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BARIATRIC SURGERY
STRESS MARKERS

IMPACT UPON OXIDATIVE

Obesity is characterized by excessive fat accumulation,
disruption of redox homeostasis, and metabolic changes that are
often associated with self-catalyzed lipid peroxidation, which
generates 4-hydroxynonenal, a pluripotent bioactive product of
polyunsaturated fat peroxidation, and acids. Bariatric surgery leads
to restoration of redox balance and improvement of body
metabolism.

Aim. The primary objective was to assess the impact of
laparoscopic sleeve gastrectomy, laparoscopic gastropliction,
bariatric artery embolization on changes in redox balance in patients
with metabolic syndrome.

Materials and Methods. The work is based on the materials of
clinical examination and surgical treatment of 44 patients with
metabolic syndrome (MS): 17 men and 27 women aged 47 + 6.75
years with a body mass index > 40 kg/m?. The control group included
12 people without manifestations of metabolic syndrome. Plasma
levels of MDA, ox-LDL, TAA, catalase, total content of nitrates and
nitrites were measured before and after (in 1, 3, 6 months) bariatric
surgery  (laparoscopic  sleeve  gastrectomy, laparoscopic
gastropliction, bariatric artery embolization).

Results. We have established a tendency towards intensification
of lipoperoxidation processes and reduction of protective resources
of antioxidant protection. The indicators of the content of TBC-
active products in the serum of MS patients were significantly higher
(p <0.001). The indicators of TAA activity were significantly lower
(by 1.6 times) in patients with MS compared to controls (p < 0.001).
However, catalase activity increased in our study. Thus, we found a
2.3-fold increase in catalase activity in MS patients compared to
controls. The level of TBC-active products (MDA) increased
significantly in patients with metabolic syndrome — by 1.64 times.
After the bariatric interventions, we recorded a significant decrease
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in the content of MDA — the main marker that characterizes the
activation of LPO, but this indicator did not reach the level of the
control group after all three types of surgical intervention (LSG,
LGP, BAE).

Conclusions. Bariatric surgery reduces the intensity of lipid
peroxidation, nitrooxidative stress, which prevents underoxidized
decay products from entering the bloodstream. However, the state
and activity of the blood antioxidant system does not always
objectively reflect changes in organs and systems.

Keywords: metabolic syndrome, bariatric surgery, oxidative
stress, lipid peroxidation, malondialdehyde.

Corresponding author: Volodymyr Dzhyvak, I. Horbachevsky Ternopil National Medical University, Ternopil,

Ukraine
e-mail: djyvak@tdmu.edu.ua

PE3IOME

Amnppiii Ilponan
https://orcid.org/0000-0002-6052-192X
Tepuoninbcokuil HAYIOHATLHUL

MeOuyHuUll YHisepcumem imeni
1 A. I'opbauescvkoco MO3 Vkpainu

BoJsoaumup Jd:xxuBak
https://orcid.org/0000-0002-4885-7586

TeproninvcoKkuii HAYiOHATLHULL
MeOuuHull yHigepcumem imeni
1L A I'opbauescoroco MO3 Ykpainu

BILIMB BAPIATPUYHOI XIPYPI'II HA MAPKEPH
OKCHUJATHUBHOI'O CTPECY

O’xupiHHA XapaKTepU3y€eThCS HaAMIPHIM HAKOITHUCHHSM XHPY,
MOPYIICHHAM  OKHCIIOBAJbHO-BITHOBHOTO  TOMEOCTa3y  Ta
MeTa0O0IYHUMH 3MiHAMHU, SIK1 YaCTO MOB's3aH1 3 CAMOKATaJIi130BaHUM
MIePEKUCHUM OKHUCJICHHSIM JMiaiB, o reHepye
4-TiIpOKCUHOHEHANIBHI, IUTIOPUIIOTEHTHI  OIOJIOriYHO  aKTHBHI
MPOAYKTH TMEPEKUCHOTO OKUCHECHHS TMOJIIHCHACUYCHUX JKUPIB,
kucnotd. bapiarpuuna Xipypris NpHU3BOAWTH JIO BiJHOBIICHHS
OKHMCHO-BITHOBHOTO 0ajlaHCy Ta MOKPAICHHS METa00i3My BChOTO
OpraHi3my.

MeTta. OCHOBHOIO METOIO OYJIO OLIIHUTH BIUIUB JIATTAPOCKOMIYHOT
PYKaBHOT  TacTpEKTOMii,  JAamapoCKOMIYHOI  TacTPOILTIKAIil,
OapiatpuuHOi emOomizamii JiBOI NUTYHKOBOi apTepii Ha 3MiHH
OKHCHO-BITHOBHOTO OalaHCy y TMAIliEHTIB 3 MEeTaOoIIYHUM
CHHIPOMOM.

Martepianu i MeToau. B ocHOBY po0OOTH MOK/IaICHO MaTepianu
KJTIHIYHOTO 0OCTEXEHHS Ta XipypriuHOro JIikyBaHHs 44 TalieHTIB 3
meraboniuauM cuagpoMoM (MC): 17 yosoBikiB Ta 27 KiHOK BIKOM
47+6,75 pokiB 3 iHneKcoM MacH Tina > 40 kr/mM2. KoHTpossHy rpyty
cknanu 12 oci6 6e3 mnposiBiB MeraboniyHoro cunapomy. Ilnazmosi
piai MJIA, OX-JIITHI, TBK-akTHBHHX MpPOAYKTIB, KaTalla3H,
3araJlbHUIA BMICT HITPATIB 1 HITPUTIB BU3HAYAIH 10 1 micis (depes 1,
3, 6 micamiB) OapiaTpHYHHX OIepariii (JamapocKommiyHa pyKaBHA
racTPEKTOMIsl, pyKaBHa Pe3eKIis IUTyHKa.

Pe3yabraTtn Ta ix o6rosopenHsi. BcraHoBineHO TeHIEHIIIO 10
iHTeHCU(iKaIlii MPOIeCiB MMONePOKCHUIAITIT Ta 3HIKEHHS 3aXHUCHUX
pecypciB aHTHOKCHJIAHTHOTO 3aXHCTY. BCTaHOBJIEHO CTATHCTHYHO
JOCTOBIPHO BHII MOKa3HUKH BMicTy TBK-akTHBHHX MpPOAYKTIB y
cupoBatiii kpoBi xBopux Ha PC (p<0,001). V xBopux nHa PC
3a(iKCOBAaHO CTATUCTHYHO [OCTOBIPHO HIDKYI MOKa3sHUKH (B 1,6
pasa) axtuBHOCcTi TBK-akTMBHHMX NpOIYKTIB TOpIBHSAHO 3
koHTposieM (p < 0,001). Ilpore akTHUBHICTH KaTaja3W B HaIIOMY
JOCHIJKeHH] 3pocTana. Tak, MU BUSBIIIH MiIBHIICHHS aKTHBHOCTI
Katanasu B 2,3 pasu y xBopux Ha PC TOpIBHSHO 3 KOHTpOJIEM.

454


mailto:djyvak@tdmu.edu.ua
mailto:djyvak@tdmu.edu.ua
https://orcid.org/0000-0002-6052-192X
https://orcid.org/0000-0002-4885-7586

PiBenp THK-aktuBHUX nponykTiB (MJIA) CTAaTUCTHIHO JOCTOBIPHO
iABHIYBaBCA Y MAII€HTIB 3 METAO0ONIYHUM CHHApPOMOM — B 1,64
pasu. Ilicns GapiaTpuyHEX BTpy4aHb MU 3a(iKCyBaJH TOCTOBIpHE
3HIKECHHS BMicTy MJIA — OCHOBHOTO Mapkepa, IO XapaKTepH3ye
axtuariro [1OJ], ane 1eli MOKa3HUK HE TOCATAB PiBHSI KOHTPOJBHOT
IPYI MAaLi€HTIB MicIs BCIX TPHOX BHIIB ONEPATUBHOTO BTPYYaHHS
(JILLT, JIT'TI, BAE).

BucnoBku. bapiaTpuuni omepauii 3HIKYIOTb IHTEHCHBHICTB
MIEPEKHCHOTO OKHMCJIEHHS JIIMiIiB, HITPDOOKCHUIAHTHOTO CTpeEcCy, IO
3arobirae HAJXOPKEHHIO HEJIOOKHCICHUX IPOAYKTIB PO3Many B
KpoBOTiK. OmHaK CTaH i aKTHBHICTh AHTHOKCHIAHTHOI CHCTEMH
KpOBI HE 3aBXKAM OO'€KTHBHO BimoOpakae 3MIHM B OpraHax i
cCHCTEMaXx.

KarouoBi cjoBa: wmerabomiyHmid cuHApOM, OapiaTpudHa
XIpyprisi, OKCHAATHBHUI CTpeC, NEpPeKHCHEe OKHMCHEHHS JIMmifiB,
MAaJIOHOBUM THAJIbIUTI.

Aemop, eionosioanvuuni 3a aucmyeanusn: Bonooumup Jicusax, TepHOninbcoKuli HAYIOHANLHUL MEOUYHUL

yuieepcumem imeni 1. . ['opbauescvroco MO3 Ykpainu
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INTRODUCTION / BCTYII

Obesity is characterized by excessive fat
accumulation, disruption of redox homeostasis and
metabolic changes, which are often associated with
self-catalyzed lipid peroxidation [15, 16]. Since
adipose tissue is known as a stress organ with a
pronounced endocrine function, the cascade of
pathological processes leading to adipose tissue
dysfunction begins with the accumulation of fat,
followed by changes in cellular composition, an
increase in the number of infiltrated inflammatory
cells, and an increase in the volume of adipocytes.
The above leads to an increase in the secretion of
pro-inflammatory, atherogenic and diabetogenic
adipokines [11], as well as reactive oxygen species
[6]. On the other hand, antioxidant defense
mechanisms help maintain a healthy level of reactive
oxygen species.

Surgery leads to restoration of redox balance and
improvement of whole body metabolism [4, 5].
Thus, the source of bioactive lipids and fat-soluble
antioxidants, as well as the complex
pathophysiology of lipid peroxidation, should be
considered from the perspective of personalized and
integrative biomedicine for the appropriate treatment
of obesity.

OBJECTIVE

The primary objective was to assess the impact
of laparoscopic sleeve gastrectomy, laparoscopic
gastropliction, bariatric artery embolization on
changes in redox balance in patients with metabolic
syndrome.

MATERIALS AND METHODS

The work is based on the materials of clinical
examination and surgical treatment of 44 patients
with metabolic syndrome (MS): 17 men and 27
women aged 47+6.75 years with a body mass index
> 40 kg/m2. The control group included 12 people
without manifestations of metabolic syndrome.

Blood samples taken for the study were obtained
after patients fasted the night before the study.
Plasma levels of glycated hemoglobin (HbAlc),
glycaemia, as well as total cholesterol, low- and
high-density lipoproteins (LDL, HDL), and
triglycerides were measured using commercial kits
(Roche Diagnostics) using Hitachi automatic
analyzer. The insulin resistance index was calculated
by the Caro method as the value of the ratio of
glucose to insulin measured in the subjects on an
empty stomach.

Malondialdehyde (MDA) was measured using a
TBARS assay kit (Cayman Chemical Company,
Ann Arbor, MI, USA) for assaying lipid
peroxidation in plasma.

For measuring the plasma levels of leptin, ghrelin
general, adiponectin, oxidized low-density
lipoprotein cholesterol (Ox-LDL), resistin 10 ml of
blood was collected in vacuum tubes. The samples
were then kept at room temperature for 30 minutes
and then centrifuged at 1670 g for 10 minutes.
Isolated serum samples were stored in a freezer at
—20°C.

The total antioxidant activity of blood serum
(TAA) was determined by the method based on the
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degree of inhibition of ascorbate-iron-induced
oxidation of tween-80 to MDA and expressed as %
inhibition of formation.

Catalase activity (CT) was assessed by the ability
of hydrogen peroxide to form a stable colored
complex with ammonium molybdate. Blood serum
was tested. Catalase activity was determined by the
photospectrometric method and expressed in pcat/l.

The total content of nitrates and nitrites was
determined by the Griess method after the reduction
of nitrates to nitrites with the help of cadmium.
Calculations were performed according to the
calibration schedule, using sodium nitrite as a
standard. The content of nitrates and nitrites was
expressed in mmol/l of blood serum.

Bariatric ~ surgery:  laparoscopic  sleeve
gastrectomy (LSG), laparoscopic gastropliction
(LGP), bariatric artery embolization (BAE) were
performed according to the methods [10].

LSG — after treating the surgical field with 10%
betadine solution, a carboxyperitoneum of 15-
17 mm Hg was created in the abdominal cavity, the
esophagocaridal junction was crossed, the left
pedicle of the diaphragm was isolated, and the
stomach floor was partially mobilised using
LigaSure. After identifying the pylorus, short vessels
are transected 6-8 cm up the great curvature of the
stomach to the left pedicle of the diaphragm and the
stomach is mobilised. A probe (34 Fr) is inserted into
the stomach and gradually, by applying cassettes
(Endo GIA stapler, 45 and 60 mm long, 4.8 mm
staples), a tubular stomach with a volume of up to
120-150 ml is formed. An invasive seromuscular
suture was placed from the cardiac to the astral
stomach using monofilament (V-Loc).

LGP — after treatment of the surgical field with
10% betadine solution, a carboxypneumoperitoneum
was created at the level of 15 mmHg. The lig.
gastrocolica was opened using high-energy devices.
Mobilisation of the great curvature of the stomach
was performed in the direction of the oesophagus
until the left pedicle of the diaphragm was
visualised. Next, the mobilisation of the large
curvature of the stomach was performed in the
direction of the duodenum, not reaching 2-3 cm to
the pylorus. During the mobilisation of the large
curvature of the stomach, special attention was paid
to the disconnection of the gastro-splenic ligament.
After mobilisation of the gastric curvature, VLock
2.0 (Covidien) suture was inserted into the
abdominal cavity using a 1/2-gauge barbed needle,
size 26. The first suture was placed 2—-3 cm proximal

to the pyloric veins. In the gap between the pylorus
and the corner of the stomach, the sutures were
placed inverted, capturing the posterior and anterior
stomach walls with one stitch and a separate stitch.
After passing the corner of the stomach, sutures were
placed on the anterior and posterior surfaces of the
stomach, capturing each wall with 2 or 3 stitches.
Thus, the stomach wall from the side of high
curvature is corrugated and pulled to the low
curvature of the stomach, preventing the creation of
excess tissue in the area of its bottom. The second
row of sutures is applied by grabbing the anterior and
posterior walls of the stomach with a single stitch. If
necessary, a third row of sutures was performed in
certain areas of the stomach. After that, the gastric
lumen was reduced to 100-150 ml.

BAE — CT angiography was used to exclude
vascular anomalies before embolisation. The
intervention was performed through a transfemoral
approach using a 5 F guidewire catheter. After that,
digital subtraction imaging of the celiac disease was
performed. The microcatheter was inserted into the
target artery, and selective embolisation of the left
gastric artery was performed with a high-flow
microcatheter. Embolisation of one or more arteries
was performed with spherical emboli of 300-
500 mm in size (Embosphere (Merit Medical), until
angiographic symptoms of "stasis" appeared. A
perfusion study was performed to confirm the
effectiveness of embolisation. After the intervention,
patients were prescribed a proton pump inhibitor for
6 weeks after the intervention. Patients underwent
mandatory endoscopy of the stomach and duodenum
at 1 and 3 months.

Statistical processing of the obtained research
data was processed using the software Excel
(“Microsoft”, USA) and Statistica.10.1 (Statsoft,
USA) with variation and correlation analysis. Data
are expressed as mean + S.D. p-value <0.05 signified
statistical significance.

Results and discussion. It has been reported that
hyperlipidaemia increases oxidative damage,
contributing to the development of insulin
resistance, altered endothelial dysfunction and
energy metabolism [9]. Oxidative and nitrosative
stress and, as a result, lipid peroxidation play a
crucial role in the development of MS (Table 1).

The existence of an imbalance between
antioxidant defence mechanisms such as CAT and
SOD enzymes and the production of ROS increases
the risk of oxidative stress establishment [8].




Table 1 — Indicators of the prooxidant-antioxidant system in patients with metabolic syndrome

Parameters Obese patients (n=44) ((:rc:;rz(;l p
BMI, kg/m? 41,52 +6,78 20,89 + 2,06 p=0.0052
Glucose, mmol/l 8,56 + 0,54 5,58 £ 0,37 p<0,001
HbAlc, % 7,84+0,42 5,43 £0,25 p<0,001
Insulin, pU/ml 24,56 +£ 4,56 8,61 £2,78 p=0.0042
Caro index 0,24 + 0,04 0,64 +0,03 p<0,001
MDA, uM 6,92 +£0,41 421+0,35 p<0,001
ox-LDL, U/l 105,41 + 2,78 70,34 + 1,89 p<0,001
Total cholesterol, mmol/I 6,21 +1,43 5,83+1,12 p=0.8350
LDL, mmol/l 3,68+ 1,04 3,47 + 1,09 p=0.8896
HDL, mmol/l 1,18+0,42 1,42 + 0,89 p=0.8082
Triglycerides, mmol/l 1,76 £ 0,64 1,54+ 0,75 p=0.8242
Atherogenic index 4,78+ 134 3,21 +£1,27 p=0.3989
TAA % formation inhibition 48,65 + 2,36 75,43 £ 3,39 p<0,001
Catalase, mkat/l 2,03+0,78 0,88 £ 0,34 p=0.1822
NOy, mmol/l 8,87 £ 1,66 4,08 £0,49 p=0.0077

Vavrova, L. implicated an increased oxidative
stress in MS and a decreased antioxidative defense
that correlated with some laboratory (triglycerides,
high-density lipoprotein cholesterol (HDL-C)) [12]
Despite the evidence highlighting activation of NO,
in MS-related disease its biological activities are in
general downregulated due to a dysfunction of the
radical metabolism and availability. As reported
above, the activation of NOXs measured in the MS-
related diseases could lead to increased ROS
production [14].

We have established a tendency towards
intensification of lipoperoxidation processes and
reduction of protective resources of antioxidant
protection.  Statistically  significantly  higher
indicators of the content of TBC-active products in
the serum of MS patients were established
(p<0.001).  Statistically  significantly = lower
indicators (by 1.6 times) of TAA activity were
recorded in patients with MS compared to controls
(p<0.001). However, catalase activity increased in
our study. Thus, we found a 2.3-fold increase in
catalase activity in MS patients compared to
controls.

As the results of our research showed, the level
of TBC-active products (MDA) increased
statistically significantly in patients with metabolic
syndrome — 1.64 times (Table 1). This is obviously

related to the exhaustion of the pool of antioxidant
defense enzymes and the negative course of MS in
patients. The obtained data indicate that MS
contributes to oxidative and nitrooxidative stress,
exhaustion of the antioxidant defense system. When
assessing nitric oxide indicators, we recorded the
development of endothelial dysfunction in patients
with MS. A statistically significant increase in the
concentration of nitrates and nitrites (NOX) in the
serum of patients with MS was revealed by 2 times
compared to controls (p=0.0077). The dynamics of
indicators established by us testifies to the
development of nitrooxidative stress and dyslabance
in the pro-oxidant-antioxidant system in patients
with MS.

Over the past fifteen years, various authors have
investigated oxidative markers after bariatric surgery,
thus creating abundant evidence of reduced oxidative
stress. In works of Kelly A.S. bariatric surgery
produced robust improvements in markers of
inflammation, oxidative stress and several adipokines
among adolescents with severe obesity [5].

After the bariatric interventions, we recorded a
significant decrease in the content of MDA — the
main marker that characterizes the activation of
LPO, but this indicator did not reach the level of the
control group of patients after all three types of
surgical intervention (LSG, LGP, BAE) (Table 2).




Table 2 — Indicators of the redox homeostasis in patients with metabolic syndrome after LSG, LGP, BAE

surgery
Ootion LSG LGP BAE
P (n=15) (n=22) (n=7)
MDA, uM 6,46+0,62* 6,87+0,42* 6,48+0,38*
(before surgery)
1 month after surgery 5,40+0,52 5,20+0,58 5,18+0,34
3 months after surgery 4,86+0,34 4,64+0,54 4,89+0,45
6 months after sure 4,67+0,43 4,48+0,42 4,18+0,21
gery (*p=0.0224) (*p=0.0002) (*p=0.0002)
0x-LDL, U/ 107,56+2,03** 103,57+2,23%* 104,45+2,09%*
(before surgery)
1 month after surgery 92,44+1,67 94,67+2,03 91,45+2,13
3 months after surgery 87,89+1,99 85,12+1,98 85,67+2,56
6 months after sur 81,07+2,01 78,32+2,02 77,04+2.21
onihs atier strgery (**p<0,001) (**p<0,001) (**p<0,001)

Catalase, mkat/1
(before surgery)

2,08+0,34***

2,03+0,24%**

2,01+£0,1 1%**

Catalase, mkat/1
(6 months after surgery)

1,76+0,60
(***p=0.6463)

1,4940,53
(***p=0.3587)

1,56+0,71
(***p=0.5438)

NOx, mmol/l (before surgery)

8,96+1,23**4*

8,4541,16%***

8,7841,00% %

NOy, mmol/l
(6 months after surgery)

8,16+1,48
(****p=0.6809)

7.18+1,27
(****p=0.4645)

6.99+1,34
(***p=0.3444)

TAA % formation inhibition
before surgery

47,962,770 *HH*

49,07+3,01 * x4k

48,67+2,67**H*

TAA % formation inhibition
(6 months after surgery)

64,78+2,12
(*****p<0’00 1)

61,34+2,36
(***x%n=0,0025)

63,2342,42
(*****p=0.0019)

The monitoring of this studied indicator showed

and

total radical antioxidant parameter). A

that only 6 months after the surgical intervention, it
only approached the control level and was 4.67+0.43
uM, 4.48+0.42 pM and 4.184+0.21 uM in of operated
patients with LSG, LGP, BAE, respectively, versus
control (4.21£0.35 pM).

Similar results were described in Min T. et al.
research study. They observed an initial decrease in
TBARS at 1 month and 6 months after LSG but not
statistically significant [7]. However, Uzun et al.
showed a significant decrease in MDA and oxidized
LDL (ox-LDL) 6 months after laparoscopic
adjustable gastric banding [11].

The decrease in manifestations of increased free
radical oxidation and nitrooxidative stress had a
positive effect on the activity of antioxidant defense
enzymes. The indicators of the antioxidant system
(TAA, catalase activity) that we studied tended to
normalize after the surgical interventions.

Study design Joao-Cabrera et al., [3], measured
in addition different markers of oxidative stress in
plasma (e.g. MDA, superoxide dismutase, catalase,

significant reduction 12 months post-surgery (p
<0.01) could be detected in MDA, superoxide
dismutase. In contrast, plasma levels of glutathione
and total radical antioxidant parameters showed a
significant increase.

On the other hand, 6 months after LSG Citoi A.F
et. al, besides a significant reduction of BMI and
weight, no significant changes of nitrooxidative
stress markers (NOx, total oxidant status) were
observed [1].

The activity of another enzyme of antioxidant
protection, catalase, which we studied, increased in
patients with MS, which can be explained by a
compensatory increase in its activity in response to
increased activity of lipoperoxidation processes. After
the surgical intervention, the activity of the studied
enzyme had a tendency to decrease. Depletion of
indicators of antioxidant protection, namely general
antioxidant activity in patients with MS can be
explained on the one hand by the activation of
lipoperoxidation processes caused by nitrooxidative




stress, and on the other hand by the depletion of the
pool of antioxidant enzymes. This statement does not
apply to the increase in catalase activity, which is

CONCLUSIONS / BACHOBKH

Bariatric surgery reduces the intensity of lipid
peroxidation, nitrooxidative stress, which prevents

considered to be acute-phase and usually increases
with the inflammation inherent in MS.

underoxidized decay products from entering the
bloodstream. However, the state and activity of the
blood's antioxidant system does not always
objectively reflect changes in organs and systems.
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