Cytotechnology (2016) 68:1243-1256
DOI 10.1007/s10616-015-9885-6

@ CrossMark

ORIGINAL RESEARCH

Carvacrol modulates oxidative stress and decreases cell
injury in pancreas of rats with acute pancreatitis
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Abstract Acute pancreatitis (AP) is considered as
major problem around the world and the incidence of
AP is increasing. Carvacrol (CAR), a monoterpenic
phenol, has good antioxidant activity. This in vivo
study was designed to evaluate whether CAR provide
protection against AP that developed by pancreas
injury. The rats were randomised into groups to
receive (I) no therapy; (II) 50 pg/kg cerulein at 1 h
intervals by four intraperitonally (i.p.) injections; (III)
50, 100 and 200 mg/kg CAR by one i.p. injection; and
(IV) cerulein plus CAR after 2 h of cerulein admin-
istration. 12 h later, serum samples were obtained to
assess pancreatic function, the lipase and amylase
values. The oxidative stress markers were evaluated
by changes in the amount of lipid peroxides measured
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as malondialdehyde (MDA) and changes in main
tissue antioxidant enzyme levels including SOD, CAT
and GSH-PX. Histopathological examination was
performed using scoring systems. Additionally, oxida-
tive DNA damage was determined by measuring the
increases of 8-hydroxy-deoxyguanosine (8-OH-dG)
formations. We found that the increasing doses of
CAR decreased AP-induced MDA and 8-OH-dG
levels. Moreover, the pancreas antioxidant enzyme
activities were higher than that of the rats in the AP
group when compared to the AP plus CAR group. In
the treatment groups, the lipase and amylase were
reduced. Besides, histopathological findings in the
pancreatic tissue were alleviated (p < 0.05). We
suggest that CAR could be a safe and potent new
drug candidate for treating AP through its antioxida-
tive mechanism of action for the treatment of a wide
range of disorders related to pancreas.

Keywords Experimental acute pancreatitis -
Pancreas - Carvacrol - Antioxidant response -
Oxidative DNA damage - Histopathology

Introduction

AP is a necroinflammatory pancreatic disease with
significant morbidity and mortality due to lack of
specific therapy (Petrov et al. 2010). New findings of
AP-associated risk have been reported in the peripan-
creatic tissues and even remote organs (Yang et al.
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2014). The development of AP is a multistep process,
the exact mechanism of which remains controversial.
Recent research efforts demonstrate a major role of
oxidative stress risk in the development, and progres-
sion of most pancreatic diseases, including recurrent
acute and chronic pancreatitis (Robles et al. 2013).
Drugs have been shown to increase the risk of
developing AP (Stobaugh and Deepak 2014; Giorda
et al. 2014; Oliveira et al. 2014). And the supplemen-
tation of certain medicinal herbal extracts with drug
may reduce the stress caused by drugs (Lata et al.
2014). This new knowledge promises to improve
disease management and prevention through alterna-
tive treatment. Rationally, it is time to look for
alternative truly effective interventions for patients
with this dreadful disease.

The exploratory investigations of new natural or
synthetic antioxidants becomes a very popular in the
world since the last 20 years (Geyikoglu and Turkez
2008); in addition, many efforts have been performed to
explore novel antioxidant-natured compounds (Cin-
golani et al. 2000; Cacciatore et al. 2003, 2005; Rispoli
et al. 2004; Turkez and Sisman 2007; Heuking et al.
2009; Turkez and Dirican 2012). At this point,
especially, in recent decades plant essential oils (EOs)
and their components have attracted increased interest
and consequently have been extensively investigated
mainly in in vitro and in vivo systems (Turkez et al.
2012a). Monoterpenes are obtained from essential oils
and many of them have shown antioxidant activity.
Carvacrol (CAR) used as the most active constituent of
thyme EOs is a predominant monoterpenoic phenol and
exhibits a potent anti-fungal, anti-viral, anti-tumor, anti-
diabetic and anti-inflammatory effect (Bayramoglu
etal. 2014). It is also recognized as a safe food additive
and used as flavoring agent in packed foods, sweets,
beverages, and chewing gum (Abdollahi et al. 2012;
Gilling et al. 2014). Moreover, CAR shows a high
antioxidative effectiveness against DNA lesions (Hor-
vathova et al. 2014) and provides protection against
lipid peroxidation (Quiroga et al. 2015). But its
antioxidant effect on AP-caused tissue dysfunctions is
not yet documented. Oxidative stress induced by
reactive oxygen species (ROS) is thought to be critically
involved in pancreas dysfunction (Wang and Roper
2014). Paradoxically, according to some papers, well-
known antioxidants, including vitamins C and E, may
promote or even induce peroxidation (Pinchuk et al.
2012). Hence our observation must be interpreted
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carefully. Thus, the present study was aimed to elucidate
the effectiveness of CAR therapy on pancreas injuries in
an AP model, using biochemical and histopathological
methods. Also, we analysed 8-hydroxy-deoxyguano-
sine (8-OH-dG), an important marker of oxidative DNA
damage.

Materials and methods
Animals

Seventy adult male Spraque-Dawley rats (weighing
200250 g) obtained from the Medical Experimental
Application and Research Center, Atatiirk University
(Erzurum, Turkey) were used. Animals were housed
inside polycarbonate cages in an air-conditioned room
(22 £ 2 °C) with 12 h light—dark cycle. Standard rat feed
and water were provided ad libitum. The rats were allowed
to acclimatize to the laboratory environment for 7 days
before the start of the experiment. All procedures were
performed in conformity with the Institutional Ethical
Committee for Animal Care and Use at the Atatiirk
University (protocol number: B.30.2.ATA.0.23.85-11)
and the Guide for the Care and Use of Laboratory Animals
(National Research Council 1996).

Experimental protocols

Animals were randomly divided into eight groups
(n = 7, each): (I) vehicle-treated group (control); (II)
AP group; (III, IV and V) CAR-treated groups (50, 100
and 200 mg/kg); (VI, VII and VIII) CAR-treated AP
groups. AP was induced by cerulein (Sigma-Aldrich,
GmbH, Stenheim, Germany) administered i.p. four times
with 1 h intervals at a dose of 50 pg/kg b.w. AP was
assessed after last injection of cerulein by measurement
of serum amylase and lipase levels. Animals without
induction of AP (control) were treated i.p. with saline at
the same time when animals were treated with cerulein.

To evaluate the effects of CAR, animals were
treated with carvacrol in 10 ml of saline (Peptide
International Inc, Louisville, KY, USA). The CAR
groups received one i.p. injection of 50, 100 and
200 mg/kg b.w. Therapeutic treatments were admin-
istered after 2 h of cerulein injection. The rats were
anesthetized with isoflurane after 12 h taking CAR
and euthanized by exsanguination with blood retained
for serum harvest.
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Biochemical analyses

Amylase and lipase measurement for pancreatic
function assessment

Serum amylase and lipase levels were determined
spectrophotometrically using an automated analyzer
(Olympus AU 600, Diamond Diagnostic, Holliston,
USA). All chemicals were obtained from Sigma (St.
Louis, MO, USA).

Determination of lipid peroxidation

Lipid peroxidation was determined by quantifying
malondialdehyde (MDA) concentrations, which was
spectrophotometrically measured by the absorbance of
a red-colored product with thiobarbituric acid
(Ohkawa et al. 1979).

Antioxidant enzymes

The activities of antioxidant enzymes were assayed in
pancreas tissue of each group. For this purpose, the
tissues were removed, cleaned, and washed in ice-cold
normal saline for biochemical studies. All samples
were stored at —70 °C until assayed. The 10 %
homogenates of tissues were prepared in the phosphate
buffer (0.1 M, pH 7.4) containing 1 mmol ethylene-
diaminetetra acetic acid (EDTA), 0.25 mM sucrose,
10 mM potassium chloride (KCl), and 1 mM phenyl-
methyl sulfonyl fluoride (PMSF).

The superoxide dismutase (SOD) activity was deter-
mined by the method of Misra and Fridovich (1972). In
this test, the degree of inhibition of pyrogallol auto-
oxidation by pancreas homogenate supernatant was
measured. The change in absorbance was read at
470 nm against blank every 3 min on a spectropho-
tometer and the enzyme activity was expressed as 50 %
inhibition of adrenaline auto oxidation/min.

The catalase (CAT) activity was measured as
follows (Beers and Sizer 1952). For CAT activity,
dichromatic acetic acid is reduced to chromic acetate
when heated in the presence of H,O,, with the
formation of perchloric acid as an unstable interme-
diate. In the test, the green color development was read
at 590 nm against blank in a spectrophotometer. The
activity of CAT was expressed as pmol of H,O,
consumed/mg protein/min.

The glutathione peroxidase (GSH-PX) activity was
determined essentially as described by Rotruck et al.
(1973). The rate of glutathione oxidation by H,O,, as
catalyzed by the GSH-PX present in the supernatant is
determined and the color developed was read against a
reagent blank at 412 nm in a spectrophotometer. In the
test, the enzyme activity was expressed as pmol of
glutathione oxidized/mg protein/min.

Histopathological examination

The pancreas tissues of rats were fixed in buffered 10 %
formalin solution for 24 h and embedded in a paraffin
wax. Tissues were then sectioned at 5 pum, stained with
hematoxylin eosin (H & E), Masson trichrome and
Amyloid methods. A semiquantitative evaluation of
pancreas tissue was accomplished by scoring the degree
of severity according to the formerly published criteria
(Akyazi et al. 2013). For each pancreas section, whole
slide was examined for acinar damage, fibrosis vacuoli-
sation, infiltration, edema and congestion were observed
under bright field using an Olympus BX60 microscope.
In addition, high-resolution pictures (200x) of samples
were taken under the same microscope. The pancreas
damage was scored with maximum score of 18. The
maximum score for the other pathological findings was 3.

Determination of 8-OHdG level

8-hydroxy-2’-deoxyguanosine assay kits were pur-
chased from Cayman Chemical Company (Ann Arbor,
MI, USA) for determining 8-OH-dG levels in the
pancreas samples. Since it is a competitive assay that
can be used for the quantification of 8-OH-dG in
homogenates and recognizes both free 8-OH-dG and
DNA-incorporated 8-OH-dG, many researches have
been performed to use this protocol. This assay
depends on the competition between §-OH-dG and
8-OH-dG-acetylcholinesterase (AChE) conjugate (8-
OH-dGTracer) for a limited amount of 8-OH-dG
monoclonal antibody. All procedures were carried out
in accordance with the provider manual.

Statistical analysis
For statistical analysis, we used SPSS for Windows
18.0 (SPSS Inc., Chicago, IL, USA). The experimental

data were analysed using oneway analysis of variance
(ANOVA) followed by Tukey post hoc test for
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multiple comparisons. Results are presented as
mean + standard deviation (SD) and values
p < 0.05 were regarded as statistically significant.

Results

Tables 1 and 2 show the effects of CAR on biochem-
ical parameters in all experimental groups. The serum
amylase levels in cerulein-induced AP were increased
from an average 486 U/L to about 2346 U/L as
compared with those of control rats. Similarly, lipase
level was increased from 23 to 124 U/L. Following
intraperitoneal injection of CAR alone, the amylase
and lipase levels were not changed. Moreover, in
animals with AP, the increasing dosages of CAR
showed positive effects on above parameters and the
values were significantly decreased with respect to
high dose of CAR (p < 0.05).

As presented in Table 2, the SOD, CAT, and GSH-
PX activities markedly decreased in pancreas of AP
rats while MDA increased (p < 0.05) compared to
those found in the controls. CAR groups alone showed
an increased level of antioxidant enzymes at both
dosages (50 and 100 mg/kg) but the best result was
observed at a dose of 200 mg/kg of CAR. In the
AP + CAR group at high dose, the antioxidant
enzymes revealed statistically significant (p < 0.05)
increases and oxidative stress returned to the control
levels.

An in-depth characterization of pancreas pathology
in AP rats, selected images of different methods-

stained AP pancreas are presented in the following
Figures. For H&E stains in comparison to the controls,
the microscopic observations showed a significant
dilatation, Langerhans degeneration, congestion, aci-
nar cell injury, infiltration, fibrosis, fat necrosis, edema
and vacuolisation (Fig. la—f).

Masson trichrome staining clearly revealed
increased intensity of fibrosis in veins and also in
intercellular space in AP-induced rats (Fig. 2a—d).
Amyloid method showed protein deposits in blood
vessels indicating disorders of circulation, respec-
tively (Fig. 3a, b).

Examination of pancreas sections in CAR groups
indicated that the structures of pancreas tissues were
similar in the control group and all CAR treated
groups. Significant pathological conditions in pan-
creas tissues were not seen either in the control group
or in the 50, 100 and 200 mg/kg CAR-treated groups
(data not shown). In the 50 and 100 mg/kg CAR + AP
groups, above-mentioned pathological findings were
attenuated. There were reduction of sinusoidal dilata-
tions and congestion in a clear dose-dependent man-
ner. Moreover a significant protective effect was
observed after treatment with 200 mg/kg CAR
(Fig. 4a—e). The increasing CAR doses decreased
intensity of fibrosis in the pancreatic tissue of the AP
treated animals (Fig. 5a—e). Moreover, abnormal pro-
tein accumulations in blood vessels did not occured
(Fig. 6a—c). The pancreas tissue showed a normal
structure and ordered arrangement and resembled
those of control rats. Histopathological scores of the
groups are summarized in Table 3. The degree of

Table 1 Effect of CAR treatment on serum amylase and lipase levels in cerulein-induced AP

Groups

Amylase (U/L) mean £+ SD

Lipase (U/L) mean £+ SD

Control

CAR 50 mg/kg

CAR 100 mg/kg

CAR 200 mg/kg

AP + CAR 50 mg/kg
AP + CAR 100 mg/kg
AP + CAR 200 mg/kg

486.85 + 19.98°
AP 2346.56 + 443.51¢
503.64 + 26.01°
472.29 + 35.25°
478.38 + 22.85°
1719.51 + 367.98°
1344.43 £ 291.25"¢
547.68 + 41.69*°

23.52 + 1.20*°
124.33 & 9.38¢
2401 + 1.67*°
22.67 + 2.03°
23.89 + 0.96*°
108.27 + 5.82°¢
94.40 + 11.40°
39.14 + 3.47°

Data are presented as mean £ SD (n = 7). The means in the same column marked by different letters are significantly different

(p < 0.05) from each other

AP acute pancreatitis, CAR carvacrol
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Table 2 Effects of CAR treatments on pancreas SOD, CAT, GSH-PX activities and MDA levels in cerulein-induced AP

Groups SOD (U/mg-protein) CAT (U/mg-protein) GSH-PX (U/mg-protein) MDA (nmol/mg-protein)
mean £ SD mean £+ SD mean £+ SD mean £+ SD

Control 4.13 £0.18* 11.10 + 0.53%¢ 0.63 £ 0.05>¢ 1.80 £ 0.21*

AP 3.11 £ 0.23° 2.85 £ 0.14° 0.11 £ 0.07° 2.99 £ 0.34°

CAR 50 mg/kg  4.15 + 0.32% 11.17 £ 0.49*° 0.67 £ 0.08*° 1.75 £ 0.49%

CAR 100 mg/kg 4.25 + 0.37* 11.31 + 0.33*° 0.69 + 0.11*° 1.83 + 0.27¢

CAR 200 mg/kg  4.30 + 0.46" 12.20 £+ 0.42% 0.89 + 0.14* 1.81 £ 0.19*

AP + CAR 3.18 £ 0.15° 3.24 + 0.20%¢ 0.20 £+ 0.13° 2.89 + 0.38°
50 mg/kg

AP + CAR 3.23 + 0.42°° 411 £ 0.18¢ 0.32 + 0.05¢ 2.79 + 0.33%¢
100 mg/kg

AP 4+ CAR 4.10 £ 0.24%° 10.10 £ 0.43° 0.58 £ 0.14° 1.90 + 0.40*°
200 mg/kg

Data are presented as mean £+ SD (n = 7). The means in the same column marked by different letters are significantly different

(p < 0.05) from each other. For abbreviations see legend in Table 1

pathological findings showed a significant difference
between groups treated with cerulein and cerulein +
CAR (p < 0.05).

The levels of 8-OHdG, a hallmark of oxidative
DNA damage, were measured using an 8-OH-dG
detection kit. There were no significant differences
between the levels of 8-OHdG in the control and all
CAR treated groups (Table 4). On the contrary, the
level of 8-OHdG was significantly higher in AP as
compared to the control group. However, treatment
with CAR decreased the 8-OHdG levels that were
increased by cerulein-induced AP in a clear dose
dependent manner.

Discussion

AP refers to afflicted inflammation of pancreas with
unfavorable adverse effects. Unfortunately, there is no
therapeutic method for this disease. Oxidative stress
has a serious role in the pathogenesis of AP. Thus,
decreasing of oxidative stress may prevent induction
and progression of AP (Minaiyan et al. 2014).
Antioxidatives are widely used and recommended in
common clinical praxis (Turkez and Togar 2010;
Turkez et al. 2012b, c¢; Patockova et al. 2014). Our aim
was to evaluate the role of CAR in prevention of
induced oxidative stress in AP.

Different causes of protective effects of natural
compounds have been considered and discussed by

various scientists. We reveal that the DNA-protective
effect of CAR in pancreas represents induction of
antioxidative enzymes (SOD, CAT and GSH-PX) and
also modulation of oxidative stress. Targets of accu-
mulating ROS include proteins involve in antioxidant
response (Geyikoglu and Turkez 2008; Turkez et al.
2010). Endogenous antioxidant defense systems reg-
ulate the levels of ROS to maintain normal physio-
logical homeostasis. Free radical scavengers, CAT
and SOD provide significant protection in pancreas
(Jaworek et al. 2012). SOD removes superoxide
radical by converting it into H,O, that is rapidly
converted to water by CAT. Cell membranes are
protected by GSH-PX from ROS-mediated oxidative
damage resulting from the formation of H,O, during
normal metabolism in the cells’ mitochondria. In this
context, GSH-PX converts H,O, into water before it
can produce damaging ROS. Moreover, GSH-PX
reduces lipid hydroperoxides to alcohols. Therefore,
any alteration in the activity of these enzymes may
result in a number of deleterious effects due to
accumulation of superoxide radicals and hydrogen
peroxide (Romeu et al. 2002; Turkez and Geyikoglu
2011; Zhou and Yao 2013). In our study, lipid
peroxidation was elevated in the pancreas of rat after
exposure to cerulein, as evidenced by increased MDA
production. However, CAR was capable of preventing
lipid peroxidation, and significantly increasing the
endogenous antioxidant defense mechanisms of pan-
creatic tissue of rats. In the respiratory system, CAR
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Fig. 1 Light microscopic appearances of pancreas from control
and AP rats. a Pancreas of control group, Langerhans islet (L).
Pancreas in AP rats; b major Sinusoidal dilatation (S),
degeneration of Langerhans (inside of quadrangle symbol),

treatment decreases MDA and shows a significant
protective role (Boskabady and Jalali 2013). Again,
CAR exerts greater levels of SOD and GSH-PX in the
rat brain than the untreated controls (Youdim and
Deans 2000) and it also decreases MDA level in
mouse liver (Akkol et al. 2009). Thus, in recent years,
considerable research has been undertaken in an effort

@ Springer

c congestion (C), asinus necrosis (black arrow), d infiltration (1),
fibrosis (inside of circle symbol), portal vein (Pv), e fat necrosis
(N), edema (E), f vacuolisation (inside of square symbol),
(H&E)

to establish the biological actions of CAR for its
potential use in clinical applications. CAR has been
qualified as natural antioxidants due to its ability to
reduce free radical formation and scavenge free
radicals (Karioti et al. 2006). However, much of its
antioxidant properties have been demonstrated in
experimental in vitro systems (Aydin et al. 2014).
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Fig. 2 The pancreas in control and AP group rats. a The normal c increased intensity of fibrosis in veins of AP group rat pancreas
architecture of pancreas from control rats, the collagen fibers in (arrows), d increased fibrosis in intercellular space (arrow),
veins and intercellular space (arrows). Pancreas in AP group; b, (Masson trichrome)

Fig. 3 The pancreas in control and AP groups, respectively. a Pancreas of control group, The protein (white arrow). b The
accumulation of protein in vessels of AP group as compared with the cerulein untreated rats (white arrow), (Amyloid)
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Fig. 4 The pancreas tissue following CAR exposure in AP rats;
a Decreased sinusoidal dilatations in the AP + 50 mg/kg CAR
group, b—d decreased sinusoidal dilatation, congestion and
edema in the AP + 100 mg/kg CAR group as compared with

Carvacrol decreases peroxidation of phospholipid
liposomes and is found to be a good scavenger of
peroxyl radicals in the B-carotene bleaching (BCB)
test and in DPPH and TBARS assays (Aeschbach
et al. 1994; Kulisic et al. 2004). It has also been
reported that isoprenoid such as, CAR, via post-
transcriptional actions, suppressed 3-hydroxy-3-

@ Springer

the AP + 50 mg/kg CAR group, respectively. e Normal histo-
logical structure of pancreas in the AP + 200 mg/kg CAR
group. Abbreviations are as Fig. 1, (H&E)

methylglutaryl CoA (HMG-CoA) reductase activity
in liver, the rate limiting step for the synthesis of
MDA (Akkol et al. 2009). In another study, CAR
improved H,O,-induced injury on isolated rat pan-
creas cells (Dagli Gul et al. 2013). According to our
in vivo findings, the decrease in the MDA level in the
groups of rat treated with increasing CAR doses
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Fig. 5 The pancreas tissue following CAR exposure in AP rats;
a, b in the 50 and 100 mg/kg CAR groups, decreased collagen
fibers in veins, respectively. ¢ The pancreatic structure is similar

(especially 200 mg/kg) might be a significant indica-
tor of defense mechanisms in pancreatic tissue.
Surely, the high content of CAR could be reckoned
as an important property that affects the antioxidant
capacity (Saei-dehkordi et al. 2010). Indeed, the
hydroxyl group and the presence of a system of
delocalized electrons are important for the antioxidant
activity of phenolic compounds, such as CAR. Such a
particular structure would allow the compound to act
as reducing agents, hydrogen or electron donators, and
singlet oxygen quenchers (Oke et al. 2009).
Oxidative damage to DNA is quantitated in studied
tissues of experimental animals by measuring the
increases of 8-O-HdG formations (Neophytou et al.
2014). 8-OHdG is also used for risk assessment of
cancers and degenerative diseases (Valavanidis et al.
2009; Turkez et al. 2015). Our study found that the
increasing doses of CAR in rat pancreas decreased
pancreatitis-induced 8-OHdG levels. The results

to controls in the AP + 200 mg/kg CAR group. Fibrosis
symbols are as in Fig. 2, (Masson trichrome stain)

obtained in the present study showed a statistically
significant DNA-protective effect of the antioxidant
CAR. Moreover, no detrimental effect was observed
for CAR alone at any concentration of exposure
according to the histopathological scores. In vitro
results suggest that CAR tested could prevent ROS
from reaching biomolecules such as lipoproteins,
polyunsaturated fatty acids, DNA, amino acids, pro-
teins, and sugars. CAR prevents 8-OH-dG formations
in lung cancer cell lines and protects the cells against
oxidative stress (Ozkan and Erdogan 2012). More-
over, the resistance against hydrogen peroxide-in-
duced DNA damage in hepatic and testicular tissues is
higher in rats given CAR (Slamenova et al. 2008).
Besides, the potent free radical scavenger activity of
CAR is demonstrated in hepatocellular carcinogenesis
(Jayakumar et al. 2011).

According to histopathological findings of this
study the induction of AP resulted in a significant
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Fig. 6 The pancreas tissue following CAR exposure in AP rats;
a the protein deposits in the 50 mg/kg CAR group, b in the
100 mg/kg CAR group, decreased protein deposits in veins,

increase in pancreatic necrosis. In a significant number
of pathological conditions, including disease states as
AP, ROS production prevails over the antioxidant
defense mechanisms leading to chronic oxidative
stress thus causing injury to cellular components.
Thus, ROS-associated lipid peroxidation causes pan-
creatic damage during AP (Miiller et al. 2014).
Consistent with the enhanced necrosis response in
the AP rat compared to their control counterparts, we
found a striking increase in both interstitial and
perivascular fibrosis in the AP pancreas. Pancreatic
necrosis has been defined as loss of acinar cells
followed by the development of fibrosis (Hyun and
Lee 2014). This is most likely the primary cause of the
significant deterioration of pancreas function and
microcirculation disorders (Banks et al. 1996; Alhan
et al. 2001; Sugimoto et al. 2004). In our study, the
efficacy of CAR treatment in reducing fibrosis and
improving regeneration was firstly determined in AP
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¢ the pancreatic structure is similar to controls in the
AP + 200 mg/kg CAR group. The symbols are as in Fig. 3,
(Amyloid stain)

rat pancreas. Our results also indicated that CAR
treatment resulted in (1) significant attenuation of
pancreas dysfunction (decreased amylase and lipase
levels); and (2) significant attenuation of pancreas
congestion and inflammation. Previous studies support
our findings. CAR has long been used medicinally,
proving to be beneficial in treatment of circulatory
problems and improved the pancreatic blood flow
during AP (Karkabounas et al. 2006; Esmaeili 2013).
In diabetic animals, the lesions of the pancreas and
liver are decreased after CAR exposure (Akkol et al.
2009; Ezhumalai et al. 2014). And CAR is shown to be
the effective antioxidant in protecting the p-galac-
tosamine-induced lipid peroxidation of the erythro-
cytes, liver and kidney membranes (Aristatile et al.
2009). CAR also depicts a preventive effect on
leukocyte migration (in vivo and in vitro) and shows
anti-inflammatory effects in respirator system. In
addition, CAR is able to control receptors that play
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Table 3 Histopathological scores of pancreas pathology in cerulein-induced AP
Groups Pancreas Edema Vacuolisation ~ Necrosis Fibrosis Infiltration Congestion
degeneration (maximum (maximum (maximum (maximum (maximum (maximum
(maximum score  score: 3) score: 3) score: 3) score: 3) score: 3) score: 3)
18) mean £+ SD mean £+ SD mean £+ SD mean £ SD  mean = SD  mean + SD mean £+ SD
Control 0.25 + 0.12% 0.25 + 0.12*  0.00 % 0.00* 0.00 &+ 0.00* 0.00 + 0.00* 0.00 £+ 0.00*® 0.00 + 0.00*
AP 8.36 + 0.52¢ 2.84 +0.19° 1.94 +0.11¢ 127 £ 0.14* 063 £0.14° 0.89 + 0.17° 0.68 £ 0.13°
CAR 023 +0.11* 0.08 &+ 0.02* 0.02 &+ 0.02* 0.03 + 0.02* 0.02 £ 0.01* 0.03 £+ 0.02* 0.04 £+ 0.01*
50 mg/kg
CAR 0.16 &+ 0.08* 0.04 + 0.01* 0.02 &+ 0.01* 0.03 + 0.01* 0.04 £ 0.01* 0.02 £ 0.01* 0.02 £+ 0.01*
100 mg/
kg
CAR 0.18 &+ 0.06* 0.08 + 0.01* 0.01 + 0.01* 0.02 + 0.01* 0.01 £ 0.01* 0.01 +£0.01* 0.01 £+ 0.01*
200 mg/
kg
AP + CAR  6.64 £ 0.42° 2.50 + 0.10* 1.39 + 0.12° 1.05 £ 0.08° 0.38 £0.11° 0.69 + 0.10® 0.39 £+ 0.11°
50 mg/kg
AP + CAR  6.01 £ 0.37° 2244 0.12° 1224 0.13° 0.92 £ 0.10° 031 £ 0.14° 0.61 +£0.13* 0.33 £ 0.07°
100 mg/
kg
AP 4+ CAR  0.74 + 0.14° 0.32 + 0.07°  0.17 £+ 0.02° 0.13 £ 0.04°> 0.05 £ 0.02* 0.04 + 0.02* 0.03 £ 0.01°
200 mg/
kg

Data are presented as mean = SD (n = 7). The means in the same column marked by different letters are significantly different

(p < 0.05) from each other. For abbreviations see legend in Table 1

Table 4 Effect of CAR

8-OH-dG level
(as pg/ml) mean + SD

Groups
treatment on pancreas
8-OH-dG levels in cerulein-
induced AP Control
AP

CAR 50 mg/kg

CAR 100 mg/kg

CAR 200 mg/kg

AP + CAR 50 mg/kg
AP + CAR 100 mg/kg
AP + CAR 200 mg/kg

Data are presented as
mean £ SD (n = 7). The
means in the same column
marked by different letters
are significantly different
(p < 0.05) from each other.
For abbreviations see
legend in Table 1

1.15 + 0.14*
3.99 4 0.55°
0.97 + 0.12°
1.16 + 0.19°
1.09 + 0.15°
225+ 0.22°
1.58 £ 0.18°
1.17 + 0.23°

an important role in inflammation (Hotta et al. 2010).
For this reason, antioxidants as CAR are potentially
useful in positively influencing the systemic redox
balance and in consequence tissue inflammation and
MDA (Fabian et al. 2013).

From the results, it is evident that CAR is capable of
modulating the levels of MDA and significantly
increases the endogenous antioxidant defense mech-
anisms in AP-induced pancreatic damage. Our results
also show that the significant increase in the levels of

serum markers is prevented by CAR treatment.
Moreover, CAR does not present negative effects in
the rat pancreas. Thus, we suggest that CAR might be
developed as an effective therapeutic agent for
preservation of pancreas in AP.
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