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The aim of this study was to investigate the possible protective role of antioxidant

treatment with syringic acid (SA) on L-arginine–induced acute pancreatitis (AP) using

biochemical and histopathologic approaches. A total of 30 rats were divided into 3

groups. The control group received normal saline intraperitoneally. The AP group was

induced by 3.2 g/kg body weight L-arginine intraperitoneally, administered twice with an

interval of 1 hour between administrations. The AP plus SA group, after having AP

induced by 3.2 g/kg body weight L-arginine, was given SA (50 mg kg�1) in 2 parts within

24 hours. The rats were killed, and pancreatic tissue was removed and used in

biochemical and histopathologic examinations. Compared with the control group, the

mean pancreatic tissue total oxidant status level, oxidative stress index, and lipid

hydroperoxide levels were significantly increased in the AP group, being 30.97 6 7.13 (P

, 0.05), 1.76 6 0.34 (P , 0.0001), and 19.18 6 4.91 (P , 0.01), respectively. However, mean

total antioxidant status and sulfhydryl group levels were significantly decreased in the

AP group compared with the control group, being 1.765 6 0.21 (P , 0.0001) and 0.21 6
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0.04 (P , 0.0001), respectively. SA reduces oxidative stress markers and has antioxidant

effects. It also augments antioxidant capacity in L-arginine–induced acute toxicity of

pancreas in rats.

Key words: Acute pancreatitis – Syringic acid – Total oxidant status – Total antioxidant status

Acute pancreatitis (AP) is an acute inflammato-
ry disorder of the pancreas with variable

involvement of other regional tissues. The most
common symptom of AP is acute abdominal pain.
AP is a reversible inflammatory disorder that varies
in severity, ranging from focal edema and fat
necrosis to widespread hemorrhagic parenchymal
necrosis. Approximately 80% of cases are attributed
to either biliary tract disease or alcoholism.1

Reactive oxygen species (ROS), reactive nitrogen
species (RNS), and other carbon-centered molecules
are unstable chemicals generated in biologic systems
under normal physiologic as well as pathophysio-
logic conditions. ROS include free radical interme-
diates, such as singlet oxygen superoxide anion
(O2

��), and hydroxyl radical (OH
��) as well as

nonradical molecules, such as hydrogen peroxide
(H2O2) and hypochlorous acid (HOCl). RNS consist
primarily of nitric oxide (NO�), peroxynitrite, and
other nitrates, whereas carbon-centered molecules
are rather complex in terms of their chemical
structure and generally are produced in the xeno-
biotic metabolism.2 Normally, there is a delicate
balance between ROS and RNS production and
tissue concentrations of antioxidants in the body.
This balance is related to the rate of total antioxidant
status (TAS) to total oxidant status (TOS), as
determined by the oxidative stress index (OSI).
ROS are produced both normally through the
electron transfer chain system of the mitochondria
and in excessive numbers in various conditions that
increase energy (ATP) demand. The latter may
include, among other factors, biologic factors and
exposure to heat and certain chemicals and toxins.3–5

ROS plays an important role in the pathogenesis of
AP, and there is also a correlation between the
production of ROS and the severity of AP. The
detrimental effects of ROS and RNS are mediated by
their direct actions on biomolecules, such as lipids,
proteins, and DNA, and the activation of proin-
flammatory signal cascades, which subsequently
lead to the activation of immune responses.2

The dietary plant polyphenolic compounds were
shown to have beneficial effects in preventing
oxidative stress, inhibiting the production of free
radicals and the formation of lipid peroxidation.

Scientific interest in phenolic compounds has been
stimulated because of their anti-inflammatory, anti-
mutagenic, and anticarcinogenic properties. They
have antioxidant activity mainly due to their redox
properties, which allow them to act as reducing
agents, hydrogen donors, free radical scavengers,
metal chelators, and modulators of enzymatic
activity, thereby preventing a lot of diseases,
including diabetes mellitus, hypertension, athero-
sclerosis, and cancer.6,7 Antioxidants are com-
pounds that, even when present at much lower
concentrations than those of oxidizable substrates,
significantly delay (or even prevent) oxidation of
oxidizable substrates.8 Syringic acid (SA) is a natural
phytochemical isolated from Isatis indigotica and
Radix isatidis. SA exhibits multipharmacologic prop-
erties, such as strong antioxidant, antiproliferative,
antiendotoxic, antimicrobial, anti-inflammatory, and
anticancer effects.7,8

To our knowledge, there is no experimental study
that investigates the effects of SA supplementation
on L-arginine–induced AP in rats. For this reason,
we aimed to investigate the protective effect of SA
against L-arginine–induced acute toxicity of pancre-
as.

Materials and Methods

After receiving ethics consent approval from the
Animal Research Ethical Committee of Canakkale
Onsekiz Mart University Medical School, 30 male
adult Sprague-Dawley rats, weighing 250 to 300 g,
were used in the study. The animal study was
conducted at the Experimental Surgery, Research
and Animal Laboratory of Canakkale Onsekiz Mart
University Faculty of Medicine (Canakkale, Turkey).
The experimental protocols were carried out ac-
cording to the Guide for the Care and Use of
Laboratory Animals (US National Institutes of
Health, revised 1985). All rats were housed under
standard laboratory conditions with a 12 hours
light/12 hours dark cycle and were allowed to have
ad libitum food and water before and after surgery.
During the experimental procedure, the animals
were individually placed in cages and kept at room
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temperature (228C). All surgical procedures were
performed under sterile conditions.

Experimental protocol

Before the experimental procedure, all animals were
weighed with an analytic balance, and body weights
were recorded. Rats were anesthetized with intra-
muscular injections of ketamine HCl (50 mg/kg,
Ketalar, Parke-Davis, Morris Plains, New Jersey)
and xylazine (10 mg/kg, Rompun, Bayer, Istanbul,
Turkey). A total of 30 Sprague-Dawley rats were
assigned into 3 groups.

The control group received normal saline (0.9%
NaCl) intraperitoneally. The AP group was induced
by 3.2 g/kg body weight L-arginine (Sigma-Aldrich,
Steinheim, Germany) intraperitoneally administered
twice, with an interval of 1 hour between adminis-
trations, which has been shown previously to
produce severe necrotizing AP. The AP plus SA
group, after having AP induced by 3.2 g/kg body
weight L-arginine, was given SA (50 mg kg�1) in 2
parts during 24 hours interval. After 36 hours, all rats
were anesthetized. Blood samples were collected via
intracardiac route, and then the rats were killed.
Then, the abdomen was opened. The duodenal loop
with whole pancreas was harvested as a sample for
histopathologic confirmation and grading of AP.

Experimental design

The rest of the specimens were stored at �808C for
biochemical examination. A piece of lung tissue
(approximately 300 mg) was homogenized in 10
volumes of ice-cold phosphate buffer solution (50
mM/L, pH 7.0) using a homogenizer (Ultra-Turrax
T8 dispersing homogenizer, IKA, Staufen, Ger-
many). Then, the homogenate was centrifuged at
10,000g for 15 minutes at 48C. The supernatant was
stored at �808C in aliquots.

Biochemical analysis

Measurement of total antioxidant capacity

TAS and TOS levels were measured using a
colorimetric method that was introduced by Erel9.
The results were expressed as millimolar Trolox
equivalent per liter (mmol Trolox equivalent/gr
protein) for TAS and micromolar hydrogen peroxide
equivalent per liter (lmol H2O2 equivalent/ gr
protein) for TOS. The ratio of TOS to TAS was
accepted as the OSI. For the calculation, the
resulting unit of TAS was converted to lmol / gr

protein, and the OSI value was calculated according
to the following formula10:

OSI (arbitrary unit) ¼ [TOS (lmol H2O2 equiva-
lent/g protein)/TAS (lmol Trolox equivalent/g
protein)] 3 100.

Measurement of sulfhydryl and lipid hydroperoxide

levels

The sulfhydryl (�SH) levels of the liver tissue were
assayed according to Ellman’s11 method. The results
are expressed as millimoles per gram of protein.
Lipid hydroperoxide (LOOH) levels were measured
with the ferrous ion oxidation–xylenol orange
method as previously described.12 The results are
expressed as micromoles per gram of protein. The
protein content was determined as described previ-
ously.13

Histopathologic examination

The pancreatic tissue samples were stored in 10%
neutral formalin solution and embedded in paraffin
wax. Pancreas tissue sections stained with hema-
toxylin-eosin were examined under light microsco-
py by a blinded pathologist. AP was documented in
control and experimental groups.

Statistical analysis

All of the statistical analyses were performed using
the Statistical Package for the Social Sciences 15.0
(SPSS Inc, Chicago, Illinois). Data were expressed as
mean 6 SD. Statistical analysis was undertaken
using the 1-way ANOVA test. Differences among
the groups were analyzed by the Kruskal-Wallis test.
Dual comparisons among groups with significant
values were evaluated with the Mann-Whitney U
test. A value of P , 0.05 was accepted as statistically
significant.

Results

As shown in Table 1, when compared with the
control group, the mean pancreatic tissue TOS level,
OSI, and LOOH level were significantly increased in
the AP group, being 30.97 6 7.13 (P , 0.05), 1.76 6

0.34 (P , 0.0001), and 19.18 6 4.91 (P , 0.01),
respectively. However, mean TAS and �SH group
levels were significantly decreased in the AP group
compared with the control group, being 1.765 6 0.21
(P , 0.0001) and 0.21 6 0.04 (P , 0.0001),
respectively.
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A pathologist who was blinded regarding the

samples confirmed microscopy of the specimens of

pancreatic gland as AP in all experimental groups

with leading to interstitial edema, neutrophil infil-

tration, acinar necrosis, and focal necrotic areas

(Figs. 1 and 2).

Discussion

AP is characterized by a local inflammation of the

pancreas, which may lead to a systemic response. In

the severe forms of the disease the mortality rate is

high (20%) because of multiple organ failure.

Several mechanisms seem to be involved in the

development of the local and systemic responses in

AP, namely, proinflammatory cytokines, chemo-

kines, and ROS, as well as neuronal and vascular

responses. The role of ROS in the pathogenesis of

AP has been the subject of numerous studies.14–16 It
was postulated that generation of ROS may play an
important role in the progression of AP.16

Much evidence involves ROS/RNS in many
physiologic functions, such as vascular tone regula-
tion, oxygen sensing, and host defense mechanisms.
But it should be emphasized that the electrophilicity
of the ROS/RNS make them highly vulnerable to
reaction with biomolecules, including lipids, pro-
teins, and DNA, which can change the functionality
of these molecules. Therefore, the cellular concentra-
tion of ROS/RNS should be firmly controlled to
prevent such harmful effects.2 The balance between
ROS/RNS-generating enzymes and scavenger en-
zyme systems can be upset in a number of pathologic
conditions, such as systemic lupus erythematosus,
diabetes mellitus, otitis media, rheumatoid arthritis,
Behçet disease,17–21 endothelial dysfunction, athero-
sclerosis, hypertension,22 degenerative diseases, in-
flammatory bowel disease, and pancreatitis.2,23

Table 1 Mean 6 SD of biochemical parameters measured in study

Control group AP group AP plus SA group

TAC, nmol Trolox equivalent/mg protein 2.27 6 0.19a 1.7656 0.21a,b 2.18 6 0.25
TOS, nmol H2O2 equivalent/mg protein 24.33 6 5.45 30.97 6 7.13c,d 21.06 6 5.24
OSI, arbitrary unit 1.07 6 0.27 1.76 6 0.34a,b 0.97 6 0.27
LOOH, lmol/g protein 13.96 6 2.14d 19.18 6 4.91d,e 13.41 6 3.32
�SH, lmol/g protein 0.33 6 0.03 0.21 6 0.04b 0.22 6 0.06b

aP , 0.001 versus AP group.
bP , 0.0001 versus control group.
cP , 0.05.
dP , 0.01.
eP , 0.01.

Fig. 1 Hematoxylin-eosin (3200) stained section showing the

histopathologic appearance of pancreatitis with interlobular

edema, leukocyte infiltration in the stroma, congestion, and acinar

cell necrosis.

Fig. 2 Hematoxylin-eosin (3200) stained section showing mild

leukocyte infiltration; acinar necrosis is seen around the

significantly dilated interlobular areas of pancreas tissue.
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Unchecked ROS/RNS generation leads to oxidative
damage and activation of reactive signaling cascades,
and thus ROS scavenging therapy has been proposed
as a potential treatment for disorders related to
excessive ROS/RNS generation.2

In the study we found that although pancreatic
tissue TOS levels, OSI, and LOOH levels were
significantly increased in the AP group compared
with the control group, TAS and�SH group levels were
significantly decreased. This is consistent with the
hypothesis that AP may generate oxidative stress.
Also, the TOS levels, OSI, and LOOH levels in this
tissue were lower in AP rats that were administered
SA. The results of the current study support the
research hypothesis that the systemic administration
of SAwould reduce the oxidative damage in pancreatic
tissue in L-arginine–induced acute toxicity of pancreas.

Following AP, lipids are one of the main targets
for free radical damage. The instability of ROS and
RNS predisposes them to react with essential
cellular components. Polyunsaturated fatty acids,
which are abundant in the plasma membrane and
also in the mitochondrial membrane, are among the
most vulnerable targets of the ROS/RNS.2 They will
induce lipid peroxidation by removing one hydro-
gen atom from polyunsaturated fatty acids and
forming hydroperoxides. Therefore, perturbations
in cellular fluidity and membrane integrity lead to
disintegration of cells and necrotic cell death. As a
result, subcellular structures released into the
extracellular media will induce several inflammato-
ry events and further worsen the ongoing damage.1

The LOOH level—which is a well-known marker of
oxidative stress formed from unsaturated phospho-
lipids, glycolipids, and cholesterol through perox-
idative reactions under oxidative stress—in the SA-
treated AP group was found to be significantly
lower compared with the L-arginine–induced AP
group. These results suggest a protective effect
against free radical–induced damage through inhi-
bition of lipid peroxidation.

Under normal conditions, a delicate balance exists
between the oxidant and antioxidant statuses of
living organisms.24 When evaluating the oxidative
status, measuring just one of the oxidant or antiox-
idant parameters usually does not give proper
information about the oxidative status of the organ-
ism. Hence, we measured both TOS and TAS in our
study. In the study we found a significant reduction
in TAS and�SH levels, and an increase in TOS levels,
OSI, and LOOH levels in the pancreatic tissue of AP
rats compared with the control group. The TOS
levels, as another indicator of oxidative stress

alteration, tended to increase after AP and to
decrease after administration of SA. OSI is the ratio
of TOS to TAS, and it has been suggested that this
may reflect the state of oxidative status more
accurately than when TAS and TOS are considered
separately.25 In the study, the OSI was significantly
higher in the AP group compared with the control
group. Supplementation with SA reduced the OSIs of
AP rats to those of the control group, similar to the
TOS values. The findings of the current study are in
line with those of previous studies that have reported
the antioxidant effects of SA. In addition, the finding
that SA provides protective effects against AP-
induced oxidative stress is consistent with previous
reports on the protective effects of SA.14,16,23

Cells are equipped with several antioxidant
defense systems, including total �SH groups, to
detoxify the endogenous and exogenous oxidative
challenges during aerobic metabolism or when they
encounter stress-inducing agents.26,27 Separate eval-
uation of the levels under imbalanced conditions or
evaluation of these levels for detection of the
protective effects of several substances on living
organisms may not lead to a definitive conclusion
when assessing oxidative balance or imbalance.
However, these evaluations may provide an expla-
nation for how oxidative stress–induced tissue
damage or preventive effects occur.

It is now apparent that the future approach to
treating AP-associated complications can consider
either the use of SA or combinations of herbal plants
having multipharmacologic activities. However,
further studies are needed to understand more
clearly the mechanism involved in modulating
oxidative balance through the administration of SA.
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18. Memisoğullari R, Taysi S, Bakan E, Capoglu I. Antioxidant

status and lipid peroxidation in type II diabetes mellitus. Cell

Biochem Funct 2003;21(3):291–296

19. Aktan B, Taysi S, Gumustekin K, Bakan N, Sutbeyaz Y.

Evaluation of oxidative stress in erythrocytes of guinea pigs

with experimental otitis media and effusion. Ann Clin Lab Sci

2003;33(2):232–236

20. Taysi S, Polat F, Gul M, Sari RA, Bakan E. Lipid peroxidation,

some extracellular antioxidants, and antioxidant enzymes in

serum of patients with rheumatoid arthritis. Rheumatol Int

2002;21(5):200–204

21. Taysi S, Kocer I, Memisogullari R, Kiziltunc A. Serum

oxidant/antioxidant status in patients with Behcet’s disease.

Ann Clin Lab Sci 2002;32(4):377–382

22. Cave AC, Brewer AC, Narayanapanicker A, Ray R, Grieve DJ,

Walker S et al. NADPH oxidases in cardiovascular health and

disease. Antioxid Redox Signal 2006;8(5–6):691–728

23. Akay C, Yaman H, Oztosun M, Cakir E, Yildirim AO, Eyi YE et

al. The protective effects of taurine on experimental acute

pancreatitis in a rat model. Hum Exp Toxicol 2013;32(5):522–529
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