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ABSTRACT

Objective: This study aimed to find new serum biochemistry parameters, especially for the early
identification of severe Acute Pancreatitis (AP). In the study, serum cytokine levels (TNF-A, IL-1, IL-
6, IL-10, IL-21), biochemical parameters (Aquaporin-1, Hepcidine, Iron, Zinc, Copper, Nitric Oxide,
C-Reactive protein) and oxidative stress parameters analysis were performed.

Method: A total of 46 patients with AP and 46 healthy controls were included in this study. Serum
cytokine levels, biochemical, and oxidative stress parameters by the ELISA method and CRP by the
immunoturbidimetric method were measured.

Results: When patients with AP and confrol groups were compared, all studied parameters were
found statistically significant (p<0.05). However, IL-1 was insignificant (p>0.05). Therefore, the Mann-
Whitney U test, which is a non-parametric test, was deemed appropriate to determine whether
there was a significant difference between the patient and control groups.

Conclusions: Investigating the role of cytokines, oxidative stress and other biochemical parameters
in the pathogenesis and course of the disease may confribute to a better understanding of the
disease process and its therapeutic value. It showed a significant increase in oxidative stress
parameters and biochemical parameters such as aquaporin-1, hepcidin, lipase, and amylase,
which may help in the diagnosis of AP.

Keywords: Acute pancreatitis, cytokine, oxidative stress, some other biochemical parameters
(o]

Amag: Bu calisma, ézellikle siddetli AP'nin erken teshisi icin yeni serum biyokimya parametreleri
bulmayr amacladi. Calismada serum sitokin seviyeleri (TNF-A, IL-1, IL-6, IL-10, IL-21), biyokimyasal
parametreler (Aquaporin-1, Hepsidin, Demir, Cinko, Bakir, Nitrik Oksit, C-Reaktif protein) ve oksidatif
stres parametreleri analizi yapildi.

Yontem: Bu calismaya AP'li toplam 46 hasta ve 46 sagdlikli kontrol dahil edildi. ELISA yontemi ile
serum sitokin dUzeyleri, biyokimyasal ve oksidatif stres parametreleri, immUnotUrbidimetrik ydntemle
de CRP 8lcildu.

Bulgular: AP'li hastalar ve kontrol grubu karsilastiridiginda calisilan tOm parametreler istatistiksel
olarak anlamli bulundu (p<0.05). Ancak IL-1'in énemsiz oldugu bulundu (p>0.05). Bu nedenle hasta
ve kontrol gruplarn arasinda anlamli fark olup olmadigini belilemek icin parametrik olmayan bir test
olan Mann-Whitney U festi uygun bulunmustur.

Sonug: Sitokinlerin, oksidatif stresin ve diger biyokimyasal parametrelerin hastaligin patogenezindeki
ve seyrindeki rolUnUn arastinimasi, hastalik sirecinin ve tedavi edici degerinin daha iyi anlasiimasina
katki saglayabilir. AP tanisinda yardimci olabilecek aquaporin-1, hepsidin, lipaz ve amilaz gibi
oksidatif stres parametrelerinde ve biyokimyasal parametrelerde énemli bir artis gosterdi.

Anahtar Kelimeler: Akut pankreatit, sitokin, oksidatif stres, diger bazi biyokimyasal parametreler

(IL-1) regulates the differentiation of

Acute pancreatitis (AP) is an inflammatory disease of Interleukin-1

the exocrine pancreas with highly variable severity,
ranging from self-limited disease to severe progressive
disease with organ dysfunction and death (1,2).
There is no intervention to modify the progression or
severity of pancreatitis. What distinguishes pancreatitis
from other diseases of the gastrointestinal tract is its
tendency to amplify the localized process by inducing
a general systemic inflammatory response. TNF-a is
produced by macrophages and is associated with
acute and chronic inflammation and autoimmune
diseases (3). A study conducted in mice with TNF-a
deficiency has shown that TNF-a plays an important
role in the regulafion of embryo development.

lymphoid cells in aufoinlammatory, autoimmune,
infectious and degenerative diseases and potentiates
the effect of neutrophils and macrophages (4). IL-6 is a
pleiotropic cytokine with complex roles in inflammation
and metabolic disease. Within the pancreatic islet, IL-6
stimulates secretion by a-cells of the prosurvival incretin
hormone glucagon-like peptide 1 and acts directly on
B-cells to stimulate insulin secretion in vitro (5,6). It allows
to prevent diabetes and delay the progression fo insulin
dependence. IL-6 can be produced by and act on
multiple tissues in the body (6), therapeutic pirfenidone
freatment increases IL-10 secretion from macrophages
before changes in histology and modulates the immune

Peer-Review: Double anonymized - Two External

Plagiarism Checks: Yes - intihal.net

Complaints: geneltip@selcuk.edu.ir

Copyright & License: Authors publishing with the journal retain
the copyright to their work licensed under the CC BY-NC 4.0

158

Selcuk University Press

Genel Tip Dergisi | e-ISSN: 2602-3741
https://dergipark.org.tr/tr/pub/geneltip
https://yayinevi.selcuk.edu.ir,



https://dergipark.org.tr/tr/pub/geneltip


https://yayinevi.selcuk.edu.tr/
mailto:geneltip%40selcuk.edu.tr?subject=
https://orcid.org/0000-0002-5745-9678
https://orcid.org/0000-0001-8497-7625
https://orcid.org/0000-0003-4881-5244
https://orcid.org/0000-0003-2428-1831
https://orcid.org/0000-0003-2306-6531
https://orcid.org/0000-0002-5025-2367
https://doi.org/10.54005/geneltip.1264527

Examination of Some Parameters in Patients with Acute Pancreatitis - Bayraktar et al.

Genel Tip Dergisi

phenotype of inflammatory cells with reduced levels
of inflammatory cytokines (7).

C-reactive protein (CRP) is an acute phase protein
that reflects a measure of the acute phase response,
a good indicator of inflammation, its secretion mainly
dependent on IL-6. Persistently elevated hepcidin
(HEPC) levels caused by IL-6 block the iron (Fe)
fransporter ferroportin in macrophages, hepatocytes,
and intestinal epithelial cells, leading to Fe deficiency
and anemia of chronic inflammation (8,9). In
lymphocytes, IL-6 stimulates B-cell differenfiation into
immunoglobulin-producing cells. IL-10 is a cytokine
with anfi-inflammatory properties and important
immunoregulatory functions, and an essentialregulator
of the immune system. It is a potent suppressor of
antigen presenting cells and lymphocytes (9).

IL-21 is mainly produced by natural killer, T cells, and
CDA4+ T cells. All CD4+ T helper subsets can produce
varying amounts of IL-21 depending on the stimulation
context and cytokine environment, promoting
inflammation and the immune response (10).

Nitric oxide (NO), Proinflammatory mediator bradykinin
(BK), induces NO production in vascular endothelial
cells, BK has been shown to elicit Ca2+ signals. It
is a signaling molecule that plays a key role in the
pathogenesis of inflammation (11).

The hepatic peptide hormone HEPC is the main
regulator of Fe absorption and tissue distribution. Fe
levels are confrolled by the liver peptide hormone
HEPC. Defects in HEPC regulation contribute to the
pathogenesis of many Fe disorders (12,13).

Zinc (Zn) is a key element in numerous proteins and
plays an important role in cell functions in defense
against free radicals and repair of DNA damage. AP
is a chronic inflammation of the pancreas that results
in progressive fibrosis of the pancreas, ultimately
resulting in  malnutrition-associated  pancreatic
exocrine insufficiency (PEl) (14,15). Adversely affect
the development and function of T and B cells,
phagocytosis, intracellular kiling and cytokine
production (15).

Oxidative stress occurs in response to oxidative
damage produced by the body’'s anfioxidant and
scavenging activities by a harmful stimulant. AP plays
a role in the etiopathogenesis of many diseases such
as cancer (16,17).

Copper (Cu) produced by the portal circulation is
mainly absorbed by the liver, excess Cu can trigger
oxidative damage, reactive oxygen stress generation,
and damage biological molecules (18).

Aquaporins (AQPs) are a family of water-permeable
fransmembrane proteins. In mammals, they are broken
down into classical aquaporins that are permeable
to water glycerol and urea (19,20). AQPs assure
crucialphysiological functfions in both the exocrine
and endocrine pancreas. Indeed, they are involved
in pancreatic juice and insulin secretion. The possible
role of AQPs in the development of inflammatory
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processes is highlighted (21).

In our study, TNF-a, IL-1, IL-6, IL-10, IL-21, NO, CRP,
biochemical parameters: AQP-1, HEPC, Fe, Zn, Cu
and oxidative stress levels were measured in patients
with AP. By looking at these parameters, it is possible
to contribute to the parameters that may cause the
etiology of the disease and, as a result, to the studies
on freatment.

Material and Methods
Patients and healthy control groups

A total of 46 patients with AP and 46 healthy controls
were included in this study. Patients, diagnosed with
AP in the gastroenterology department of the Harran
University Hospital Internal Diseases Department,
participated in our study. Patients admitted to
the hospital with abdominal pain in the first 2 days
of diagnosis of AP and patients who did not have
any additional chronic diseases were included.
64 U/L (min:25, max:294), lipase average value is
1404.69+1900.99 U/L (min:11, max:6000). The study
included 38 men and 54 women. The total sample
of the patient group was 46, and the mean age for
both genders was (43x19). For the confrol group,
we recruited control groups from 46 volunteers.
We recruited 19 men and 27 women in the healthy
control group without any current disease history
or pathological condition, and the mean age of
the control group was 46 = 13 years for both sexes.
When we collected the blood, we transferred it to
the gel (biochemistry tubes) tube. We were careful
in obtaining blood samples from the patient and
control groups to minimize hemolysis as hemolysis can
greatly affect the validity of test results. The blood was
centrifuged at 4000 rom for 10 minutes and the serum
was separated. We then collected the supernatant
(plasma) without sediment and then stored it in the
freezer.

In our study, the blood samples of the patients were
centrifuged at 4000 rom and the serum samples were
stored in a deep freezer at -80°C. The samples taken
were studied with the principle of ELISA fo analyze the
levels of TNF-a, IL-1, IL-6, IL-10, IL-21, AQP-1 and HEPC.
Measurement of the total antioxidant status (TAS)
were made using brand commercial kits (Rel Assay
Diagnostic, Gaziantep) on a microplate reader system
(Varioskan Lux; Thermo Scientific). Briefly, free radical
reactions were initiated by the Fenton reaction and
monitored by absorbance of the dianisidyl radicals.
This reaction was measured spectrophotometrically
at 660nm. Using this method, the antioxidative
effect was measured as the relative amount of free
dianisidyl radicals. The precision of this test has high
accuracy (<3% error rate). The data were expressed
in mmol Trolox equivalent/L. Measurement of the
total oxidative status (TOS) were made using brand
commercial kits (Rel Assay Diagnostic, Gaziantep) on
a microplate reader system (Varioskan Lux; Thermo
Scientific) according to the method of Erel. Briefly,
oxidants present in the sample oxidize the ferrous
ion-o-dianisidine complex to ferric ion. The oxidation
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reaction is enhanced by glycerol molecules, which
are abundantly present in the reaction medium.
The ferric ion makes a colored complex with xylenol
orange in an acidic medium. The color intensity, which
can be measured spectrophotometrically (at 530nm),
is related to the total amount of oxidant molecules
present in the sample. The assay is calibrated
with hydrogen peroxide (H,0,), and the results
are expressed as pymol H202 equivalent/L.Then to
calculate the oxidative stress index (OSI), the resulting
TAS units were converted to mmol/L, and the OSI value
was calculated according to the following formula:
OSI (arbitrary unit) = TOS (mmol H,0, equivalent/L) /TAS
(mmol Trolox equivalent/L) (22,23).

Principle of NO

NO in the samples rapidly decomposes intfo nitrate
and nifrite. Spectrophotometric quantification of
nitrite using Griess reagent is sensitive but does not
measure nitrate. Reduction of nitrate to nitrite is
performed using the NADH-dependent enzyme nitrate
reductase, followed by spectrophotometric analysis
measurement of tofal nitrite at 545nm with Griess
reagent (21).

Principle of Fe, Zn, Cu and CRP

In our study, the Fe Atfellica device was used. It is
measured spectrophotometrically by combining
with ferrosine to release a colored chromophore
that absorbs at 571/658 nm. Zn changes the red-
orange color of 5-Br-PAPS tfo light pink under alkaline
conditions. The change in absorbance at 548 nm is
proportional to the total Zn level in the sample. Cu in
the samples changes the red-orange color of DiBr-
PAESA to purple under acidic conditions. The change
in absorbance at 572 nm is proportional to the total
Cu concentration in the sample. Consolidation occurs
when the serum containing CRP is mixed with the latex
reagent, turbidity is measured at 571 nm.

Statistical analysis

The conformity of the data to the normal distribution
in the patient and control groups was tested with
Shaphiro Wilk. Student’s t test was used to compare the
normally distributed features in the parameters while
the non-normally distributed groups were compared
using the Mann Whitney U test. The Sperman correlation
coefficient was examined for the relationship between
the parameters. Mean + standard deviation values for
numerical variables are given as descriptive stafistics.
SPSS Windows version 24.0 package program was
used for statistical analysis and p<0.05 was considered
statistically significant.

Resulis

Since all the p-values were less than 0,05, the
participants in the patient group had statistically
signicantly higher concentrations of AQP-1, HEPC, TOS,
and Cu (31.18 £10.76 U/L; 107.12 £ 36.15 ng/ml; 16.77
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4.02 umol H202 equiv/L; 127.31£28.32ug/dl) compared
to the control group (5.51 £ 2.80 U/L; 32.65 = 7.50 ng/
ml; 11.49 £ 2.47 ymol H202 equiv/L; 88.77+22.07ug/
dl), respectively. On the other hand, the participants
in the patient group had statistically signicantly lower
concentrations of TAS, Fe, and Zn (1.14 + 0.14 mmol
Trolox equiv/L; 33.79+16.32 ug/dl; 73.75+15.36ug/
dl) compared to the control group (1.46x 0.18 mmol
Trolox equiv/L; 79.10 + 32.52 ug/dl; 88.57+£14.66 ug/dl),
respectively.

Since all the p-values were less than 0,05, the
participants in the patient group had statistically
signicantly higher concentrations of TNF-a , IL-1, IL-6,
IL-10, IL-21, CRP, and NO (86.59 + 32.45 ng/L; 37.73
14.09 pg/L; 131.51% 21.43 ng/L; 189.66 = 103.44 pg/L;
190.13 £ 152,96 ng/L; 3.16x1.91 mg/dl; 58.32+9.83
umol\L) compared to the control group (35.15 + 10.04
ng/L; 21.43+7.27 pg/L; 50.58 + 20.82 ng/L; 87.07 £ 14.15
pg/L; 64.37 £ 22.63 ng/L; 0.61£0.56mg/dl; 28.79+2.71
Jmol\L ), respectively.

The correlation coefficient (r) values were calculated
among the ten variables; TNF-alpha, IL-10, IL-1, IL-6, IL-
21, AQP-1, HEP-C, TAS, TOS, OSI. Fe, Zn, Cu, CRP, and
NO were used in the study. In the correlation analysis
for the control group, TNF-alpha levels increase with
increasing of NO levels (r=0.394, p=0.031). A statistically
significant negative correlation was shown between IL-
10levels and IL-1 levels (r=-0.476, p=0.008). A significant
negative correlation was detected between IL-6 levels
and the levels of AQP-1 (r=-0.368, p=0.045). IL-21 levels
were negatively correlated with Cu levels (r=-0.388,
p=0.034). A moderate negative significant correlation
was shown between TAS levels and TOS levels (r=-
0.646, p=0.000). A high negative significant correlation
was seen between TOS levels and OIS levels (r=-0.723,
p=0.000).

For the patient group, TNF-alpha levels increased with
increasing levels of IL-10, IL-21 and HEP-C (r=0.504, p=
0.001; r=0.363, p=0.017; r=0.537, p=0.000), respectively.
IL-10 levels increased with increasing the levels of IL-
21 and HEP-C (r=0.427, p=0.004; r=0.393. p=0.009),
respectively. A significant positive correlation was
obtained between IL-1 levels and Fe levels (r=0.305,
p=0.047). IL-6 levels were positively correlated with
levels of IL-21 and HEP-C (r=0.368, p=0.015; r=0.310,
p=0.043), respectively. AQP-1 levels were positively
correlated with the levels of Fe and Zn (r=0.413,
pP=0.006; r=0.302, p=0.049), respectively. A significant
positive correlation was detected between TAS levels
and OSI levels (r=0.437, p=0.003). A significant high
positive correlation was found between TOS levels and
OSl levels (r=0.855, p=0.000). The Fe levels are positively
correlated with the levels of Zn (r=0.317, p=0.038). A
significant moderate positive correlation was provided
between Zn levels and CRP levels (r=0.560, p=0.000).
A ssignificant positive correlation was computed
between CRP levels and NO levels (r=0.436, p=0.003).
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Table 1: Descriptive statistics of AQP-1, HEPC, TAS, TOS, OSI, Fe, Zn, and Cu

Control group (n=46) Patient group (n=46)
Parameters p-valve
AQP-1 (U/L) 10.58 10.52 5.51 2.80 1.26 47.64 31.1810.76 p<0.01
HEPC (ng/ml) 14.85 42.63 32.65 7.50 55.22 250.78 107.12 36.15 p<0.01
TAS (mmol Trolox equiv/L) 10.06 10.74 1.460.18 0.72 10.45 1.140.14 p<0.01
TOS (umolH,O, equiv/L) 90.11 22.15 11.49 2.47 70.6 25.6 16.77 4.02 p<0.01
OS| (Arbitrary units) 0.55 10.56 0.79 0.21 0.67 20.33 1.49 0.41 p<0.01
Fe (ug/ di) 32 184 79.10 32.52 30 66 33.7916.32 p<0.01
In (ug/dl) 60.4 116.2 88.5714.66 51.4 18.9 73.75 p<0.01
Cu (ug/dl) 63 130.9 88.77 81.5 245.1 127.31 p<0.01

Table 2: Descriptive statistics of TNF-a, IL-1, IL-6, IL-10, IL-21, CRP, and NO

Control group (n=46) Patient group (n=46)
Parameters p-value
TNF-a (ng/L) 12.98 60.85 35.1510.04 48.07 172.33 86.59 32.45 p<0.01
IL-1 (pg/L) 4.09 35.17 21.43 7.27 20.44 84.16 37.73 14.09 p<0.01
IL-6 (ng/L) 24.53 91.16 50.58 20.82 80.11 174.95 131.51 21.43 p<0.01
IL-10 (pg/L) 45.72 115.72 87.07 14.15 91.83 679.06 189.66 103.44 p<0.01
IL-21 (ng/L) 10.26 17.30 64.37 22.63 0.26 940.63 190.13 152.96 p<0.01
CRP (mg/dl) 0.05 20.17 0.61 0.10 60.84 3.16 p<0.01
NO (umol\L) 23.16 34.27 28.792.71 39.12 75.27 58.32 p<0.01

Table 3. Correlation matrix of the variables for control group.

10 I -6 121 AQP-1  HEPC  TAS 108 osl Fe zn cu CRP NO
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Figure 1: Comparison of TNF-q, IL-10, IL-1, IL-6, IL-21, CRP, and NO

Discussion

AP is one of the most common diseases of the
gastrointestinal fract and its prognosis mainly depends
on the development of organ failure and peri
pancreatic necrosis infection (1,2). It has led to the
identification of new molecular therapeutic targets
such as TNF-a and interleukin-6, both of which are
important activators of the inflammatory response in
AP (24).

Severe acute pancreatitis is associated with high
morbidity and mortality. Early severity classification
remains a formidable problem that must be tackled
fo improve outcomes. We aim to find new plasma
cytokines for the early diagnosis of severe AP
according to the revised Atflanta criteria. Acute
pancreatitis is now divided into two distinct subtypes,
necrotizing pancreatitis and interstitial edematous
pancreatitis, based on the presence or absence of
necrosis, respectively. Since the cytokine profiles of
the patients, especially TNF- and IL-6, are distinctive for
severe AP, these parameters were analyzed.

TNF-a is a central regulator of inflammation, a
proinflammatory cytokine secreted by monocytes
and macrophages (25). Kylanp&d et al. showed that
TNF-a directly damaged the cells of multiple organs
in AP and caused ischemia, hemorrhage, necrosis,
inflammation and edema (25). Serum TNF-a levels
were not considered to be a good indicator of disease
severity because the liver can rapidly clear TNF-a
before it enters the general circulation. Gasiorowska
et al. have shown that TNF-a levels also increased in
patients with chronic pancreatitis (26). In our study,
TNF-a levels in AP patients significantly increased
when compared to the control group (Table 2, p<0.05
Figure 1). TNF-a, a key regulator of proinflammatory
cytokines, is thought to play an important role in the
pathogenesis of AP (26).

CRP belongs to the pentraxin protein family of hepatic
origin and serves as the main component of any
inflammatory reaction (27). CRP is secreted in response
to IL-6 and TNF-a proinflammatory cytokines. It plays a
role in innate immunity by facilitating the phagocytosis
of damaged and foreign cells (28). IL-6 is animportant
proinflammatory cytokine involved in inflammation
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and immune responses. In vitro, Beringer et al. showed
increased secretion of IL-6 from human pancreatic
periacinar myofibroblast cells in the presence of
several inflammatory mediators TNF-a, IL-17, IL-1p and
growth factors, which served as an early marker (28).
In our study, CRP levels increased significantly when
compared to the control group (Table 2, p<0.05;
Figure 1). Additionally, it was observed that TNF-a and
IL-6 significantly increased compared to the conftrol
group (Table 2, p<0.05, Figure 1). After having been
synthesized in a local lesion in the initial stage of
inflammation, IL-6 moves through the bloodstream to
the liver, where it then secretes a broad range of acute
phase proteins such as CRP (28). On the other hand,
IL-6 reduces the production of fibronectin, albumin
and transferrin. It can be suggested that treatments
for IL-6 should be used to prevent organ damage (29).

IL-1 is an important cytokine for autoinflammatory,
autoimmune, infectious and degenerative diseases.
IL-1 induction plays a role in the pathogenesis of acute
pancreatitis (30). Resaher revealed that IL-1R could
induce trypsin activation and reduce cellular viability
of pancreatic acinar cells and release cytokines IL-1
from inflamed pancreatic tissue with the development
of distant organ dysfunction (29).

In our study, IL-1 levels were found significantly higher
when compared to the control group (Table 2, p<0.05,
Figure 1).IL-1 promotes the recruitment of inflammatory
cells at the site of inflammation by inducing the
expression of adhesion molecules on endothelial cells
and the release of chemokines by stromal cells (29).

IL-10 is an essential regulator of the immune system
because of its anti-inflammatory properties and
its role in re-establishing the immune system (30).
Zhou et al. showed that IL-10 aftenuated the
inflammatory response and reduced TNF-a secretfion
in acute pancredtitis. It has been confirmed that IL-
10 attenuates the severity of inflammation in AP by
reducing serum amylase and TNF-a secretfion as well
as pancreatic pathological score (31).

IL-10 levels were found significantly higher when
compared to the control group (Table 2, p<0.05, Figure
1). IL-10 appears to be a potent negative feedback
regulator by influencing the confrol and resolution
of inflammation through autocrine and paracrine
mechanisms. Because of these effects, IL-10 may play
an important role in the diagnosis and treatment of
the disease (32).

IL-21 is involved in the differentiation and proliferation
of B-cells and thus in the formation and maturation
of antibodies. Linnebacher et al. associated an
increased septic risk in AP patients with IL-21-related
polymorphisms (32). IL-21 levels in AP patients were
found significantly higher compared to the control
group (Table 2, p<0.05, Figure 1). As IL-21 is a potent
antitumor agent, making it a promising candidate for
the development of therapeutic tools, an increased
risk of septic shock in AP patients with high levels of IL-
21 may be considered (11,33).
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The ability of NO to limit endothelial activation and
inhibit leukocyte adhesion is the anti-inflammatory
properties of AP. It has been observed that NO synthase
inhibitors  increase  ultrastructural  degenerative
changes in pancreatic acinar cells in the course of
acute pancreatitis, demonstrating the protective
role of endogenous NO in this disease (34,35). In our
study, we observed that NO levels were significantly
higher compared to the confrol group (Table T,
p<0.05, Figure 1) NO is produced at high levels during
human inflammatory reactions. NO is proinflammatory
at low concentrations by inducing vasodilation and
recruitment of neutrophils, while at high concentrations
it downregulates adhesion molecules, suppresses
activation, and induces apoptosis of inflammation
(34). The fact that the level of damage and the
increase in NO in pancreatic cells are in parallel may
be an important marker for diagnosis, and amino
acids such as lysine and arginine may be effective for
freatment by affecting NO levels. While Emerald et al.
showed that increased NO levels were protective from
the disease (35), Andican et al. showed the opposite
(34).

The hepatic peptide hormone HEPC is the main
regulator of Fe absorption and tissue distribution (13).
HEPC reduces Fe entry info plasma from absorbing
duodenal cells and Fe recycling macrophages by
blocking Fe production and degrading Fe producing
ferroportin. Wang et al. found decreased serum Fe
levels in patients with AP (detected by a secretin
test) compared to controls (14). Fe regulates HEPC
homeostasis, HEPC production is suppressed in case
of deficiency, and HEPC increases during infection.
Therefore, Fe levels are found significantly low because
HEPC impairs Fe absorption. Xu et al. found increased
Fe levels, but did not find a significant difference (13).
In another study, Julidn-Serrano et al. reported low Fe
levels, but they could not find a significant difference
(36). Further studies on Fe and HEPC in patients with AP
may be a better guide for understanding the subject.

AQP-1 is a glycoprotein responsible for rapid passive
water fransport across the biological membrane. In
acute or chronic pancreatitis, which are considered
inflammatory syndromes, patients are implicated in
many pancreatic diseases, including pancreatitis,
cystic fibrosis, and cancer. Arsenijevic et al. showed
decreased levels of AQP1 in a rat model of acute
pancreatitis and a mouse model exhibiting exocrine
pancreatic insufficiency (20). Pancreatitis can cause
mulfi-organ failure, including lung and colon, showing
altered expression of AQPs (37). In a study that
invastigateing the role of AQP1 in the pathophysiology
of pancreatitis, it was found that AQP1 expression
decreased in both ductal and acinar cellsin a cerulein-
induced pancreatitis model (38). This suggests that low
AQP1 levels may confribute to exocrine insufficiency.
In our study, AQP1 levels were significantly higher in
serum when compared to the control group (Table
1, p<0.05). In the course of AP, AQP1 cells in the
ducts and acini were damaged as a result of acute
inflammation. AQP1 levels were high in patients with
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AP. It can also be thought that AQP1 plays a role in
the passage of water to the pancreas, because fluid
therapy plays the most important role in patients with
AP. It can be predicted that treatments that increase
the levels of AQP1 in the pancreas may facilitate
fluid passage and improve the course of the disease
(20,39).

In plays a crucial role in the immune system. It is
necessary to facilitate the coordination of immune
activation during responses to infection. Recent
studies have reported that Zn deficiency increases
organ damage, systemic inflammation and mortality
in sepsis. Muneoka et al. have shown that Zn has a
number of effector mechanisms that may play a role
in the development of acute and chronic pancreatitis
(15).

Since AP severity is mediated by inflammatory cells, Zn
deficiency may also worsen the disease by stimulating
the inflammatory response (15). In our study, Zn levels
were found significantly lower compared to the
control group (Table 2, p<0.05; Figure 1). Zn can trigger
ROS production through mitochondrial and extra
mitochondrial pathways. A few studies in isolated
mitochondria show that the cation interferes with
the activity of the electron transport chain, inhibiting
cellular respiration (17). An abnormal Zn metabolism
is accompanied by severe oxidative stress due to
increased free radical production. As a result, it can
be expected that Zn supplements may improve the
prognosis in AP patients by increasing antioxidant
levels.

Cu is necessary for the human body to maintain the
daily stability of organs and metabolic processes. It
plays a role in glucose metabolism and synthesis and
release of proteins and enzymes (19). Lener et al.
found that high Cu levels appear to be associated
with pancreatic cancer. They report that high Cu levels
may result in higher ROS levels, which affects the risk of
development and progression of pancreatic cancer
(40). In our study, Cu levels were found significantly
higher compared to the control group (Table 2,
p<0.05; Figure 1). Cu can trigger the generation of ROS
and consequent damage to biological molecules.
The inflammatory response is closely linked to oxidative
stress. Further studies on Cu in AP will elucidate the
possible mechanisms (19,40).

AP is a complex inflammatory disease caused by more
than one efiology, the pathogenesis of which has not
been fully elucidated. Oxidative stress is important
for regulation of signaling pathways associated with
inflammation, recruitment ofinflammatory cells, release
of inflammatory factors, and other processes, and
plays a key role in the emergence and development
of AP. In recent years, anfioxidant therapy, which
suppresses oxidative stress by scavenging reactive
oxygen species, has become the research topic
of AP. However, conventional antioxidant drugs
have problems such as poor drug stability and low
delivery efficiency that limit their clinical translation
and application. Nanomaterials bring a whole
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new opportunity for antfioxidant treatment of AP.
Antioxidant drugs including small size, good stability,
high permeability and long retention effect can be
used not only as effective carriers but also directly
as anfioxidants. After discussing the relatfionship
between oxidative stress and AP first, we focused on
demonstrating its effects on oxidative stress-related
indicators in pathological conditions. This provides
references for follow-up research and encourage
clinical practice (41) .

Oxidative stress occurs in response to oxidative
damage when the body's antioxidant and
scavenging activities cannot cope with active
oxidants produced by a harmful stimulant (42). Robles
et al. have shown that oxidative stress plays a critical
role in the pathogenesis and various complications
of pancreatitis (43). In our study, the TOS was found
significantly higher compared to the control group. On
the other hand, T-AOC were found significantly lower
compared to the control group. (Table 2, p<0.05 Figure
1). It has revealed the mechanism by which oxidative
stress can cause chronic inflammation, which in turn
mediates many chronic diseases, including cancer,
diabetes, and cardiovascular, neurological, and
pulmonary diseases (43).

TNF-a is an inflammatory cytokine. On the other
hand, IL-10 is an anfi-inflammatory cytokine. As shown
in Table-3 there is a statistically significant positive
correlation between TNF-a and IL-10 (r=0.504, p<0.01).
IL-1 is a cytokine that increases in inflammation and
Fe is a decreasing element in inflammation, so there
is a positive correlation between IL-1 and Fe (r=0.305,
p<0.05). HEPC is an acute phase reactant synthesized
in the liver that increases in inflammation, and there
is a positive correlation between TNF-a and (r=0.537,
p<0.01). IL-21 and IL-10 are anti-inflammatory
cytokines and there is a positive correlation between
IL-10 and IL-21 (r=0.427, p<0.01). IL-10 is a cytokine
secreted to suppress inflammation, and there is a
positive correlationbetween between IL-10 and HEPC
(r=0.537, p<0.01). AQP-1 is a cell membrane protein
involved in the transport of water molecules. In AP
disease, blood levels increase as inflammatory events
destroy the cell membrane. The level of Fe decreases
in inflammatory events. In the study, there is a positive
correlation between AQP-1 and Fe, (r=0.413, p<0.01).
IL-1 is a cytokine that increases in inflammation. Fe is
an element that decreases in case of inflammation. In
our study, there is a positive correlation between IL-1
and Fe (r=0.305, p<0.05). NO is a molecule secreted to
preventdamage to organs by the effect of vasodilation
in inflammatory events. CRP is one of the main proteins
involved in inflammation. There is a strong/moderate
statistically significant positive correlation between
CRP and NO, (r=0.436, p<0.01).

IL-6is aninflammatory cytokine. HEPCis aninflammatory
acute phase reactant. There is a statistically significant
negative correlation between IL-6 and HEPC (r=-
0.310, p<0.05). Zn is an antioxidant element and its
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deficiency increases the tendency to inflammatory
conditions. AQP-1 levels are increased in inflammatory
conditions. There is a negative correlation between
AQP-1 and Zn (r=-0.302, p<0.05). Zn is an antfioxidant
element, and its levels may increase in inflammatory
conditions. Fe, on the other hand, decreases due to
the increase in HEPC levels in inflammatory conditions.
There is a negative correlation between Fe and In,
(r=-0.387, p<0.05). CRP is an acute phase protein
that increases in inflammation. Zn deficiency causes
inflammatory reactions. There is a strong statistically
significant positive correlation between Zn and CRP,
(r=0.560, p<0.01).

Conclusion

In the pathogenesis of oxidafive stress acute
pancreatitis, the generation of ROS directly oxidizes
various biomolecules, exacerbating the oxidative
load through a respiratory burst due to the recruitment
of ROS-producing inflammatory cells in the pancreas,
thereby causing further damage. TNF-a, IL-1p and IL-6
are proinflammatory cytokines. AP has a multifactorial
and complex etiology. It is an important factor in the
pathogenesis of AP. Atthe same time, the levels of these
cytokines can be a guide for diagnosis and treatment
in patients with Acute Pancreatitis. The predicted
and concentrations of inflammatory cytokines
released from the pancreas may provide new clues
for the elucidation of the roles of pancreatitis in the
pathophysiological processes and the development
of new freatment protocols. As a result of our study
in AP patients, oxidative stress levels increase while
anfioxidant defense levels decrease. For this reason,
we can hope that treatments that reduce oxidative
stress levels or increase antioxidant levels can improve
the course of the disease.
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