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Abstract BACKGROUND: Obesity constitutes a common modifiable risk factor for certain

non-communicable diseases (NCDs) associated with enhanced oxidative stress.
OBJECTIVES AND METHODS: The aim of the study was to examine serum concen-
trations of malondialdehyde + 4-hydroxyalkenals (MDA+4-HDA), as an index of
lipid peroxidation (LPO), and 8-ox0-7,8-dihydro-2’-deoxyguanosine (8-oxodG)
concentration in peripheral blood lymphocytes, as an index of nuclear DNA
damage, in overweight and obese adult patients. LPO and 8-0x0dG, as well as
clinical and laboratory parameters, which are frequently affected by obesity, were
evaluated in 58 overweight and obese adult patients, and in 20 healthy volunteers.
RESULTS: Both LPO and 8-0x0dG levels were increased in overweight and obese
patients, with further increase observed with the increasing body mass index
(BMI). LPO correlated positively with body mass, BMI, waist circumference,
hip circumference, waist:hip ratio, systolic or diastolic blood pressure, glucose,
C-reactive protein and ferritin concentrations. 8-oxodG correlated positively
with body mass, BMI, hip circumference and triglyceride concentration, whereas
it correlated negatively with iron concentration. Expectedly, positive correlation
between LPO and 8-0xodG was also found.
CONCLUSIONS: BMI constituted the only independent determinant (predictor) of
LPO in overweight and obese patients. Consistently, LPO did constitute the only
independent determinant of obesity. Overweight and obesity in adults are directly
associated with increased oxidative damage to macromolecules.

Abbreviations:

NCDs - non-communicable diseases
BMI - body mass index 8-oxodG - 8-oxo-7,8-dihydro-2'-deoxyguanosine
CRP - C-reactive protein ROS - reactive oxygen species
dG - 2'-deoxyguanosine RRd - diastolic blood pressure
HDLC - high-density lipoprotein cholesterol RRs - systolic blood pressure
LDLC - low-density lipoprotein cholesterol TC - total cholesterol
LPO - lipid peroxidation TGs - triglycerides
MDA+4-HDA - malondialdehyde + 4-hydroxyalkenals WHR - waist:hip ratio
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INTRODUCTION

Obesity does constitute one of the most common modi-
fiable risk factors for cancer, such as pancreatic, colon,
breast, endometrial, prostate, renal and esophageal
cancer (Bianchini et al. 2002; Ceschi et al. 2007; Flegal
et al. 2007; Pischon et al. 2008; Renehan et al. 2008) as
well as for other non-communicable diseases (NCDs),
mainly cardiovascular disease and diabetes mellitus
(Pischon et al. 2008; Yan et al. 2009). Fat tissue and its
hormonal products as well are examined in relation to
different types of cancer (Paz-Filho et al. 2011). Fur-
thermore, the potential role of various adipokines in
pathogenesis of obesity and metabolic diseases has been
recently reviewed (Kalisz et al. 2012).

The process of carcinogenesis is associated with the
enhanced oxidative stress (Evans et al. 2004; Dalle-
Donne et al. 2006; Valko et al. 2006). Well recognized
are the disturbances of oxidative processes in patients
with hypertension, and with diabetes mellitus (Evans et
al. 2004; Dalle-Donne et al. 2006). Lipid peroxidation
(LPO), resulting from oxidative damage to membrane
lipids, as well as oxidative damage to nuclear DNA, are
the most frequently examined processes to evaluate oxi-
dative damage to macromolecules (Karbownik & Reiter
2000; Karbownik et al. 2001; Karbownik & Lewinski
2003; Kokoszko et al. 2006; Karbownik-Lewinska et
al. 2008; 2010; Maes et al. 2009; Podborska et al. 2009;
Kokoszko et al. 2010; Stasiak et al. 2010; Pelclova et al.
2011).

The increased level of reactive oxygen species (ROS)
were found in patients with obesity (Vincent & Taylor
2006). Additionally, obesity induced by a high-fat diet
in rats resulted in enhanced oxidative stress (Dobrian
et al. 2001; de Assis et al. 2009) and insulin resistance
(Akamine et al. 2010). Increased oxidative damage to
DNA (Demirbag et al. 2006) or lipids (Cardona et al.
2008) and decreased antioxidant concentration (Ford
et al. 2003; Cardona et al. 2008) or total antioxidant
capacity (Demirbag et al. 2006) were found in patients
with metabolic syndrome, of which an essential com-
ponent is obesity. The overproduction of ROS has been
documented in patients with metabolic syndrome
(Ando & Fujita 2009) and in a rat model of metabolic
syndrome (Roberts et al. 2006). The issues related to
metabolic syndrome and oxidative stress have been
recently reviewed (Ando & Fujita 2009). However, to
what extent obesity by itself contributes directly to
enhanced oxidative damage to macromolecules has not
been defined till now.

The aim of the study was to evaluate to what extent
the level of oxidative damage to membrane lipids and
nuclear DNA is changed in overweight and obese adult
patients, and how these potential changes relate to
obesity.

MATERIALS AND METHODS

The procedures, used in the study, were approved by the
Ethical Committee of the Medical University of Lodz,
and fully informed, written consent was obtained from
the patients.

Fifty eight (58) overweight and obese adult patients
(body mass index; BMI > 25 kg/m?) (mean age + SEM:
54.5 £ 1.9 yrs; 52 females and 6 males) and twenty (20)
healthy volunteers (Controls) (BMI < 25 kg/m?) (mean
age + SEM: 50.7 + 3.1 yrs; 17 females and 3 males)
were enrolled in the study (Table 1). Patients with BMI
> 25kg/m? and healthy volunteers were well matched
at baseline in terms of sex and age. All of them were
patients of the Department of Endocrinology and Met-
abolic Diseases, Medical University of Lodz, or Outpa-
tient Department of Endocrinology, Polish Mother’s
Memorial Hospital — Research Institute, or Regional
Centre of Menopause and Osteoporosis, University
Hospital No 3 in Lodz.

Blood samples were collected after an overnight fast.
After collection, blood (15 ml) was used directly to iso-
late DNA or (1 ml) was centrifuged (3000 x g, 10 min,
4°C) in order to obtain serum, and stored at -80°C
until assays.

Laboratory parameters

The following measurements were performed in blood
serum: glucose, C-reactive protein (CRP), total choles-
terol (TC), low-density lipoprotein cholesterol (LDLC),
high-density lipoprotein cholesterol (HDLC), triglycer-
ides (TGs), iron and ferritin concentrations.

LPO assay

The concentrations of malondialdehyde + 4-hydroxy-
alkenals (MDA+4-HDA), as the index of LPO, were
measured in blood serum, using an LPO-586 kit, pur-
chased from Calbiochem (La Jolla, CA). The serum
(200 pl) was mixed with 650 pl of a methanol:acetonitrile
(1:3, v/v) solution, containing a chromogenic reagent,
N-methyl-2-phenylindole, and vortexed. After adding
150 pl of methanesulfonic acid (15.4 M), incubation was
carried out at 45°C for 40 min. The reaction between
MDA+4-HDA and N-methyl-2-phenylindole yields a
chromophore, which is spectrophotometrically mea-
sured at the absorbance of 586 nm, using a solution of
4-hydroxynonenal (10 mM) as the standard. The level
of LPO was expressed as the amount of MDA+4-HDA
(nmol) per 1 ml of serum.

DNA isolation

Each blood sample was divided into three aliquots by
RPMI solution. The blood was carefully applied on top
of Histopaque 1077 solution (Sigma Chemical Co., St.
Louis, MO) and lymphocytes were isolated by centrif-
ugation according to the procedure laid down by the
manufacturer. Briefly, lymphocytes were suspended in
0.5 ml lysis solution (120 mM NaCl, 10 mM Tris, 1 mM
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Tab. 1. Mean values (+ SEM) of age and BMI (ranges shown in parentheses) in healthy subjects (Controls) and in adult patients with BMI >

25 kg/m?, subgrouped according to gender.

Controls Patients with BMI > 25 kg/m?
Women Men All healthy subjects Women Men All patients
n 17 3 20 52 6 58
Age [years] 50.7+3.6 50.7 £3.5 50.7 £ 3.1 554+1.9 463 £55 545+1.9
(25-74) (45-57) (25-74) (18-79) (32-63) (18-79)
BMI [kg/m2] 222+04 23.2+0.8 22315 31.0+0.8% 39.1 £ 4.1%* 31.9 + 0.9%**
(19.8-24.7) (22.2-24.7) (19.8-24.7) (25.1-44.5) (26.9-55.2) (25.1-55.2)

Comparison between Controls and adult patients with BMI > 25 kg/m2 was performed by an unpaired Student's t-test; ¥p<0.05 vs. Control

women; **p<0.05 vs. Control men; ***p<0.05 vs. all healthy subjects.

EDTA, 0.5% SDS, pH 8.0) with 20% butylated hydroxy-
toluene. RNA and protein were digested by incubation
with RNase or proteinase K at 55°C for 30 or 60 min,
respectively. After extraction, by successive mixing with
saturated phenol, with a mixture of phenol/chloroform/
isoamyl-alcohol (25:24:1), and then with a mixture of
chloroform/isoamyl alcohol, DNA was precipitated by
the addition of five volumes of ethanol (-20°C). DNA
samples were stored at =70 °C.

8-0x0-7,8-dihydro-2’-deoxyguanosine (8-oxodG)
determination

The isolated DNA was dissolved in 200ul of 20mM
sodium acetate (pH5.0), denaturated by heating at
95°C for 5-10 min and cooled on ice. The DNA sam-
ples were digested to nucleotides by incubation with
12 units of nuclease P1 at 37°C for 30 min. Next, after
adding 20l of 1 M Tris-HCI (pH8.0) and 4 units of
alkaline phosphatase, the samples were incubated at
37°C for 1 h. The resulting deoxynucleoside mix-
ture was filtered through a Millipore filter (0.22 pm).
8-0x0dG and 2’-deoxyguanosine (dG) in hydrolysates
were determined using HPLC with electrochemical
detector. The HPLC system consisted of a Smartline
Pump 1000, Smartline Autosampler 3800, 250 mm X
4mm Eurosphere-100 C18 column and electrochemi-
cal detector EC3000 with measurement cell model
Sputnik; eluent: 10% aqueous methanol containing
12.5mM citric acid, 25mM sodium acetate, 30 mM
sodium hydroxide and 10mM acetic acid, at a flow
rate of 1 ml/min. The quantities of 8-oxodG and dG
were measured using two oxidative potentials (300 mV,
900mV, respectively). The results are expressed as the
ratio of 8-0xodG to dG x10°.

Statistical analysis

The data were statistically analysed, using Student’s
unpaired ¢ test or the one-way analysis of variance
(ANOVA), followed by Student-Newman-Keuls’ test —
for continuous variables. The results are presented as
means = SEM. Univariate logistic regression analysis
was used to determine which continuous variable might
have predicted obesity or increased oxidative damage;
in order to adjust for several risk factors, multivari-

Tab. 2. Correlations between the level of LPO or DNA damage and
laboratory parameters in patients with BMI > 25 kg/m?2

LPO DNA damage
[MDA + 4-HDA (nmol/ml)] [8-ox0dG/105 dG]

r p-value r p-value
Glucose [mg/dl] 0.316 0.016% 0.439 0.236
CRP [mg/dl] 0.501 <0.001* 0.486 0.184
TC [mg/dl] 0.103 0.444 0.111 0.776
LDLC [mg/dl] 0.114 0.394 -0.353 0.352
HDLC [mg/dl] -0.036 0.788 -0.375 0.320
TGs [mg/dl] 0.024 0.859 0.767 0.016*
Iron [pg/dl] -0.102 0.446 -0.693 0.039*
Ferritin [ng/ml] 0.425 0.001* 0.549 0.125

r - Pearson’s correlation coefficient, *p<0.05.

ate logistic regression analysis was performed with all
the variables, found to be significant at the univariate
analysis, entering in a single step. For the evaluation
of correlation among particular parameters, Pearson’s
correlation coefficient was used. Statistical significance
was determined at the level of p<0.05.

RESULTS

According to the enrollment criteria, BMI was higher
in overweight and obese patients than in healthy sub-
jects (Table 1).

Both LPO and 8-oxodG levels were increased in
overweight and obese patients and further increase of
both of them was observed with the increasing BMI
(Figures 1 and 2).

Positive correlations were found in overweight and
obese patients between LPO level and such parameters
as body mass, BMI (Figure 3A), waist circumference,
hip circumference, waist:hip ratio (Figure 3B), systolic
or diastolic blood pressure (Figure 3C), as well as CRP,
ferritin and glucose concentrations (Table 2).

In turn, 8-oxodG correlated positively with body
mass, BMI and hip circumference (Figure 4), as well as
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Fig. 1. (A) Mean (£ SEM) values of LPO level in Controls and
in patients with BMI > 25 kg/m2. Statistical evaluation was
performed by an unpaired Student’s t-test. (B) Mean (+ SEM)
values of LPO level in Controls and in patients with BMI > 25
kg/m2, subgrouped according to the value of BMI. Statistical
evaluation was performed by a one-way ANOVA with repeated
measures followed by a Student-Newman-Keuls' test. The level
of LPO was expressed as the amount of MDA+4-HDA (nmol)
per 1 ml of serum. ¥*p<0.05 vs. Controls; ¢p<0.05 vs. subgroup
with BMI 25.0-29.9 kg/m?2; *p<0.05 vs. subgroup with BMI 30.0-
34.9kg/m2.

with TGs concentration, whereas it correlated negatively
with iron concentration (Table 2). Expectedly, positive
correlation between oxidative damage to membrane
lipids and to nuclear DNA was also found (Figure 5).
For the entire study group of subjects (i.e. healthy
and obese), variables such as age, body mass, height,
BMI, waist circumference, hip circumference, waist:hip
ratio (WHR), systolic blood pressure (RRs), diastolic
blood pressure (RRd), concentrations of glucose, CRP,
TC, LDLC, HDLC, TGs, iron, ferritin and LPO level
were submitted to a univariate and a multivariate logis-
tic regression model. The purpose of the model was to
determine which of those continuous variables might
predict either increased oxidative damage to membrane
lipids or obesity. BMI did constitute the only indepen-

Fig. 2. (A) Mean (+ SEM) values of oxidative DNA damage in
peripheral blood lymphocytes in Controls and in patients with
BMI > 25 kg/m?2. Statistical evaluation was performed by an
unpaired Student’s t-test. (B) Mean (+ SEM) values of oxidative
DNA damage in peripheral blood lymphocytes in Controls and
in patients with BMI > 25 kg/m2, subgrouped according to the
value of BMI. Statistical evaluation was performed by a one-
way ANOVA with repeated measures followed by a Student-
Newman-Keuls' test. The level of DNA damage was expressed as
the concentration of 8-oxodG per 105 dG. *p<0.05 vs. Controls;
*#p<0.05 vs. subgroup with BMI 25.0-29.9 kg/m?2.

dent predictor of increased oxidative damage to mem-
brane lipids (Table 3). Consistently, LPO did constitute
the only independent predictor of obesity (Table 4).

DISCUSSION

It has been shown in the present study that overweight
and obesity are associated with increased oxidative
damage to membrane lipids and to nuclear DNA. The
extent, to which these macromolecules were oxidatively
damaged, did depend on the degree of obesity with sig-
nificant increase in LPO level and 8-0xodG concentra-
tion with increasing BMI. Positive correlations between
LPO and body mass, BMI, waist circumference, hip cir-
cumference and WHR as well as positive correlations
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Tab. 3. Univariate and multivariate logistic regression analysis of the univariate oxidative stress (for LPO value > 0.245 nmol/ml, being the
lowest LPO value in overweight and obese patients) determinants (variables), performed in all examined subjects (Controls + patients with

BMI > 25 kg/m?2) (n=78).

— Univariate regression Multivariate regression

OR 95%ClI p-value OR 95%ClI p-value
Age [years] 1.014 0.98-1.05 0.471 - - -
Body mass [kg] 1.15 1.06-1.24 0.0006* 1.06 0.88-1.27 0.562
Height [cm] 0.987 0.93-1.05 0.662 - - -
BMI [kg/m?] 3.16 1.69-5.92 0.0005* 3.02 1.51-6.03 0.002*
Waist circumference [cm] 1.1 1.04-1.19 0.001* 0.93 0.78-1.11 0.411
Hip circumference [cm] 1.08 1.02-1.14 0.009* 0.99 0.89-1.11 0.968
WHR 13.83 0.009-21669.3 0.479 - - -
RRs [mmHg] 1.05 1.01-1.10 0.027* 1.00 0.88-1.13 0.990
RRd [mmHg] 1.08 1.02-1.14 0.01* 1.04 0.87-1.24 0.656
Glucose [mg/dl] 1.04 1.00-1.07 0.025*% 1.00 0.95-1.05 0.997
TC [mg/dl] 1.01 0.99-1.02 0.209 - - -
LDLC [mg/dl] 1.01 0.99-1.03 0413 - - -
HDLC [mg/dl] 0.96 0.93-0.99 0.036* 0.99 0.92-1.07 0.906
Iron [pg/dl] 1.00 0.99-1.02 0.815 - - -

OR, odds ratio; Cl, confidence interval; *p<0.05.

Tab. 4. Univariate and multivariate logistic regression analysis of the univariate obesity (for BMI value > 30 kg/m2) determinants (variables),
performed in all examined subjects (Controls + patients with BMI > 25 kg/m?2) (n=78).

L Univariate regression Multivariate regression

OR 95%Cl p-value OR 95%Cl p-value
Age [years] 0.98 0.95-1.02 0.312 - - -
RRs [mmHg] 1.04 1.00-1.07 0.037% - - -
RRd [mmHg] 1.07 1.02-1.12 0.005* 1.01 0.93-1.10 0.774
Glucose [mg/dl] 1.03 1.01-1.05 0.003* 1.02 0.98-1.05 0.315
TC [mg/dl] 1.00 0.99-1.04 0.971 - - -
LDLC [mg/dl] 1.00 0.99-1.02 0.909 - - -
HDLC [mg/dl] 0.98 0.95-1.01 0.175 - - -
Iron [ug/dl] 0.99 0.99-1.01 0.564 - - -
LPO level [MDA + 4-HDA (nmol/ml)] 3.96x10° 1.40x10%- 0.0002* 4.55x10° 1.61x10%- 0.0004*

11.16x10° 12.83x107

OR, odds ratio; Cl, confidence interval; *p<0.05.

between DNA damage and body mass, BMI and hip
circumference were expected, as these parameters are
related directly or indirectly to obesity definition.
Together with the above, of great importance are
two observations from the present study showing
that BMI did constitute the only independent deter-
minant (predictor) of increased oxidative damage to
membrane lipids, and that, consistently, LPO did con-
stitute the only independent determinant of obesity.
These findings suggest that obesity does contribute
to increased oxidative damage directly and, in turn,

the resulted enhanced oxidative stress may unfavour-
ably affect obesity in terms of further increase of body
mass (the mechanism of “vicious circle”). Similarly to
the well-known phenomenon of the obesity-induced
insulin resistance which contributes further to obesity
(Zeyda & Stulnig 2009), also the products of oxidative
damage to macromolecules may be involved in a kind
of “vicious circle”. However, this hypothesis should be
proved experimentally and in clinical trials.

Whereas increased oxidative stress, evaluated by
measurement of different parameters, was found earlier
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Fig. 3A. Correlations between LPO level and body mass (r=0.82;
p<0.001), body mass index (BMI) (r=0.84; p<0.001) in patients
with BMI > 25 kg/m?2.
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Fig. 3B. Correlations between LPO level and waist circumference
(r=0.68; p<0.001), hip circumference (r=0.49; p<0.001), waist:hip
ratio (WHR) (r=0.32; p=0.017) in patients with BMI > 25 kg/m2.
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in obese patients (Ford et al. 2003; Demirbag et al. 2006;
4 Fig. 4 Vincent & Taylor 2006; Cardona et al. 2008; Ando &
Fujita 2009; Zeyda & Stulnig 2009; Szosland et al. 2010),
obesity as an independent determinant (predictor) of
increased oxidative damage to macromolecules is doc-
umented for the first time in the present study.

In our preliminary study, in which exclusively
postmenopausal women were considered, body mass
- instead of BMI - appeared to be the only indepen-
dent predictor for increased oxidative damage to mac-
romolecules (Szosland et al. 2010). Nevertheless, when
compared to body mass, BMI seems to be more reliable
) predictor for oxidative damage, as it relates, at least in
Pe0 70 30 %0 100 10 120 the present study, to the population represented by both
Body mass [kg] sexes.

The findings on positive correlations between LPO
and such parameters as systolic and diastolic blood
pressure, as well as concentrations of CRP, ferritin, and
glucose were expected and are consistent with previous
observations on increased oxidative stress in hyperten-
sive subjects (Harrison & Gongora 2009; Gosmanov et
al. 2010), as well as on increased CRP, ferritin, and glu-
cose concentration in obesity (Gosmanov et al. 2010).
Similarly, DNA damage correlated positively with
TGs concentration, the lipid fraction being frequently

DNA damage [8-0x0dG/10° dG]

4.0

DNA damage [8-0x0dG/10° dG]

- increased in obese subjects, and it correlated negatively

o5 L~ with iron concentration, which is frequently diminished
24 26 28 30 32 34 36 38 40 . .

BMI [kg/m?] in obese patients (Ausk & Ioannou 2008). However,

40 statistical evaluation does not allow to conclude that

.« any disturbances of the above parameters may directly

35 . . . .
contribute to the increased oxidative damage to macro-

molecules in overweight or obese patients. In opposite,
as it was discussed above, BMI, constituting the basic
parameter in obesity definition in adults, appeared to
be the only independent determinant (predictor) of the
enhanced oxidative damage to membrane lipids.

The results from the present study may constitute
the basis to explain the mechanism of increased cancer
risk, as well as cardiovascular risk and the risk of other
05 disorders, occurring more frequently in obese subjects.
o 98 102 Hi“’ﬁ_ ”f" naooms 12 126 It is well known that red-ox imbalance occurs at each

pcircumference [cm] step of carcinogenesis (Evans et al. 2004; Dalle-Donne
et al. 2006; Valko et al. 2006; Cortes et al. 2011). In turn,
ROS by themselves, as well as products of oxidative
damage to macromolecules, unfavourably affect endo-
thelium, the well known phenomenon in the pathogen-
esis of cardiovascular (Evans et al. 2004; Dalle-Donne et
al. 2006; Misra et al. 2009) and cerebrovascular (Chris-
sobolis et al. 2011) disorders.

DNA damage [8-0x0dG/10° dG]

DNA damage [8-0x0dG/10° dG]

Fig. 4. Correlations between the level of DNA damage and body

. mass (r=0.74; p=0.022), body mass index (r=0.84; p=0.004), hip
05 L circumference (r=0.74; p=0.022) in patients with BMI > 25 kg/m2.
T2 03 04 05 06 07 08 09 10 I
LPO [MDA + 4-HDA (nmol/ml)] Fig. 5. Correlation between the level of DNA damage and LPO level

in patients with BMI > 25 kg/m?2 (r=0.78; p=0.013).
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Summing up, overweight and obesity in adults are
directly associated with increased oxidative damage to
membrane lipids and to nuclear DNA. BMI does con-
stitute the independent risk factor for oxidative damage
to macromolecules. The hypothesis is proposed on
the mechanism of “vicious circle’, in which obesity
directly induces oxidative damage to macromolecules,
the products of which, in turn, further enhance obesity.
Enhanced oxidative stress in obesity may contribute to
increased risk of cancer and other non-communicable
diseases.
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