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Abstract
Background: Studies show that diet and exercise are important in the treatment of obesity.
The aim of this study was to determine whether additional regular moderate aerobic exercise
during a treatment with hypocaloric diet has a beneficial effect on oxidative stress and molecular damage in the obese patient. Methods: Oxidative stress of 16 normal-weight (NW)
and 32 obese 1 (O1) subjects (BMI 30–34.9 kg/m2) were established by biomarkers of oxidative stress in plasma. Recombinant human insulin was incubated with blood from NW or O1
subjects, and the molecular damage to the hormone was analyzed. Two groups of treatment,
hypocaloric diet (HD) and hypocaloric diet plus regular moderate aerobic exercise (HDMAE),
were formed, and their effects in obese subjects were analyzed. Results: The data showed the
presence of oxidative stress in O1 subjects. Molecular damage and polymerization of insulin
was observed more frequently in the blood from O1 subjects. The treatment of O1 subjects
with HD decreased the anthropometric parameters as well as oxidative stress and molecular
damage, which was more effectively prevented by the treatment with HDMAE. Conclusion:
HD and HDMAE treatments decreased anthropometric parameters, oxidative stress, and moCopyright © 2012 S. Karger GmbH, Freiburg
lecular damage in O1 subjects.
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Introduction

The incidence of obesity in adults and children is increasing globally. Obesity has previously been considered a problem of developed countries, but this disease also affects the
developing countries. In fact, the increasing prevalence of obesity has led the World Health
Organization (WHO) to refer to obesity as a ‘global epidemic’. Human obesity is associated
with the development of complications such as cardiovascular disease, stroke, depression,
and type 2 diabetes [1, 2], which are spreading rapidly across poor and middle-income countries. Experimental animal models have confirmed these correlations. Obesity is the most
powerful risk factor for the development of type 2 diabetes, and the association between
these two disorders appears to be due to the increased circulating levels of tumor necrosis
factor- ␣ within obese individuals [3], which contributes to dysregulation of adipocytokines
in the accumulated fat and the induction of systemic oxidative stress [4, 5]. Insulin resistance is considered the key primary defect underlying the development of type 2 diabetes,
an event that has been frequently associated with the state of inflammation present in the
obese patient [6, 7]. However, our in vitro studies have shown that oxidative stress can
generate structural and functional changes to insulin in blood, suggesting that molecular
damage could also contribute to the impairment of the hormone [8] and thereby underlining
the importance of oxidative stress in the pathogenesis of obesity and its relationship with
the development of type 2 diabetes.
A growing number of studies have shown that diet and exercise are important in the
treatment of diseases, including obesity [9, 10]. In fact, it could be shown that regular exercise
has beneficial impact on the antioxidant capacity, protects against the harmful effects of
oxidative stress and prevents cellular damage [11, 12]. Regular moderate aerobic exercise
is critical in obesity treatment because it reduces total cholesterol and low-density lipoprotein cholesterol (LDL-C) and increases high-density lipoprotein cholesterol (HDL-C) [13,
14]. While exercise confers multiple health benefits [15, 16], it is important to establish
strategies that improve the antioxidant capacity during the treatment of obese patients. The
aim of this study was to determine whether regular moderate aerobic exercise during a
treatment with hypocaloric diet (HD) has an additional beneficial effect on oxidative stress
and molecular damage in the obese patient.
Material and Methods
Patients and Healthy Volunteers
The ethics and research committees from the School of Medicine of the National Polytechnique
approved the protocol of this study, and written informed consent was obtained from all participants. The
trial was conducted in accordance with the ethical principles originating in the Declaration of Helsinki of
1975 as revised in 1983, and it was consistent with Good Clinical Practice Guidelines. BMI was used to
classify the patients. BMI was calculated by dividing a person’s weight in kilograms (kg) by the person’s
height in meters squared (m2). According to the World Health Organization (WHO), subjects were classified as normal weight (NW) with a BMI of 18.5 to 24.9 kg/m2 and as obese 1 (O1) with a BMI of 30–34.9
kg/m2. 32 O1 patients were randomized to make the following groups: the HD group (N = 16) and the HD
plus regular moderate aerobic exercise (HDMAE) group (N = 16). Both were treated for 3 months. As a
control group, 16 NW, healthy volunteers were used. Anthropometric measurements were evaluated in
each group by the same examiner (table 1). In addition, all participants had to meet the following criteria
before enrollment in the study: i) no participation in regular physical activity; ii) no current chronic health
problems; iii) no smoking history; iv) no cardiovascular, metabolic or respiratory disease; and v) no
consumption of antioxidant supplements (vitamin C, vitamin E, alpha-lipoic acid, beta-carotene, probucol,
carvedilol, and iron chelators) or prooxidants (primaquine and iron) within the last 6 months.
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Table 1. Anthropometric parameters of the groups in studya

Anthropometric parameters

Normal weight
(N = 16)

Obese 1
(N = 32)

Weight, kg
BMI, kg/m2
Body fat, %
Waist circumference, cm
Hip circumference, cm
Waist-to-hip ratio
Age, years
Height, m

54.70 ± 1.70
21.40 ± 0.40
22.0 ± 3.22
79.0 ± 4.52
93.0 ± 3.71
0.83 ± 0.03
25.60 ± 1.40
1.57 ± 0.05

84.27 ± 14.0*
33.16 ± 3.90*
40.78 ± 4.73*
98.72 ± 9.83*
113.92 ± 9.30*
0.86 ± 0.07*
42.36 ± 11.40
1.58 ± 0.71

aData are expressed as means ± SD, analyzed by t student.
*p < 0.0001.

Blood Samples
A sample of blood (10 ml) was obtained from the antecubital vein of the arm. 3 ml of blood were used
to obtain plasma and to determine the biomarkers of oxidative stress damage (TBARS, dityrosines, and
carbonyl group). 6 ml of blood were used in the assays for oxidation and structural changes of recombinant
human insulin (see below). At the end of HD or HDMAE (3 months), the same amount of blood was obtained,
and oxidative stress biomarkers and molecular damage to human recombinant insulin were analyzed
again.
Dietary Assessment
Before beginning participation, subjects were with provided dietary education using references such
as the Official Mexican Norm for the control and management of obesity. Subjects were encouraged to
avoid excessive consumption of high-fat foods, to reduce portion sizes, and to increase daily intake of
complex carbohydrates, lean meats, dairy products, fruits, and vegetables.
Nutritional history for each patient was taken, and a personal diet with a 20% caloric restriction was
designed for each patient. The caloric restriction was determined according to the Harris Benedict
equation using equivalent foods. The equivalent foods were determined using the equivalents list from
the American Heart Association of Diet and the Mexican System of Equivalents. The energetic balance of
the diet was 50% carbohydrates, 20% proteins, and 30% fat.
Regular Moderate Aerobic Exercise
The heart rate required during regular moderate aerobic exercise for each patient was determined
by the formula 220 minus age multiplied by 60 or 70%. Patients were provided with a treadmill for exercise
training. They were encouraged to exercise for 30 min 3 times a week for a period of 3 months. Patients
assigned to the group without physical activity continued their sedentary lifestyle.
Plasma Biomarkers of Oxidative Stress Damage
To measure the amount of lipid oxidative products and chemically modified proteins formed by
oxidative injury in plasma, 3 ml samples of blood from the groups were utilized. Plasma was obtained by
centrifugation at 1,400 g for 15 min and utilized for numerous assays: i) Circulating lipid damage was
analyzed using thiobarbituric acid-reacting products (TBARS) [17]. Aliquots of 100 l were utilized to
measure the absorbance at 529 nm. 1,1,3,3-tetramethoxypropane (Sigma-Aldrich, St. Louis, MO, USA) was
used as a standard. ii) The capacity of proteins to react with nitroblue tetrazolium (NBT) producing
formazan was utilized as an indirect means of analyzing proteins modified by oxidative stress. The
reaction was carried out with 10 l of plasma, and the absorbance was measured at 530 nm to detect the
formazan [18]. The molar extinction coefficient for formazan, E = 15 mmol/l/cm, was utilized to calculate
its concentration. iii) Tyrosine dimers (dityrosine) were determined by measuring fluorescence at excitation and emission wavelengths of 325 and 410 nm, respectively, from an aliquot of 100 l of plasma [19].
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The final concentration of dityrosine is reported as relative fluorescence units (RFU). iv) Free carbonyl
groups were measured utilizing aliquots of 100 l of plasma and 1 ml of 10 mmol/l 2,4-diphenylhydrazine
(DNPH) [20]. The absorbance was measured at 370 nm to detect the formation of dinitrophenylhydrazones. The molar extinction coefficient for DPNH (E = 22,000/M/cm) was utilized to calculate the carbonyl
concentration. v) Total protein was measured as a reference parameter by the Lowry method [21].
Determination of Oxidation and Structural Changes of Insulin
Recombinant human insulin (Lily Laboratories Mexico City, Mexico) which is also called ‘native
insulin’ in this study was exposed to NW and O1 blood as previously described [8]. Briefly, 30 IU (1.5 mg)
of native insulin was introduced into a 5-cm portion of membrane dialysis tubing with a cutoff of 3,500 Da
(Spectrum Laboratories, Inc., Rancho Dominguez, CA. USA). The dialyzing tubes were incubated at 37 ºC
in 6 ml of blood (from NW or O1) for 3 h. After incubation, the bags containing insulin were washed with
distilled water. 5 IU (250 g) of insulin were used to determine the levels of formazan and carbonyls; these
determinations were performed with the same procedures indicated above. Blood effects from NW and
O1 on insulin structure were analyzed by nondenaturing polyacrylamide gels. After insulin incubation in
blood from obese patients, 5 l (90 g) of insulin was diluted with an equal volume of 2 ! sample buffer
(50 mmol/l TrisHCl, pH 6.8, 20 % glycerol and 0.04 % bromophenol blue) before loading onto 15% nondenaturing polyacrylamide gels. Coomassie blue staining of polyacrylamide gels was performed to assess
any changes in the electrophoretic pattern.
Statistical Analysis
Mean 8 SD values were calculated for all variables. Intragroup comparison was performed with
t-parade. The intergroup comparison was performed with t-student tests. A probability value 8 0.05 was
considered statistically significant.

Results

Subjects
32 O1 patients and 16 NW subjects participated in this study. The characteristics of
these subjects are included in table 1.
Oxidative Stress Biomarkers in Plasma
Oxidative stress status of the study groups was evaluated by determining the values of
several biomarkers of oxidative stress in plasma. Table 2 shows the values of oxidative stress
biomarkers detected in plasma of the groups in study. The data obtained indicated the
presence of higher levels of oxidation biomarkers in O1 patients. The lipid damage in the O1
group was higher than in NW group (6.5 8 1.8 and 4.8 8 2.6 mol/l, respectively, p !
0.0001); in addition, biomarkers related to protein damage (carbonyl group and dityrosine)
were also higher in the O1 than in the NW group (table 2). These results showed the presence
of oxidative stress in the plasma of O1 patients.
Insulin Oxidation by Blood from O1 Patients
The determination of the oxidation biomarkers in the insulin showed that the carbonyl
group content was higher after incubation in blood from O1 subjects (3.4 8 0.3 nmol osazone
/ mg protein) than in blood from NW subjects (1.6 8 0.3 osazone / mg protein) (fig. 1A; p !
0.001). A similar behavior was observed with formazan, showing higher values after incubation with blood from O1 subjects (82.9 8 6.2 nmol formazan / mg protein) than with that
from NW subjects (65.5 8 4.9 nmol formazan / mg protein) (fig. 1A; p ! 0.001). These results
suggest that blood from O1 subjects, unlike that from NW subjects, had the capacity to
modify insulin. Because the system involved incubation of insulin in blood, there is the
possibility that the iron liberated from hemoglobin through hemolysis could exert an
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Table 2. Plasmatic concentration of biomarkers in the groups of studya

Biomarker

Normal weight
(N = 16)

Obese 1
(N = 32)

TBARS, μmol/l
Carbonyl, nmol osazone / mg protein
DT, URF / mg protein

4.82 ± 2.60
0.71 ± 0.10
94.18 ± 9.90

6.50 ± 1.80 *
1.40 ± 0.30 *
148.50 ± 3.10 *

aData

are expressed as means ± SD, analyzed by t student.
*p<0.0001.
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Fig. 1. Chemical and structural changes of insulin after incubation with blood from obese patients. A
Higher values of carbonyl groups and formazan were generated in the insulin molecule incubated with
blood from O1 subjects. Data are expressed as means 8 SD and analyzed by t students (*p ! 0.001). B
Coomassie blue-stained nondenaturing polyacrylamide (15 %) gel of insulins incubated in blood. Lane 1
native insulin, lane 2 insulin incubated in water, lanes 3 and 4 insulin incubated in blood from NW, lane 5
and 6 insulin incubated in blood from O1 subjects. The arrow indicates an insulin polymer with an
apparent molecular mass of 18 kDa. Notice that this band is only present in insulin incubated in blood from
O1 patients. Molecular weight (MW) and molecular masses of the markers (kDa) are given on the left side
of panel.
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Table 3. Anthropometric parameters

Anthropometric parameters

Weight, kg
BMI, kg/m2
Body fat, %
Waist circumference, cm
Hip circumference, cm
Waist-to-hip ratio

HD (N = 16)

HDMAE (N = 16)

0 days

90 days

0 days

90 days

87.44 ± 16.30
33.58 ± 4.51
40.82 ± 4.98
100.72 ± 11.33
113.40 ± 9.90
0.88 ± 0.07

80.83 ± 12.36*
31.25 ± 3.95*
37.70 ± 5.62*
92.86 ± 9.40*
107.86 ± 8.58*
0.85 ± 0.06*

80.46 ± 8.55
32.67 ± 2.83
40.73 ± 4.23
96.33 ± 6.44
114.55 ± 8.30
0.84 ± 0.06

77.41 ± 8.69*
31.43 ± 3.0*
39.21 ± 4.18*
90.23 ± 6.76*
108.26 ± 7.99*
0.80 ± 0.08*

Data are expressed as mean SD, analyzed by group with t parade *p<0.01.

oxidative effect on insulin. However, we excluded this possibility by verifying the absence of
hemolysis in our samples. To this end, we quantified the levels of free iron in plasma before
and after the incubation period; no differences were detected when intergroup comparisons
were performed (data not shown).
Because the data regarding oxidative markers in insulin suggested that there might be
structural changes in the hormone after its incubation with O1 blood, we analyzed whether
these chemical modifications could be observed as changes in the electrophoretic pattern
of the hormone. After insulin incubation with blood from O1 subjects, 90 g of the hormone
was loaded onto 15% nondenaturing polyacrylamide gels and separated by electrophoresis.
Coomassie blue staining of the polyacrylamide gel was performed to assess any changes in
the electrophoretic pattern that might indicate molecular damage to insulin. Fig. 1B illustrates a representative polyacrylamide gel showing the electrophoretic pattern obtained:
lane 1 shows native insulin, lane 2 shows insulin incubated in water, lanes 3 and 4 show
insulin incubated in blood from NW subjects, and lanes 5 and 6 show insulin incubated in
blood from O1 subjects. A band of approximately 6 kDa was present in all samples; this is
consistent with the reported molecular mass of approximately 6 kDa for insulin. Importantly, insulin samples incubated in blood from O1 patients showed a band with a molecular
mass of 18 kDa (fig. 1B, lanes 5 and 6), demonstrating the presence of structural changes in
the hormone.
Effects of HD and Exercise
The effects of HD and HDMAE on obese patients were analyzed. Table 3 shows anthropometric parameters before and after the treatments; importantly, all parameters significantly decreased after the treatments (p ! 0.01). However, when oxidative stress biomarkers
in plasma were analyzed, we observed that the subjects in HD treatment showed a decrease
in TBARS values (3.42 8 0.5 mol/l). The values of this marker decreased to values lower
than that in NW subjects (4.82 8 0.6 mol/l) (table 4). A similar effect of this biomarker was
observed in the HDMAE group. These results suggest that the changes observed were
generated by HD treatment and that the exercise did not have any additional effect. When
dityrosine values were analyzed, the data showed a decrease in the HD group; however, the
values did not reach those of NW subjects (table 4). In fact, an increase in this biomarker was
observed in O1 patients after HDMAE treatment (table 4). Interestingly, carbonyl values
were modified by both treatments, reaching values similar to those detected in NW subjects
(table 4).
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Table 4. Values detected in plasma of MDA, dityrosines and carbonyl groups after HD and HDMAE treatmentsa

Biomarker

NW
(N=16)

TBARS, μmol/l
4.82 ± 0.60
DT, URF / mg protein
94.18 ± 3.10
Carbonyl, nmol osazone / mg protein 0.71 ± 0.10

HD
(N=16)

HDMAE
(N=16)

0 days

90 days

0 days

6.50 ± 0.90
133.50 ± 13.80
1.68 ± 0.20

3.42 ± 0.50*
6.50 ± 0.50
110.70 ± 5.10* 132.70 ± 5.90
0.76 ± 0.03*
2.47 ± 0.40

90 days
3.48 ± 0.70*
151.90 ± 19.58
0.68 ± 0.06*

aData

are expressed as means ± SD analyzed by t student for group. 0 vs. 90 days.
*p < 0.01

Insulin Oxidation after Treatments
Because oxidative stress biomarkers decreased in the blood of obese patients after the
treatments, we evaluated whether these changes could be related to a decrease in the
molecular damage detected in insulin (fig. 1). Recombinant human insulin was incubated
in the blood from O1 patients obtained after the treatments, and the biomarkers of oxidation
in the hormone were analyzed. Fig. 2A shows the values of carbonyl and formazan products
detected in insulin. The generation of carbonyl groups by blood from O1 patients decreased
by 46% after HD treatment (before 3.5 8 0.23, after 1.88 8 0.37 nmol osazone / mg
protein). Interestingly, a greater effect was observed in subjects treated with HDMAE
(59%) (before 3.38 8 0.72, after 1.43 8 0.38 nmol osazone / mg protein). However, the
decreased generation of formazan products was only statistically significant with blood
from O1 subjects treated with HDMAE (before 75.4 8 6.1, after 54 8 3.1 nmol formazan /
mg protein) (fig. 2A). These data suggest that both treatments decreased the capacity of
blood to induce molecular damage. Because the incubation of recombinant human insulin
in blood from O1 subjects induced the formation of a polymer of insulin (fig. 1B, lanes 5 and
6), we investigated whether HD or HDMAE treatments could prevent these effects. Recombinant human insulin was incubated in blood from O1 subjects obtained after treatment,
and the electrophoretic pattern of the hormone was analyzed by electrophoresis. Fig. 2B
illustrates a representative polyacrylamide gel showing the electrophoretic pattern
obtained: lane 1 shows insulin incubated in blood from an O1 subject before treatment, and
lane 2 shows insulin incubated in blood from an O1 subject after treatments. A band of
approximately 6 kDa was present in all samples (insulin); however, the band of the polymer
of insulin (18 kDa) which was generated by blood samples from O1 subjects before treatment
(fig. 2B, lane 1), decreased or, in some cases, even vanished after incubation with blood
from O1 subjects after treatment (fig. 2B, lane 2). These results suggest that the decrease
in the biomarker values of oxidative stress in plasma is associated with a lower capacity of
plasma to generate molecular damage.
Discussion

Although much research has been conducted to investigate the relationship between
obesity and oxidative stress, most of the current obesity studies have not been aimed to
prevent systemic oxidative stress in obese patients. In the present study, our data demon-

19

Obes Facts 2012;5:12–22
© 2012 S. Karger GmbH, Freiburg
www.karger.com/ofa

DOI: 10.1159/000336526
Published online: March 2, 2012

Gutierrez-Lopez et al.: Strategy to Improve Oxidative Stress in Obese Patients

Carbonyl

A

p<0.002

4
3
2
1
0

75
60
45
30
15

B

0

90

Treatment
days

da
ys
A
E

H
D
M

A
E

0

90

da
ys

ys

group

H
D
M

90

H
D

H
D

0

E
A
D
M
H

da

da
ys

ys
90

da

da
y
0
A

D
M
H

H

D

E

90

0

da
ys

da
ys

s

0

D
H

p<0.003

90

p<0.02

nmol / mg protein

nmol osazone/
mg protein

5

Formazan

group

0

90

Insulin
polymer

Insulin
2

HD

1

1
2
HDMAE

Fig. 2. Insulin modifications after incubation in blood from obese subjects with HD and HDMAE treatments. A Lower values of carbonyl groups and formazan products were generated by blood from obese
patients after HD and HDMAE treatments (90 days). Data are expressed as means 8 SD and analyzed by
t parade (*p ! 0.003). B Coomassie blue-stained nondenaturing polyacrylamide (15 %) gel of insulins incubated in blood from an obese subject. Lanes 1, insulin incubated in blood from O1 patients. The arrow
indicates the insulin polymer (18 kDa). Lanes 2, insulin incubated in blood from an O1 patient after HD and
HDMAE treatments. Notice that the insulin polymer was decreased in both bloods; however, insulin
polymer generation was lower in blood from O1 patients treated with HDMAE.

strate that HD treatment (with 20% caloric restriction) helped obese patients to decrease
anthropometric parameter values and weight. Interestingly, the effects generated by HD
treatment were accompanied by a decrease in oxidative stress biomarkers in plasma, an
observation that supports earlier results showing an effect of diet and macronutrient intake
on oxidative stress and inflammation [10].
This observation has important implications, because lower oxidative damage to
proteins such as LDL-C and insulin or the prevention of pathologic processes in which
oxidative stress plays an important role (atherosclerosis) should be considered in managing
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obesity. It is important to mention that HD treatment generated important beneficial changes
in obese patients. However, the inclusion of exercise of moderate intensity in the treatment
induced an adaptation in the antioxidant capacity and in consequence a greater resistance
to oxidative damage [22, 23]. In this context, the data showed that the weight loss induced
by HD treatment had a significant effect on TBARS, which is one of the most frequently used
indicators of lipid peroxidation [24]. This result is in agreement with the finding of Crujeiras
et al. [25], who observed a marked decrease in malondialdehyde with HD in obese patients.
Because high levels of lipid peroxidation has been associated with a greater risk for developing heart diseases [26, 27], the reduction of TBARS levels in obese patients by HD treatment
would also be a significant advantage in the management of obesity.
Thus, in this study we provide evidence that HD treatment generates significant beneficial effects in obese patients with respect to loss of body weight and anthropometric
parameters. When combining HD treatment with regular moderate aerobic exercise
(HDMAE), an additional benefit with respect to oxidative stress resistance could be
achieved, resulting in a reduction of the blood’s ,capacity to induce a molecular damage,
which is in accordance with earlier reports that indicate that aerobic exercise of moderate
intensity generates an increasing resistance to oxidative stress [28, 29]. Thus, HDMAE
treatment (even after a short time period of 3 months) could generate a better level of
health in obese patients than HD alone. The weight loss observed with HDMAE treatment
was accompanied by a fat mass loss and a decrease in oxidative stress biomarkers, which
is associated with the lower capacity of the blood of these patients to induce molecular
damage. These findings are in line with those showing that excess fat is involved in the
generation of oxidative stress [30]. Even if it has been suggested that physical exercise
rather than an energy-restricted diet could be recommended as an essential method for
body weight reduction [31, 32], in this work we showed that the protective benefit generated
by HD treatment could be reinforced by regular moderate aerobic exercise. This benefit
could to be related to an induction of antioxidant enzymes. Although these enzymes were
not measured, elevation of enzyme activity might have occurred as has been reported by
de Lemos et al. [33] and Radák et al. [23]. This clearly shows that physical activity has
benefits for obese patients. On the other hand, there is some evidence that intensive workout
resulting in oxidative stress leads to skeletal muscle injury caused by the generation of
reactive oxygen species [34, 35]. Therefore, estimating the risk of oxidative stress induced
by exercise seems to be important for planning the intensity of physical activity in obese
patients. We therefore propose to check the oxidative stress resistance after a first 3-month
cycle of HDMAE prior to an enhancement in the intensity of exercise. As shown in this study,
such a short cycle of HDMAE results in an increase of the serum antioxidant capacity,
allowing a faster adaptation of obese patients to intensive exercise-induced oxidative
stress by attenuating the degree of change and by reducing the frequency of adverse effects
during the treatment. Moreover, in individuals who are particularly susceptible to exerciseinduced oxidative stress or in whom intensive exercise is not advisable because of a low
efficiency of their cardiovascular system and a high incidence of hypertension, this
treatment could be an alternative approach.
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