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Abstract New roles have been discovered for the adipose

mass/tissue of obese subjects linked to the production of

different cytokines, leptin and oxidative stress, all together

playing a crucial role in developing obesity, insulin resis-

tance, metabolic syndrome, and the pathogenesis of various

diseases. Inflammatory status and plasma oxidative stress

have been reported as also characterizing a new metabolic

condition known as normal-weight obese (NWO) syndrome

observed in women with normal index but fat mass (FM)

[30%. The aim of the present study was to investigate in

NWO women, compared with preobese-obese (OB) and

control normal weight (NW) subjects, the occurrence of

DNA damage, particularly oxidative DNA damage, by using

different Comet assay versions. Our goal was to find out

some possible new early hallmarks of obesity. We observed

above all increase in DNA damage both in OB and NWO

women, compared with NW subjects, underlining DNA to be

involved in oxidative stress related to metabolic abnormal-

ities occurring in obesity. In addition, the use of either pH

[13 versus pH 12.1 alkaline Comet assay versions or pH

12.1 in presence of Fpg enzyme versus pH 12.1 alone, allow

us to draw attention to two possible new early differentiated

hallmarks: first, alkali labile sites higher in OB compared to

NWO; second, 8-oxo-dG level slightly higher in NWO than

in OB women. These preliminary results encourage planning

broad cohort studies in order to verify and validate these

hypothesized predictive/prognostic new hallmarks.

Keywords DNA damage � Oxidative stress � Normal

weight obese syndrome � Comet assay � 8-OHdG

Introduction

In recent years the adipose tissue, due to its pleiotropic

functions, has assumed a constantly growing metabolic

relevance. It is being recognized not only as a depot for

energy storage, but a kind of endocrine secretory organ,

adipose organ, releasing bioactive substances, so-called

adipokines or adipocytokines, with a crucial role in

controlling both energy intake and expenditure as well as

insulin sensitivity [1, 2]. The adipocytes, by means of

numerous secretory products, link obesity to severe

metabolic disorders, including ‘‘insulin resistance’’ dis-

ease, diabetes mellitus, hyper-lipidemia, cardiovascular

diseases and cancer initiation/progression [3–6]. The

increase of adipocytokines and pro-inflammatory factors,

such as tumour necrosis factor (TNF-a), interleukins

IL-1a,b, IL6, IL10 and IL15 [6–8], and promotion of

chronic oxidative stress (ROS and RNS) with an increase

in mitochondrial dysfunction and deregulation of redox-

regulating enzymes, have been indeed demonstrated to

play a crucial role in the onset of the major obesity-

related co-morbidities [9–15].

Recently some authors [16, 17] have identified and

studied in women with normal weight and body

mass index, but fat mass (FM) [30%, a new so-called

normal-weight obese (NWO) syndrome, in which the

concentrations of plasma pro-inflammatory cytokine and

oxidative stress markers were higher than in non-obese

women.

Nevertheless, the pathogenesis of obesity and its link

with oxidative stress, as cornerstone of the obesity-related
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metabolic mechanism, remain controversial [18] and addi-

tional data may be useful also to find new early hallmarks.

Daily a variety of endogenous, exogenous or environ-

mental factors including lifestyle, exercise and diet, induce

cellular oxidative stress with formation of ROS/RNS, in

turn damaging vital cellular macromolecules, lipids, pro-

teins and genomic/mitochondrial DNA, mainly considered

elective targets of the radical species [15, 19]. This insult

can modify the structural properties of DNA, inducing

mismatched base pairs, base adducts and cross-links for-

mation, deamination, base deletions causing apurinic/apy-

rimidinic (AP-alkali-labile sites) sites, single-strand breaks

(SSBs), and double-strand breaks (DSBs). The most

abundant ROS-induced DNA lesion is the highly muta-

genic 8-OHdG, whose estimated steady-state is about 103

per cell/per day in normal tissues and up to 105 lesions per

cell/per day in cancer tissues, therefore widely used as

biomarker of oxidative stress and carcinogenesis [20–23].

As consequence it is important to investigate the pres-

ence of oxidative DNA damage in obese people in whom

the presence of oxidative stress has been widely demon-

strated [16–18], in order to discover new early biomarkers/

indicators of pre-obesity/obesity condition and to design

preventive interventions according to individual behaviours

and life histories. Among the different approaches used to

study DNA damage, the single cell gel electrophoresis

(Comet assay) assay is a technically simple and fast

method to quantify, both in vivo and in vitro, different

types and levels of DNA damage in single cells [23–26]

and in particular early damage to genomic DNA. Comet

assay is different from other experimental approaches,

usually capable of detecting DNA damage at a late stage of

the disease, e.g. chromosome aberrations and micronucleus

or TUNEL test and others methods [27].

The present research was designed to examine the

occurrence of different types of DNA damage in blood

cells of NWO and OB women, compared with control non-

obese (NW). Different versions of Comet assay were used

to identify the presence of alkali labile sites (alkaline pH

[13 buffer vs. pH 12.1 buffer) and/or oxidative DNA

damage (Fpg-modified version) [27–29].

Methods

Subject characteristics

The study was performed on three groups (20 subjects per

group) of white Italian women, aged 25–35: control healthy

non-obese (normal weight and BMI \25 kg/m2), NWO

(normal weight, BMI \ 25 kg/m2; FM% [ 30%) and OB

(BMI [25 kg/m2; FM% [30%), previously selected as in

the study of Di Rienzo et al. [17].

All of the women signed an informed consensus form to

participate in the study approved by the medical Ethical

Committee of ‘‘Tor Vergata’’ University of Rome, Italy.

Cellular system

Venus heparinised whole blood cells, mainly representative

of the body status, were chosen to avoid any DNA damage

related to the separation of cellular types [30].

Comet assay

Blood heparinised samples (50 ll) taken from each donor

were added to 950 ll of solution A (Ca2?/Mg2?-free HBSS,

20 mM EDTA, 10% DMSO, pH 7.5–7.7). The suspension

was maintained at 4 �C for up to 1 h and centrifuged at

6009g 10 min; the pellet, after washing in PBS1X, was

aliquoted (10 ll containing 1–1.5 9 105 cells) and stored

at -80 �C for up to 10 days.

Standard Comet assay was performed utilizing Trevi-

gen (Trevigen Inc., Gaithersburg, USA) pre-treated slides.

For each group the aliquots of blood cells were embed-

ded in 45 ll of low melting agarose (stabilized at 40 �C),

dropped on the slides and maintained at 4 �C for 20 min.

Then all the gel-supporting slides were immersed in lysis

buffer (2.5 NaCl, 100 mM Na2EDTA, 1% Triton X100,

1% N-laurosyl sarcosine, 10% DMSO, pH = 10) for 1 h

at 4 �C, in order to leave gel-embedded DNA in the form

of nucleoids. DNA unwinding was left for 20 min in

fresh electrophoresis buffer A (300 mM NaOH, 1 mM

Na2EDTA, pH = 13.1), afterwards, alkaline version of

Comet assay was performed by submarine electrophoresis

in the same re-circulating pH 13.1 buffer A at 0.7 V/cm

for 20 min and constant temp. (4 �C), as already reported

[26]. The standard pH 13.1 alkaline version values sub-

tracted from alkaline pH 12.1 version values, allow

measurement of alkali-labile site-induced breaks.

The analysis of 8-OHdG was performed using an Fpg

FLARETM assay kit (Trevigen Inc., Gaithersburg, USA),

according to the protocol provided by the manufacturer.

Cell suspension (45 ll of agarose-embedded whole blood

cells) was dropped on two different slides, marked a and

b, respectively. After 20 min at 4 �C, slides were

immersed in a pre-chilled lyses solution (provided with

the FLARETM assay kit), at 4 �C for 60 min. According to

manufacturer instructions, after lysis, the samples were

incubated with 100 ll of either Fpg-enzyme (a), previ-

ously diluted to 1:40 with REC dilution buffer, or enzyme

buffer alone (b), and then placed in a chamber at 37 �C

for 45 min. After lysis and removal of proteins the ‘‘naked

DNA’’ (or nucleoid) is in an ideal state for bacterial DNA

repair enzyme attack, useful to mainly recognize and

measure the sites corresponding to guanine oxidized
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bases. After being immersed twice for 15 min in pre-

chilled alkaline electrophoresis solution (0.3 M NaOH,

1 mM Na2EDTA; pH 12.1), the slides were electropho-

resed at 0.7 V/cm for 20 min.

The samples, regardless of the electrophoresis condi-

tions, after the neutralisation treatment were 70% ethanol

dried and stained with SYBER GREEN (Trevigen kit)

according to protocol suggestions. One hundred nucleoids

per sample (50 for each of the two replicate slides) were

randomly analysed using the Leica epifluorescence

microscope; the analysis did not include the lateral parts of

the gel, the edges, superimposed comets and comets

without distinct head (‘‘clouds’’, ‘‘hedgehogs’’, or ‘‘ghost

cells’’). All the operations were kept in the dark.

The most important steps of different Comet assay

versions were developed according to ‘‘reference condi-

tions’’ suggested by Collins et al. [31]. The DNA damage

was quantified by CASP free software utilizing as values

the percentage of fragmented DNA in the tail of comet

(%TDNA). In addition, in order to relate DNA damage to

break frequencies the %TDNA values were converted in

DNA break/109 Da/Gy standard units obtained through an

indirect calibration according to Collins et al. [31], con-

sidering DNA breaking ability of X-rays that is known in

terms of DNA break/109 Da/Gy [29]. In the case of

8-OHdG measurement the %TDNA data were expressed

also as number of oxidized bases, breaks/106 bp (altered

bases/106 unaltered bases) [29].

The data are averaged from three different experiments

in which each sample was processed in duplicate.

Statistical analysis

Results were expressed as media values ± SEM. Differ-

ences in %TDNA between control and OB or control and

NWO subjects were assessed by Student’s t test and chi-

square test. Differences in %TDNA between Fpg and

buffer-treated samples were tested using the Mann–Whit-

ney U test.

Results

For each group examined, the values obtained from the

samples tested by standard alkaline pH [13 Comet assay,

compared with the data obtained from the same samples

examined by the pH 12.1 buffer version of the assay are

reported in Table 1. The results clearly evidence a signif-

icant increase in DNA damage in both NWO and OB, with

respect to the control, the damage being moderately higher

in OB than in NWO, at least when alkaline pH 13.1 elec-

trophoresis data were examined. For each group, the

comparative analysis of the data, enables us to highlight the

presence of alkali-labile sites that are measurable mainly

by pH [13 version. In fact, we did not observe significant

difference, under our experimental conditions, both in

NWO and control NW samples, among the values obtained

after alkaline pH 13.1 and pH 12.1 electrophoresis. Con-

versely, in OB subjects an increase in DNA damage was

evident after pH 13.1 standard alkaline electrophoresis with

respect to the %TDNA measured after pH 12.1 electro-

phoresis, focusing on a possible main presence of alkali

labile sites in these individuals.

In Table 2 are reported the results of the oxidative DNA

damage measured, as level of 8-OHdG, in blood cells

added either with Trevigen kit supplied enzyme buffer or

with DNA repair Fpg enzyme and processed with pH 12.1

alkaline buffer.

The %TDNA of Fpg enzyme-treated samples with

respect to the enzyme buffer treated alone are representa-

tive, in each group of samples, of the level of 8-OHdG, the

principal substrate of Fpg.

The results obtained by the Fpg-modified version of the

Comet assay show an increase in the level of 8-OHdG both

Table 1 Determination of alkali labile sites: DNA damage assessed in lymphocytes by Comet assay at pH [13 and/or pH 12.1

NW NWO OB

Alkaline pH [13.1 18.9% ± 1.00 25.75% ± 1.33* 34.6% ± 1.50*

Breaks/109 Da 0.54 0.8 1.6

Buffer pH 12.1 18% ± 0.9 27.3% ± 1.08* 28.12% ± 1.40*,�
Breaks/109 Da 0.5 0.83 0.91

Alkali labile sites/109 Da – – 0.71

Values expressed as %TDNA (mean ± SEM). Each data is averaged from three different experiments in which each sample was processed in

duplicate. %TDNA are also converted in Breaks/109 Da using for calculation of DNA break frequencies the calibration curve reported by Collins

et al. [31]

* P \ 0.001 significant versus correspondent NW values at pH [13 and/or pH 12.1

� P \ 0.005 significant versus correspondent values at pH [13
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in NWO and OB individuals, compared to the NW. The

oxidative DNA damage was slightly higher in NWO than

in OB subjects.

In addition, in Tables 1 and 2 the data expressed as

frequency of breaks/109 Da, on one hand confirm the

growing trend in DNA damage from NWO to OB, with

respect to NW and, on the other hand, reinforce the concept

of a highest damage, measured by pH[13 versus pH 12.1

electrophoresis buffer, in OB with respect to NWO.

In the case of base oxidation measurement (Table 2) the

data expressed also as number of oxidized bases, breaks/

106 bp or altered bases/106 unaltered bases [29], point out

the increase in Fpg sites in NWO with respect to OB.

Discussion

Recent dramatic changes in the dietary habits, physical

activities and lifestyle of American and European people,

has led to a growth in the prevalence of being overweight

in comparison to just a few decades ago, increasing, as

consequence, the interest in evolutionary models of human

obesity. The importance of the ‘‘energy gap’’, as the dif-

ference in the amount of consumed/expended calories, in

influencing obesity, as well as the involvement of inflam-

mation and oxidative stress in obesity and in the newly

classified NWO syndrome have been widely discussed [11,

14, 16, 17, 32]. So, a fundamental role has been attributed

to hyperglycemia, mitochondrial dysfunction, deregulation

of redox-regulating enzymes [12–15, 19], even if the

effects of the possible oxidative stress contributors may be

different depending on the degree of obesity and of indi-

vidual physical and metabolic conditions [33].

In particular, Musaad and Haynes [5] have suggested the

existence, in obese subjects, of an inflammation–oxidative

stress vicious circle in which oxidative stress increases the

production of adipocytokine promoting inflammation.

Coppak et al. [7] have suggested that the presence of

excessive adiposity per se is a source of increased oxidative

stress, as adipocytes and pre-adipocytes markedly produce

inflammatory adipocytokines, which stimulate ROS/RNS

production and up-regulate the activity of oxidant generat-

ing enzymes. Recently, some authors [16, 17] have reported

in NWO, rather than in OB women, the presence of an

elevated plasma cytokine level accompanied by an increase

in some markers of oxidative stress, stressing that the

vicious circle could be initiated in NWO before the onset of

metabolic syndrome. However, in studying the sequence of

events linking oxidative stress and obesity, hoping to dis-

cover new predictive biomarkers or prognostic indicators,

little attention was paid to oxidants-induced DNA damage.

The hydroxyl radical produced by various oxidative

mechanisms, attacks genomic and mitochondrial DNA

strands, leading to the generation of a diversity of oxidation

products. The interaction of OH� with nucleobases of DNA

strand, such as guanine, lead to formation of 8-OHdG, the

most abundant base oxidation product found in DNA,

usually considered as pre-mutagenic insult [23, 27], and

contributing, as a vicious circle, greatly in promoting/

exacerbating different types of oxidative stress-related

diseases, such as aging, malignant tumours and neurode-

generative diseases [9–12, 14, 15, 23]. The 8-OHdG lesion

is one of the most important injury detected by the Fpg

protein and the most commonly used biomarker for

oxidative DNA. The lesion may be measured also by

high-pressure liquid chromatography (HPLC) coupled to

electrochemical detection, but the measurement by

Fpg-modified Comet assay is currently utilized and con-

sidered as a precise, easy, economical and practicable

method, compared to other approaches; also considering

the little chance for spurious oxidation of guanine to occur

in Comet assay [27, 29, 35].

Table 2 Determination of Fpg-sensitive sites assessed in lymphocytes by FPG-Comet assay at pH 12.1

NW NWO OB

Buffer pH 12.1 18% ± 0.9 27.3% ± 1.08 * 28.12% ± 1.40 *

Breaks/109 Da 0.5 0.83 0.91

FPG pH 12.1 21.8% ± 1.10 37.8% ± 1.61*# 35.6% ± 1.04 *#

Breaks/109 Da 0.61 1.25 1.16

Fpg-sites/109 Da 0.11 0.36 0.25

8-Oxo-dGua/106 dG 0.18 0.59 0.41

Values expressed as %TDNA (mean ± SEM). Each data is averaged from three different experiments in which each sample was processed in

duplicate. %TDNA are also converted in: (a) breaks/109 Da using for calculation of DNA break frequencies the calibration curve reported by

Collins et al. [31]; (b) 8-oxo-dGua/106 dG using as conversion factor 1 8-oxo-Gua per 109 Da is equivalent to 1 8-oxo-Gua per 0.61 9 106 Gua

as reported by Griffiths el al. [29]

* P \ 0.001 significant versus correspondent NW values at pH 12.1
# P \ 0.001 significant versus correspondent buffer values
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A relationship between increased fat mass and DNA

damage has been verified in dogs [34] and in a population

from Pakistan too. This points out the need to develop

therapeutic strategies aimed at reducing oxidative stress in

obesity-predisposed subjects before they arise in the met-

abolic syndrome [36].

Our work, for the first time to our knowledge, investi-

gates the relationship between obesity and different types

of DNA damage in NWO and OB using different Comet

assay versions as valid approaches to discriminate among

several DNA lesions including SSBs, DSBs, adducts for-

mation and alkali-labile sites (AP sites), and, in particular,

based on early DNA damage [25, 27]. In a previous study

Demirbag et al. [37] using alkaline Comet assay have

demonstrated an increase in DNA damage in obese patients

with respect to non-obese ones, stating that the obesity may

be considered as a risk factor independent of DNA damage.

Our results above all confirm the existence of an increase in

DNA damage in both NWO and OB women, with respect

to control subjects, probably sustained by inflammatory

status too. The observed moderate increase in site alkali

labile sites in the OB group compared to NWO women (pH

13.1 buffer electrophoresis vs. pH 12.1), as reported in

Table 1, could be linked to the exacerbated oxidative stress

and inflammatory conditions present in OB, preobese–

obese subjects. The additional AP sites, generated by the

OB metabolic abnormalities may represent an early DNA

damage in a pre-metabolic syndrome condition; in addition

it must be considered that AP, if not repaired, may be

converted into highly damaging DSBs [25, 27].

In particular, the increase in 8-OHdG level also when

expressed as altered bases/106 unaltered bases, 8-OHdG/

106 dG, in NWO and OB with respect to NW and partic-

ularly in NWO with respect to OB, allows us to confirm the

involvement of DNA molecules as target of the oxidative

insult, and to hypothesize that the oxidative level of DNA

damage in NWO could be taken into account as a hallmark

predictive of obesity in the presence of low or normal BMI.

The data we reported support the results of Di Renzo

et al. [17], indicating that the inflammatory and concomi-

tant oxidative stress conditions present in NWO and OB

may be considered responsible for DNA damage. In addi-

tion, we theorize that: (1) the presence of augmented AP

sites in OB women, with respect to NWO, could be con-

sidered as a prognostic differential indicator between the

two conditions, NWO and OB; (2) the presence of oxida-

tive DNA damage in NWO could be considered an early

event in promoting obesity and metabolic syndrome in the

presence of low levels of BMI.

Our data put forward the importance to monitor the redox

status and suggest a change in lifestyle and eating habits in

NWO individuals other than OB, in order to counteract the

rising damage [17, 38]. In fact, it cannot be excluded that

the presence of oxidative stress in NWO and OB could also

result from an imbalance between endogenous production

of ROS/NOS and reduced intake of dietary antioxidants, as

notoriously obese individuals have a lower intake of phy-

tochemical-rich foods, lower levels of plasma dietary anti-

oxidants (b-carotene, vitamins E and C) and of trace

minerals (co-factors for antioxidant enzymes zinc, sele-

nium), when compared with non-obese persons [38, 39].

It is clear however, that to strengthen our assumptions

about biomarkers and apply them as tools in risk assess-

ment of differently caused diseases, board cohort studies

and proper validation, involving different laboratories

having the same goal in mind, are required.
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