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Abstract. - OBJECTIVE: Obesity is a ma-
jor risk factor for developing a number of seri-
ous diseases, such as cardiometabolic chang-
es and cancer. An increase in adipose tissue
and a decrease in antioxidant capacity both con-
tribute to the etiopathogenesis of these comor-
bidities. The most effective method in the treat-
ment of morbid obesity is bariatric surgery. Lap-
aroscopic sleeve gastrectomy (LSG) is the most
preferred method in bariatric surgery today. In
this study, the potential improvement effect of
laparoscopic sleeve gastrectomy (LSG) surgery
in the restoration of weight loss and endocrine
and tissue-based deterioration was obtained by
evaluating changes in oxidative stress, antioxi-
dant agents, and lipid oxidation levels.

PATIENTS AND METHODS: Fifty patients
who had LSG surgery were chosen, along with
50 healthy volunteers who were the same age
and gender as these patients. Serum total antiox-
idant capacity measurement, total oxidant capac-
ity measurement, malondialdehyde (MDA) for the
measurement of lipid peroxidation degree, and
superoxide dismutase (SOD) and glutathione per-
oxidase (GPx) levels for the measurement of an-
tioxidant levels were measured colorimetrically
with the help of a commercial kit.

RESULTS: Oxidative stress indices, MDA lev-
els, and GPx levels of patients with morbid obe-
sity treated with LSG were observed to decrease
significantly compared to the preoperative peri-
od, while no significant changes were observed
in SOD levels.

CONCLUSIONS: In patients with morbidly
obese conditions, the weight control achieved
by sleeve gastrectomy, which is a restrictive
method and thus causes a decrease in adipose
tissue, causes a decrease in oxidative stress
and an increase in the antioxidant response.
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Introduction

Obesity is one of the most important health
problems of the 21% century. According to the
World Health Organization', 1.9 billion adults
worldwide are considered overweight, and more
than 650 million adults are obese. It is predicted
that by 2030, 2.16 billion people (38%) will be
considered overweight, and 1.12 billion (10%)
will be obese.

Obesity is an important risk factor for the de-
velopment of many serious diseases, including
cardiometabolic changes and cancer. Among
these pathologies, 44% of diabetes, 23% of
ischemic heart disease, 7-41% of cancers, and
metabolic syndrome are counted as clinical
complications of obesity. Treatment of obesity
is more expensive and time-consuming than
expected or desired, especially for patients with
morbid obesity (BMI>40%). Bariatric surgery
is offered as the treatment of choice because of
its long-lasting outcome and low risk. For this
purpose, different surgical techniques showing
different efficacy have been developed?. De-
spite diet and exercise, individuals with a BMI
of 40 kg/m? or a BMI of 35 kg/m? and those
with comorbidities (such as diabetes, hyperten-
sion, dyslipidemia, cardiovascular disease, and
respiratory diseases) can be treated with bariat-
ric surgery’. Laparoscopic sleeve gastrectomy
(LSG) is the most frequently preferred surgical
method today*.

There are some mechanisms to prevent cellu-
lar damage caused by oxidant molecules in the
body. Antioxidants are substances that prevent
the formation of free radicals, metabolize free
radicals, or increase the scavenging of free
radicals to prevent the oxidation of substances
that can be oxidized, such as proteins, lipids,



S. Simsek, B. Er Urganci, S. Yilmaz, M.R. Aykota, T. Sari, I. Acikbag

carbohydrates, and DNA in living cells. Nor-
mally, there is a balance between oxidants and
antioxidants in our body, and it has a complex
antioxidant system that fights endogenous or
exogenous free radicals and related oxidative
stress’. Antioxidants are divided into endoge-
nous (enzymes and non-enzymes) and exoge-
nous (external) sources. Antioxidants, which
are endogenous enzymes, include superoxide
dismutase (SOD), glutathione peroxidase (GPx),
catalase (CAT), glutathione transferase (GST),
glutathione reductase, and the mitochondrial
oxidase system®. There are various studies®®
explaining the increase in oxidative stress ob-
served in people with obesity. Abnormal for-
mation of free oxygen radicals after meals, and
changes in lipid and glucose metabolism are
among the factors that play a role in the increase
in oxidative stress’.

In plasma, antioxidants interact with one an-
other. In general, these compounds function as
synergists. As a result of this interaction, the total
antioxidant capacity is enhanced beyond the sum
of the effects of the individual components. A de-
crease in one antioxidant can be compensated for
by an increase in the other. Therefore, the mea-
surement of total antioxidant capacity provides
more valuable information than the measurement
of individual antioxidants®. In cases where the
total oxidant capacity (TOS) exceeds the total
antioxidant capacity (TAS), oxidative stress and
tissue damage develop.

Oxidative stress caused by ROS (reactive
oxygen species) is one of the most important
causes of a wide range of diseases because
it changes metabolic homeostasis and con-
trols cell growth and differentiation. So, the
production of antioxidants to keep ROS from
building up too much in cells and tissues has
been linked to several diseases, such as car-
diovascular disease and/or related metabolic
disorders like dyslipidemia, diabetes, metabol-
ic syndrome, and inflammatory processes. In
many studies on obesity and oxidative stress,
it has been found that the ratio of body fat to
body mass index and the body mass index both
go up with obesity”.

In this study, we investigated the possible
improvement effect of laparoscopic sleeve gas-
trectomy (LSG) operations in the correction of
weight loss and endocrine and tissue-based dete-
rioration by determining the changes in oxidative
stress, antioxidant products, and lipid peroxida-
tion levels on a cellular basis.
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Patients and Methods

Sample Collection

This study was approved by the University
Non-Invasive Clinical Research Committee un-
der the number E-60116787-020-44670. In our
study, we compared 50 LSG patients with the
inclusion criteria of being between the ages of
18-65 and having a BMI between 35-45, with 50
healthy volunteers of the same age and gender
who also did not have a comorbid disease. All pa-
tients and volunteers signed an informed consent
to participate in this study. About 5-10 ml of pe-
ripheral vein blood was taken from patients who
had LSG surgery before and 1 year after surgery
and put into yellow-capped biochemistry tubes
(BD, New Jersey, USA).

Serum Yield

To get the serum, blood from the patients and
the control group was put in a biochemistry tube
(BD, New Jersey, USA) and spun at 2,500 rpm
for 10 minutes at +4°C. The obtained serums
were stored at -80°C until the completion of the
working samples.

Determination of TOS Levels
A commercial kit (Relassay, Gaziantep, Tur-

key) was used to determine the total oxidant

capacity. The manufacturer’s kit contains three
chemicals: buffer, prochromogen, and standard.

Basic steps:

1. 200 pl of buffer were added to each well of the
96-well plates.

2. Afterwards, 30 ul of the serum sample was
added to it, and 30 pl of the standard was add-
ed to the other well. After 30 seconds, it was
read at a wavelength of 660 nm with the help of
an Eliza reader (Biotek, Vermont, ABD) (first
reading: Al).

3. After reading, 10 pl of prochromogen was
added to the mixture and mixed, and after 5
minutes, it was read again with Eliza plate
reader at 660 nm wavelength (second reading:
A2).

4. Then, using the first and second reading val-
ues (Al and A2) obtained, the calculation was
made in the Excel program according to the
formulation determined by the manufacturer,
and the TOS value was found.

5. The calculation is as follows: A2-A1= standard
and sample (serum) AAbs Result = (AAbs
Sample)/(AAbs Standard) * Standard Concen-
tration.
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Determination of TAS Levels
A commercial kit (Relassay, Gaziantep, Tur-

key) was used to determine the total antioxidant

capacity. The kit contains three chemicals: buffer,
prochromogen and standard. Basic steps:

1. 200 pl of buffer was added to each well of the
96-well plates.

2. Afterwards, 12 pl of serum sample was added
to it, and 12 pl of standard was added to the
other well. In addition, molecular-grade water
(H,O) was added to three wells. After 30 sec-
onds, it was read at a wavelength of 660 nm
with the help of an Eliza reader (first reading:
Al).

3. After reading, 30 pl of prochromogen was
added to the mixture and mixed, and after 5
minutes, it was read again with the Eliza Plate
reader at 660 nm wavelength (second reading:
A2).

4. Then, using the first and second reading val-
ues (Al and A2) obtained, the calculation was
made in the Excel program according to the
formulation determined by the manufacturer,
and the TAS value was found.

5. The calculation is as follows: A2-Al=standard
and sample (serum) AAbs Result = (AAbs
H20) — (AAbs Sample) / (AAbs H20) — (AAbs
standard)

In addition, the oxidative stress index was
determined using the formula “OSI = TOS/

TAS*1/10”.

Measurement of MDA, SOD,
and GPx Levels

MDA for the measurement of lipid peroxida-
tion degree and SOD and GPx levels for the mea-
surement of antioxidant levels were measured
colorimetrically with the help of a commercial kit
(BT Lab, Shangai, China).

In this system based on the biotin dou-
ble antibody (sandwich) principle, the wells
are coated with specific antibodies. Standards
were prepared as serial dilutions of 1/2, 1/4,
1/8, 1/16, and 1/32 from the 1x stock standard,
respectively. 50 pl of standard and 50 pl of
streptavidin-HRP were added to the standard

well. 40 ul of sample + 10 ul of antibody +
50 pl of streptavidin-HRP were added to the
sample wells. After 60 minutes of incubation at
37°C, washing was performed with the wash-
ing solution. First, 50 pl of chromogen solution
A and 50 pl of chromogen solution B were add-
ed to the wells, respectively. After 10 minutes
of incubation at 37°C in the dark, 50 ul of stop
solution was added (blue color turned yellow).
The color change and absorbances were deter-
mined at 450 nm wavelength.

Statistical Analysis

According to the power analysis we have done,
it has been calculated that 80% power can be
reached at the 95% confidence level when at least
41 patients are included in the study. Since com-
parisons were planned with the control group, the
patient group was included in the same way as the
number of people.

The data were analyzed with the SPSS 25.0
package program (IBM Corp., Armonk, NY,
USA). Continuous variables are given as mean
+ standard deviation, and categorical variables
as numbers and percentages. The relationships
between continuous variables were examined
with Spearman’s correlation analyses, and the
differences between categorical variables were
examined with the Chi-square analysis. p<0.05
was considered significant.

Results

When the oxidative stress index results be-
tween the groups were examined, it was observed
that the stress indexes of the patients decreased
significantly at the 1% year after bariatric surgery
(p=0.0081). No significant difference was ob-
served between the control group and the LSG
surgery group (p>0.05) (Table I).

When the MDA levels between the groups
were examined, it was observed that the MDA
levels of the patients decreased significantly in
the control after the 1% year from the bariatric

Table I. Oxidative stress indices of preoperative, postoperative 1st year follow-up and control groups.

Group Mean Standard deviation Standard error P
Preoperative 0.3891 0.2653 0.03829 >0.05
Postoperative 1 year 0.2827 0.09314 0.01344 0.0081
Control 0.3188 0.1001 0.0143
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Table Il. MDA levels of the preoperative, postoperative 1st year follow-up and control groups.

Group Mean Standard deviation Standard error P
Preoperative 6.32 nmol/ml 4.099 0.6044 <0.001
Postoperative 1 year 1.712 nmol/ml 0.825 0.1273 <0.001
Control 8.286 nmol/ml 5.177 0.7717

surgery (p<0.0001). A significant difference was
observed between the control group and the LSG
surgery group (p<0.001) (Table II).

When the SOD levels between the groups were
examined, there was no significant difference in
the SOD levels of the patients in the 1*-year con-
trol after bariatric surgery (p=0.873). A signifi-
cant difference was observed between the control
group and the LSG surgery group (p<0.001)
(Table I1I).

Considering the GPx levels between the
groups, a significant difference was observed
in the GPx levels of the patients after 1 year
from the bariatric surgery (p<0.001). While
a significant difference was observed between
the control group and the preoperative GPx
levels (p<0.001), no significant difference was
observed in the postoperative 1%-year control
(p=0.6996) (Table 1V).

Discussion

In this study, patients with morbid obesity who
were treated with LSG had significantly lower
oxidative stress indexes, MDA levels, and GPx
levels compared to before the surgery. However,

SOD levels did not change in a significant way.

Obesity is one of the most important risk fac-
tors for systemic diseases like type 2 diabetes,
coronary heart disease, and liver diseases®. This
is shown by the chronic inflammatory process
that happens when there is more fat tissue, more
oxidative stress, and less antioxidant capacity. In
many ways, obesity causes the body’s oxidative
load to rise, which makes antioxidant capacity
less effective. Changing the balance between ox-
idative stress and antioxidant capacity in favor of
the antioxidant system greatly reduces the risk of
hyperlipidemia, diabetes, cardiovascular disease,
and inflammatory diseases, which are all parts
of the metabolic syndrome. Reducing fat mass in
patients undergoing surgery improves not only
their appearance but also their metabolism’.

The main energy source in the body is white
adipose tissue. White adipose tissue is a storage
form, but the main mechanism controlling food
intake is the hormone leptin secreted from ad-
ipocytes. White adipose tissue cells enlarge as
a result of consuming an excessive number of
calories. The increase in adipocyte size serves as
a depot, with the formation of approximately 10%
of new adipocytes annually'. The increase in size
of adipocytes is characterized by an increase in

Table IlI. SOD levels of the preoperative, postoperative 1st year follow-up and control groups.

Group Mean Standard deviation Standard error P
Preoperative 85.5 pg/ml 15.85 2.445 <0.001
Postoperative 1 year 68.18 pg/ml 18.41 2.841 0.873
Control 389.6 pg/ml 260.2 36.8

Table IV. GPx levels of the preoperative, postoperative 1st year follow-up and control groups.

Group Mean Standard deviation Standard error P
Preoperative 92.52 pU/ml 3.669 0.573 <0.001
Postoperative 1 year 66.44 nU/ml 18.2 2.573 0.6996
Control 69.04 pU/ml 19.65 2.778
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inflammatory cell infiltration". Parameters such
as excessive fat accumulation, increased cellular
stress, metabolic dysfunction, inflammation, and
hypoxia increase the oxidative load'. Chronic
inflammation plays an important role in the de-
velopment of obesity-related metabolic complica-
tions by impairing microvascular structures and
vascular endothelial function in connection with
insulin resistance'®. Visceral fat deposition carries
a greater risk than subcutaneous fat deposition for
metabolic syndrome and insulin resistance be-
cause proinflammatory cytokines and mediators
accumulate more in visceral adipose tissue'.
Oxidative stress is the most important un-
derlying cause of changes in the body in the
case of chronic obesity". Patients who are obese
have dysfunctional adipose tissue because they
make too many proinflammatory cytokines. This
is because there is a link between oxidative
stress and systemic inflammation. In many clin-
ical studies!®, the end products of free radicals
like malondialdehyde, lipid hydroxyperoxidase,
F2-isoprostanese, and other biomarker measure-
ments have shown that there is a positive cor-
relation between obesity and oxidative stress. In
some studies'®, it has been reported that there is a
positive correlation between free radicals formed
because of oxidative stress and BMI. On the con-
trary, there is an opposite relationship between
body fat and antioxidant capacity. As a matter
of fact, studies'” have reported that reducing the
amount of reactive oxygen species (ROS) im-
proves steatohepatitis, dyslipidemia, and insulin
resistance. Hypertrophic adipocytes, especially
adipokine products, are the main source of ROS
that impair white adipose tissue function'®. Some
studies” have reported that the increase in ROS
causes the development of mitochondrial dys-
function and insulin resistance in relation to obe-
sity. The high amount of ROS in adipocytes sup-
presses the anti-inflammatory, anti-atherogenic,
and insulin-sensitivity properties of adiponectin.
Therefore, it is understood that there is an inverse
relationship between oxidative stress and adi-
ponectin. Increased ROS levels in adipocytes re-
sult in increased proinflammatory cytokine (IL-
6, PAI-1), macrophage chemoattractant factor-1
(MCP-1) levels, and decreased adiponectin levels.
Increased adipose tissue causes obesity to prog-
ress to metabolic syndrome via M1 macrophage
and T cell accumulation, as well as proinflam-
matory cytokines such as IL-1, TNF-, IL-17, and
IL-6. Pro-inflammatory immune cells formed by
lymphocytes, monocytes, macrophages, and nat-

ural killer cells with an increase in adipose tissue
cause permanent and low-grade inflammation in
patients with obesity?’.

Furukawa et al* analyzed lipid peroxidation
and H,0O, production in adipose tissue in CCF
mice with obesity to determine whether obesi-
ty-related oxidative stress is reduced. They re-
ported that lipid peroxidation and H,O, produc-
tion were specifically increased in white adipose
tissue, but not in the liver, muscle, or aorta.
Aminooxidases, which are expressed as the main
source of H,O, in adlpose tissue, are not thought
to be very effective in the development of mi-
tochondrial dysfunction and insulin resistance
because their activities in white adipose tissue are
very limited in individuals with obesity. While
hydrogen peroxide inhibits lipolysis, it plays a
role in insulin resistance by increasing lipid syn-
thesis, glucose uptake, and glucose transport to
the tissues.

The antioxidant system keeps free radicals
from doing damage by using enzymes like super-
oxide dismutase (SOD), glutathione peroxidase
(GPX), glutathione S-transferase (GST-A4), and
catalase to get rid of ROS*. Curtis et al*® wrote
in a study that GST-A4 makes patients who are
overweight less resistant to insulin. Carotenoids,
antioxidants, and fat-soluble vitamins (like vita-
mins A, C, and E) are all stored in adipose tissue.
Patients who are overweight have lower levels of
glutathione, TAS, and lipophilic vitamins. On
the other hand, they have higher levels of LDL
and VLDL lipoproteins. It has been said** that
lipid peroxidation is the cause of atherosclerosis
in overweight patients who do not have diabetes.

In the study by Cabrera®, in which the changes
in oxidative stress after Roux-en-Y gastric by-
pass surgery (RYGB) were examined, oxidation
markers in individuals with obesity were higher
than those in the control group, and antioxidant
defense indexes were lower. Although there was
a significant decrease in oxidation markers 12
months after RYGB, they were still higher than
the control group. A higher antioxidant defense
was also observed in association with the de-
crease in inflammatory markers after surgery.
These findings support the view that adipose tis-
sue is a potential treatment target for the control
and prevention of obesity-related pathologies.

According to Peng and Murr*, RYGB may
have a different effect on oxidative stress and to-
tal antioxidant capacity on metabolic activities in
the liver than restrictive surgeries alone.

Catoi?’ reported that while there was an in-
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crease in NO level and a decrease in total antiox-
idant response in the 6™ postoperative month in
patients who underwent vertical band gastroplas-
ty, at the end of the first year, there was a decrease
in NO level and an increase in total antioxidant
response.

Bawahab®® reported that plasma activities of
antioxidant markers are high in morbidly obese
individuals and that the presence of chronic in-
flammation and oxidative stress in obesity will
result in an increase in superoxide radicals and a
decrease in SOD activity as an adaptive response.
In the study, the weight loss achieved by sleeve
gastrectomy decreased the stimulating effect on
SOD, GPx, GST, and vitamin C by inhibiting the
production of ROS.

In our study, we showed that sleeve gastrec-
tomy, which is a restrictive method, reduced the
oxidative stress index and GPx levels in morbidly
obese individuals at the end of the 1* year.

Antioxidant molecules that contribute to the
scavenging process of free oxygen radicals in
plasma can be endogenous (such as uric acid,
albumin, and thiol compounds) or exogenous
(such as ascorbic acid and vitamin E). Therefore,
consumption of foods rich in antioxidants (olive
oil, vegetables, fruits, tea, wine, etc.) may cause
an increase in plasma antioxidant capacity. The
sum of endogenous and exogenous antioxidant
compounds constitutes the total antioxidant ac-
tivity in the extracellular fluid. Plasma levels of
antioxidants may decrease due to their consump-
tion during acute oxidative stress. Cooperation
between different antioxidants provides stronger
protection against attack by ROS than a single
compound. Therefore, TAS may provide more
useful biological information than the measure-
ment of each individual antioxidant parameter to
evaluate the cumulative effect of all antioxidants
in plasma and body fluids®.

Conclusions

In this study, we aimed to determine the oxi-
dative stress indices by evaluating the TOS and
TAS, as well as measuring the compounds with
oxidative and antioxidant properties separately
to measure the antioxidant system and oxidative
stress.

As aresult, in individuals with morbid obesity,
weight control achieved by sleeve gastrectomy,
which is a restrictive method and thus causes a
decrease in adipose tissue, causes a decrease in
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oxidative stress, and an increase in the antiox-
idant response. The increase in antioxidant re-
sponse is likely to be due to decreased consump-
tion of antioxidant compounds due to reduced
oxidative stress.
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