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Abstract

Background Colorectal cancer as well as colorectal sur-
gery is associated with increased oxidative stress through
different mechanisms. In this study the levels of different
oxidative stress markers were comparatively assessed in
patients who underwent laparoscopic or conventional
resection for colorectal cancer.

Methods Sixty patients with colorectal cancer were ran-
domly assigned to undergo laparoscopic (LS) or open
surgery (OS). Lipid, protein, RNA, and nitrogen damage
was investigated by measuring serum 8-isoprostanes
(8-epiPGF,,,), protein carbonyls (PC), 8-hydroxyguanosine
(8-OHG), and 3-nitrotyrosine (3-NT), respectively. The
primary end point of the study was to analyze and compare
serum levels of the oxidative stress markers between the
groups.
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Results Postoperative serum levels of 8-epiPGF,,, 3-NT,
and 8-OHG were significantly lower in the LS group at
24 h after surgery (p < 0.05). At 6 h postoperatively, the
levels of 8-epiPGF,, and 3-NT were significantly lower in
the LS group (p < 0.05). No difference in the levels of PC
was found between the two groups at any time point. In the
OS group, postoperative levels of 8-epiPGF,, were sig-
nificantly lower than the preoperative values (p < 0.01). In
the LS group, the postoperative values of 8-epiPGF,,,
3-NT, and 8-OHG were significantly lower than the pre-
operative values (p < 0.05).

Conclusion Laparoscopic surgery for colorectal cancer is
associated with lower oxidative stress compared to open
surgery. 8-epiPGF,, was the most suitable marker for
readily defining the oxidative status in patients who
underwent surgery for colorectal cancer.

Keywords Colorectal cancer - Oxidative stress markers

Oxidative stress is the condition defined as an imbalance in
the cells between oxidants formed by various processes and
the antioxidative mechanisms. Abdominal surgery is
associated with the generation of oxidative stress. In lap-
aroscopic procedures, damage by reactive species (RS) has
been attributed to abdominal inflation/deflation, which is a
model of ischemia/reperfusion, and the use of carbon
dioxide for the creation of pneumoperitoneum [1-4]. In
open procedures, the response to surgical trauma, manip-
ulation of the bowel, and its exposure to room air are
responsible for RS generation [5-8]. In general, oxidative
stress can damage cellular macromolecules such as DNA,
proteins, and lipids, and it is a component of surgical stress.
Moreover, RS are implicated in the initiation, promotion,
and progression of colon carcinogenesis [9]. It has been
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shown that colorectal cancer patients exhibit greater oxi-
dative stress than controls [10-13]. Although surgery itself
is associated with oxidative stress, the resection of the
tumor leads to an overall reduction of oxidative stress
markers in patients with colorectal cancer [14, 15].

A recent systematic review of studies comparing oxi-
dative stress in laparoscopic and open procedures revealed
inconsistent results. In all but one study, only benign dis-
eases such as cholelithiasis, hiatal hernia, morbid obesity,
inguinal hernia, and uterine myomas were included [16].
Colorectal surgery was considered in three studies. Lower
levels of blood hydroperoxides [17] and better preservation
of gut oxygen tension [18] in laparoscopic colectomies
compared with open surgery could be demonstrated, along
with lower subcutaneous tissue oxygen tension [19].
Although oxygen tension is related to oxidative damage, it
is not a marker of damage by RS. Blood hydroperoxide
levels, which were used in those studies, are intermediate
products of lipids, peptides, and amino acids and their
levels reflect the oxidative injury of the cellular compo-
nents, but they are not specific markers of oxidative dam-
age. Moreover, those reports included nonhomogeneous
populations and did not focus on colorectal cancer.

To date, there has been no report in the literature that
compared oxidative stress markers between laparoscopic
and open surgery for colorectal cancer. The aim of this
double-blinded randomized trial was to compare oxidative
stress in patients who underwent laparoscopic and open
procedures for colorectal cancer by analyzing the levels of
serum markers of lipid peroxidation, protein oxidation,
damage by nitrogens, and RNA oxidation.

Materials and methods
Patients

The institutional ethics committee approved this double-
blinded randomized trial, and informed patient consent was
obtained. Inclusion criteria were age at least 18 years and
suitability for elective surgery. Exclusion criteria were ASA
(American Society of Anesthesiologists) score of III or
higher, body mass index (BMI) > 30, smoking, alcoholism,
and the presence of systemic inflammatory disease, diabetes
mellitus, autoimmune diseases, stage D (Duke’s classifica-
tion, Astler-Coller modification) colorectal cancer, acute
bowel obstruction, or perforation from cancer. Patients who
underwent conversion to the open procedure were excluded
from the study. Preoperatively, all patients underwent
colonoscopy and computed tomography of the chest and
abdomen (CT). Selected patients with rectal cancer under-
went magnetic resonance imaging (MRI) and endorectal
ultrasound for cancer staging. All patients with stage B2, C1,
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or C2 rectal cancer (Duke’s classification, Astler-Coller
modification) received neoadjuvant chemoradiotherapy.
Randomization was done by an investigator who was
not involved in the enrollment. The day before surgery
patients were assigned to the laparoscopic (LS) or the open
(OS) group by means of sealed envelopes containing ran-
dom numbers. The surgeon was informed about the pro-
cedure type (LS or OS) by opening the envelope assigned
to the patient in the operating room. All patients prepared
their bowel the day before the operation by intestinal
washout with an iso-osmotic solution. Patients were given
an enema the morning of the operation. Prophylaxis for
deep vein thrombosis was carried out with low-molecular-
weight heparin (50 IU/kg/day tinzaparin sodium). For an
antibiotic prophylaxis, all patients received 1.5 g of met-
ronidazole per os (in three doses of 500 mg each) the day
before surgery and 2 mg of ceftriaxone plus 500 mg of
metronidazole the morning of the operation.

Surgery

All patients were premedicated with intravenous paraceta-
mol, ondansetron hydrochloride, and ranitidine. Anesthetic
induction was done with propofol (3—4 mg/kg), fentanyl
(1.5 pg/kg), and cis-atracurium (0.16 mg/kg). After endo-
tracheal intubation, all patients were provided with
mechanical ventilation using sevoflurane (1-2 %) and an air/
O, mixture (30 % O;). The same surgeon performed all
surgeries, laparoscopic or conventional. For the laparoscopic
group, pneumoperitoneum of 10-12 mmHg was maintained
throughout the operation. All precautions to prevent port-site
metastasis and the nontouch technique were used for both
procedures. All open procedures were performed through an
18-25-cm-long (mean = 21 £ 4 cm) middle-abdomen
incision, whereas all laparoscopic procedures were per-
formed with four ports. The specimens were exteriorized
through a protected, 3—7-cm-long (mean = 5 cm) minilap-
arotomy in the right subcostal area for a right colectomy or in
the left iliac fossa for a left colectomy. In both groups, the
dissections were performed in the medial to lateral direction,
with high ligation of the vessels. All anastomoses in both
groups were performed using staplers (linear in right colec-
tomies and circular in left colectomies). In right colectomies,
a side-to-side stapler anastomosis was performed extracor-
poreally after the division of the colon. In left colectomies,
after the proximal division of the colon, the anvil of the
circular stapler was inserted in the proximal colonic stump
and secured with a purse-string suture extracorporeally, and
a double-stapled anastomosis was performed intracorpore-
ally after the bowel was returned to the abdominal cavity; the
pneumoperitoneum was then reestablished. In the open
group, the anastomoses in right and left colectomies were
performed in the same manner as in the laparoscopic group.



Surg Endosc (2013) 27:2357-2365

2359

In the cases of rectal cancer, total mesorectal excision was
performed either laparoscopically or conventionally.

Oxidative stress markers

Plasma levels of 8-isoprostanes (8-epiPGF,,), protein car-
bonyls (PC), 8-hydroxyguanosine (8-OHG) and 3-nitroty-
rosine (3-NT), were determined as specific markers of lipid
peroxidation, protein oxidation, RNA and nitrogen
damage.

Determination of the levels of 8-isoprostanes (8-epi-
PGF,,) in plasma samples (expressed as pg/ml) was carried
out by means of a competitive enzyme immunoassay
(commercial 8-isoprostane EIA kit; Cayman Chemicals,
Ann Arbor, MI, USA), following the manufacturer’s
instructions. 8-epiPGF,, is considered the best available
biomarker of lipid peroxidation in vivo. In humans, the
half-life of 8-epiPGF,, was found to be ~ 16 min. 2,3-
Dinor-5,6-dihydro-15-F,.-isoprostane is the major urinary
metabolite of 8-epiPGF,,. Although it is not a major
product of lipid peroxidation, current methodology is able
to readily detect its steady-state level in vivo. It is detect-
able in esterified form in all normal biological tissues and
in free form in normal biological fluids, indicating physi-
ological levels of oxidative stress. Measurement of 8-epi-
PGF,, as a biomarker of lipid peroxidation has various
advantages because it is chemically stable, a specific
product of lipid peroxidation, formed in vivo, and detect-
able in normal or pathological tissues and biological fluids.
It thus allows the definition of the normal range and levels
increase substantially in animal models of oxidative injury.
Levels are unaffected by dietary lipids and might be used
as a sensitive basis in order to study the antioxidants [20].

The levels of protein carbonyls (PC) in plasma were
determined using the Oxiselect™ Protein Carbonyl ELISA
Kit (Cell Biolabs, Inc., San Diego, CA, USA) following the
protocol provided by the manufacturer. Absorbance was
read at 450 nm using a SpectraMax Microplate Reader
(Molecular Devices, Sunnyvale, CA, USA). Interassay and
intra-assay coefficients of variation were 5.5 and 7.8 %,
respectively. PC content is one of the most commonly used
markers of protein oxidation. The formation of PC seems to
be a common phenomenon of protein oxidation because of
the relatively early formation and relative stability of oxi-
dized proteins. Cells degrade oxidized proteins within hours
and days. The PC content increases drastically under various
pathological conditions of oxidative stress. PCs form early
and are circulating for long periods in the blood of patients.
Their elevation in serum is stable for at least 4 h. Hence, the
chemical stability of carbonyls makes them suitable targets
for laboratory measurement and storage [21].

Determination of plasma 3-nitrotyrosine (3-NT) levels
was verified using the Oxiselect™ Nitrotyrosine ELISA

Kit (Cell Biolabs) following the protocol provided by the
manufacturer. Nitric oxide (*NO), produced during
inflammation by neutrophils and phagocytes, reacts with
superoxide (*0,7) to generate reactive nitrogen species
(NO3™, NO,7, and N,0j3), including peroxynitrite
(ONOO™) and *NO itself, which in turn reacts with tyrosyl
radicals to add "NO, or "NO to tyrosine residues, forming
3-nitrotyrosine (3-NT) residues. Peroxynitrite repre-
sents an extremely short-lived reactive nitrogen species
(in vivo, <10 ms) that can oxidize proteins, lipids, and low-
density lipoproteins, and can also react directly with DNA,
leading to mutations and DNA single-strand breaks. 3-NT
is a stable product of the action of peroxynitrite on tyro-
sine-containing proteins. Since this product is stable, the
occurrence of 3-NT in blood and tissues can be measured
as an indicative marker of formation and activity of the
*NO-derived peroxynitrite [22].

Determination of 8-hydroxyguanosine (8-OHG) levels
in serum samples (expressed as ng/ml) was carried out by
means of a competitive enzyme immunoassay [commercial
Oxiselect™ oxidative RNA damage ELISA OHG Kit (Cell
Biolabs)], following the manufacturer’s instructions. Oxi-
dative damage to both nucleic acids can lead to malfunc-
tioning and erroneous coding, causing inheritable disease,
aging, and cancer. Among the RS, the hydroxyl radical
("HO) represents the most important oxygen-free radical
involved in lipids, proteins, RNA, and DNA damage. When
it is produced next to cellular and mitochondrial RNA, it
can promptly modify RNA because of its high reactivity
and easy diffusion. This process leads to the generation of a
range of oxidation products. Guanine is particularly vul-
nerable to oxidation because of its low oxidation potential
compared to that of the other nucleosides. In DNA, the
interaction of a hydroxyl radical with guanine leads to the
formation of 8-hydroxy-2’-deoxyguanosine (8-OHdG). In
RNA, oxidation of guanine can generate 8-hydroxyguanine
(8-OHG) [23].

Blood sampling

Blood samples were collected the day before surgery,
5 min after pneumoperitoneum deflation (for LS) or 5 min
after the distal division of the colon in left colectomies or
the division of the small bowel in right colectomies (for
0OS), and 6 and 24 h after surgery. In the laparoscopic
group, deflation was performed immediately after the distal
division of the colon in left colectomies and immediately
after the intraperitoneal division of the small bowel in right
colectomies, resulting in the same time intervals as in the
open group. Blood samples were obtained from the
superficial veins of the upper extremities. Immediately
after collection, the serum was separated by centrifugation
at 4,000 rpm for 5 min and stored in cryovials at —80 °C.
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Statistical analysis

All patients were analyzed on an intention-to-treat basis. It
was estimated that a sample size of 54 would give a 90 %
power to detect a 10 % difference in the reduction of
8-epiPGF,,, PC, 3-NT, and 8-OHG between the two
groups at an o = 0.05 (GPower 3.1). We included 60
patients, allowing for a dropout rate of ~ 10 %. Statistical
analysis of the data was performed using the Statistical
Package for the Social Sciences (SPSS) ver. 19.0 IBM).
The normality of quantitative variables was tested using the
Kolmogorov—Smirnov test. Since the levels of all param-
eters studied herein were normally distributed, they were
expressed as mean =+ standard deviation (SD). Between-
groups differences of the parameters were assessed using
Student’s ¢ test, while within-groups differences were
examined by one-way repeated measures ANOVA (rmA-
NOVA); post hoc analysis was performed using Bonfer-
roni’s correction. The interaction between the type of
surgery x time was established by two-way mixed
ANOVA. All parameters were tested using Mauchly’s
procedure for sphericity. Whenever the data violated the
assumption of sphericity, a p value based on a Greenhouse-
Geisser correction was reported instead. One-way analysis
of covariance (ANCOVA) was also performed to assess
between-groups differences, controlling for the preopera-
tive levels. The effect size (ES) of the two surgical pro-
cedures on the parameters was described in terms of partial
nz. ES > 0.06 represents a moderate effect and ES > (.14
represents a large effect. The differences in patients’
characteristics between the two groups of patients were
assessed using Xz (gender), Student’s ¢ test (age and BMI),
and the Mann—Whitney U-test (operative time, blood loss,
and hospital stay). All tests were two-tailed, and statistical
significance was considered for p < 0.05.

Results

There were no statistically significant differences in the
distribution of gender (p = 0.354), age (p = 0.141), BMI
(p = 0.200), and operative time (p = 0.372) between the
two groups of patients (Table 1). Blood loss (p = 0.012)
and hospital stay (p < 0.001) were significantly lower in
patients who underwent LS than those who had OS.

8-epiPGF,, levels

The pre- and postoperative mean 8-epiPGF,,, levels of the
LS and OS groups are given in Table 2 (Fig. 1A). One-way
rmANOVA revealed statistically significant changes over
time in the 8-epiPGF,, levels in both groups of patients
(LS: p < 0.001, n* = 0.692; OS: p < 0.001, n* = 0.614).
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Post hoc analysis using Bonferroni’s adjustment for the
number of comparisons was performed next. In the LS
group, a statistically significant stepwise reduction in the
8-epiPGF,, levels from one measurement to the other was
observed (Preoperative to Tsyin: —14.9 %, p = 0.003;
TSmin to T(,h: —8.1 %, p = 0004, T6h to T24h: —-20.0 %,
p < 0.001). In the OS group, after the initial significant
reduction (p = 0.012) of 8-epiPGF,, levels by —9.0 %
(from Preoperative to Tspy;,), the levels remained unchan-
ged until the 6th postoperative hour (p = 1.000); a further
significant reduction of 8-epiPGF,, levels by —21.0 % was
observed on the T,4, measurement (p < 0.001).
Throughout the study period, the LS procedure produced
an overall statistically significant reduction in 8-epiPGF,,
levels by —37.4 % (p < 0.001, n* = 0.789), while the OS
procedure produced a statistically significant reduction by
—264 % (p < 0.001, n* = 0.685). The overall reduction
in 8-epiPGF,, levels was statistically significantly greater
in the LS group than in the OS group [—39.15 &£ 20.70
(—37.4 %) vs. —26.59 £ 14.62 (—26.4 %), p = 0.014].
The different course over time of the 8-epiPGF,,, levels
between the two groups was also disclosed by the two-way
mixed ANOVA, which showed a statistically significant
type of surgery x time interaction (p = 0.001). In this
regard, the changes in the 8-epiPGF,, levels from Ts;, to
Ten were significantly different between the two groups
(=7.21 £8.99 in LS vs. 2.15 + 11.03 in OS, p = 0.002).
In the sequence, the levels of 8-epiPGF,, were com-
pared between the two groups of patients on each mea-
surement (Table 2); no statistically significant difference
between the LS and OS groups was observed in the Pre-
operative (p = 0.293) and Ts.;, (p = 0.471) measure-
ments. In the Tg, (p <0.001) and Ty (p = 0.018)
measurements, the LS group demonstrated signifi-
cantly lower levels of 8-epiPGF,, than the OS group. The
above differences remained significant (Tg, (adjusted
mean £ SE): 81.58 £ 1.97 vs. 94.23 + 1.82, p < 0.001;
Togn: 65.37 £ 2.70 vs. 74.39 + 2.50, p = 0.018) in one-
way ANCOVA, controlling for the preoperative levels.

PC levels

The pre- and postoperative mean PC levels of the LS and
OS groups are given in Table 2 (Fig. 1B). Neither of the
two surgical procedures had a statistically significant effect
on the PC levels over time (LS: p = 0.079, n2 = 0.141;
OS: p = 0.490, n2 = 0.039). The overall reduction of PC
levels was similar between the two groups [(—0.06 + 0.22
(=94 %) in LS vs. -0.04 £ 0.17 (—6.8 %) in OS, p =
0.752]. Neither type of surgery x time interaction reached
statistical significance (p = 0.197), although the reduction
of PC levels from T, to Te, was significantly greater in the
LS group than in the OS group [—0.11 &+ 0.15 (—17.5 %)
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Table 1 Patients’ characteristics with respect to the procedure (LS or
0S)

Table 2 Variations of the oxidative stress markers with respect to the
procedure (LS or OS)

Type of procedure p value Type of procedure p value
LS OS LS OS
N 30 30 8-epiPGF,, levels 0.001°¢
Male gender [n (%)] 14 (48.6) 18 (59.5) 0.354 Preoperative 104.79 £+ 15.03 100.75 £ 12.35 0.293°
Age (mean + SD) (years) 67.09 £ 9.37 70.42 £+ 8.80 0.141 Tsmin 89.20 + 11.33 91.73 £+ 13.36 0.471°
BMI (mean + SD) (kg/mz) 26.87 £ 2.29 27.57 £ 1.79 0.200 Ten 82.00 &+ 9.75 93.87 £ 9.93 <0.001°
Operative time (median 120 120 [90-125] 0.372 Tosn 65.64 + 11.88 74.16 £+ 14.09 0.024°
[IQR]) (min) [102-140] p value <0.001° <0.001°
Blood loss (median [IQR]) 80 [60-160] 200 [97-305] 0.012 PC levels 0.197¢
H(ml.) ' (medi 4 [4-6] 7 [6-8] 0.001 Preoperative 0.64 = 0.16 0.59 + 0.17 0.374°
ospital stay (median — — <0. b
Tsmi 0.63 £ 0.17 .59 £ 0.17 0.522
[IQR]) (days) 5min 0.59 )
Ten 0.52 + 0.18 0.58 + 0.14 0.259
SD standard deviation, IQR interquartile range (25th to 75th T 0.58 + 0.15 0.55 & 0.14 0.565°
percentile) 24h ) ’ ) ’ ’
p value 0.079° 0.490%
3-NT levels 0.032°¢
vs. —0.01+0.11 (=17 %), p = 0.037]. Furthermore, Preoperative 251 £ 0.69 2794099  0273°
there was no statistically significant difference in PC levels s, 236 4+ 0.51 2.49 + 077 0526
on any of the four measurements between the LS and OS T 248 + 046 316 + 0.93 0.004°
. 6h . E . . .
groups (Preoperative: p = 0.374; Tsyin: p = 0.522; Tgp: Ty 204 4 055 278 + 0.94 0.003"
p = 0.259; Toun: p = 0.565). p value 0.011° 0.018*
3NT level 8-OHG levels 0.004°
- evels
v Preoperative 41.03 £+ 10.05 39.54 + 9.39 0.609°
. Tsmin 37.32 + 8.26 36.69 £ 7.76 0.739"
The pre- and postoperative mean 3-NT levels of the LS and g b
. . . Ten 37.30 + 5.90 36.59 + 7.95 0.732
OS groups are given in Table 2 (Fig. 1C). One-way rmA- T 3247 4720 4160 4 9.86 0.001°
NOVA revealed statistically significant changes over time 24h = = ‘
p value 0.018* 0.126*

in the 3-NT levels in both groups (LS: p = 0.011,
n? = 0.184; 0OS: p = 0.018, n* = 0.147). In the LS group,
post hoc analysis showed that 3-NT levels fluctuated
minimally around the preoperative levels during the first
six postoperative hours, but they were significantly lower at
the T,4, measurement (—12.9 %, p = 0.002, compared to
Ten). The LS procedure produced an overall statistically
significant reduction in 3-NT levels of —18.7 % (p =
0.016, n* = 0.232). In the OS group, the only significant
change in the 3-NT levels was observed at the sixth post-
operative hour (26.9 %, p = 0.002, compared to Tsuy;n)-
Overall, the OS procedure was followed by a nonsignifi-
cant reduction in 3-NT levels of —0.4 % (p = 1.000,
n? = 0.000). Although the overall reduction of 3-NT lev-
els was greater in the LS group than in the OS group
[—0.47 £ 0.87 (—18.7 %) vs. —0.01 = 1.03 (—0.4 %)],
this difference did not reach statistical significance
(p = 0.117). The changes of the 3-NT levels over time
were not similar between the two groups, as found by the
two-way mixed ANOVA, which showed a statistically
significant type of surgery x time interaction (p = 0.032);
in this regard, although the Preoperative to Tsp,;, changes
of 3-NT levels were similar between the two groups
(—0.15 £ 0.57 vs. —0.30 = 0.94, p = 0.494), the Ts, to

All markers are expressed as mean = SD

 Statistical significance between the four different measurements
within each group (one-way repeated-measures ANOVA)

® Statistical significance between the two groups within each mea-
surement (Student’s 7 test)

¢ Statistical significance for the type of surgery x time interaction
(two-way mixed ANOVA)

Tgp elevation of 3-NT levels was significantly greater in
the OS group than in the LS group (0.12 £ 0.49 vs.
0.67 = 0.733, p = 0.004).

When the levels of 3-NT were compared between the
two groups on each measurement (Table 2), no statistically
significant difference of the Preoperative (p = 0.273) and
Tsmin (p = 0.526) measurements was observed. For the T,
(p = 0.004) and T4, (p = 0.003) measurements, the LS
group demonstrated significantly lower levels of 3-NT than
the OS group. The above differences remained significant
[Ten (adjusted mean &+ SE): 2.52 4+ 0.14 vs. 3.12 £ 0.15,
p = 0.007; Togn: 2.08 £ 0.15 vs. 2.74 £+ 0.16, p = 0.005]
in one-way ANCOVA, controlling for the preoperative
levels.
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Fig. 1 Mean levels of oxidative stress markers in patients who
underwent laparoscopic resection (LS) and conventional resection
(OS) for colorectal cancer. A Levels of 8-epiPGF,,. B Levels of PC.
C Levels of 3-NT. D Levels of 8-OHG. “Statistically significant

8-OHG levels

The pre- and postoperative mean 8-OHG levels of the LS
and OS groups are given in Table 2 (Fig. 1D). One-way
rmANOVA revealed statistically significant changes in the
8-OHG levels over time in the LS group (p = 0.018,
n? =0.177) but not in the OS group (p = 0.126,
n? = 0.091). The nonsignificant changes of 8-OHG levels
during the first six postoperative hours in both groups were
followed by a statistically significant (p = 0.008) reduction
in 8-OHG levels in the LS group by —12.9 % and an
elevation in 8-OHG levels in the OS group by 13.9 %,
although the latter did not reach statistical significance
(p = 0.181). The LS procedure produced an overall sta-
tistically significant reduction in 8-OHG levels of —20.7 %
(p = 0.003, n2 = 0.342), while the OS procedure had a
nonsignificant elevation in 8-OHG levels of 5.4 %
(p = 0452, n2 = 0.027). Therefore, the overall changes
were statistically significantly different between the two
groups [—8.56 £ 12.15 (—20.7 %) in LS vs. 2.15 £ 13.16
(5.4 %) in OS, p = 0.007] and the type of surgery x time
interaction was statistically significant (p = 0.004).

When the levels of 8-OHG were compared between the
two groups on each measurement (Table 2), no statistically
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Preoperative T5min T6h T24h

difference compared to the preoperative levels. "Statistically signif-
icant difference compared to the previous levels. “Statistically
significant difference compared to OS

significant difference was observed on the Preoperative
(p =0.609), Tsmin (p =0.739), and T¢, (p = 0.732)
measurements. On the T,y (p = 0.001) measurements, the
LS group demonstrated significantly lower levels of
8-OHG than the OS group, which remained significant
[(adjusted mean £ SE) 32.43 + 1.81 vs. 41.72 £ 1.85,
p = 0.004] in one-way ANCOVA, controlling for the
preoperative levels.

Discussion

To our knowledge, this is the first study to show, with the
use of specific oxidative stress markers, that laparoscopic
surgery for colorectal cancer is associated with signifi-
cantly lower oxidative stress compared to open surgery.
Among the markers used in this study, 8-epiPGF,, was
considered the most suitable oxidative stress marker that
was able to define early and readily the oxidative status in
patients who underwent surgery for colorectal cancer. In
fact, 8-epiPGF,, presented a prompt response to both
laparoscopic and open surgery. This observation may offer
an additional explanation for the well-known benefits of
laparoscopic versus open colorectal surgery that has not
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described so far and may generate hypotheses for further
evaluation of the role of OS markers as prognostic markers
of the operation, i.e., markers of the quality of the lapa-
roscopic procedure and possibly prognostic markers of the
overall outcome of the surgical treatment.

Although the most widely used test for lipid peroxidation
is measurement of malondialdehyde (MDA) by a thiobar-
bituric acid reactive substances (TBARS) assay, the use of
the TBARS assay is problematic because MDA is not a
specific product of lipid peroxidation and the TBARS assay
is not specific for MDA. The accuracy of exhaled isopros-
tanes as a marker of endogenous lipid peroxidation has been
questioned because these hydrocarbon gases are minor end
products of peroxidation and their concentrations are
influenced by the breakdown rate of peroxides, while lipid
hydroperoxides cannot be detected in the circulation, even
under severe oxidative stress using a highly accurate and
sensitive GC/MS assay [20].

For the first time, RNA oxidation was investigated in
patients who underwent surgery for colorectal cancer.
Although oxidative damage to DNA has been studied for a
number of diseases, including cancer, RNA oxidation has
not received much attention. Cellular RNA is more sus-
ceptible to oxidative stress than DNA because it is mainly
single-stranded and easily accessible to ROS, has relatively
little association with proteins, is extensively distributed
proximal to mitochondria where the majority of RS are
generated, and in contrast to the repair mechanisms for
DNA, repair mechanisms for RNA have not been found
[23, 24]. Therefore, oxidation of rRNA, mRNA, and tRNA
may have serious effects on cellular homeostasis because
oxidation of these RNAs could impair the overall integrity
of translational processes [25].

There are scarce data regarding the metabolism and
clearance of the markers used in this study. In general, lipid
peroxidation products are formed and detoxified within
minutes, whereas carbonyl and 3-nitrotyrosine protein as
well as 8-OHG circulate for a longer period in the blood of
patients. Oxidative proteins are degraded within hours and
days and their elevation persists in plasma for at least 4 h
[20-23]. During surgery for benign disease patients
develop oxidative stress, and the oxidative stress markers
return to preoperative levels days to weeks after surgery,
depending on the type of surgery [26].

Patients with colorectal cancer show a higher oxidative
status than healthy subjects. Increased levels of MDA [10,
11], lipid peroxides, and TBARS were observed in tissues
of colonic tumor. PCs are also increased in patients with
colon cancer [13, 15, 27], while upregulation of the
expression of the inducible nitric oxide synthase (iNOS)
gene [28], the major gene responsible for the production of
NO, was observed in human colorectal carcinoma tissues
[29].

Even though surgery is implicated in the generation of
oxidative stress, as was demonstrated in surgery for benign
diseases [16], patients with malignant diseases who
underwent tumor resection exhibited an overall reduction
of oxidative stress [14, 15].

Although reduction of oxidative stress was observed in
both groups, some of the markers were decreased signifi-
cantly in the LS group compared to the OS group. This
significance reflects the lower oxidative stress generated
during the laparoscopic procedure. Assuming that resection
of the tumor reduces oxidative stress in both procedures,
the lower oxidative stress observed in LS compared to OS
may be attributed to the following factors: surgical trauma,
manipulation of the intestine, and mesentery traction;
Trendelenburg position of the patient during laparoscopic
surgery; and exposure of the peritoneal cavity to room air
during open surgery.

Surgical trauma is associated with the generation of RS
and also with impairment of the biological defense systems
against RS attack [7, 14]. Surgical manipulation during
laparoscopic procedures causes only minor trauma to the
peritoneal environment which could minimize the inflam-
matory response in the gut. Schietroma et al. [30] found
that initial abdominal exploration, when major intestinal
handling occurs, coincides with increased intestinal per-
meability. Surgical trauma, manipulation of the intestine,
and mesentery traction are generally less prominent in
laparoscopic procedures because of the ample space cre-
ated by the pneumoperitoneum and the amplified view
achieved with the laparoscope. Therefore, it is likely that
minor trauma and minor intestinal handling results in lower
oxidative stress in laparoscopic procedures. The Trendel-
enburg position, from the point of view of hemodynamics,
may not provoke significant changes in the portal blood
flow during surgery [31]. Therefore, injuries from ische-
mia/reperfusion may be attenuated and oxidative damage
could be minor. Indeed, higher MDA levels were found in
patients who underwent laparoscopic surgery in the head-
up position compared to those who were placed in the
head-down position [26].

Exposure of the peritoneal cavity to room air in lapa-
rotomy may be another reason for the discrepancy in oxi-
dative stress between the procedures. Oxygen concentration
in the peritoneal cavity is lower than in the atmosphere
(< 40 mmHg). In laparotomy, the viscera are exposed to a
conspicuous concentration of oxygen for a long period in
contrast with laparoscopy [17].

Oxidative stress is implicated in inflammatory response.
During inflammation, mast cells and leukocytes are
recruited to the site of damage, which leads to a “respi-
ratory burst” due to an increased uptake of oxygen, and,
thus, an increased release and accumulation of RS at the
site of damage. On the other hand, inflammatory cells also
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produce soluble mediators, such as metabolites of arachi-
donic acid, cytokines, and chemokines, which act by fur-
ther recruiting inflammatory cells to the site of damage and
producing more RS. These key mediators can activate
signal transduction cascades as well as induce changes in
transcription factors such as nuclear factor kappa B
(NF-kB). Induction of COX-2 and inducible nitric oxide
synthase (iNOS), aberrant expression of inflammatory
cytokines such as TNFa, IL-1, IL-6, and IL-8, and altera-
tions in the expression of specific microRNAs have also
been reported to play a role in oxidative stress-induced
inflammation [32]. In our previous studies we have found
lower levels of o-defensins, TLR-2, and TLR-4 in patients
who underwent laparoscopic surgery for colorectal cancer
24 h after the procedure [33, 34]. Since oxidative stress is
implicated in inflammatory response and vice versa [32,
35-39], it could be hypothesized that the short-term ben-
efits of laparoscopic surgery are associated to some degree
with lower oxidative stress during this procedure. More-
over, since oxidative stress is implicated in carcinogenesis,
tumor diffusion, and metastasis [8, 32], it cannot be
excluded that lower oxidative stress may be beneficial from
an oncological point of view. Indeed, some authors
reported lower tumor recurrence and longer overall sur-
vival in patients with stage III cancer who underwent
laparoscopic resection compared with the patients under-
went open resection [40-42].

In this study, 8-epiPGF,, was shown to be more sensi-
tive than the other markers to the variances of oxidative
stress. The lipids of the cellular membrane are the primary
macromolecules involved in the reactions with the RS,
while the proteins and the nucleic acids are involved at a
later time. Perhaps this is the reason for the prompt
detection of the 8-epiPGF,,, variations.

This study has revealed the short-term impact of lapa-
roscopic surgery on the markers of oxidative stress.
Although most of the oxidative stress markers are short-
lived, as oxidative stress persists and the redox status is
imbalanced, the markers are produced continuously, and
even in the earliest periods their variations could be rep-
resentative of damage or benefit. Studies that investigate
oxidative stress in open and laparoscopic surgery for
colorectal cancer with later time points and focused on the
oncologic outcome are needed in order to better elucidate
and confirm this hypothesis.

Certain limitations of the study should be pointed out.
Later measurements in the postoperative period until the
markers returned to normal levels would have given further
details on the course of oxidative stress in each patient
group. Control arms with benign colon disease would have
showed more clearly the effect of surgical methods on
oxidative stress since oncological patients have high
baseline levels of oxidative stress. Finally, a longer follow-
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up of the patients would have revealed whether the
observed differences are associated with oncological ben-
efits to the patients.

In conclusion, this study provides evidence that lapa-
roscopic surgery for colorectal cancer is associated with
significantly lower oxidative stress compared to open sur-
gery. 8-epiPGF,, represents the most suitable marker of
oxidative stress that is able to define readily the oxidative
status of patients who underwent surgery for colorectal
cancer.
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