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Oxidative status and lymphocyte DNA damage in patients with
acute pancreatitis and its relationship with severity of acute
pancreatitis
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ABSTRACT
Background/Aims: Acute pancreatitis (AP) is a life-threatening disease with a rising incidence. The aim of this
study was to investigate the association between oxidative status, lymphocyte deoxyribonucleic acid (DNA)
damage, and acute pancreatitis.
Materials and Methods: A total of 45 patients with AP and 35 healthy controls were included in the study. We
assessed pancreatic enzymes, oxidative stress, and lymphocyte DNA damage. The severity of AP disease was
determined by the Harmless Acute Pancreatitis Score (HAPS) and Balthazar scoring systems.
Results: In AP patients, lymphocyte DNA damage was significantly higher than in controls [49.84±25.48 arbitrary units (AU) vs. 28.80±13.98 AU, p<0.001]. The plasma total oxidative status (TOS) and oxidative stress index
(OSI) were higher in patients than in healthy controls (10.36±5.54 vs. 8.47±2.66, p<0.05; 0.64±0.35 vs. 0.45±0.13
AU, p<0.001, respectively). The plasma total antioxidant status level in patients was lower than in healthy controls (1.66±0.19 vs. 1.86±0.18, p<0.001). Lymphocyte DNA damage was correlated with TOS, OSI, and HAPS and
Balthazar scores.
Conclusion: This study shows that patients with AP have higher lymphocyte DNA damage and more deteriorated oxidative status than healthy controls.
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INTRODUCTION
Acute pancreatitis (AP) is an inflammatory disease that
is prevalent worldwide and causes local and systemic
complications. Although the majority of cases with AP
present with mild disease, AP causes inability to work,
decrease in productivity, and work loss. In the severe
form of AP, systemic complication and multiorgan failure may develop and result in mortality. In patients
with severe AP (SAP), the range of mortality changes
between 10% and 30%, and selecting patients with
SAP as early as possible after the onset of symptoms
is crucial for effective treatment (1,2). Acute Physiology and Chronic Health Evaluation (APACHE), Balthazar,
and Harmless Acute Pancreatitis Score (HAPS) are the

conventional scoring systems used in clinical practice
(3). However, the optimal scoring system for the initial
phase of AP is still lacking. Recently, high-sensitivity Creactive protein (HsCRP); interleukin (IL)-2, 6, and 8, and
B-type natriuretic peptide (BNP) are the investigational
parameters for determining the severity of AP.
The relation of oxidative stress-induced free oxygen
radicals with pancreatitis, chronic diseases, cancer, and
neurodegenerative and cardiovascular diseases is one
of the most studied areas in the last decade. The excessive production of free oxygen radicals may damage
macromolecules such as protein, fat, and DNA (4). The
experimental studies in rats showed that increased free
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oxygen radicals cause damage to cells and induce apoptosis;
in contrast, antioxidant substances decrease the severity of AP
(4,5). Lymphocyte oxidative DNA damage is considered as a
reference marker for oxidative stress in the cell and apoptosis
(6). Hitherto, there has been no study conducted on the topic of relation between lymphocyte DNA damage in the early
phase of AP and plasma total oxidative status (TOS), plasma
total antioxidant status (TAS), and the severity of AP.
In this study, we aimed to compare lymphocyte DNA damage
and oxidative stress values in patients with AP scored according to the HAPS and Balthazar scoring system. To the best of
our knowledge, the current study is the first in the literature
which evaluates the association between lymphocyte DNA
damage and AP and its severity.
MATERIALS AND METHODS
Patients and controls
This prospective study included 45 consecutive patients with
AP and 35 controls and was conducted between November
2013 and December 2014. The control group consisted of sexmatched and age-matched healthy individuals. The diagnosis
of AP was based on the clinical manifestation of acute upper
abdominal pain with or without guarding and/or rebound
tenderness associated with an increased serum amylase level
higher than three times the normal value or elevated serum
lipase levels and radiological evidences compatible with AP (7).
Patients with pain lasting longer than 24 h, usage of supplemental vitamins, intravenous drug abuse, pregnancy, ischemic
and inflammatory disease, and chronic renal failure were excluded from the study. Patients with AP with alcoholic and biliary origin were excluded from the study because these etiologies would interfere with the oxidative status of the patients.
All the AP cases were extensively studied for the etiology of AP
and classified as idiopathic AP. All patients were hospitalized
and administered palliative treatment, including intravenous
fluid replacement and opioids, as needed. Abdominal computed tomography with contrast enhancement was performed
for all patients, and the Balthazar scoring system (8) was used
for calculating the severity of AP. In addition, the HAPS system
(9) was used to determine the severity of AP for all patients on
presentation to the emergency unit.
According to the ethical guidelines of the Helsinki declaration,
as revised in 1989, informed consent was obtained from all
participants, and the study was monitored by the local ethical
committee of the Bezmialem Vakif University.
Measurement of total oxidant status
Plasma TOS was measured using a novel automated method
developed by Erel et al. (10). Oxidants present in a sample oxidize the ferrous ion of an o-dianisidine complex to ferric ion.
Oxidation is enhanced by glycerol, which is abundant in the
reaction medium, and the ferric ion forms a colored complex

Dur et al. Oxidative status and lymphocyte DNA damage in AP

with xylenol orange under acidic conditions. The color intensity (which can be measured spectrophotometrically) is associated with the total level of oxidants present. Hydrogen peroxide (Sigma-Aldrich®; Munich, Germany) is used to calibrate the
assay, and the results are expressed in terms of micromoles of
hydrogen peroxide equivalent per liter (μmol H2O2 equiv./l).
Measurement of total antioxidant status
Plasma TAS was measured using another novel automated
method developed by Erel et al. (11). This involves production
of the hydroxyl radical, which is a potent biological reactant. A
ferrous ion solution (Reagent 1) is mixed with hydrogen peroxide (Reagent 2). Radicals produced by the hydroxyl radical, including the brown dianisidinyl radical cation, are also potent in
biological terms. Thus, it is possible to measure the antioxidative capacity of a sample in terms of the inhibition of free radical reactions initiated by the production of the hydroxyl radical.
Variation in assay data is very low (less than 3%), and the results
are expressed as mmol Trolox equiv./L.

Original Article

Turk J Gastroenterol 2016; 27: 68-72

Determination of the oxidative stress index
The percent ratio of TOS to TAS level was accepted as the
oxidative stress index (OSI), an indicator of the degree of oxidative stress (10). To perform the calculation, the result unit
of TAS, mmol Trolox equivalent/L, was converted to μmol
equivalent/L, and the OSI value was calculated as follows:
OSI=[(TOS, μmol/L)/(TAS, mmol Trolox equivalent/L)×100].
Lymphocyte DNA damage determination by the alkaline
comet assay
Human blood samples were collected by venipuncture from
the antecubital vein (~5 mL) and immediately transferred into
tubes containing sterile EDTA solution (EDTA Titriplex® III, SCM
Corp.; Burlingame, CA, USA). In total, 250 μL of blood samples
were transferred by a pipette into an Eppendorf tube. Blood
was kept in fridge at -80°C and studied in 4 weeks.
Endogenous DNA damage was analyzed by the alkaline comet
assay in accordance with Singh et al. (12) with little modifications. Microscope slides were coated with 1.0% hot (60°C) normal melting point agarose (NMA) prepared in phosphate buffered saline (PBS) and then covered with a coverslip at 4°C for
at least 5 min to allow the agarose to solidify. After the removal
of coverslips, 5 μL of whole blood was embedded in 0.7% lowmelting point agarose (LMA) at 37°C. In addition, 85 μL of this
cellular suspension was then spread onto slides that had previously been coated with NMA and was covered with a coverslip.
The slides were allowed to solidify for 10 min at 4°C in a moist
box. After the removal of coverslips, the slides were submersed
in freshly prepared cold (4°C) lysing solution (2.5 M NaCl, 100 mM
EDTA-2Na; 10 mM Tris-HCl, pH 10–10.5; 1% Triton X-100 was added just before use) for at least 1 h. The slides were then placed
on the horizontal electrophoresis unit. The DNA was allowed to
unwind for 40 min in the electrophoresis running buffer solution
(0.3 mol/L NaOH and 1 mmol/L Na2EDTA, pH >13). Electrophore-
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sis was set at 25 V, 300 mA for 20 min at an ambient temperature
of 4°C. After electrophoresis, the slides were placed in a horizontal position and washed two times for 5 min each to remove alkali and detergent in a phosphate buffer saline and once with
distilled water. Finally, 85 μl of ethidium bromide (2 μg/mL) was
added to each slide, which was then covered with a coverslip
and analyzed using a fluorescence microscope. Hundred images
were randomly selected from each sample and were classified
according to their tails (from undamaged class 0 to maximally
damaged class 4). The total score of samples were between 0
and 400 arbitrary unit.

the AP group (Figure 1). HAPS-positive patients had significantly higher lymphocyte DNA damage and OSI levels and significantly lower TAS levels than HAPS-negative patients (Table 2).
We also evaluated serum TAS, TOS, OSI, and lymphocyte DNA

Determination of severity the disease
We used the Balthazar scoring system and HAPS to assess the
severity of AP. These scoring systems have been developed for
the early prediction of disease severity and to further enable an
earlier risk stratification of SAP patients and assist physicians to
start appropriate therapy (8,9).
The Balthazar scoring system is widely accepted, fast and easy
to perform, and does not require the intravenous administration of contrast material. This system can be used to identify a
subgroup of individuals (with grade D or E) at risk of death or a
high morbidity rate. In this study, HAPS-positive and Balthazar
grade D and E patients were considered as patients with SAP.
Statistical analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) software, version 15 (SPSS
Inc.; Chicago IL, USA). Continuous variables were expressed as
means±standard deviation or medians and 25th–75th percentile
values (Inter quartile range: IQR) (normally and not normally
distributed, respectively). Categorical variables were also expressed as percentages. Statistical differences among groups
were tested by one-way analysis of variance with post hoc
Scheffé correction or Kruskal–Wallis test for parametric or nonparametric variables, respectively.

Table 1. Demographic and clinical parameters in AP patients and controls
Control
(n=35)

AP
(n=45)

p

Baseline characteristics			
Age (years)

49.62±9.06

52.73±15.38

0.264

Male/female

8/27

15/30

0.304

Hypertension

0

11

Diabetes mellitus

0

7

Smoking

0

5

Biochemical tests			
Glucose (mg/dL)

105.6 (68–165) 154.95 (63–769)

Creatinine (mg/dL)

0.008

0.74±0.11

0.79±0.22

0.277

Total bilirubin (mg/dL)

0.72 (0.3–1.6)

1.48 (0.3–5.7)

0.002

AST (U/L)

39.22 (15–98)

149.26 (15–935)

0.001

ALT (U/lL)

30.20 (10–78)

171.51 (10–894)

0.001

Amylase (U/L)

66.94 (28–110) 1834 (66–9422)

0.001

Lipase (U/L)

48.91 (20–130) 2962 (25–14000)

0.001

Calcium (mg/dL)

9.49±0.59

9.43±0.74

0.696

Hs-CRP (mg/dL)

0.73 (0.2–2.2)

2.5 (0.1–33.30)

0.070

6.48±1.83

11.47±4.45

0.001

40.83±2.30

39.75±4.74

0.188

263.37±68.50

0.230

WBC (×109 cells/L)
Hematocrit (%)

Thrombocyte count (×10 cells/L) 241.05±90.57
9

Results are n, mean±SD or median (interquartile range).
AP: acute pancreatitis; BMI: body mass index; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; hs-CRP: high-sensitivity C-reactive protein; WBC: white blood cell

RESULTS
Forty-five patients with AP (15 males, 33.3%) and 35 agematched healthy controls (8 males, 29.6%) were enrolled in this
study. The demographic, clinical, and laboratory features of the
patients and controls are presented in Table 1. There were no
differences in age and sex, but differences were observed in
diabetes mellitus and hypertension. Between the patients with
AP and controls, diabetes, hypertension, and smoking were
more prevalent in patients with AP than in controls (p<0.05, for
each variable). White blood cell, glucose, amylase, lipase, total
bilirubin, and lactic dehydrogenase (LDH) levels were significantly higher in patients with AP.
The value of lymphocyte DNA damage and TOS were significantly higher in AP subjects than that in healthy controls. The
OSI levels were also significantly higher in AP subjects than in
healthy controls, while the TAS levels were significantly lower in
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Figure 1. DNA damage values and oxidative stress parameters in AP patients and controls.
Values are mean±SD. Significance was defined as p<0.05.
AP: acute pancreatitis; TOS: total oxidative status; TAS: total antioxidant status; OSI:
oxidative stress index
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damage levels according to the Balthazar score by logistic regression analysis and found that lymphocyte DNA damage and
TAS levels were significantly correlated with the severity of pancreatitis (Table 3).
DISCUSSION
Oxidative damage to DNA was shown to be increased in a
number of pathologies, including neoplastic, neurodegenerative, and cardiovascular autoimmune diseases, and very little
data regarding oxidative status and DNA damage were present
in case of inflammatory conditions (13-16).
In this study, lymphocyte DNA damage was found to be significantly higher in patients with AP than healthy controls. One of
the most striking aspects of our results was a very high level of
lymphocyte DNA damage in the SAP patients. We also found
decreased TAS levels and increased TOS and OSI levels in patients with AP. According to the Balthazar scoring system, the
TAS levels and lymphocyte DNA damage were also correlated
with the severity of AP. Similar studies in the literature used the
same sensitive, easy, and fast-applicable Comet assay technique to reveal DNA breaks and damage induced by oxidative
stress (17). However, in our study, the TOS levels compared to
other parameters were less correlated with AP and had no correlation with the severity of AP staged according to the Balthazar scoring system. Therefore, it is thought that DNA damage
may be more related with insufficient antioxidant capacity and
less excessive ROS generation, which contributed to the pathogenesis of the disease in AP patients. Methemalbumin, IL-6,
Table 2. DNA damage values and oxidative stress parameters according
to the HAPS score
Parameters

HAPS positive HAPS negative
(n=24)
(n=56)

p

TOS (μmol H2O2 equiv./L)

10.85±5.74

8.97±3.92

0.153

TAS (mmol Trolox equiv./L)

1.65±0.17

1.79±0.21

0.006

OSI (AU)

0.66±0.35

0.51±0.26

0.046

60.16±22.06

32.27±18.91

0.001

DNA damage (AU)

Values are mean±SD. Significance was defined as p<0.05.
HAPS: harmless acute pancreatitis score; TOS: total oxidative status; TAS: total antioxidant
status; OSI: oxidative stress index; AU: arbitrary units

IL-8, and C-reactive protein (CRP) were used to determine the
severity of AP in the literature (18). Although CRP is the most
commonly used inflammatory marker in daily clinical practice
in patients with AP, the yield of CRP for the evaluation of the
severity of AP within 12 h of AP is very low (19). The findings of
increased DNA damage in concordance with the severity of AP
even in the first 12 h of AP in all patients may be complementary to CRP evaluation and help triage of the patients with AP
in the very early stages of disease.
Although there are many scoring systems developed for evaluating the severity of AP, HAPS with its easy-applicability and costeffectivity is better than the other scoring systems and had more
use in daily clinical practice (9). In our study, we found more
lymphocyte DNA damage and lower TAS levels in HAPS-positive
patients than HAPS-negative patients. Similar to the Balthazar
scoring system, the TOS levels was not a statistically significant
parameter for the determination of SAP according to the HAPS
score. Thus, in patients with SAP, the evaluation of the TAS levels in conjunction with lymphocyte DNA damage may better
delineate the protective status of the patients against oxidative
stress. The absence of significant TOS levels in correlation with
TAS and lymphocyte DNA damage levels support the finding in
the literature that different oxidative stress factors with different
anti-oxidant capacity may function in distinct inflammatory conditions (20,21). The reflection of oxidative status in AP with the
findings of reduced TAS levels and severity of lymphocyte DNA
damage and severity of AP in the early stages are the two main
important finding in our study. The determination of the clinical
scenario from the onset of AP by the measurement of DNA damage and the TAS levels may give the opportunity for establishing
innovative treatments to reduce the risk of severe AP.
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This study has some limitations which have to be highlighted.
Because of the technical difficulty regarding the necessity of
the rapid measurement of lymphocyte DNA damage, limited
number of patients was recruited for the study. The cost of measuring the TAS, OSI, TOS, and lymphocyte DNA damage is high,
and the evaluation of these parameters requires sophisticated
laboratory equipment. The cost-effectivity, easy-applicability,
and reproducibility of these laboratory parameters remain as
an important problem in daily clinical practice.

Table 3. DNA damage values and oxidative stress parameters according to the Balthazar scores
Parameters

Grade A
(n=7)

Grade B
(n=6)

Grade C
(n=16)

Grade D
(n=7)

Grade E
(n=9)

p

TOS (μmol H2O2 equiv./L)

8.72±3.57

8.41±5.5

11.21±6.36

11.88±5.66

10.25±5.60

>0.05

TAS (mmol Trolox equiv./L)

1.74±0.14

1.64±0.1

1.68±0.24

1.70±0.14

1.56±0.14*

<0.05*

OSI (AU)

0.50±0.20

0.52±0.3

0.68±0.40

0.72±0.36

0.67±0.40

>0.05

DNA damage (AU)

28.85±13.8

44.33±3.

46.56±22.6

55.43±16.5

71.33±25.6

<0.05Ω

TOS: total oxidative status; TAS: total antioxidant status; OSI: oxidative stress index; AU: arbitrary units
*TAS levels are significantly higher in grade A than in grade E
Ω
DNA damage is significantly more in grade E than in grades A, B, and C
Values are mean±SD. Significance was defined as p<0.05.
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When contrast-enhanced tomography-based Balthazar scoring system is correlated with lymphocyte DNA damage for
the evaluation of AP, the data of lymphocyte DNA damage
can differentiate stage A from stage E and stage C from stage
E. Thus, to avoid contrast and radiation exposure at the onset
of the staging process, the measurement of lymphocyte DNA
damage may form a reference for following computed tomography (CT) evaluation. The AP patients with high lymphocyte
DNA damage undergo CT evaluation and may be triaged to
the intensive care unit because of the high risk of developing
complications. To make a joint consensus statement about this
innovative approach, we need a higher sample size to clarify
the accuracy of this new triage method.
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In conclusion, this study revealed that the patients with AP
have higher lymphocyte DNA damage and more deteriorated
oxidative status than healthy controls. The finding of higher
DNA damage in concordance with the severity of AP even in
the first 12 h of AP may help the clinician predict the severity
and prognosis of AP within the early onset of AP. The development of a new triage system for AP cases based on the measurement of oxidative status and lymphocyte DNA damage
may provide a more predictable and cost-effective approach
for the treatment of AP.
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