MetS is epidemiologically due to
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sedentary lifestyles and unhealthy dietary habits.*
Recent experiments have proposed that MetS may be
the result of different but interrelated
pathophysiological mechanisms, such as endothelial
dysfunction, inflammatory process, visceral obesity,
oxidative stress (OxS), and genetic factors.> Different
studies have revealed that subjects with MetS have
altered antioxidant protection as well as elevated
oxidative damageS Although insulin resistance is
regarded as a core of the MetS, one of the main
mechanisms undetlying this pathology is OxS.7

OxS occurred as a result of dysregulation in the
production and degradation of reactive oxygen
species (ROS).® Anti-oxidative enzymes including
glutathione peroxidase (GPx), superoxide dismutase
(SOD), and catalase inactivate ROS. In mammalian
cells, glutathione (GSH) and the GPx form the
principal antioxidant defense system.?

The GPx is a selenocysteine-containing protein
that acts against OxS via utilizing reduced GSH to
reduce hydrogen peroxide (H202) and lipid
peroxides to their corresponding alcohols. !

Different reports have shown that upon the
increase of adipose tissue, the activity of antioxidant
enzymes such as GPx is significantly attenuated.
This leads to various abnormalities, among which
endothelial dysfunction was found.!'! It was
reported that individuals with T2DM showed
significantly diminished plasma GSH in comparison
with the control group, which is associated with
ROS markers.'213 In addition, subjects with MetS
have decreased antioxidant enzymes activity levels
such as  catalase, SOD, and GPx!415
Controversially, other studies found no differences
in the levels of GPx activity in subjects with MetS.16

The term endothelial dysfunction refers to the
loss of a range of normal homeostatic functions of
the endothelium such as vasodilation, inhibition of
platelet aggregation, and leukocyte adhesion.!”
Vascular cells are exclusively sensitive to plasma
glucose levels fluctuations because glucose uptake
by these cells is mainly insulin-independent. Thus,
higher plasma glucose concentrations tend to enter
into endothelial cells and cause glucose-mediated
injury. Indeed, endothelial dysfunction as a result of
glucose-mediated injury is suggested to accelerate
atherosclerosis. So, there is a progressive interest to
find a first line of defense against vascular
complications.18

Endothelin-1 (ET-1) is a powerful endogenous
vasoconstricting peptide that is produced and
released by the vascular endothelium,!® and it has
been linked to the pathogenesis of HTN, heart

failure (HF), and atherosclerotic vascular disease.?-!

Endothelial function is achieved in vivo by
measuring flow-mediated dilation (FMD) in the
brachial artery. FMD has been proven to be a
strong predictor of cardiovascular events.??

Following these assumptions, the purpose of the
current study was to examine the relationship
between serum GPx-1 activity and different factors
related to endothelial dysfunction such as FMD,
ET-1, and C-reactive protein (CRP) in subjects with
MetS compated to healthy subjects.

Materials and Methods

Subjects and design: By using a modified version of the
National ~ Cholesterol Education  Program-Adult
Treatment Panel I (NCEP-ATPIIL), subject’s
eligibility was determined according to published
criteria.?> From 80 participants chosen in the study, 4
withdrew due to personal reasons. Participants were
divided into two groups, either with or without MetS
and were required to meet at least three of the
following five criteria: (a) abdominal obesity, defined
as waist circumference (WC) > 102 cm for men
or > 88 cm for women, (b) elevated serum triglyceride
(TG) (= 150 mg/dl), (¢ low serum HDL-C
(< 40 mg/dl for men and < 50 mg/dl for women), (d)
HTN [blood pressure (BP) = 130/85 mmHg]| or
current treatment for HTN, and () impaired fasting
plasma glucose (FPG) = 110 mg/dl); age > 18 years;
free of diseases affecting serum lipids (e.g., thyroid
disorders and pancreatitis); free of liver or kidney
disease; not being substance abuser (including alcohol)
or smoker; and (6) not being pregnant or lactating
(for women).

Thus, 38 patients with MetS and 38 control
patients without MetS (and nonsmoker) formed the
basis for all subsequent analyses.

The Medical Ethics Committee of the Isfahan
Cardiovascular Research Institute, Isfahan, Iran,
under the approval no. 91115 approved the study
protocol. The collected anthropometric data for all
subjects were evaluated in Isfahan Cardiovascular
Research Institute. Blood samples (5 ml) were
collected in vacutainer tubes (after 12 hours of
fasting) without anticoagulant; samples were stored
on dry ice and centrifuged within first 2-3 hours
(10000 g, 10 minutes) to obtain serum. Fresh serum
samples were used for the measurement of FPG,
total cholesterol (T'C), TG, low-density lipoprotein
cholesterol (LDL-C), and HDL-C. Remaining
serum samples were kept at -70 °C until laboratory
analyses. Enzymatic methods with commercial kits
were used for the measurement of lipid profile
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parameters in all  subjects [enzyme-linked
immunosorbent assay (ELISA) kits read by Stat Fax
2100 Auto Microplate Readert].

Since patients were referred to the laboratory for
initial control and were not aware of their MetS,
they did not take medication. After the diagnosis,
patients were referred to the physician.

Determination of GPx activity: GPx activity was
evaluated based on Wendel study** by ELISA kits
(ZellBio GmbH, Commercial ELISA kit, Ulm,
Germany). Biocore Diagnostika GPx Assay Kit
provides a simple, reproducible, and standardized
tool for assessment of GPx activity in biological
sample e.g., plasma, serum, tissue homogenates, and
cell lysates. The GPx activity was determined
colorimetrically at 412 nm. The reaction was carried
out at 25 °C in 600 ul of solution containing 100 mM
(pH: 7.7) potassium phosphate buffer, 1 mM
ethylenediaminetetraacetic acid (EDTA), 0.4 mM
sodium azide, 2 mM GSH, 0.1 mM reduced
nicotinamide  adenine  dinucleotide  phosphate
(NADPH), and 0.62 U of GSH reductase (GSSG-R).
The activity of GPx was measured taking tert-butyl
hydroperoxide (tBuOOH) as a substrate at 340 nm.
The contribution of spontaneous NADPH
oxidation was always subtracted from the overall
reaction rate. GPx activity was expressed as nmol
NADPH oxidized per minute per mg protein.

Quantitation of plasma ET-1: For plasma ET-1,
10 ml of venous blood was collected into an EDTA
tube and centrifuged immediately at 2500 g for
20 minutes at 4 °C. ET-1 was quantitated using
commercially available ELISA kits (Morinaga and
R&D System).?> Standards, reagents, and test
samples were prepared and assayed according to the
instructions of the manufacturer.

FMD  measure:  FMD  was measured by
ultrasonography with an automated edge tracking
system (UNEX 18G, UNEX Co., Nagoya, Japan) as
previously described.?0

Results

Data are presented as mean T standard deviation
(SD) for quantitative variables and frequency and
percentage for qualitative variables in table 1. Two
independent samples t-test was used to compare
mean of study variables between study groups and
Mann-Whitney test was used if normality assumption
not hold. Frequency of sex was compared between
study groups using chi-square test.

Crude and adjusted relationships between the
levels of CRP, FMD, ET-1, GPx-1, and the
components of MetS were evaluated using
Pearson’s correlation and multiple linear regression
analyses, respectively; age and sex were used as
adjustment in regression model.

Table 1. Anthropometric, cardiac, and biochemical parameters of each group

Parameters Normal group MetS group P \
Sex (men) 20 (52.6) 20 (52.6) 0.999 >
Age (year) 34.24 + 10.50 44.02 £ 11.01 <0.001"
BMI (kg/m?) 22.26 + 4.33 28.89 + 4.78 <0.001"
WC (cm) 85.76 + 10.20 101.42 +9.48 <0.001"
Hip circumference (cm) 100.45 + 6.09 111.16 + 8.67 <0.001"
WHR (cm) 0.88 +0.07 0.92 +0.05 <0.001
SBP (mmHg) 106.89 + 9.62 12392 +13.43  <0.001"
DBP (mmHg) 68.66 + 6.94 77.76 + 9.56 <0.001"
FMD (%) 4.17 +0.69 3.84+0.55 0.024"
FBG (mmol/l) 82.39 + 6.04 96.26 + 18.53 <0.001"
TG (mmol/l) 113.71 + 32.29 208.47 £69.29  <0.001"
TC (mmol/l) 176.03 + 40.32 208.58 +41.47  <0.001
HDL-C (mmol/l) 44.89 + 7.51 38.45 + 6.36 <0.001"
LDL-C (mmol/I) 89.24 + 23.92 97.82 £ 2251 <0.001"
CRP (mg/dI) 2.85+1.05 411+ 158 <0.001"
GPx-1 79.00 + 38.60 21.75 + 1355 <0.001"
ET-1 (pg/ml) 51.25 + 8.95 97.30 + 90.03 <0.001"

Data are shown as mean + standard deviation (SD) or frequancy and percentage

“Two independent samples t-test or Mann-whitney test was used, ~ Chi-square test was used
MetS: Metabolic syndrome; BMI: Body mass index; WC: Waist circumference; WHR:
Waist-to-hip ratio; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FMD:
Flow-mediated dilation; FBG: Fasting blood glucose; TG: Triglyceride; TC: Total cholesterol;
HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol;
CRP: C-reactive protein; GPx-1: Glutathione peroxidase-1; ET-1: Endothelin-1
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Table 2. The relationship between glutathione peroxidase-1 (GPx-1) and study
variables in each study group

Normal group MetS group

BMI (kg/m?) r 0.139
P 0.450
SBP (mmHg) r 0.039
P 0.821
DBP (mmHg) r 0.109
P 0.524
FBG (mg/dl) r 0.157
P 0.370
TG (mg/dl) r 0.206
P 0.132
TC (mg/dl) r -0.282
P 0.105
HDL-C (mg/dl) r 0.308
P 0.109
LDL-C (mg/dl) r -0.129
P 0.450
CRP (mg/dl) r 0.245
P 0.142
FMD (%) r 0.207
P 0.293
ET-1 (pg/ml) r 0.215
P 0.197

Adjusted

0.095 -0.008
0.531 0.975
0.032 -0.249
0.853 0.040
0.110 -0.193
0.526 0.282
0.149 0.085
0.373 0.623
-0.419 -0.170
0.008 0.380
-0.305 -0.113
0.068 0.490
0.241 0.142
0.110 0.502
-0.131 -0.111
0.450 0.940
-0.247 -0.409
0.148 0.014
0.296 0.293
0.014 0.050
0.203 0.130
0.237 0.130

-0.010
0.051
-0.234
0.171
-0.165
0.312
-0.006
0.971
0.268
0.103
0.139
0.429
0.095
0.501
0.011
0.948
-0.402
0.014
-0.155
0.296
0.099
0.573

Data are shown as crude correlation coefficient or adjusted standardized beta regression
“ Coefficients are adjusted for age and sex using multiple linear regression; =~ Crude
correlation coefficient computed using Pearson’s correlation analysis
GPx-1: Glutathione peroxidase-1; MetS: Metabolic syndrome; BMI: Body mass index;
SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FBG: Fasting blood
glucose; TG: Triglyceride; TC: Total cholesterol; HDL-C: High-density lipoprotein
cholesterol; LDL-C: Low-density lipoprotein cholesterol; CRP: C-reactive protein;
FMD: Flow-mediated dilation; ET-1: Endothelin-1

Sakhaei, ¢ al.

Crude and adjusted coefficients were presented in
table 2. Logistic regression models also were used for
examining effects of a unite increase in CRP, FMD,
ET-1, and GPx-1 on odds of MetS. Crude and
adjusted odds ratios (ORs) with 95% confidence
intervals (Cls) for MetS were presented in table 3.
Age and sex were used as adjustments. Statistical
analysis was performed using SPSS software (version
15, SPSS Inc., Chicago, IL, USA). The P < 0.050 was
considered as statistically significant.

Anthropometric and cardiac variables as well as
biochemical parameters of the study participants are
summarized in table 1. Except sex, there were
significant  differences between anthropometric,
cardiac, and biochemical parameters of the study
groups. Data from the study revealed that in patients
with MetS, serum GPx-1 activity was significantly
lower than healthy individuals (21.7 * 13.5 vs.
79.0 £ 38.6, respectively) (P = 0.001) (Figure 1).

The correlations between the levels of GPx-1
with variables studied in the MetS group and normal
group are shown in table 2.

Table 3. Odds ratios (ORs) and 95% confidence
intervals (Cls) of metabolic syndrome (MetS) by serum
glutathione peroxidase-1 (GPx-1) activity using a

logistic regression model
[VES Factors | OR  (95% Cl) P

Crude CRP 217 (1.37-344) 0.001
model (mg/dl)

FMD (%) 242 (1.09-5.35)  0.030

ET-1 101 (1.00-1.02) 0.019
(pg/ml)

GPx 0.83 (0.75-0.92) <0.001

Adjusted ~ CRP 225 (1.33-3.80) 0.002
model” (mg/dl)

FMD (%) 185 (0.62-552) 0.264

ET-1 101 (1.00-1.01) 0.019
(pg/ml)

GPx 0.79 (0.67-0.93) 0.004

Data are shown as crude or adjusted odds ratio (OR) and 95%
confidence interval (CI), * Adjusted for age and sex

CRP: C-reactive protein; FMD: Flow-mediated dilation;
ET-1: Endothelin-1; GPx: Glutathione peroxidase; OR: Odds
ratio; Cl: Confidence interval; MetS: Metabolic syndrome

A unit increase in CRP (mg/dl), FMD (%), ET-1 (pg/ml)
increases OR of MetS and a unit increase in GPx decreases
the OR of MetS.
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Figure 1. Comparing glutathione peroxidase-1
(GPx-1) level in metabolic syndrome (MetS) and
normal groups [patients with MetS were determined
using a modified version of the National Cholesterol
Education Program-Adult Treatment Panel Il
(NCEP-ATPIII) criteria for MetS, according to
published criteria]*®

The values of GPx-1 were significantly
correlated with diastolic blood pressure (DBP)
(& = -0.249, P = 0.040), CRP (r = -0.409, P = 0.014),
and FMD (r = 0.293, P = 0.050).

OR and 95% CI of Mets based on a unit change
in CRP (mg/dl), FMD (%), ET-1 (pg/ml), and GPx
are 217 (1.37-3.44), 242 (1.09-5.35), 1.01
(1.00-1.02), and 0.81 (0.75-0.92), respectively and
were significant (P < 0.050). After adjusting for age
and sex, the results remained significant except for

FMD (P < 0.050).

Discussion

This study revealed some significant associations of
serum GPx-1 concentration activity with some
cardiometabolic risk factors, notably components of
MetS, among patients with MetS.?

OxS plays important roles in the pathogenesis of
different diseases.”® In the condition of patients
with DM, OxS impairs glucose uptake in muscle
and fat tissues,? and it has a negative effect on
insulin secretion from pancreatic  cells.’? Increased
OxS also underlies the pathophysiology of
HTN3! and atherosclerosis,? by directly affecting
vascular wall cells.

We have analyzed the GPx-1 activity in the
patients with MetS and without MetS and found a
level of OxS in MetS group (Figure 1). In another
study, results showed that in > 45-year-old
subjects in the MetS group, the peroxidases activity
was significantly decreased.?® Previous studies
indicated that development of MetS was associated
with OxS.34

GPx removes H2Oz by coupling the oxidation of
GSH, an abundant thiol-containing tripeptide.
GPx-1 activity, a major intracellular and
extracellular enzymatic defense system against
superoxides, was significantly lower in subjects
with MetS, and there was a negative correlation
between GPx-1 levels with systolic blood pressure
(SBP) and CRP.

In coronary artery disease (CAD), OxS plays an
important role. GPx is the most important part of
the antioxidant defense system, and in the
eukaryotic cells, GPx-1 is among the most abundant
isoforms. Modulatory role of GPx-1 in the vascular
function was reported in the in vivo studies in
knockout and transgenic mice.®* In this study a
positive correlation was found between GPx-1
levels and FMD. In addition, in this study the ORs
of MetS were calculated based on the levels of CRP,
ET-1, and GPx-1. Subjects with higher levels of
CRP and ET-1 had a significantly greater risk of
MetS after adjusting for age and gender.

OxS is associated with many components of
MetS. Significant decrease in GPx-1 activity in MetS
group compared to nonMetS group indicates a
higher decrease, leading to the concept of
amelioration of risk factors comprising MetS,
including insulin resistance, elevated BP, elevated
lipid levels, inflammation, and endothelial
dysfunction may ameliorate OxS and thus, curtail the
progression of metabolic disease complications.’’

While the association between OxS and the
development of both endothelial dysfunction and
coronary arteriosclerosis was investigated before,.3
the role of oxidative damage markers received
comparatively little attention as a prognostic factor,
and the results have not been clear so far. Indeed, in
the particular case of GPx-1, few study reports have
examined its association with the onset of
cardiovascular events, and the tresults (an inverse
association between higher GPx-1 and the rate of
adverse events during follow-up) were in
disagreement with those of our study.4:4
Admittedly, those study populations comprised
mostly persons with stable ischemic heart disease
(IHD), whereas in this study all patients were
admitted with acute coronary syndrome (ACS).
Another factor to consider is that the method by
which GPx-1 was determined in our study was
different from that used in previous studies, which
might also yield different results.

We calculated the ORs of MetS according to the
levels of GPx-1 (Table 2). Reducing GPx and
increasing the amount of CRP and ET-1 increase
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the chance of MetS. Our results could be
interpreted such that GPx-1 can protect patients
against OxS in MetS.

Our results are similar to those of
Sutipornpalangkul et al. who reported that increased
lipid peroxidation occurred along with elevated
GPx-1 activity and lower concentrations of total
GSH, an indication of increased production of ROS
in patients with osteoarthritis (OA).#> As suggested
by the authors, the increased activity of the
antioxidant enzyme GPx-1 “may be a compensatory
regulation in response to increased OxS”.42

Previous studies found a lower activity of GPx-1
in a group of subjects with hypertriglyceridemia, a
part of MetS presence, and the drop of its activity
was almost to 75% of that of the control group.+3#
Bougoulia et al. showed a decreased activity of
GPx-1 in obese subjects as well as an increase after
weight reduction.®

Because of its high reactivity with GPx-1 and
thiols,? it is extremely difficult to detect, in vivo, a
physiological modification of H»O: concentration.
However, the activity of GPx-1 and GSSG-R as well
as the level of total GSH are accessible especially in
erythrocytes, cells without nuclear capacity to restore
homeostasis. Therefore, 2 modification in the blood
GSH level can be an early biomarker of chronic OxS;
then, can be an eatly step in the development of
cardiometabolic complications.

Conclusion

Data show that endothelial dysfunction is related
to serum GPx-1 activity in patients with MetS.
GPx-1 activity is associated with risk of
cardiovascular diseases (CVDs) and peripheral
vascular diseases (PVDs) in patients with MetS and
it can be an early biomarker of chronic
cardiometabolic disease.
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