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1 | INTRODUCTION

Acute pancreatitis (AP) is a severe disease defined by acinar cell dam-
age and local and systemic inflammation that occurs with different

severities from mild pancreatic edema to necrosis, organ failure, and

Abstract

In this study, the aim was to examine the potential protective effects of Myrtus com-
munis subsp. communis leaf ethanol extract (MC) treatment against acute pancreatitis
(AP) in rats. Thirty-two rats were grouped as the saline-pretreated control (C), MC-
pretreated control (MC), saline-pretreated AP (AP), and MC-pretreated AP (MC + AP)
groups. To induce AP, cerulein was administered (50 pug/kg) two times. The rats were
given MC for 14 days before cerulein injection. Six hours after the final cerulein injec-
tion, the rats were sacrificed. Pancreatic damage was associated with an increase in
the serum activity of lipase and amylase, the pancreatic activity of myeloperoxidase,
and the pancreatic level of malondialdehyde, interleukin-1p, and interleukin-6. AP
also led to a decrease in the pancreatic level of anti-inflammatory interleukin-10 and
glutathione. Pretreatment with MC before the induction of AP significantly reduced
the pancreatic damage observed during the histological examination as well as re-

versed the biochemical changes evoked by AP.

Practical applications

Acute pancreatitis is characterized by high mortality (average about 5%; severe cases
may reach about 30%). The current treatment for acute pancreatitis is mainly sympto-
matic. The introduction of herbal drugs may lead to the development of a new strat-
egy in the treatment of this disease. This study revealed that MC reduced pancreatic
injury by decreasing pro-inflammatory cytokines, increasing antioxidant capacity and
anti-inflammatory cytokine, IL-10. To the authors’ knowledge, this research is the first
report showing that MC inhibits the development of AP. This observation suggests

that MC may be useful in the prevention and the treatment of AP in clinical settings.
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death (Goodchild, Chouhan, & Johnson, 2019). The early release of pro-
teolytic enzymes causes an increase in reactive oxygen species (ROS)
and inflammatory mediators. These events trigger acute inflammation
and damage to acinar cells (Hammer, 2014; Pérez, Pereda, Sabater, &

Sastre, 2015) and are clinically specified by elevated amylase and lipase
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levels (Goodchild et al., 2019). If the underlying causes are not treated

effectively, acute recurrent pancreatitis (ARP), defined by recurrent
episodes of AP, occurs (Steinberg & Tenner, 1994).

In the pathogenesis of AP, oxidative damage is an important
pathogenic factor (Leung & Chan, 2009). For several reasons, the
pathological activation of intra-acinar trypsinogen and other zymo-
gen enzymes causes pancreatic injury and the release of cytokines,
such as interleukin-1 (IL-1p), tumor necrosis factor-o (TNF-a), and in-
terleukin-6 (IL-6) (Escobar et al., 2009). Subsequently, the activation
of leukocytes leads to oxidative stress by producing huge amounts
of ROS (Pereda et al., 2006). ROS also acts as an inflammatory me-
diator through leukocyte activation and increased pro-inflammatory
cytokine expression (Pérez et al., 2015).

The current therapy strategies for AP are primarily symptomatic,
and there is still no specific therapy for AP; however, antioxidants
could be considered as promising alternative potential therapeutic
agents due to their beneficial effects that have been demonstrated
in various experimental AP models. Moreover, it has been shown
that the administration of antioxidants, especially in the early phases
of pancreatitis, reduces oxidant damage and prevents the recurrence
of the disease (Uden et al., 1992).

Plants have been used for therapeutic purposes since ancient
times. Currently, the aim of studies on herbal extracts is to deter-
mine new herbal remedies, which can be used in the treatment
of a disease, and then to determine their indications, their com-
parative efficacy, and their potential side effect profiles (Falzon &
Balabanova, 2017). Therefore, studies with plant extracts have
gained importance.

Myrtus communis L. subsp. communis Ic: Sibth. & Sm. (Myrtaceae)
is a traditional medicinal herb known for its use in alleviating vari-
ous diseases, such as inflammation, ulcers, diarrhea, and respiratory
and digestive system disorders (Aykac et al., 2019; Hennia, Miguel,
& Nemmiche, 2018; Jabri, Marzouki, & Sebai, 2018). Antioxidants or
the anti-inflammatory properties of M. communis leaves have been
reported in previous experimental studies, such as liver fibrosis
(Sen et al., 2016), ear edema and granuloma (Maxia, Frau, Falconieri,
Karchuli, & Kasture, 2011), mouse paw edema (Rossi et al., 2009),
pulmonary fibrosis (Samareh-Fekri et al., 2018), and colonic in-
flammation in rats (Sen et al.,, 2017). Nevertheless, the effect of
M. communis subsp. Communis leaves on AP is unknown. In light of
this information, it was expected that M. communis subsp. communis
leaf ethanol extract (MC) may be a useful treatment strategy for pro-
tecting pancreatic tissue in AP. Therefore, the aim of this study was
to determine the effect of MC on the development of experimental

acute cerulein-induced pancreatitis.

2 | MATERIALS AND METHODS
2.1 | Animals and chemicals

Thirty-two Wistar albino rats (male, 200-250 g) were used. The rats

were kept in cages (four rats per cage) under controlled temperature

(22 + 2°C) and moisture (63%-67%) levels for a 12-hours light/12-
hours dark period. Feeding was done ad libitum. All study procedures
were permitted by the Local Ethics Committee, Istanbul-Turkey
(Marmara University; 62.2018.mar), and the Directive 2010/63/
EU was followed. Animals were purchased from the Experimental
Animals Application and Research Center, Breeding Unit (DEHAMER,
Istanbul-Turkey).

Cerulein, 5-amino-2,3-dihydrophthalazine-1,4-dione (luminol),
bis-N-methylacridium nitrate (lucigenin), dimethylsulfoxide (DMSO),
2-(4-(2-hydroxyethyl)piperazin-1-yl) ethanesulfonic acid (HEPES),
hexadecyltrimethylammonium bromide (HETAB), N-(2-Hydroxyethyl)
piperazine-N’'-(2-ethanesulfonic acid), trichloroacetic acid (TCA),
thiobarbituric acid (TBA), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB),
o-Dianisidine, Na,HPO,.2H,0, K,HPO,, 2,2-diphenyl-1-picrylhy-
drazyl (DPPH), 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS), potassium persulfate, indomethacine, ascorbic acid, trolox, li-
poxidase from Glycine max (soybean), Folin-Ciocalteu reagent, linoleic
acid, formaldehyde, methanol, and ethanol were obtained from Merck
KGaA (Darmstadt, Germany). Sodium pentobarbital was purchased
from IE Ulagay (Istanbul, Turkey). All other chemicals were of the pur-

est grade commercially available.

2.2 | Plant material and extraction

The leaves of the plant were collected during flowering periods from
the Aegean district (Turgutlu, Manisa) of Turkey. Voucher specimens
were deposited at the Herbarium unit (School of Pharmacy, Marmara
University, MARE No: 13006). Myrtus communis subsp. commu-
nis leaves were dried in the shade and powdered by a mechanical
grinder. A total of 100 g of powdered material was extracted with
ethanol (96%) using a Soxhlet device, and extraction was continued
until the solution became colorless (up to 24 hr). The obtained etha-
nol extract was dried under a vacuum at 40°C. The powder ethanol
extract (MC) obtained from the extraction of 100 g of powdered
leaves was 28.56 g. This powder extract was used for activity tests
and stored in the dark and refrigerated (4°C) until use.

2.3 | Invitro antioxidant and anti-
inflammatory activity

The DPPH radical scavenging activity of the extract was measured
according to Zou et al. (Zou, Liu, Zhang, & Xiang, 2017). Briefly, 10 ul
of extracts in DMSO at different concentrations (5000-9.77 ug/ml)
was added to a 190-ul methanol solution of DPPH (0.1 mM) in a well
of 96-well plates. The mixture was shaken vigorously and allowed to
stand in the dark at room temperature for 30 minutes. Absorbance
readings were taken at 517 nm. The percentage of the radical scav-
enging activity of the extract and standard against DPPH was calcu-

lated according to the following formula:

DPPH radical — Scavenging activity (%) = [(Ay—A;) /Aq] x 100.
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where A is the absorbance of the control (containing all reagents
except the test compounds), and A, is the absorbance of the extract/
standard. The extract concentration providing 50% inhibition (Icso)
was calculated from the graph plotting the inhibition percentage
against the extract concentration. Tests were carried out in tripli-
cate. Ascorbic acid was used as the positive control.

The ABTS radical scavenging activity of the extract was mea-
sured according to Zou et al. (Zou et al., 2017). Briefly, ABTS radical
cations were prepared by mixing an equal volume of ABTS (7 mM
in H,0) and potassium persulfate (4.9 mM in H,0), allowing them
to react for 12-16 hours at room temperature in the dark. Then,
the ABTS radical solution was diluted with 96% ethanol to an ab-
sorbance of about 0.7 at 734 nm. Ten microlitres of the extract in
DMSO at different concentrations (5000-9.77 pg/ml) was added
to 190 ul of the ABTS radical solution in a well of 96-well plates.
The mixture was shaken vigorously and allowed to stand in the
dark at room temperature for 30 minutes. Absorbance readings
were taken at 734 nm. The percentage of the radical scavenging
activity of the extract and standard against ABTS was calculated
according to the following formula:

ABTS radical — Scavenging activity (%) = [(Ag—A;) /Ao] x 100.

where A, is the absorbance of the control (containing all reagents
except the test compounds), and A, is the absorbance of the extract/
standard. The extract concentration providing 50% inhibition (IC;)
was calculated from the graph plotting the inhibition percentage
against the extract concentration. Tests were carried out in tripli-
cate. Trolox was used as the positive control.

The anti-inflammatory activity was evaluated as described by
Phosrithong and Nuchtavorn with slight modifications described
by Yildirim et al. (Phosrithong & Nuchtavorn, 2016; Yildirim, Sen,
Dogan, & Bitis, 2019). Ten microlitres at different concentrations
of the extract (5000-9.77 pg/ml) or standard indomethacine (250-
0.49 pg/ml) was added to a 20-ul ethanol, 20-pl pure water, and
25-pul sodium borate buffer solution (0.1 M, pH 9) followed by the
addition of 25 pl of a type V soybean lipoxygenase solution in a buf-
fer (pH 9, 20,000 U/ml). After the mixture was incubated at 25°C for
5 minutes, 100 pL of 0.6 mM linoleic acid solution was added and

mixed well, and the change in absorbance at 234 nm was recorded
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for 6 minutes. Indomethacine was used as a reference standard. The
percent inhibition was calculated using the following equation:

% inhibition = [(Acontrol —Asample) /A % 100.

control]

A dose-response curve was plotted to determine the IC,, val-
ues. IC, is defined as the concentration sufficient to obtain 50% of
the maximum anti-inflammatory activity. All tests and analyses were

performed in triplicate.

2.4 | Determination of the total phenolic
content of MC

The total phenolic content of the extract was measured as de-
scribed by Gao et al. with slight modifications described by Yildirim
et al. (Gao, Ohlander, Jeppsson, Bjork, & Trajkovski, 2000; Yildirim
et al.,, 2019). Ten microlitres of the extract in various concentrations
(5000-9.77 ug/ml) was mixed with 20 pl of the Folin-Ciocalteu rea-
gent, 200 pl of H,0, and 100 ul of 15% Na,CO,, and the absorbance
was measured at 765 nm after 2 hours of incubation at room tem-
perature. Gallic acid was used as a standard, and the total phenolics
were expressed as the mg gallic acid equivalent per g powder etha-
nol extract.

2.5 | Experimental design

The animals were assigned to four groups (randomly and each one:
n = 8) as the saline-pretreated control (Control), MC-pretreated
control (MC), saline-pretreated AP, and MC-pretreated AP groups
(MC + AP). To induce AP, the rats received 50 pg/kg of cerulein in-
traperitoneally (ip) two times at a one-hour interval (n = 16), while
the control group received saline (Dur et al., 2016; Ozturk, Gul,
Esrefoglu, & Ates, 2008). MC dissolved in distilled water or saline
was administered by oral gavage (100 mg kg’1 day’l) before the first
cerulein injection once per day for 14 days. The rats were fasted
for 12 hours before the initial cerulein injection. The dose of MC
was chosen based on our previous study, which indicated that the

selected dose of MC has an effective anti-inflammatory activity

Extract
100mg /kg /Orally
|

La | 0 0
- x & M
- .‘ . 14 days 1 1 hours I 6 hours 'I
> I 4

/ . .
Cerulein or Cerulein or o p—
Sacrification
(50 ng/Ke/ip) (50 pe/Ke/ip)
Saline Saline
(1ml/kg/ip) (1ml/ke/ip)

FIGURE 1 Experimental protocol of rats
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(Sen et al., 2016, 2017). Six hours after the final injection of ce-
rulein, blood samples were taken by cardiac puncture under sodium

pentobarbital anesthesia (40 mg/kg/ip). Anesthetized animals were
euthanized by cervical dislocation (Figure 1). A total of 1,000 ul of
serum was obtained from 4 ml of blood. The serum samples were
utilized for amylase and lipase analysis. The abdominal area was
opened longitudinally, and the pancreas was carefully dissected and
proportioned to body weight. Half of the pancreas tissue samples
was stored (-80°C) for biochemical analysis, while the other half was
immediately fixed with formaldehyde and hematoxylin-eosin stain-
ing for the histological evaluation. The parameters of the oxidative
status in the pancreatic tissue, luminol and lucigenin chemilumines-
cence (CL), malondialdehyde (MDA), and reduced glutathione (GSH)
levels were measured. Myeloperoxidase enzyme (MPO) activity,

IL-1B, IL-6, and IL-10 levels in the pancreas were also tested.

2.6 | Serum amylase and lipase levels

The collected blood specimens were centrifuged (3,000 rpm, 10 min,
4°C). Amylase and lipase activity in the sera was measured using au-
tomated devices (Modular Systems, Abbott Diagnostics, CA, US)
and enzyme assay kits (Amylase, REF: 7D58 and Lipase, REF: 7D80,
Abbott Diagnostics, CA, US) in accordance with the manufacturer's
prospectus.

2.7 | Malondialdehyde, glutathione levels, and
myeloperoxidase enzyme activity

Freshly thawed from -80°C pancreatic tissue samples (0.2 to 0.5 g)
were homogenized (Ultra Turrax homogenizer) with cold trichloro-
acetic acid (w/v, 10%) and centrifuged at 3,000 rpm for 15 minutes at
4°C. The supernatant was removed and recentrifuged at 10,000 rpm
at 4°C for 5 minutes. A total of 0.75 ml of the supernatant and an
equal volume of a TBA solution were boiled for 15 minutes. MDA
levels were measured for products of lipid peroxidation by observ-
ing the formation of thiobarbituric acid reactive substances, which
have a maximum absorbance of 532 nm as previously described. The
results were calculated and stated as nmol MDA /g tissue (Beuge &
Aust, 1978).

GSH levels were measured using a modified Ellman procedure
(Beutler, 1975). After centrifugation at 10,000 rpm for 10 minutes at
4°C, 0.5 ml of the supernatant was added to 2 ml of the 0.3-mol/L
Na,HPO,.2H,0 solution. A 0.2-ml solution of DTNB, 0.4 mg/ml
of 1% sodium citrate was added, and the absorbance was read at
412 nm.

MPO enzyme activity as a marker of the polymorphonuclear leu-
kocyte gathering in inflamed tissues was tested spectrophotomet-
rically. Freshly thawed -80°C pancreatic samples (0.2-0.5 g) were
homogenized in a cold potassium phosphate buffer (PBS, 20 mM
K,HPO,, pH 7.4) and centrifuged at 12,000 rpm for 10 minutes

at 4°C. The obtained pellet after discarding the supernatant was

re-homogenized with a cold K,HPO,, solution that contained HETAB
(0.5%,w/v). MPO activity was assessed by the measurement of the
H,0,-dependent oxidation of o-dianisidine 2HCI. A change in the
enzyme activity determined at 460 nm and 37°C was described as a
U/min change. The calculated MPO activity was referred to as (U/g
tissue) (Hillegass, Griswold, Brickson, & Albrightson-Winslow, 1990).

2.8 | Chemiluminescence assay

Light-emitting chemical reactions of the reactive oxygen species
(ROS) were measured with a Junior LB 9509 luminometer appara-
tus (EG&G, Germany). Before the measurements tissue specimens
were cut for approximately 20-25 mg weight and put into test
tubes containing PBS + HEPES [(500 mM phosphate buffered sa-
line + 20 mM 4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic
acid)].
Luminol (chemical name is 5-amino-2,3-dihydrophthalazine-1,4-

acid, N-(2-Hydroxyethyl)piperazine-N'-(2-ethanesulfonic
dione) or lucigenin (chemical name is bis-N-methylacridium nitrate)
enhancers were diluted in DMSO and added for an ultimate final
concentration of 0.2 mmol/L (4 pl) to the test tubes containing
PBS + HEPES and tissue samples. The readings were done at 1 min-
ute periods for 5 minutes. After the CL measurements the estimate
results for a counting period of 5 minutes were calculated as the
area under curve (AUC), compared to wet weight and given as rela-
tive light unit/mg tissue (rlu/mg tissue) (Haklar, Sayin-Ozveri, Yuksel,
Aktan, & Yalcin, 2001; Simmonds et al., 1992).

2.9 | Tissue IL-1p, IL-6, and IL-10 levels

Freshly thawed -80°C pancreatic tissue samples were homogenized
and rotated (6,000 rpm, 10 min, 4°C). An enzyme-linked immuno-
sorbent assay (ELISA) was performed to determine the IL-1p, IL-6, and
IL-10 levels according to the manufacturer's manual (EBIOSCIENCE,
Thermo Fisher Scientific, MA, USA).

2.10 | Histological assessment

The collected tissue samples were evaluated with light microscopy.
Samples were stained with hematoxylin-eosin dye. Each section was
evaluated, and histological scoring was done using the technique
from Warzecha et al. (2008) (Table 1). The sections were photo-
graphed using a digital camera attached light microscope (Olympus
BX51 and Olympus DP72, Tokyo, Japan).

2.11 | Statistical analyses

The statistical analysis of the parameters was done by a one-way
analysis of variance (ANOVA) supplemented with Tukey's multi-

ple comparison tests. Histological scores were assessed by the
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TABLE 1 Criteria for microscopic scoring of pancreatic damage

Score Appearance
0: No edema Interlobular
1: Interlobular edema edema
2: Interlobular and moderate interlobular edema
3: Interlobular and severe interlobular edema
0: Absent Leukocytic
1: Scarce perivascular infiltration infiltration
2: Moderate perivascular and scarce diffuse

infiltration
3: Abundant diffuse infiltration
0: Absent Grading of

1: Less than 25% vacuolization

: 25%-50%
: More than 50%

: Absent Hemorrhage
: 1-2 hemorrhagic foci per slide

: More than 5 hemorrhagic foci per slide

: No necrosis Necrosis

2

3

0

1

2: 3-5 hemorrhagic foci per slide

8

(0]

1: Less than 15% of pancreatic cells involved
2: 15%-35% of cells involved

3

: More than 35% of cells involved

Mann-Whitney U test (Graph Pad Prism 6.0; San Diego, CA). The
variances were postulated as significant if p < .05 and were stated
as mean = S.E.M.

3 | RESULTS

3.1 | Antioxidant/anti-inflammatory activity and
total phenolic content of MC

MCwith an IC, value of 12.66 + 0.18 pg/ml showed a stronger anti-
oxidant activity when compared with the standard (IC,, for Ascorbic
acid: 17.60 * 0.37 pg/ml) against the DPPH radical. In addition, MC
with an IC, value of 17.29 + 0.13 ug/ml exhibited an antioxidant
activity as potent as the standard ., for Trolox: 17.22 + 0.00 pg/ml)
against the ABTS radical. The MC exhibited remarkable anti-
inflammatory activity with an IC,, value of 70.33 + 2.75 pg/ml
against a 5-lipoxygenase enzyme (IC, for standard indomethacin:
22.39 £0.26 pg/ml). The total phenolic content of the MC was found
to be 472.7 + 2.36 mg/g extract as the gallic acid equivalent.

3.2 | Serum lipase and amylase levels

In comparison with the control group, the lipase and amylase levels

in the sera were elevated in the AP group (p < .0001). This increase
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FIGURE 2 (a) Amylase and (b) lipase levels in sera of Control,
MC, AP, and MC + AP groups. Each group consists of eight animals.
The range bars show the SEM. *p < .05, **p < .01 and ****p < .0001
in comparison with saline treated control group; ****p < .0001

in comparison with AP group. MC: Myrtus communis leaf ethanol
extract treatment; AP: Cerulein-induced acute pancreatitis

was remarkably diminished in the MC + AP group (p <.0001), while it
still remained significantly higher than in the control group (p < .01-
.05; Figure 2a,b).

3.3 | MDA, GSH levels, and MPO activity

In comparison with the control group, a significant elevation was ob-
served in the MDA levels of the AP group (p < .01). This elevation
significantly decreased in the MC + AP group (p < .01; Figure 3a).

Concomitant with increased MDA levels, GSH was significantly
depressed in the AP group in comparison with the control group
(p < .01); however, a marked elevation of GSH levels was observed
with MC treatment in the MC + AP group (p < .05; Figure 3b).

MPO activity was found to be significantly increased in the
AP group in comparison with the control group (p < .0001). In the
MC + AP group, pancreatic MPO activity was diminished with MC
treatments in comparison with the AP group (p < .001; Figure 3c).

In addition, in terms of all examined parameters, there were no
significant differences between the control and MC groups.

3.4 | Pancreatic ROS levels

Pancreatic ROS release, which was determined by luminol or lu-
cigenin-based CL, showed a marked elevation in the AP group in
comparison with the control group (p < .05-.001, respectively).
The increase in the CL release of the AP group was significantly de-

creased by MC applications (p < .01-.05, respectively; Figure 4a,b).
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FIGURE 3 (a) MDA, (b) GSH and (c) MPO activity levels in the
pancreatic tissues of Control, MC, AP, and MC + AP groups. Each
group consists of eight animals. The range bars show the SEM.

**p < .01 and ****p < .0001 in comparison with control group;

*p <.05,"*p < .01 and ***p < .001 in comparison with AP group.
AP, cerulein-induced acute pancreatitis; MC, Myrtus communis leaf
ethanol extract treatment

3.5 | Pancreatic cytokines

The IL-1p and IL-6 levels of the AP group were found to be markedly
higher than in the control group (p < .0001), and the treatment of
rats with MC decreased these elevations (p < .001-.01, respectively;
Figure 5a,b). The levels of anti-inflammatory IL-10 were found to
be significantly lower in the AP group (p < .0001), while they were
found to be increased in the MC group in comparison with the AP
group (p < .05; Figure 5c¢).

3.6 | Pancreatic edema index

The pancreatic edema index is explained by the wet weight/body
weight ratio of the pancreas (Carvalho et al., 2010). Edema caused
by cerulein significantly increased pancreatic weights in comparison
with the control group (p < .01). The increased pancreatic weights
were found to be lower with MC treatment (p < .05) (Figure 6a).
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FIGURE 4 (a) Luminol and (b) lucigenin chemiluminescence
levels in the pancreatic tissues of Control, MC, AP, and MC + AP
groups. Each group consists of eight animals. The range bars show
the SEM. *p < .5 and ***p < .001 in comparison with control group;
*p <.05, **p < .01 in comparison with AP group. AP, cerulein-
induced acute pancreatitis; MC, Myrtus communis leaf ethanol
extract treatment

o

3.7 | Histological assessments

The results have been expressed as a predominant histological grad-
ing of each sign of pancreatic damage in each experimental group of
animals (Table 2). In both the control and the MC groups, regularly
organized acinar structures and Langerhans islets in the parenchy-
mal tissues were observed (Figure 7a,b). In contrast, in the AP group,
acinar cells with moderate cytoplasmic vacuolization, edema, and
inflammatory cell infiltration were observed, and these appearances
significantly increased in the histological damage score (p < .01;
Figures 6b and 7c; Table 2). In the AP + MC group, vacuolization
in acinar cells, interstitial edema, and inflammatory cell infiltration
were observed to be decreased when compared with the AP group
(Figure 7d; Table 2). Accordingly, the histopathologic damage scores
were alleviated with MC in AP in comparison with the AP group
(p < .001; Figure 6b). In addition, there was no marked difference
between the MC group and the control group.

4 | DISCUSSION

The pathophysiology of AP is not yet fully explained (Cavestro et al.,
2015). AP is usually mild in patients, with approximately 20%-30%
developing a severe form of single or multiple organ dysfunction
(Leppaniemietal.,2019).Gallstones,alcohol,drugs,andgeneticfactors
are the risk factors for AP in humans (Lankisch, Apte, & Banks, 2015).
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FIGURE 5 (a)IL-1B, (b) IL-6, and (c) IL-10 levels in the pancreatic

tissues of Control, MC, AP, and MC + AP groups. Each group
consists of eight animals. The range bars show the SEM. **p < .01,
***p <.001 and ****p < .0001 in comparison with control group;
*p <.05,"*p < .01 and **p < .001 in comparison with AP group.
AP, cerulein-induced acute pancreatitis; MC, Myrtus communis leaf
ethanol extract treatment

Although the circumstances that cause AP in humans and animals
are dissimilar, the mechanisms of cellular injury, such as the prema-
ture intrapancreatic activation of trypsinogen observed are similar
(Cruz-Santamaria, Taxonera, & Giner, 2012; Lankisch et al., 2015).
Premature intrapancreatic activation of trypsin causes an increase in
ROS and inflammatory mediators. This triggers cellular damage and
clinical manifestations of the disease (Goodchild et al., 2019; Pérez
et al., 2015). Previous studies have demonstrated that ROS forma-
tion is closely linked to AP (Kim, 2008; Thareja, Bhardwaj, Sateesh,
& Saraya, 2009). In addition, one of the major antioxidants, GSH,

TABLE 2 Predominant histological

grading of each sign of pancreatic damage Control Edema
in each experimental group of animals Control 0.1
MC 0
AP 2

MC + AP 1
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FIGURE 6 (a) The pancreatic wet weight/body weight ratio

and (b) histological score of pancreatic tissue of Control, MC, AP,
and MC + AP groups. Each group consists of eight animals. The
range bars show the SEM. **p < .01 in comparison to control group;
*p <.05 and ***p < .001 in comparison to AP group. AP, cerulein-
induced acute pancreatitis; MC, Myrtus communis leaf ethanol
extract treatment

decreases in the early stages. This decrease also determines the se-
verity of the disease (Escobar et al., 2009). Recently, the published
guidelines for AP treatment in China stated that Traditional Chinese
Medicine (TCM), which involves the use of single plants or formulas,
can be used as a promising complementary therapy for AP. It has
also been demonstrated by experimental and clinical studies that
plants and formulations used in TCM are effective in the treatment
of AP (Li, Zhang, Zhou, Zhang, & Li, 2017; Miao et al., 2018). In this
study, the beneficial effects of MC on AP have been explored. The
results showed that MC treatment reduces oxidative damage and
acute inflammation.

Cerulein, an analog of cholecystokinin, is widely used for the induc-
tion of the AP model in animals (Ceranowicz, Cieszkowski, Warzecha,
& Dembinski, 2015; Lerch & Gorelick, 2013). Cerulein leads to the
synthesis of excessive amounts of zymogen enzymes, such as amylase

and lipase, and pancreatic liquid contents, thus causing pancreatitis.

Leukocytic infiltration Vacuolization Necrosis Hemorrhage
0 0.1 0 0
0 0 0 0
2 2 0 0
1 1 0 0
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FIGURE 7 Demonstrative images of Control, MC, AP, and AP + MC groups. (a) Control group, (b) MC group, (c) AP group, (D) AP + MC

group. Black arrow: Acinar structure with regular morphology. Asterisk (*): Regularly organized Langerhans islet. White arrow: Vacuolization
in the acinar cell. Black arrowhead: Inflammatory cell infiltration. White asterisk: Abnormally organized Langerhans islet. Plus (+): Interstitial
edema. Hematoxylin & Eosin stain, bars: 50 and 100 um. AP, cerulein-induced acute pancreatitis; MC, Myrtus communis leaf ethanol extract

treatment

Pancreatic enzymes are produced and stored in pancreatic acinar cells
as zymogen granules. Proteases present in zymogen granules occur in
an inactive form. Physiologically, zymogen granules are secreted by
exocytosis at the apical part of pancreatic acinar cells to the lumen
of pancreatic acini, and then they are transferred to the duodenum,
where trypsinogen is activated by duodenal enterokinase to trypsin.
Newly formed molecules of trypsin activate the next molecules of
trypsinogen and other inactive pancreatic proteases. When AP occurs,
this process is disturbed. The administration of supramaximal doses
of cerulein zymogen vacuoles accumulate at the basolateral part of
the acinar cells and then fuse with lysosomes to form large vacuoles.
Lysosomal enzymes, especially catepsin D, lead to a premature intra-
cellular activation of pancreatic digestive proteases. This process leads
to the damage of cellular organelles and the fusion of large vacuoles
containing active digestive enzymes with the basolateral cell mem-
brane of acinar cells. Active digestive enzymes enter the intersti-
tial space of the pancreas, leading to the development of AP (Adler,
Rohr, & Kern, 1982; Kern, Adler, & Scheele, 1985; Saito, Hashimoto,
Saluja, Steer, & Meldolesi, 1987). This mechanism was observed in

cerulein-induced AP as well as in other models of AP (Saluja et al.,
1989). Cerulein also leads to the accumulation of inflammatory cells in
the pancreas and vacuolization in acinar cells (Kim, 2008). Moreover,
cerulein has been shown to induce nuclear transcription factor NF-xB
and cytokine expression by causing ROS formation in in vitro stud-
ies (Yu, Lim, Namkung, Kim, & Kim, 2002). The cerulein-induced AP
model used in this study led to the development of acute edematous
pancreatitis. In rats, the severity of this model of AP is minimal and
corresponds to a clinical mild edematous AP (Kim, 2008).

Adequate tissue blood flow is necessary for the appropriate func-
tion and maintenance of organs’ integrity. Previous clinical (Gullo
et al., 1996; Warshaw & O'Hara, 1978) and experimental animal stud-
ies (Ceranowicz et al., 2015; Dembinski et al., 2001; Vollmar & Menger,
2003; Waldner, 1992) have shown that a reduction in the pancreatic
blood flow may be a primary cause of AP. Moreover, a reduction in the
pancreatic blood flow is observed in AP caused by primary nonvascular
factors, and the development of AP is associated with microvascular
disturbances with a subsequent formation of thrombi in the capillaries,

the activation of leukocytes, and the release of digestive enzymes and
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pro-inflammatory cytokines (Gress, Arnold, & Adler, 1990; Kusterer,
Enghofer, Zendler, Blochle, & Usadel, 1991; Tomkétter et al., 2016;
Vollmar & Menger, 2003). In light of this knowledge, the inflammatory
status of pancreatic tissues through MPO activity and cytokines has
been investigated. It is well-known that leukocyte recruitment within
the inflamed pancreas begins in the early phase of AP (Escobar et al.,
2009). The increase in MPO activity shows widespread inflammation
in many inflammation models, including AP (Gurler et al., 2019; Ozgul
et al,, 2019; Sen et al., 2016). This increase in enzyme activity causes
the formation of oxidant molecules by neutrophils and initiates oxidant
damage. Therefore, the inhibition of this inflammation could prevent
tissue damage. MC treatment may decrease MPO activity in colonic
and liver tissues (Sen et al., 2016, 2017). Rossi et al. (2009) reported
that M. communis has the capability to suppress adhesion molecules
and to inhibit Leukotriene B4 generation and polymorphonuclear leu-
kocyte infiltration. Concomitant with previous studies, the current re-
sults demonstrated a decrease in MPO activity with MC treatment,
which indicates the anti-inflammatory effects of MC.

Acute pancreatitis causes an important increase in the tissue IL-1p
and IL-6 levels. Maxia et al. (2011) have reported that M. communis
oil inhibited inflammation in rats via mitigating IL-6 levels in the sera.
In the carrageenan-induced pleurisy model, a reduction in the IL-1p
level with M. communis treatment has also been reported (Rossi et al.,
2009). In addition to these cytokines, IL-10 levels were also investi-
gated in the AP model. The results showed a significant cerulein-in-
duced decrease in IL-10, which was reversed by MC treatment. To the
authors’ knowledge, the effect of MC on the IL-10 level has not been
studied previously in any inflammation model. For the first time, the
current results showed that MC has an enhancing effect on IL-10.

There is a cross-talk between pro-inflammatory cytokines and
ROS in AP (Escobar et al., 2009). It is well-known that the inflam-
mation is moderated by a balance between pro-inflammatory and
anti-inflammatory mediators. Thus, in light of the results, it is sug-
gested that MC shows its anti-inflammatory effect by inhibiting this
cross-talk. The histopathological findings confirmed these effects
by showing a decrease in inflammation. Based on these results, the
suppression of inflammation and the prevention of damage to pan-
creatic tissue can be considered to provide tissue integrity and to
positively affect tissue blood flow.

Serum lipase or amylase levels are the major biomarkers in AP and
the levels begin to rise within 3-6 hours in AP (Ozgul et al., 2019). It
is reported that effective treatments in experimental AP models in-
hibited increased enzyme levels, even if the values did not decrease
to control levels (Bulut et al., 2011; Ozgul et al., 2019). Similarly, al-
though the amylase and lipase levels in this study did not decrease
to the control levels, the results showed that because the enzyme
levels were found to be significantly reduced in comparison with the
AP group, MC protects tissue and re-regulates enzyme secretions.

The ROS levels in the pancreatic tissue were also examined using
luminol and lucigenin CL probes. This is a simple technique for as-
sessing oxidant formation in tissues. Increased CL values suggest
that oxidant substances are produced in tissues due to increased

inflammation, and these oxidant molecules play a role in damage.
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Both CL values significantly decreased with MC treatment, similar to
recent reports (Hayder et al., 2004; Hennia et al., 2018).

Moreover, the oxidant-induced MDA level indicated that lipid
peroxidation was also reversed. Increased lipid peroxidation in bile
or pancreas tissue have been reported in humans with AP (Park
et al., 2003). Increasing MDA levels and decreasing GSH levels re-
flect tissue damage in AP (Guleken et al., 2017; Huang & Cao, 2014;
Mirmalek et al., 2016). The model verifies tissue damage, not only
histologically but also biochemically, with GSH depletion and MDA
elevation. On the contrary, similar to previous reports (Escobar
et al., 2009; Sen et al., 2016, 2017), the study results showed that
MC treatment exerted a notable reduction in lipid peroxidation and
an increase in GSH levels. This can be explained by the fact that
M. communis has a strong free radical scavenging capacity, as shown
previously (Hayder et al., 2004; Hennia et al., 2018) and demon-
strated in the present study.

In addition to the anti-inflammatory and antioxidant effects of
M. communis, the present study revealed that a high phenolic com-
pound content of M. communis was consonant with other studies
(Amensour et al., 2009; Sen et al., 2016). Phenolic complexes are
largely known to have antioxidant and anti-inflammatory activities
(Lin et al., 2016). Therefore, the beneficial effects of MC on AP may
be due to the existence of phenolic compounds, such as phenolic
acids, flavonoids, and tannins found in MC.

This study has a limitation. The experiments were performed
with the cerulein-induced AP model in rats. This model produces
mild edematous AP; however it does not completely mimic human
AP. Therefore, the effect of MC should be investigated in future
studies using a more severe model with tissue necrosis to fully mimic

the human disease.

5 | CONCLUSION

This study suggests that M. communis subsp. communis protects
the antioxidant status of the pancreatic tissue in AP, ameliorates
oxidative pancreatic injury via a neutrophil-dependent mechanism,
and modulates anti-inflammatory and pro-inflammatory cytokines.
M. communis subsp. communis may be a useful treatment strategy

to protect pancreas from both AP and recurrent attacks.

ACKNOWLEDGMENTS
The authors would like to thank Dr. Gizem Bulut for her contribution
to the identification of the plant material.

CONFLICT OF INTERESTS
The authors state that we have no potential conflict of interest for
this study.

ORCID
Dilek Ozbeyli https://orcid.org/0000-0002-4141-6913
Ali Sen https://orcid.org/0000-0002-2144-5741

Ozlem Tugce Cilingir Kaya https://orcid.org/0000-0002-2591-9174


https://orcid.org/0000-0002-4141-6913
https://orcid.org/0000-0002-4141-6913
https://orcid.org/0000-0002-2144-5741
https://orcid.org/0000-0002-2144-5741
https://orcid.org/0000-0002-2591-9174
https://orcid.org/0000-0002-2591-9174

100f 11 Journal of
4|—Wl LEY—Food Biochemistry-

REFERENCES

Adler, G,, Rohr, G., & Kern, H. F. (1982). Alteration of membrane fusion
as a cause of acute pancreatitis in the rat. Digestive Diseases and
Sciences, 27(11), 993-1002. https://doi.org/10.1007/bf01391745

Amensour, M., Sendra, E., Abrini, J., Bouhdid, S., Pérez-Alvarez, J. A.,
& Fernandez-Lopez, J. (2009). Total phenolic content and antioxi-
dant activity of myrtle (Myrtus communis) extracts. Natural Product
Communications, 4, 819-824.

Aykac, A., Ozbeyli, D., Uncu, M., Ertas, B., Kilinc, O., Sen, A, ... Sener, G.
(2019). Evaluation of the protective effect of Myrtus communis in sco-
polamine-induced Alzheimer model through cholinergic receptors.
Gene, 689, 194-201. https://doi.org/10.1016/j.gene.2018.12.007

Beuge, J. A.,, & Aust, S. D. (1978). Microsomal lipid peroxidation.
Methods in Enzymology, 52, 302-310. https://doi.org/10.1016/
s0076-6879(78)52032-6

Beutler, E. (1975). Glutathione in red blood cell metabolism. In E. Beutler
(Ed.), A manuel of biochemical methods (pp. 112-114). New York:
Grune & Stratton.

Bulut, N. E., Ozkan, E., Ekinci, O., Dulundu, E., Topaloglu, U., Sehirli, A.
o, ... Sener, G. (2011). Beneficial effects of alpha lipoic acid on ce-
rulein-induced experimental acute pancreatitis in rats. Ulusal Travma
ve Acil Cerrahi Dergisi, 17(5), 383-389. https://doi.org/10.5505/
tjtes.2011.99835

Carvalho, K. M., Morais, T. C., de Melo, T. S., de Castro Brito, G. A., de
Andrade, G. M., Rao, V. S., & Santos, F. A. (2010). The natural fla-
vonoid quercetin ameliorates cerulein-induced acute pancreatitis in
mice. Biological and Pharmaceutical Bulletin, 33, 1534-1539. https://
doi.org/10.1248/bpb.33.1534

Cavestro, G. M., Leandro, G., Di Leo, M., Zuppardo, R. A., Morrow, O.
B., Notaristefano, C., ... Testoni, P. A. (2015). A single-centre pro-
spective, cohort study of the natural history of acute pancreatitis.
Digestive and Liver Disease, 47(3), 205-210. https://doi.org/10.1016/
j.dld.2014.11.003

Ceranowicz, P., Cieszkowski, J., Warzecha, Z., & Dembinski, A. (2015).
Experimental models of acute pancreatitis. Postepy Higieny i Medycyny
Doswiadczalnej, 21(69), 264-269. https://doi.org/10.5604/17322
693.1141101

Cruz-Santamaria, D. M., Taxonera, C., & Giner, M. (2012). Update on
pathogenesis and clinical management of acute pancreatitis. World
Journal of Gastrointestinal Pathophysiology, 3(3), 60-70. https://doi.
org/10.4291/wjgp.v3.i3.60

Dembinski, A., Warzecha, Z., Ceranowicz, P., Stachura, J., Tomaszewska,
R., Konturek, S. J., ... Pawlik, W. W. (2001). Pancreatic damage and
regeneration in the course of ischemia-reperfusion induced pancre-
atitis in rats. Journal of Physiology and Pharmacology, 52(2), 221-235.

Dur, A., Kose, H., Kocyigit, A., Kocaman, O., Ismayilova, M., & Sonmez, F.
C. (2016). The anti-inflammatory and antioxidant effects of thymoqui-
none on ceruleine induced acute pancreatitis in rats. Bratislava Medical
Journal, 117(10), 614-618. https://doi.org/10.4149/bll_2016_119

Escobar, J., Pereda, J., Arduini, A., Sandoval, J., Sabater, L., Aparisi, L., ...
Sastre, J. (2009). Cross-talk between oxidative stress and pro-inflam-
matory cytokines in acute pancreatitis: A key role for protein phos-
phatases. Current Pharmaceutical Design, 15, 3027-3304. https://doi.
org/10.2174/138161209789058075

Falzon, C. C., & Balabanova, A. (2017). Phytotherapy: An introduc-
tion to herbal medicine. Primary Care, 44, 217-227. https://doi.
org/10.1016/j.pop.2017.02.001

Gao, X., Ohlander, M., Jeppsson, N., Bjork, L., & Trajkovski, V. (2000).
Changes in antioxidant effects and their relationship to phytonutri-
ents in fruits of Sea Buckthorn (Hippophae rhamnoides L.) during mat-
uration. Journal of Agricultural and Food Chemistry, 48, 1485-1490.
https://doi.org/10.1021/jf991072g

Goodchild, G., Chouhan, M., & Johnson, G. J. (2019). Practical guide to
the management of acute pancreatitis. Frontline Gastroenterology, 10,
292-299. https://doi.org/10.1136/flgastro-2018-101102

OZBEYLI ET AL.

Gress, T. M., Arnold, R., & Adler, G. (1990). Structural alterations of
pancreatic microvasculature in cerulein-induced pancreatitis in the
rat. Research in Experimental Medicine, 190(1), 401-412. https://doi.
org/10.1007/bf0O0000046

Guleken, Z., Ozbeyli, D., Acikel-Elmas, M., Oktay, S., Alev, B., Sirvanci, S.,
... Kasimay Cakir, O. (2017). The effect of estrogen receptor agonists
on pancreaticobiliary duct ligation induced experimental acute pan-
creatitis. Journal of Physiology and Pharmacology, 68, 847-858.

Gullo, L., Cavicchi, L., Tomassetti, P., Spagnolo, C., Freyrie, A., &
D'Addato, M. (1996). Effects of ischemia on the human pancreas.
Gastroenterology, 111(4), 1033-1038.

Gurler, E. B., Cilingir-Kaya, &. T., Peker Eyliboglu, I., Ercan, F., Akkiprik,
M., Reiter, R. J., & Yegen, C. B. (2019). Melatonin supports alendro-
nate in preserving bone matrix and prevents gastric inflammation
in ovariectomized rats. Cell Biochemistry and Function, 37, 102-112.
https://doi.org/10.1002/cbf.3379

Haklar, G., Sayin-Ozveri, E., Yiksel, M., Aktan, A. O., & Yalcin, A. S.
(2001). Different kinds of reactive oxygen and nitrogen species were
detected in colon and breast tumors. Cancer Letters, 165, 219-224.
https://doi.org/10.1016/s0304-3835(01)00421-9

Hammer, H. F. (2014). An update on pancreatic pathophysiology
(do we have to rewrite pancreatic pathophysiology?). Wiener
Medizinische Wochenschrift, 164, 57-62. https://doi.org/10.1007/
$s10354-013-0260-y

Hayder, N., Abdelwahed, A., Kilani, S., Ammar, R. B., Mahmoud, A.,
Ghedira, K., & Chekir-Ghedira, L. (2004). Anti-genotoxic and
free-radical scavenging activities of extracts from (Tunisian) Myrtus
communis. Mutation Research, 564, 89-95. https://doi.org/10.1016/j.
mrgentox.2004.08.001

Hennia, A., Miguel, M. G., & Nemmiche, S. (2018). Antioxidant Activity
of Myrtus communis L. and Myrtus nivellei Batt. & Trab. Extracts: A
brief review. Medicines, 5(3), 89. https://doi.org/10.3390/medicines5
03008910

Hillegass, L. M., Griswold, D. E., Brickson, B., & Albrightson-Winslow,
C. (1990). Assessment of myeloperoxidase activity in whole rat kid-
ney. Journal of Pharmacological Methods, 24, 285-295. https://doi.
org/10.1016/0160-5402(90)90013-B

Huang, L., & Cao, J. (2014). The protective effects of Shen-Fu injec-
tion on experimental acute pancreatitis in a rat model. Oxidative
Medicine and Cellular Longevity, 2014, 248786. https://doi.
org/10.1155/2014/248786

Jabri, M. A., Marzouki, L., & Sebai, H. (2018). Ethnobotanical, phyto-
chemical and therapeutic effects of Myrtus communis L. berries seeds
on gastrointestinal tract diseases: A review. Archives of Physiology
and Biochemistry, 124, 390-396. https://doi.org/10.1080/13813
455.2017.1423504

Kern, H. F., Adler, G., & Scheele, G. A. (1985). Structural and biochemical
characterization of maximal and supramaximal hormonal stimulation
of rat exocrine pancreas. Scandinavian Journal of Gastroenterology,
112,20-29.

Kim, H. (2008). Cerulein pancreatitis: Oxidative stress, inflammation,
and apoptosis. Gut and Liver, 2(2), 74-80. https://doi.org/10.5009/
gnl.2008.2.2.74

Kusterer, K., Enghofer, M., Zendler, S., Blochle, C., & Usadel, K. H.
(1991). Microcirculatory changes in sodium taurocholate-induced
pancreatitis in rats. American Journal of Physiology-Gastrointestinal
and Liver Physiology, 260(2), G346-G351. https://doi.org/10.1152/
ajpgi.1991.260.2.g346

Lankisch, P. G., Apte, M., & Banks, P. A. (2015). Acute pancreatitis. The Lancet,
386(9988), 85-96. https://doi.org/10.1016/s0140-6736(14)60649-8

Leppaniemi, A., Tolonen, M., Tarasconi, A., Segovia-Lohse, H.
Gamberini, E., Kirkpatrick, A. W., ... Catena, F. (2019). 2019 WSES
guidelines for the management of severe acute pancreatitis. World
Journal of Emergency Surgery, 14, 27. https://doi.org/10.1186/
s13017-019-0247-0


https://doi.org/10.1007/bf01391745
https://doi.org/10.1016/j.gene.2018.12.007
https://doi.org/10.1016/s0076-6879(78)52032-6
https://doi.org/10.1016/s0076-6879(78)52032-6
https://doi.org/10.5505/tjtes.2011.99835
https://doi.org/10.5505/tjtes.2011.99835
https://doi.org/10.1248/bpb.33.1534
https://doi.org/10.1248/bpb.33.1534
https://doi.org/10.1016/j.dld.2014.11.003
https://doi.org/10.1016/j.dld.2014.11.003
https://doi.org/10.5604/17322693.1141101
https://doi.org/10.5604/17322693.1141101
https://doi.org/10.4291/wjgp.v3.i3.60
https://doi.org/10.4291/wjgp.v3.i3.60
https://doi.org/10.4149/bll_2016_119
https://doi.org/10.2174/138161209789058075
https://doi.org/10.2174/138161209789058075
https://doi.org/10.1016/j.pop.2017.02.001
https://doi.org/10.1016/j.pop.2017.02.001
https://doi.org/10.1021/jf991072g
https://doi.org/10.1136/flgastro-2018-101102
https://doi.org/10.1007/bf00000046
https://doi.org/10.1007/bf00000046
https://doi.org/10.1002/cbf.3379
https://doi.org/10.1016/s0304-3835(01)00421-9
https://doi.org/10.1007/s10354-013-0260-y
https://doi.org/10.1007/s10354-013-0260-y
https://doi.org/10.1016/j.mrgentox.2004.08.001
https://doi.org/10.1016/j.mrgentox.2004.08.001
https://doi.org/10.3390/medicines503008910
https://doi.org/10.3390/medicines503008910
https://doi.org/10.1016/0160-5402(90)90013-B
https://doi.org/10.1016/0160-5402(90)90013-B
https://doi.org/10.1155/2014/248786
https://doi.org/10.1155/2014/248786
https://doi.org/10.1080/13813455.2017.1423504
https://doi.org/10.1080/13813455.2017.1423504
https://doi.org/10.5009/gnl.2008.2.2.74
https://doi.org/10.5009/gnl.2008.2.2.74
https://doi.org/10.1152/ajpgi.1991.260.2.g346
https://doi.org/10.1152/ajpgi.1991.260.2.g346
https://doi.org/10.1016/s0140-6736(14)60649-8
https://doi.org/10.1186/s13017-019-0247-0
https://doi.org/10.1186/s13017-019-0247-0

OZBEYLI ET AL.

Lerch, M. M., & Gorelick, F. S. (2013). Models of acute and chronic
pancreatitis. Gastroenterology, 144(6), 1180-1193. https://doi.
org/10.1053/j.gastro.2012.12.043

Leung, P. S., & Chan, Y. C. (2009). Role of oxidative stress in pancreatic
inflammation. Antioxidants & Redox Signaling, 11(1), 135-165. https://
doi.org/10.1089/ars.2008.2109

Li, J., Zhang, S., Zhou, R., Zhang, J., & Li, Z. F. (2017). Perspectives of
traditional chinese medicine in pancreas protection for acute pancre-
atitis. World Journal of Gastroenterology, 23, 3615-3623. https://doi.
org/10.3748/wjg.v23.i20.3615

Lin, D., Xiao, M., Zhao, J., Li, Z., Xing, B., Li, X,, ... Chen, S. (2016). An over-
view of plant phenolic compounds and their importance in human
nutrition and management of type 2 diabetes. Molecules, 21, 1374.
https://doi.org/10.3390/molecules21101374

Maxia, A., Frau, M. A, Falconieri, D., Karchuli, M. S., & Kasture, S. (2011).
Essential oil of Myrtus communis inhibits inflammation in rats by re-
ducing serum IL-6 and TNF-alpha. Natural Product Communications,
6,1545-1548.

Miao, B., Li, F. W,, Zhang, S. W., Wang, H., Qi, W. J., & Wang, C. (2018).
Efficacy and safety of Tongfu powder in acute pancreatitis patients with
gastrointestinal dysfunction: A clinical trial. Drug Design, Development
and Therapy, 12, 3665-3673. https://doi.org/10.2147/DDDT.5163645

Mirmalek, S., Gholamrezaei Boushehrinejad, A., Yavari, H., Kardeh, B.,
Parsa, Y., Salimi-Tabatabaee, S. A,, ... Jangholi, E. (2016). Antioxidant
and anti-inflammatory effects of coenzyme Q10 on L-arginine-
induced acute pancreatitis in rat. Oxidative Medicine and Cellular
Longevity, 2016, 5818479. https://doi.org/10.1155/2016/5818479

Ozgul, H., Tatar, C., Ozer, B., Aydin, H., Sar1, S., & Ozer, S. P. (2019). Effects
of alpha-tocopherol on acute pancreatitis in rat. Ulusal Travma ve Acil
Cerrahi Dergisi, 25, 1-6. https://doi.org/10.5505/tjtes.2018.30413

Ozturk, F., Gul, M., Esrefoglu, M., & Ates, B. (2008). The contradictory
effects of nitric oxide in caerulein-induced acute pancreatitis in rats.
Free Radical Research, 42(4),289-296. https://doi.org/10.1080/10715
760801930730

Park, B. K., Chung, J. B., Lee, J. H., Suh, J. H., Park, S. W., Song, S. Y., ...
Kang, J. K. (2003). Role of oxygen free radicals in patients with acute
pancreatitis. World Journal of Gastroenterology, 9(10), 2266-2269.
https://doi.org/10.3748/wjg.v9.i10.2266

Pereda, J., Sabater, L., Aparisi, L., Escobar, J., Sandova, J., Vifa, J,, ...
Sastre, J. (2006). Interaction between cytokines and oxidative stress
in acute pancreatitis. Current Medicinal Chemistry, 13, 2775-2787.
https://doi.org/10.2174/092986706778522011

Pérez, S., Pereda, J., Sabater, L., & Sastre, J. (2015). Redox signaling in
acute pancreatitis. Redox Biology, 5, 1-14. https://doi.org/10.1016/j.
redox.2015.01.014

Phosrithong, N., & Nuchtavorn, N. (2016). Antioxidant and anti-inflam-
matory activites of Clerodendrum leaf extracts collected in Thailand.
European Journal of Integrative Medicine, 3, 281-285. https://doi.
org/10.1016/j.eujim.2015.10.002

Rossi, A., Di Paola, R., Mazzon, E., Genovese, T., Caminiti, R., Bramanti,
P., ... Cuzzocrea, S. (2009). Myrtucommulone from Myrtus communis
exhibitis potent anti-inflammatory effectiveness in vivo. Journal of
Pharmacology and Experimental Therapeutics, 329, 76-86. https://doi.
org/10.1124/jpet.108.143214

Saito, I., Hashimoto, S., Saluja, A., Steer, M. L., & Meldolesi, J. (1987).
Intracellular transport of pancreatic zymogens during caeru-
lein supramaximal stimulation. American Journal of Physiology-
Gastrointestinal and Liver Physiology, 253(4), G517-G526. https://doi.
org/10.1152/ajpgi.1987.253.4.g517

Saluja, A., Saluja, M., Villa, A., Leli, U., Rutledge, P., Meldolesi, J., & Steer,
M. (1989). Pancreatic duct obstruction in rabbits causes digestive
zymogen and lysosomal enzyme colocalization. Journal of Clinical
Investigation, 84(4), 1260-1266. https://doi.org/10.1172/JCI114293

Samareh-Fekri, M., Mandegary, A., Sharififar, F., Poursalehi, H. R.,
Nematollahi, M. H., Izadi, A., ... Samareh, F. M. (2018). Protective
effect of standardized extract of Myrtus communis L. (myrtle) on

Journal of 110f11
Food Biochemistry -Wl LEYJ—

experimentally bleomycin-induced pulmonary fibrosis: Biochemical
and histopathological study. Drug and Chemical Toxicology, 41, 408-
414. https://doi.org/10.1080/01480545.2018.1459670

Sen, A., Ozkan, S., Recebova, K., Cevik, O., Ercan, F., Kervancioglu
Demirci, E., ... Sener, G. (2016). Effects of Myrtus communis extract
treatment in bile duct ligated rats. Journal of Surgical Research, 205,
359-367. https://doi.org/10.1016/j.js5.2016.06.094

Sen, A., Yuksel, M., Bulut, G., Bitis, L., Ercan, F., Ozyilmaz-Yay, N., ... Sener,
G. (2017). Therapeutic potential of Myrtus communis subsp. communis
extract against acetic acid-induced colonic inflammation in rats. Journal
of Food Biochemistry, 41, €12297. https://doi.org/10.1111/jfbc.12297

Simmonds, N. J,, Allen, R. E., Stevens, T. R. J,, Niall, R., Van Someren,
M., Blake, D. R., & Rampton, D. S. (1992). Chemiluminescence
assay of mucosal reactive oxygen metabolites in inflamma-
tory bowel disease. Gastroenterology, 103, 186-196. https://doi.
org/10.1016/0016-5085(92)91112-h

Steinberg, W., & Tenner, S. (1994). Acute pancreatitis. New England
Journal of Medicine, 330(17), 1198-1210. https://doi.org/10.1056/
NEJM199404283301706

Thareja, S., Bhardwaj, P., Sateesh, J., & Saraya, A. (2009). Variations in the
levels of oxidative stress and antioxidants during early acute pancre-
atitis. Tropical Gastroenterology, 30, 26-31.

Tomkoétter, L., Erbes, J., Trepte, C., Hinsch, A, Dupree, A., Bockhorn, M.,
... Bachmann, K. (2016). The effects of pancreatic microcirculatory
disturbances on histopathologic tissue damage and the outcome
in severe acute pancreatitis. Pancreas, 45(2), 248-253. https://doi.
org/10.1097/mpa.0000000000000440

Uden, S., Schofield, D., Miller, P. F., Day, J. P, Bottiglier, T., & Braganza, J. M.
(1992). Antioxidant therapy for recurrent pancreatitis: Biochemical pro-
files in a placebo-controlled trial. Alimentary Pharmacology & Therapeutics,
6, 229-240. https://doi.org/10.1111/j.1365-2036.1992.tb00266.x

Vollmar, B., & Menger, M. D. (2003). Microcirculatory dysfunction
in acute pancreatitis. Pancreatology, 3(3), 181-190. https://doi.
org/10.1159/000070727

Waldner, H. (1992). Vascular Mechanisms to Induce Acute
Pancreatitis. European Surgical Research, 24(1), 62-67. https://doi.
org/10.1159/000129240

Warshaw, A. L., & O'Hara, P. J. (1978). Susceptibility of the pancreas to
ischemic injury in shock. Annals of Surgery, 188(2), 197-201. https://
doi.org/10.1097/00000658-197808000-00012

Warzecha, Z., Dembinski, A., Ceranowicz, P., Cieszkowski, J., Konturek,
S. J., Dembinski, M., ... Pawlik, W. W. (2008). Ischemic precondi-
tioning of the hindlimb or kidney does not attenuate the severity of
acute ischemia/reperfusion-induced pancreatitis in rats. Journal of
Physiology and Pharmacology, 59(2), 337-352.

Yildinim, A., Sen, A., Dogan, A., & Bitis, L. (2019). Antioxidant and anti-in-
flammatory activity of capitula, leaf and stem extracts of Tanacetum
cilicicum (Boiss.) Grierson. International Journal of Secondary
Metabolite, 6, 2011-2222. https://doi.org/10.21448/ijsm.510316

Yu,J.H., Lim,J.W.,Namkung, W., Kim, H., & Kim, K. H.(2002). Suppression
of cerulein-induced cytokine expression by antioxidants in pancre-
atic acinar cells. Laboratory Investigation, 82(10), 1359-1368. https://
doi.org/10.1097/01.1ab.0000032377.09626.c7

Zou, Y. H., Liu, W. T., Zhang, J. X., & Xiang, D. C. (2017). Triterpenoids
from the bark of Dysoxylum hainanense and their anti-inflammatory
and radical scavenging activity. Fitoterapia, 121, 159-163. https://
doi.org/10.1016/j.fitote.2017.07.012

How to cite this article: Ozbeyli D, Sen A, Cilingir Kaya OT,
et al. Myrtus communis leaf extract protects against cerulein-
induced acute pancreatitis in rats. J Food Biochem.
2019;00:e13130. https://doi.org/10.1111/jfbc.13130



https://doi.org/10.1053/j.gastro.2012.12.043
https://doi.org/10.1053/j.gastro.2012.12.043
https://doi.org/10.1089/ars.2008.2109
https://doi.org/10.1089/ars.2008.2109
https://doi.org/10.3748/wjg.v23.i20.3615
https://doi.org/10.3748/wjg.v23.i20.3615
https://doi.org/10.3390/molecules21101374
https://doi.org/10.2147/DDDT.S163645
https://doi.org/10.1155/2016/5818479
https://doi.org/10.5505/tjtes.2018.30413
https://doi.org/10.1080/10715760801930730
https://doi.org/10.1080/10715760801930730
https://doi.org/10.3748/wjg.v9.i10.2266
https://doi.org/10.2174/092986706778522011
https://doi.org/10.1016/j.redox.2015.01.014
https://doi.org/10.1016/j.redox.2015.01.014
https://doi.org/10.1016/j.eujim.2015.10.002
https://doi.org/10.1016/j.eujim.2015.10.002
https://doi.org/10.1124/jpet.108.143214
https://doi.org/10.1124/jpet.108.143214
https://doi.org/10.1152/ajpgi.1987.253.4.g517
https://doi.org/10.1152/ajpgi.1987.253.4.g517
https://doi.org/10.1172/JCI114293
https://doi.org/10.1080/01480545.2018.1459670
https://doi.org/10.1016/j.jss.2016.06.094
https://doi.org/10.1111/jfbc.12297
https://doi.org/10.1016/0016-5085(92)91112-h
https://doi.org/10.1016/0016-5085(92)91112-h
https://doi.org/10.1056/NEJM199404283301706
https://doi.org/10.1056/NEJM199404283301706
https://doi.org/10.1097/mpa.0000000000000440
https://doi.org/10.1097/mpa.0000000000000440
https://doi.org/10.1111/j.1365-2036.1992.tb00266.x
https://doi.org/10.1159/000070727
https://doi.org/10.1159/000070727
https://doi.org/10.1159/000129240
https://doi.org/10.1159/000129240
https://doi.org/10.1097/00000658-197808000-00012
https://doi.org/10.1097/00000658-197808000-00012
https://doi.org/10.21448/ijsm.510316
https://doi.org/10.1097/01.lab.0000032377.09626.c7
https://doi.org/10.1097/01.lab.0000032377.09626.c7
https://doi.org/10.1016/j.fitote.2017.07.012
https://doi.org/10.1016/j.fitote.2017.07.012
https://doi.org/10.1111/jfbc.13130

