
Abstract. Background/Aim: The aim of this study was to assess
the plasma concentration of the nitrosative stress biomarker
nitrotyrosine (NT) in gallstone disease and cancer patients.
Materials and Methods: Initially, 114 patients with symptomatic
gallstone disease were randomized into the laparoscopic
cholecystectomy (LC) (n=54) and the minicholecystectomy (MC)
(n=60) groups. The plasma concentrations of NT were measured
just before, immediately after (POP1) and 6 h after operation
(POP2). The cancer patients of this study included ten patients
with gastrointestinal cancer and 19 patients with gynecological
cancer. Results: There was a statistically significant correlation
in the median plasma NT concentrations versus plasma catalase
(CAT) concentrations in cholecystectomy patients (r=0.169,
p=0.001). Interestingly, there was a statistically significant
inverse correlation between the individual values of the pain
assessed and filed using a 11-point numeric rating scale 8 h
postoperatively (NAD8) and plasma NT median values in
cholecystectomy patients (r=–0.337, p=0.004). Conclusion:
Patients with high plasma concentrations of NT appeared to
have significantly lower pain scores 8 h postoperatively.

Nitrotyrosine (NT) has been identified as a biomarker of
nitrosative stress by reactive nitrogen species (RNS)
production. NT is a stable endproduct of nitration of tyrosine
by the RNS such as nitrogen dioxide and peroxynitrite
(ONOO–). The ONOO– is a strong oxidant and toxic due to its
ability to oxidize enzymes, lipids, proteins and DNA (1-3).

Since NT is the end product of ONOO– oxidation, assessment
of plasma NT concentration could be a useful biomarker of
nitrosative stress status in patients who underwent surgery for
cholelithiasis. Our original hypothesis was that no difference
in oxidative stress (OS) between the laparoscopic
cholecystectomy (LC) and minicholecystectomy (MC)
procedures would be detected (4). Our results suggest that both
LC and MC are safe and feasible operations and have a quite
similar short- and long-term outcome (4, 5). Interestingly, the
LC patients had significantly shorter convalescence and lower
pain score at 24 h post-operatively (6). In addition, we have
earlier reported that cholecystectomy patients with high plasma
catalase (CAT) concentrations appeared to require significantly
fewer analgesic doses during the first 24 h postoperatively (7).
However, the nitrosative stress biomarker NT plasma
concentrations in gallstone disease patients versus cancer
patients is unknown. Therefore, the present study was designed
to investigate the NT plasma concentrations in gallstone
disease patients versus cancer patients. Firstly, the main aim of
this study was to determine the correlation between plasma NT
and CAT levels in patients with benign disease versus patients
with cancer and secondly to determine the association between
plasma NT concentrations and the individual pain scores
postoperatively.

Materials and Methods
The study was approved by the Ethics Committee of the Kuopio
University Hospital District, Kuopio, Finland (DNRO 27/02/2013),
registered in the ClinicalTrials.gov database (ClinicalTrials.gov
Identifier: NCT01723540, Consort diagram, Figure 1), and was
conducted in accordance with the Declaration of Helsinki. The
study was a prospective, randomized, multicenter clinical trial
consisting of 114 patients with confirmed symptomatic
cholelithiasis. Written consent was collected from participants, after
receiving verbal and written information about the study. Patients
were randomized to undergo either LC (n=54) or MC (n=60) at two
separate hospitals in Finland: Kuopio University Hospital, Kuopio
(n=86) and Helsinki University Central Hospital, Helsinki (n=28)
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between March 2013 and May 2015. The design of the study is
presented in Figure 1. After patient enrolment, randomization was
achieved with a sealed envelope method either to LC or MC
groups. Patients with cancer, recruited from our previous study,
included 10 patients with gastrointestinal cancer and 19 patients
with gynecological cancer (8-10).

The surgical techniques used were standardized for both groups.
The LC procedure was performed using the four-trocar technique
(two 10-mm and two 5-mm trocars) and intra-abdominal pressure
was set at 12 mmHg. Ultrasonic scissors (Harmonic ACE®, Ethicon
Endo-Surgery, Cincinnati, OH, USA) were used in both the MC and
LC procedures. The gallbladder was dissected from the liver with
ultrasonic scissors. The cystic artery was sealed with ultrasonic
scissor and two metal clips were inserted into the cystic duct. 

The MC technique is minimally invasive open technique with
very short wound; the mean (±SD) length of skin incision was 4.8
(±1.6) cm and the rectus muscle was not cut, but split. A skin
incision length more than 7,0 cm or cutting of the rectus muscle was
considered as a conversion to conventional open operation. Incisions
were infiltrated with local anesthetic (20 ml ropivacaine 7.5 mg/ml)
at the end of the operation. Both study groups were standardized
regarding endotracheal anesthesia and post-operative case including
the overall pain filed on an 11-point numeric rating scale (NRS;
0=no pain; 10=most pain). The study protocol was fully described
in our earlier original work (4-7). 

EDTA-blood samples were obtained before surgery (PRE),
immediately after surgery (POP1) and 6 h post-operatively
(POP2) and centrifuged at 1000G (2900 rpm) for 15 min. Plasma
was separated and stored frozen at –70˚C until analyzed. Plasma
high sensitivity C-reactive protein (hs-CRP) was analyzed with a
Cobas 6000-analyzer (Hitachi, Tokyo, Japan) using the method
by Roche Diagnostics (Mannheim, Germany). The plasma CAT
assays were performed using enzyme-linked immunosorbent
assay (ELISA) Kit (SEC418Hu, Cloud-Clone Corporation, USA).
The study protocol of CAT was fully described in our earlier
original works (7, 12). The plasma NT assays were performed
using competitive enzyme immunoassay OxiSelect™
Nitrotyrosine ELISA Kit (STA-305, Cell Biolabs Inc, USA). The
manufacturers intra-assay CV% and the inter-assay CV% were
5.1 % and 5.8 %, respectively.

The data were entered and analyzed with a statistical software
program (IBM SPSS Statistics 24.0, IBM, Armonk, NY, USA).
Differences in the baseline characteristics between groups were
tested by the Fisher’s exact test and in the case of continuous data
the analysis was performed by independent samples t-test. Group
differences at three time points were tested by the Mann-Whitney
U-test and the Wilcoxon signed rank test. The results of the
laboratory measurements are presented as median with interquartile
range as distributions were right skewed. A two-sided p-value of
less than 0.05 was considered statistically significant. Spearman’s
method was used to test for correlation of individual CAT versus
NT concentrations (Figure 2) and for NT concentrations versus
individual NRS postoperatively (Figure 3).

Results

The perioperative variables and data were quite similar between
the study groups. In spite of a slightly higher mean body weight
in the LC versus the MC group of patients (p=0.057, Table I),

there was no statistically significant difference in the mean body
mass index (BMI) (p=0.111, Table I). Interestingly, the mean
length of the skin incision was significantly longer in the LC
than in the MC group (p<0.001, Table I).

Table II shows plasma concentrations of hs-CRP, CAT and
NT before operation (PRE), immediately after operation
(POP1) and 6 h after operation (POP2) in patients
undergoing LC and MC compared to patients with cancer.
The median plasma hs-CRP concentrations preoperatively
and following surgery in the LC and MC patients were quite
similar. Although, cancer patients had a trend for having
higher hs-CRP median values preoperatively and following
surgery compared to the LC and MC patients, there was no
statistically significant difference between the study groups
(p=0.08, p=0.09, p=0.06, respectively, Table II). The median
plasma CAT concentrations preoperatively and after surgery
in the LC and MC patients versus cancer patients were quite
similar also and no statistically significant differences were
found, although immediately following surgery (POP1) the
cancer patients had a trend for having higher CAT levels
compared to LC and MC patients (Table II). The median
plasma NT concentrations preoperatively and following
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Figure 1. Design of the study as a flowchart. PRE: Sample before
surgery; POP1: sample immediately after surgery; POP2: sample 6 h
after surgery; Hs-CRP: high sensitivity C-reactive protein; CAT: plasma
catalase; NT: nitrotyrosine.



surgery in the LC and MC patients versus cancer patients
were quite similar and no statistically significant differences
were found (Table II).

The postoperative alterations of plasma hs-CRP, CAT and
NT marker concentrations in all patients combined are
shown in Table III. The median plasma levels of hs-CRP
increased by 7.4 % immediately after surgery and this
increase was statistically significant (p=0.021, Table III).
The median plasma CAT concentrations preoperatively and
after surgery were quite similar and no statistically
significant alterations were found (Table III). The median
plasma concentrations of NT slightly decreased by 3.3%
immediately after surgery (p=0.242, Table III) and then
median plasma concentrations of NT increased 4.4% 6 h
following surgery (p=0.033, Table III). 

Scatter plots of the plasma NT versus CAT concentrations
showed a highly significant correlation between CAT and NT
values in cholecystectomy patients (r=0.169, p=0.001, Figure 1).

Figure 3 shows the scatter plots of plasma NT concentrations
versus pain assessed using a 11-point numeric rating scale
(NRS; 0=no pain; 10=most pain) at 8 h postoperatively
(NAD8). A statistically significant correlation was found
between the individual values of the NAD8 and plasma NT
median values (r=–0.337, p=0.004, Figure 3).

Discussion 

Ter Steege et al. (13) demonstrated immunohistologically the
presence of NT in intestinal tissue of celiac disease (CD)
patients and concluded that the existence of NT in the plasma

of CD patients could be indirect evidence of the role of NT
in the pathophysiology of CD (13). Hintsala et al. (14)
investigated the immunohistochemical expression of
nitrotyrosine in 36 nevi, 14 lentigo malignant and 71
malignant melanomas. In addition, NT plasma concentrations
are in septic shock (15) and in type II diabetic patients (16).
NT may also have a role in the development of diabetic
complications (16, 17) and in the pathogenesis of human
corneal diseases (18). Enhanced plasma nitrotyrosine
concentrations have been linked to the risk of ischaemic brain
injury (19) and earlier research shows that plasma NT levels
can be reduced by N-acetylcysteine (20). Eleuteri et al. (21)
reported increased NT plasma concentrations in patients with
chronic heart failure. In addition, active and passive smoking
could decrease plasma NT levels (22). Fiaccadori et al. found
that radiocontrast media administration is associated with
enhanced plasma NT levels 72 h following the procedure and
this should be taken in consideration in clinical practice,
especially, when treating patients with kidney diseases (23).

The assessment of the nitrosative stress biomarker NT
plasma concentrations in cholecystectomy patients versus
cancer patients is rarely reported. Arsalani-Zadeh et al. (24)
and Yiannakopoulou et al. (25) reviewed the literature to
compare ROS/RNS in open surgery (OS) and laparoscopic
surgery (LS). Sixteen clinical trials investigated the impact
of OS and LS on ROS/RNS, however, there were no studies
available on plasma NT measurements. In our study, the
plasma concentrations of the NT marker were measured just
before, immediately after (POP1) and 6 h after operation
(POP2). The first endpoint of this study was to determine the
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Figure 3. Scatter plots of the plasma nitrotyrosine concentrations (NT)
versus pain assessed using a 11-point numeric rating scale (NRS; 0=no
pain; 10=most pain) at 8 h postoperatively (NAD8) in cholecystectomy
patients (r=-0.337, p=0.004).

Figure 2. Scatter plots of the plasma nitrotyrosine concentrations (NT)
versus plasma catalase (CAT) concentrations in cholecystectomy
patients (r=0.169, p=0.001).



RNS stress to surgical trauma measured by plasma NT levels
in cholecystectomy patients versus cancer patients. The
second endpoint was to determine the correlation between
the plasma NT concentration and the individual values of
pain, assessed and filed using a 11-point numeric rating scale
8 h postoperatively (NAD8). 

In spite of a slightly higher mean body weight in the LC
versus the MC patients, we believe that there is no significant
bias in the study design, because the difference in the mean
BMI is non-significant (p=0.111, Table I). The assessment of
the biomarker NT plasma levels in benign disease patients
versus cancer patients is rarely reported. However, the median
plasma NT concentrations preoperatively and following
surgery in the LC and MC patients versus cancer patients
were quite similar and no statistically significant differences
were found. Therefore, this result did not support our working
hypothesis and we are determined to study the association

between plasma NT concentrations and the individual pain
scores postoperatively. 

In this study, the most important finding was a moderate
inverse correlation between plasma NT concentrations and
pain score (NRS) at 8 h following surgery. The classical
outcome measures evaluated following surgery are usually
perioperative course, complications, morbidity, mortality and
long-term outcome (post-cholecystectomy symptoms,
gallstone recurrence, long-term complications). Therefore, it
will be important to have also a biomarker available to
monitor patient’s outcome following surgery.

Although, there is no major breakthrough in nitrosative
biomarkers in cancer, some interesting future perspectives
are available. Sasaki et al. (28) examined the risk of cancer
by classifying gastric mucosa into 4 categories: chronic
gastritis (CG) without Helicobacter pylori (HP), chronic
active gastritis (CAG) with HP, chronic metaplasia gastritis
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Table I. Baseline demographic characteristics and surgical data for the two study groups. Values are mean (standard deviation) or number of cases. 

Variable                                                                                     Minilaparotomy                                    Laparoscopy                                        p-Value
                                                                                                           n=60                                                    n=54

Age (years)                                                                                  50.7 (13.2)                                          53.2 (13.1)                                           0.316
Gender (male/female)                                                                       11/49                                                   18/36                                               0.066
Height (cm)                                                                                  167.4 (7.6)                                          168.9 (9.9)                                           0.355
Weight (kg)                                                                                   77.3 (14.4)                                          83.0 (17.4)                                           0.057
BMI (kg/m2)                                                                                  27.6 (4.4)                                            29.1 (5.6)                                            0.111
Operative time (min)                                                                   70.0 (26.9)                                          70.1 (35.3)                                           0.976
Time in the operation theatre (min)                                           120.4 (28.5)                                        127.1 (35.8)                                          0.287
Perioperative bleed (ml)                                                                 41 (59)                                                31 (39)                                              0.290
Conversion rate (n)                                                                              3                                                          3                                                   1.000*
Length of the scin incision(s) (mm)                                           49.7 (12.1)                                          78.3 (22.7)                                         <0.001

BMI: Body mass index. t-test and *Fisher’s exact test were used.

Table II. Plasma concentrations of high-sensitivity C-reactive protein (hs-CRP), catalase (CAT) and nitrotyrosine (NT) before operation (PRE),
immediately after operation (POP1) and 6 h after operation (POP2) in patients undergoing minicholecystectomy (MC) and laparoscopic
cholecystectomy (LC) compared to patients with cancer. Values are median (interquartile range).  

Marker                                                           MC                                                 LC                                               Cancer                                    p-Value

Hs-CRP (mg/l)
  PRE                                                    1.87 (0.95-3.35)                           2.05 (0.63-3.98)                                4.7 (0.9-62)                                   0.09
  POP1                                                  1.95 (0.88-3.1)                            1.95 (0.70-3.70)                                8.6 (0.8-61)                                   0.08
  POP2                                                  4.10 (2.05-6.35)                           2.80 (1.28-4.88)                           192 (104-373)                                    0.06
CAT (pg/ml)
  PRE                                                    0.75 (0.42-1.36)                           1.09 (0.56-1.60)                                0.73 (0.48-1.30)                            0.178
  POP1                                                  0.79 (0.48-1.37)                           0.93 (0.56-1.65)                                1.46 (1.13-2.36)                            0.052
  POP2                                                  0.76 (0.43-1.22)                           1.02 (0.67-1.58)                                1.12 (0.68-1.50)                            0.376
NT (pg/ml)
  PRE                                                    3.79 (2.88-5.16)                           4.39 (2.48-5.71)                                5.67 (4.10-8.10)                            0.547
  POP1                                                  4.11 (2.96-5.26)                           4.40 (2.76-5.76)                                5.28 (3.41-6.44)                            0.925
  POP2                                                  4.25 (3.00-5.45)                           4.51 (2.96-5.84)                                4.69 (4.09-6.27)                            0.639

Mann-Whitney U-test was used.



without HP (CGM), and chronic gastritis with atypia
without HP (CGA). They analyzed NT levels by ELISA
from whole-tissue lysates extracted from nitrogen-frozen
material and found enhanced NT levels in the order (from
lowest to highest) of CG, CAG, CMG and CGA (overall p-
value <0.0001). In addition, Sasaki et al. showed that AC
(adenocarcinoma) patients had the highest concentration of
NT (28). They suggested that CGA mucosa should be
viewed as high-risk mucosa for gastric cancer and the
patients with CGA should be evaluated further by
gastroscopy and biopsy.

In conclusion, the plasma NT concentrations preoperatively
and following surgery in the cholecystectomy patients versus
cancer patients were quite similar. Cholecystectomy patients
with high plasma levels of NT appeared to have significantly
lower pain score following surgery, which may suggest that
better ROS balance could have a protective role against
postoperative pain.
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