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Abstract
Background: Nowadays, it is claimed that advanced laparoscopic
methods are minimally invasive, provide quick recovery of normal
functions in patients and cause less stress in the organism compared
to similar open surgery techniques. There is only limited research on
8-OHdG and 8-OHG levels, which are the markers of oxidative stress
in both laparoscopic and open surgery. In this experimental study, we
investigated the stress level caused by the laparotomic and laparoscopic
colon resections in rats with induced colorectal cancer model.
Material and methods: In this study, colon cancer was induced
with subcutaneous dimethylhydrazine (DMH) (20mg/kg) in 30 SpragueDawley male rats. After 12 weeks, rats were divided into three groups:
Group 1 (control group; n=10), Group 2 (laparotomy group; n=10), and
Group 2 (laparoscopy group; n=10). Afterward, blood and lung tissue
samples were obtained, and 3-NT, 4-HNE, OHdG, PGF2, and NO levels
were measured.
Results: There was a statistically significant difference between the
groups in terms of 3-NT (ng/ml), which is a biomarker of oxidative stress
(p<0.01). After obtaining blood samples from rats, DNA and RNA were
isolated, and a statistically significant difference was found between
the laparotomy and laparoscopy groups in terms of 8-OHdG and 8-OHG
molecules (p<0.01).
Conclusion: Laparoscopy, which initiated a new era in the scientific
field, provided various advantages over laparotomy and widely used in
colorectal surgery. In addition, it was demonstrated that laparoscopic
surgery caused less oxidative stress, had advantageous effects on the
antioxidant defense system, and thus superior to laparotomy.
Keywords: laparoscopic surgery, colorectal cancer, laparotomy,
3-NT, 8-OHdG

Introduction

Hemostasis is essential for life. However, this
complex and dynamic balance can be threatened by many
exogenous or endogenous factors. Stress is defined as
a factor, which may affect hemostasis and is related to
the neuroendocrine and cellular changes in both central
and peripheral nervous systems and depends on the
adaptive response of the organism. Surgical stress causes
a response in the peripheral organs, the hypothalamicpituitary-adrenal axis (HPA), sympathetic nervous system
along with the renin-angiotensin axis, and it is well known
that these responses are of vital importance. The surgical
wound can impair hemostasis and increase bleeding
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risk depending on the size of the wound. Nowadays,
laparoscopic surgery is preferred for the diagnosis
and treatment of many disorders. Authors suggest that
laparoscopy is a minimally invasive method, causes less
psychological disturbance and less stress in the organism
compared to open surgery and patients regain normal
functions faster [1, 2].
We screened the studies focused on oxidative
stress in laparoscopic and open surgery and the metaanalysis we found showed that all studies had been
conducted with cholecystectomy patients. We detected
only one study focused on colorectal tumor surgery [3],
which was conducted on 60 patients. To the best of our
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knowledge, there is no study in the literature focused on DNA
and RNA samples isolated for the assessment of 8-OHdG and
8-OHG levels, which are the markers of oxidative stress caused
by laparoscopic and open surgery in patients with colorectal
cancer. Furthermore, we did also not find any experimental
study comparing the relationship of the impaired integrity of
membranes, 8-iso-prostaglandin F2α (a determinant of lipid
peroxidation), protein carbonyl content (PCC) (an indicator used
for the determination of the 4-HNE (4-hydroxynonenal) proteins
that are an indicator of the lipid peroxidation), 3-nitrotyrosine (an
indicator of nitrogen radicals of proteins and their damage), NO
(nitric oxide) (the most important molecule of the oxidative burst
that emerges as a result of the iNOS enzyme triggered by proinflammatory cytokine TNF-α), and MPO (myeloperoxidase)
in leukocytes, which is one of the most important indicators of
oxidative burst [4].
In this study, our objective was to compare the levels of
antioxidant molecules superoxide dismutase (SOD) and catalase
(CAT), which are determinants of oxidative stress, in rats with
experimental colon cancer, which underwent laparotomic and
laparoscopic colon resection.

Material and methods

The study was approved by the Animal Experiments Local
Ethics Committee of Aydın Adnan Menderes University (No:
64583101/2017/061). A total of 30 Sprague-Dawley male rats
with a mean weight of 350-400 g were included in the study.
This study was scientifically supported as a Scientific Research
Project by Aydın Adnan Menderes University (No: ADÜ BAP
TPF-17052).
To determine the oxidative damage, the below-mentioned
levels of the molecules were assessed in the blood samples of
the rats.
3-nitrotyrosine: Nitric oxide plays an important role
in several biological processes including cell proliferation,
apoptosis, neurotoxicity, and re-modeling of the extracellular
matrix. NO forms peroxynitrite through the reaction with
superoxide radicals, which forms the remnants of nitrated tyrosine
in the proteins. Thus, it can be suggested that nitrotyrosine is
a marker of the peroxynitrite and consequently of the cellular
damage and oxidative stress.
Protein carbonyl content (PCC): It has been demonstrated
that proteins are carbonylated during oxidative damage. This
determinant is a very reliable and stable marker of protein
oxidation.
4-HNE (4-hydroxynonenal): This molecule is one of the
most reliable biomarkers for the lipid peroxidation caused by
oxidative stress. This compound is a more stable molecule
compared to MDA, which is also a marker for all lipid
peroxidation.
8-OHG RNA Damage: Following the reactions between
RNA hydroxyl free radical (-OH·.) and nitrogen species,
(8-hydroxyguanosine (8-OHG) is formed as a result of the
interaction between guanine and these compounds.
8-OHdG DNA Damage: Following the reactions between
DNA hydroxyl free radical (-OH·.) and nitrogen species,
(8-hydroxydesoxyguanosine (8-OHdG) is formed as a result of
the interaction between guanine and these compounds.
8-iso-Prostaglandin F2α: This molecule is one of the
most reliable markers of in vivo oxidative damage and plays an
important role in the pathogenesis of diseases. It is produced
by the in vivo peroxidation of arachidonic acid and causes
vasoconstriction. It can be detected in plasma and excreted with
urine.
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Myeloperoxidase (MPO): MPO is the most reliable marker
of the respiratory burst during oxidative damage. As respiratory
burst occurs in leukocytes, we isolated leukocytes from blood
and carried out an analysis.
Nitric Oxide (NO): NO has an important role in the
oxidative burst, and its release is induced by pro-inflammatory
cytokines TNF-α and IL-β. The analysis was performed with
serum samples.

Formation of colon cancer model

All rats received a weekly subcutaneous injection
(shoulder skin) of 20 mg/kg dimethylhydrazine (DMH), and
they were fed with regular food and water and monitored in the
experimental laboratory.

Experiment groups

Group 1 (control group, n=10): Sacrifice of rats was
planned following blood collection.
Group 2 (laparoscopy group, n=10): After the maximum
insufflation of the abdomen with the Veress needle and
laparoscopic tumor resection with scissors through a 1-cm
incision, the sacrifice of rats was planned following blood
collection.
Group 3 (laparotomy group, n=10): After the location and
resection of the tumor through a laparotomic midline-incision,
the sacrifice of rats was planned following blood collection.
After the completion of the study, all rats were sacrificed
with intraperitoneal ketamine injection (150mg/kg). However,
one rat in the laparotomy group died due to the abdominal
distension in the 12th week, so that this group was evaluated
with 9 rats (n=9).As distension started to develop in rats at the
end of the 12th week, we decided to discontinue DMH injections
and proceed to the resection phase. The abdominal region was
shaved and cleaned with the antiseptic solution, while animals
were under sedation.
Anesthesia was administered with intraperitoneal ketamine
(40 mg/kg) and xylazine (5 mg/kg). During the procedure, rats
were resuscitated with 1.5 cc intraperitoneal saline solution. The
interventions were carried out as planned. In the control group,
the rats were sacrificed after the collection of blood samples. In
the laparoscopy group, the abdomen of the rats was insufflated
to the maximum level with a Veress needle and the tumor was
resected laparoscopically with scissors and the resected loop
was removed through a 1-cm incision. Then, blood samples
were obtained, and the rats were sacrificed. In the laparotomy
group, after a midline-incision was made and the colonic tumor
region was located, the tumor was resected and removed from
the abdomen. Then, blood samples were obtained, and the rats
were sacrificed. The macroscopic samples, which were obtained
during laparotomy, were sent for pathological examination. The
pathological examination revealed obstructive polypoid mass
lesion with mucus loss and reactive changes (Figure 1). 3-NT,
4-HNE, OHdG, PGF2, and NO levels were determined in blood
and tissue samples. The comparative analysis was performed
with statistical methods between the groups for the measured
parameters.

Statistical analysis

The data were analyzed with SPSS v.25 (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY: IBM Corp.) software package. First, the
descriptive statistics of the continuous variables were calculated.
The descriptive data were expressed in mean±standard deviation
Journal of Clinical Medicine of Kazakhstan: Volume 6, Number 60, Issue 2020

Results

Figure 1 - A Mass with loss of mucus

and frequency (%). The variables were evaluated with the
Shapiro-Wilk and Levene tests after they were controlled
for the requirements of the normal distribution and variance
homogeneity. The Independent Paired Group t-Test (Student's
t-test) was used for the comparison of two groups, and the
Mann-Whitney U test was used when the requirements were
not met. The One-Way Variance Analysis and Multivariate
Tukey HSD test (a multiple comparison test) were used for the
comparison of three or more groups ,and the Kruskal-Wallis
test and Bonferroni-Dunn test (a multiple comparison test) were
used if the requirements were not met. For all analyses, p<0.05
was considered statistically significant.
Introductory Statistics on Variables

Table 1

3-NT (ng/
mL)
4-HNE
(ng/mL)
OHdG
(ng/mL)
PGF2 (ng/
mL)
NO (M)
Dil.Fx0,2
Clear NO
(M)

N

Minimum

Maximum

Avarage

29

1,817

83,322

32,29921

29

29

29

29
29
29

7,602

6,205

22,071

12,112
2,4224
14,5344

120,941

102,813

392,023

79,304
15,8608
95,1648

48,66338

Standard
deviation
30,693790

52,70172

33,086129

116,23200

30,90621
6,181241
37,087448

24,799143

88,125574

17,775628
3,5551255
21,33075

Abbreviations: 3NT: 3 Nitrotirozin , 4-HNE :4-Hydroxynonenal,
8-OHdG:8-hydroxy-2' -deoxyguanosine

Table 2

In this study, we investigated the effects of laparoscopy and
laparotomy on hemostasis in rats with induced colorectal cancer
model. Following the isolation of DNA and RNA samples from
blood, the oxidative damage in these samples was evaluated
by detecting the 8-OHdG and 8-OHG molecules, respectively.
In addition, we evaluated 8-iso-Prostaglandin F2α, 4-HNE,
and protein carbonyl content, which are the markers of the
lipid damage as a result of oxidative stress. We also evaluated
serum NO and MPO, which emerges in leukocytes due to the
respiratory burst and triggers inflammation. The measured levels
were compared to antioxidants (CAT and SOD). 3-NT (ng/ml),
4-HNE (ng/ml), OHdG (ng/ml), PGF2 (ng/ml), NO (M), Dil.
Fx0.2, Net NO (µM) were used as descriptive data related to the
intergroup variables (Table 1).
The comparison between the groups for 3-NT (ng/mL),
4-HNE (ng/mL), 8-OHdG (ng/mL), PGF2 (ng/mL) and Net
NO (µM) were performed with One-Way Variance Analysis
(ANOVA) and Kruskal-Wallis test. The comparison of all three
groups for 3-NT (ng/ml), which is a biomarker of oxidative
stress, revealed a statistically significant difference (p<0.01).
The mean value was lower in the control group compared to
the laparotomy and laparoscopy groups. The highest mean
values were in the laparotomy group. This finding indicated
that the deterioration of hemostasis related to acute and chronic
inflammation was most prominent in the laparotomy group.
It was suggested that 4-HNE played a key role in the cellular
signal transduction through various ways extending from
cellular cycle events to cellular adhesion processes. There was
a statistically significant difference between the three groups in
terms of 4-HNE (ng/ml) (p<0.01). The mean value of the control
group was lower than the laparotomy and laparoscopy groups.
The comparison of laparoscopy and laparotomy groups showed
that the mean 4-HNE level was higher in the laparotomy group.
8-OHdG levels are widely used as a biomarker for the oxidative
lesion, consequently for oxidative stress and carcinogenesis. The
comparison of the three groups showed a statistically significant
difference in terms of 8-OHdG (ng/mL) (p<0.01). Although the
lowest mean value was observed in the control group, it was
also statistically lower in the laparoscopy group compared to
the laparotomy group. Furthermore, there was a statistically
significant difference between the three groups in terms of PGF2
(ng/ml) and Net NO (µM) (p<0.01). The mean values of these
parameters were lowest in the control group compared to the
other two groups (Table 2).

Comparison of 3-NT (ng/mL), 4-HNE (ng/mL), 8OHdG (ng/mL), PGF2 (ng/mL) and Net NO (µM) variables with three
groups

3-NT (ng/mL)

4-HNE (ng/mL)

8OHdG (ng/mL)

PGF2 (ng/mL)

Net NO (µM)

*p<0,05 **p<0,01

Control

Open

Laparoscopic

Test Statistics

p

19,35 7,94a
(7,60-29,75)

82,38 25,20b
(53,32-120,94)

47,62 14,50b
(26,12-65,51)

21,071

0,001 ψ**

n=10

6,05 2,44a
(1,81-9,921)

13,86 4,59a
(6,20-21,51)

39,02 9,36a
(22,07-57,71)

24,80 8,86a
(14,53-40,56)

n=9

58,88 15,25b
(39,93-83,32)

85,51 10,46b
(72,32-102,81)

217,55 82,91b
(122,11-392,02)

55,77 20,78b
(31,33-95,16)
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n=10

34,61 14,91b
(11,77-55,59)

62,01 20,93b
(43,20-102,06)

102,24 29,23b
(63,21-163,10)

32,54 20,32a
(15,93-73,64)

22,796

21,621

24,137

11,052

0,001 ψ**

0,001 ψ**

0,001 ψ**

0,004 ψ*
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Discussion

The formation of free radicals during abdominal
surgery causes ischemia-reperfusion, leukocyte activation
and mitochondrial dysfunction. Moreover, antioxidant levels
decrease depending on the re-establishment of the stasis in the
organism and biological depletion during the postoperative
period. It is well known that laparoscopic surgery does not
impair the immunological functions thanks to its non-invasive
character and less induction of systemic inflammation. The
increase in the intraabdominal pressure, decrease and increase
of the intraabdominal swelling during the laparoscopy as a
result of pneumoperitoneum may lead to ischemia-reperfusion
and oxidative damage in the internal organs. It is also well
known that hemodynamic changes and the effects of CO2 may
cause oxidative stress during pneumoperitoneum [1,5]. In our
study, in the rats, in which we formed experimental colorectal
cancer, we compared the levels of the antioxidant molecules
superoxide dismutase (SOD) and catalase (CAT) that are
determinants of oxidative stress level caused by the laparoscopic
colon resections. The levels of oxidative stress determinants
and antioxidant molecules were higher in the subjects who
underwent surgery compared to the control group. However, we
found a statistically significant difference between the surgery
groups. The levels of NT (ng/mL), 4-HNE (ng/mL), 8-OHdG
(ng/mL), PGF2 (ng/mL), and Net NO (µM) were higher in the
laparotomy group compared to the laparoscopy group. This
indicates that the impairment of hemostasis related to acute and
chronic inflammation was most significant in the laparotomy
group. M. Braga et al. conducted a study and found that the
laparoscopic colorectal resection was related to a lower longterm complication incidence and higher quality of life compared
to open surgery during the 12-month follow-up (6). We believed
that this finding was related to the relatively lower release
of oxidative stress determinants and antioxidant molecules
after laparoscopic surgery. With the laparoscopic approach,
postoperative complication rates and duration of hospitalization
will decrease in patients who underwent colorectal cancer
surgery. 8-hydroxy-2-desoxyguanosine (8-OHdG) is commonly
defined as a determinant of oxidative stress.
In fact, this determinant is the most reliable marker of
oxidative damage in DNA [3,7]. Pappas-Gogos et al. (2013)
investigated the lipid and protein levels, RNA and nitrogen
damage, 8-isoprostanes (8-epiPGF), 8-hydroxyguanosine (8OHG) and 3-nitrotyrosine (3-NT) biomarkers in 60 randomized
patients with colorectal cancer, who underwent laparoscopic or

open surgery. The comparison of these parameters between the
laparoscopy and open surgery groups showed that the levels of
these parameters were significantly lower in the laparoscopy
group even after 24 hours [8, 9]. In our study, the 8-hydroxy-2desoxyguanosine (8-OHdG) levels were significantly lower in
the laparoscopy group compared to the laparotomy group. This
finding indicated that patients with colorectal cancer would be
exposed to less oxidative stress if the laparoscopic technique had
been preferred.
Nowadays, advanced laparoscopy has become a widely
used surgical procedure. As a result of the advantages such as the
smaller incision compared to laparotomy, better visualization
of the intraabdominal region, and shorter duration of surgery
depending on the increase in experience, laparoscopy has become
the gold standard in many surgical indications [10,11]. Although
the trauma caused by the intervention is comparable between
the laparoscopic and open surgery, the smaller trauma on the
abdominal wall, shorter duration of surgery, early mobilization
of patients, early oral feeding, shorter hospitalization, less pain,
and less need for analgesics along with the decrease in the
postoperative catabolic reactions are important improvements,
which also enable the decrease of the treatment cost [12]. In
addition to all these, stress during and after laparotomy may
cause more destructive reactions during the postoperative
period particularly in patients with malignant diseases. These
complications may depend on the catabolic effect of the stress
hormones released during laparotomy [13,14].

Study limitation

Actual time planned for colon cancer was 16 weeks. When
the rats died, the experiment was started at the 12th week. The
most important limitation of the study is that although the mass
was seen in rats, not all of them were pathologically diagnosed
with adenocarcinoma.
This study was scientifically supported as a Scientific
Research Project by Aydın Adnan Menderes University (No:
ADÜ BAP TPF-17052).
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