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Amag: Sepsis oldiirticii ciddi bir klinik hastaliktir. Sepsis durumunda
oksidatif stres inflamasyonda dnemli bir rol oynar. Bu nedenle ¢a-
lismada oleuropeinin (OLE) ve seftriaksonun (CEFT) sepsis iizerine
etkileri denenmistir.

Gereg¢ ve Yontem: Otuz adet erkek rat Sham, Sepsis, CEFT, OLE-150
ve OLE-300 olmak lizere 5 esit gruba ayrilarak, model uygulama-
sindan 15 dakika dnce 150 mg/kg seftriakson (IP), 150 mg ve 300
mg OLE (PO), uygulandi. Uygulamadan 24 saat sonra kan, akciger ve
kalp dokular1 alindi. Serumda kreatin kinaz (CK) ve laktat dehidroje-
naz (LDH) diizeyleri 6l¢iiliirken, kalp ve akciger dokularinda lipit pe-
roksidasyonu (LPO) ve glutatyon (GSH), siiperoksit dismutaz (SOD)
ve katalaz (KAT) diizeyleri tespit edildi. Ayrica, patolojik ve immii-
nohistokimyasal olarak akcigerde interlokin (IL)-8 ve kalpte timor
nekrozis faktor (TNF)-a ekspresyonlari belirlendi.

Bulgular: Sepsis CK, LDH, LPO, GSH ve kalp CAT aktivitelerinde
onemli bir artigsa, SOD ve akciger CAT aktivitesinde ise belirgin azal-
maya neden oldu (p<0.001). OLE akciger ve kalp dokusunda LPO ve
GSH seviyelerini anlamli sekilde diisiirmiis (p<0.001), her iki doku-
da SOD aktivitesini ve kalp dokusunda CAT aktivitesini arttirmistir
(p<0.001). Ayrica akciger dokusunda CEFT LPO seviyesini belirgin
sekilde diisiirmiis (p<0.01), SOD ve CAT aktivitelerini arttirmistir
(p<0.001).

Oneri: OLE'nin antioksidan, IL-8 ve TNF-a seviyelerini diisiirerek
belirgin anti-inflamatuvar etkileri oldugu belirlenmistir. Bu nedenle,
OLE gibi kuvvetli bir antioksidan sepsis tedavisi i¢in faydali olabilir.

Anahtar kelimeler: Oleuropein, sepsis modellemesi, seftriakson,
yangi
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Abstract

Aim: Sepsis is a fatal serious clinical disorder. The oxidative stress
in sepsis plays an important role in the inflammation. Therefore, the
effects of oleuropein (OLE) and ceftriaxone (CEFT) on sepsis were
investigated in this study.

Materials and Methods: Thirty male rats were divided into five
equal groups: Sham, Sepsis, CEFT, OLE-150 and OLE-300, The
150 mg/kg of ceftriaxone (i.p.), and 150 and 300 mg/kg OLE (p.o.)
were administered to the treatment groups fifteen minutes before
the experiment. After 24 hours, blood samples, lungs and hearts tis-
sues were taken. The creatine kinase (CK) and lactate dehydrogena-
se (LDH) activities in serum, lipid peroxidation (LPO), glutathione
(GSH), superoxide dismutase (SOD) and catalase (CAT) levels were
all determined. In addition, the expressions of the interleukin (IL)-8
in lung and tumor necrosis factor (TNF)-a in heart were pathologi-
cally and immunohistochemically were determined.

Results: Sepsis caused significant increases in CK, LDH, LPO, GSH
and heart CAT activity and caused inhibition of SOD and lung CAT
activity (p<0.001). The OLE significantly decreased the LPO and GSH
levels (p<0.001) and increased the SOD in activity of both tissues
and CAT activity in lung tissue (p<0.001). Moreover, CEFT signifi-
cantly decreased the LPO level (p<0.01) and increased tissue SOD
and CAT activities in lung tissue (p<0.001). CK and LDH activities in
serum showed marked decrease in OLE and CEFT groups (p<0.001).

Conclusion: Antioxidant and a notable anti-inflammatory effect of
OLE by reducing IL-8 and TNF-a levels have been stated. Thus, a
strong antioxidant, such as OLE, would be beneficial for the treat-
ment of sepsis.
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The effects of oleuropein on sepsis

Introduction

Sepsis is a fatal critical medical disorder that induces mul-
tiple-organ dysfunction syndrome (MODS) in humans and
in animals (Cadirci et al 2010, Gray 2017). Sepsis is a seri-
ous syndrome that is accompanied by pathogens, severe and
unstable inflammation (Pandir et al 2019). This deadly situ-
ation needs intensive care and may commonly lead to mul-
tiple organ dysfunction. The serious inflammation process
that occurs leads to impaired microvascular circulation by
activating coagulation factors besides causing microvascular
changes, vasodilation, hypovolemia and cardiac depression
(Wang et al 2017). Hypoxia in tissues occur with unstable
blood circulation and leukocyte infiltration caused by in-
creasing permeability (Spanos et al 2010).

Insufficient oxygen concentration trigger energy production
from anaerobic pathways. Moreover, low ATP levels occur
because of hypoxia induces reactive oxygen species (ROS)
leakages through electron transport chains (ETCs) and in-
crease hydrogen peroxide production. Furthermore, a pro-
gressively increasing inflammation process exacerbates ROS
production by participating in its progress. Activated macro-
phages in the inflammation process do not just increase in-
ducible nitric oxide synthase (iNOS) activity but also cause
increased nitric oxide (NO) production (Bar-Or et al 2015).
ETCs reactions gradually decrease in parallel with increased
NO level. Furthermore, while ROS exacerbates inflammation,
it also reduces endothelium regeneration and production by
converting the NO to peroxynitrite (Crimi et al 2007, Erol et
al 2019). This mechanism shows how tissue damage occurs
by collaboration between ROS and severe inflammation in
sepsis. Increased ROS causes irreversible and fatal damage
to cell metabolism by devastating the polyunsaturated lipids
of the cell membrane, proteins, and even nucleic acids.

Alongside impaired tissue oxygenation and feeding, the
pathogens infiltrating into the blood cause severe damage,
particularly in the circulatory system, by affecting coagula-
tion factors. After a circulatory system failure, micro emboli,
thrombus, and infarctions are formed in tissues by severe in-
flammation and coagulation because of sepsis. Even though
the medical treatments - such as systemic anti-inflammato-
ries, antibiotic drugs, and serums for haemostasis - can al-
leviate sepsis, many chronic diseases that need long-term
treatments occur as a consequence of severe tissue injury
and organ dysfunction (Keir and Dickinson 2015). In recent
years, studies have proved a strong relationship between in-
flammation and ROS (Halliwell 2005, Blaser et al 2016, Erol
etal 2019). In particular, there are many diseases where ex-
cessive increases in ROS trigger the release of inflammatory
mediators such as tumor necrosis factor (TNF)-a and nuclear
factor (NF)-kB, these interactions also contribute to the in-
creased severity of the inflammation (Blaser et al 2016).
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Oleuropein (OLE) is a well - known polyphenol molecule of
the Oleaceae family of plants with a secoiridoid glycoside
structure (Hassen et al 2015). It features scavenging activity
against superoxide radicals and performs this activity by vir-
tue of having hydroxyl groups in its structure, which allows
it to be a donor of hydroxyl. Because of its inhibiting activi-
ties and release of some important mediators and enzymes
that participate in inflammatory processes, such as NF-kB,
cyclooxygenase (COX), TNF-q, and interleukin (IL)-13, OLE
has strong anti-inflammatory activity (Feng et al 2017, Sahin
et al 2017, Qabaha et al 2018). Moreover, in previous stud-
ies, the antioxidant, anti-inflammatory, antimicrobial, cardio-
protective, neuroprotective, hepatoprotective, antidiabetic,
gastroprotective, anti-obesity properties and lipid metabo-
lism regulatory effects of oleuropein have all been reported
(Cicerale et al 2012, Hassen et al 2015, Pourkhodadad et al
2016).

The pathology of sepsis involves a significant and complex
interaction between the severe inflammatory, pathogens,
and oxidative stress. Therefore, OLE, which has been found
its antioxidant, anti-inflammatory and antimicrobial effects
in previous studies, was investigated on the cecal ligation
and puncture (CLP)-induced sepsis model in rats. The aim
of the study is to reveal the effects of it on the pathology of
sepsis, the inflammation and oxidative stress.

Material and Methods

Oleuropein leaf extract and identification of its molecular
structure

Oleuropein purified from the leaves of the Olea europea,
which collected from the Kilis region in Turkey, was extrac-
ted and identified by using chromatographic methods accor-
ding to Kisa et al (2018).

Animal model

The study was approved by Ataturk University Local Ethics
Council of Animal Experiments (Acceptance no. 1700334699,
Decision no0.165). Thirty male Wistar rats were divided into
five groups (n=6) as sham, sepsis, CEFT, OLE-150 and OLE-
300. Before the study began, the rats were held in standard
conditions; 12 hours of light/12 hours dark, a room tempera-
ture of 25 °C and ad libitum access to food and water. Dose of
OLE in the current study was decided according to Geyikoglu
etal (2017) and Koc et al (2018). The OLE was prepared as
a suspension in distilled water (7.5 mg OLE/ml distilled wa-
ter) and was given orally to the rats once (150 mg/kg and
300 mg/kg) 15 minutes before performing the CLP. The ceft-
riaxone (Cephaxon ® 1 g IV, Toprak Ilac, Turkey) was cho-
sen to be a reference drug for comparing the effects of OLE
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on the sepsis and intraperitoneally injected at a dose of 150
mg/kg 15 minutes before performing the CLP. The xylazine-
ketamine anesthesia was performed to all rats and CLP was
performed by making an incision on the right area of the ab-
domen. The cecum was perforated with four identical holes
using a 20-gauge cannula, except for the sham group. Some
feces were removed by finger pressure and the cecum was
sutured using 2-0 silk approximately 1 cm from the appen-
dix. After CLP administration, the incision was closed by su-
tures (2-0 plain catgut). After 24 hours, the rats were eutha-
nized by performing cervical dislocation under a high dose
of anesthesia, and blood samples were collected in serum tu-
bes (Vacutainer SST II Advance, BD, USA) via a 5 ml injector
from the heart. The serum was collected in eppendorf tubes
after centrifugation at 3500 rpm for 7 minutes and kept at
-80°C until tested. For analyzing of lipid peroxidation (LPO),
superoxide dismutase (SOD), glutathione (GSH) and catala-
se (CAT), lung and heart tissues were put into sterile petri
dishes. In addition, for performing histopathological inves-
tigations, the tissues were kept into a 7% formalin solution.

Preparation of the tissue homogenates

The lung and heart tissues were powdered in liquid nitrogen
by using a mortar. Then, 25 mg of tissue was weighed into
sterile eppendorf tubes and freshly prepared homogenate
buffers were added to the tubes (LPO: 10% KCl, SOD: 50 mM
KH2P04, 10 mM EDTA; GSH: 50 mM Tris-HCI and CAT: 50
mM KH2PO4 at a pH of 7). The tissues in the buffer were ho-
mogenized at 35 Hz for 1 minute by adding a sterile 5 mm
steel ball into the tubes (Qiagen Tissuelyser II, Germany).
Afterwards, the homogenates were centrifuged at 4 °C and
4000 rpm for 30 minutes (for LPO and GSH), 6000 rpm for 1
hour (for SOD), and 8500 rpm for 1 hour (for CAT) by using a
refrigerated centrifuge (Rotina 380r, Hettich, Germany). The
supernatants were used for the determination of parameters
of concerns using methods previously described.

Determination of the tissue LPO, GSH, SOD and CAT

To determine the LPO level in tissue, a method based on the
reaction between thiobarbituric acid and malondialdehyde
(MDA) was used (Ohkawa et al 1979). Determination of the
tissue LPO level was evaluated by reading samples at a wave-
length of 532 nm with a spectrophotometer (EPOCH, Bio-Tek,
USA) and recorded as nmol/g tissue after preparation by us-
ing a standard graphic with 1,1,3,3-tetraethoxypropane as
the MDA standard.

A method based on a reaction that generates formazan dye
from superoxide radicals generated by xanthine oxidase and
4-nitro blue tetrazolium chloride, was used to determine
SOD activity in the tissue (Sun et al 1988). Determination
of tissue SOD activity was evaluated by reading samples at
a wavelength of 560 nm with a spectrophotometer (EPOCH,

223

Erol et al

Bio - Tek, USA) and recorded as U/mg tissue.

To determine the GSH level in the tissue, a method based
on the reaction between 5,5-dithio-bis-(2-nitrobenzoic
acid) and the sulfthydryl group of GSH was used (Sedlak and
Lindsay 1968). Determination of tissue GSH level was eval-
uated by reading samples at a wavelength of 412 nm with a
spectrophotometer and recorded as nmol/mg tissue after
preparing a standard graphic by using GSH reduced (Sigma,
USA) as the GSH standard.

The method based on a reaction that generates water from
enzymes and H202, was used to determine the CAT activi-
ty in tissue (Aebi 1984). Samples were kinetically read at a
wavelength of 240 nm using a quartz plate (Hellma, Germa-
ny) with a spectrophotometer and recorded as pmol/min/
mg tissue.

Determination of serum CK and LDH activities

To determine the serum CK and LDH activity, commercial
kits (Erba Lachema XL SysPack, Czech Republic) were used
as instructed by the manufacturer. Results were evaluated
by using a formula, generated from standard graphics prepa-
red with normal (ERBA Norm, Czech Republic), pathological
(ERBA Path, Czech Republic) and multi serum (ERBA Multi,
Czech Republic). The results were recorded as U/L.

Histopathological examination

The tissue samples obtained at necropsy were soaked in a
10% formalin solution. After fixing over 48 hours, the tissu-
es were washed in fresh water for 10 hours and embedded
into paraffin blocks. The 4 pm sections sliced from each block
were mounted on slides. The slides were stained with hema-
toxylin-eosin for examination under a light microscope (Oly-
mpus BX51, Japan). The images were captured using a digital
camera (Olympus DP72, Japan). The findings were evaluated
according to the degree of pathological events as none (-),
mild (+), moderate (++), and severe (+++).

Immunohistochemical examination

All slides for immunoperoxidase examination were prepared
by passing the tissue through increasing concentrations of
alcohol (to replace the water) and then replacing the alcohol
with xylol to dehydrate and clear them. In this way, endoge-
nous peroxidase inactivation was provided by incubating sli-
des in 3% hydrogen peroxide for 10 minutes after washing
in PBS. The procedure was performed twice for 5 minutes at
500 watts in a microwave by using a retrieval solution to de-
tect the antigens. After cooling, samples were incubated with
TNF-a (sc-52746, Santa Cruz, USA) and IL-8 (sc-376750,
Santa Cruz, USA) antibodies at 37°C for 1 hour as instructed
(ab102890, Abcam, USA), and 3-3’ diaminobenzidine (DAB)
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was used as a chromogen. The background was stained with
hematoxylin. The stained slides were evaluated according
to immunopositivity as being none (=), slight (+), moderate
(++) and severe (+++).

Statistical analysis

Statistical analyses of the biochemical results were perfor-
med using Prism 8.0 software, and statistical significances
were determined by ANOVA (One-way Analysis of Varian-
ce) test. The Tukey test was used for multiple comparisons
of groups. Histopathological results were analyzed by using
the non-parametric Kruskal - Wallis test and Mann Whitney
U test for paired comparisons. The significant level was set
at p<0.05.

Results

The LPO levels of lung and heart tissues shown in Figure 1a
and 1b significantly increased by sepsis (lung: 102.8+5.56,
heart: 524.0£29.60) compared to the sham group (lung:
76.56+4.83, heart: 316.2+19.08) (p<0.001). The CEFT group
had markedly decreased LPO levels in the lung (92.56+2.964,
p<0.01) and heart tissues (429.3+23.17, p<0.001).
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Figure 1. The lipid peroxidation (LPO) levels of lung (A) and heart (B) tissues.
*: p<0.05, **: p<0.01 and ***: p<0.001 indicate the significant difference compared to sepsis
group. #: p<0.05, ##: p<0.01 and ###: p<0.001 indicate the significant difference compared

to sham group
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Figure 3. The glutathione (GSH) levels of lung (A) and heart (B) tissues.
*: p<0.05, **: p<0.01 and ***: p<0.001 indicate the significant difference compared to
sepsis group. #: p<0.05, ##:p<0.01 and ###: p<0.001 indicate the significant difference
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compared to sham group.
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Although the OLE at a 150 mg/kg dose did not show a sig-
nificant decrease in LPO levels of lung tissue (99.67+4.27)
(p>0.05), the OLE at 300 mg/kg dose had markedly decre-
ased levels in both tissue types (lung: 93.33+2.89, p<0.01,
heart: 427.3+23.17, p<0.001).

The SOD activity is shown in Figure 2a and 2b was signifi-
cantly decreased in the sepsis group (lung: 28.86+0.27, heart:
32.28+0.22) compared to the sham group (p<0.001). In lung
tissues, the CEFT (28.51£0.90) and OLE at 150 (29.66+0.34)
and 300 mg (35.97+0.33) doses had markedly increased ac-
tivity compared to the sepsis group (28.86+0.27) (p<0.001).
Even though the 150 mg/kg dose OLE (31.92+0.59) did not
significantly increase SOD activity in heart tissue (p>0.05),
the activity in the CEFT (33.34£0.15) and OLE at 300 mg/kg
dose (35.83+0.29) markedly increased (p<0.001).

The amount of GSH is shown in Figure 3a and 3b signifi-
cantly increased in the sepsis group (lung: 9.62+0.88, heart:
7.19£0.31) compared to the sham group (lung: 5.28+0.23,
heart: 5.05+0.22) (p<0.001). The CEFT (7.45+0.21) and
OLE at 150 (8.32+0.31) and 300 mg doses (7.66+0.16) had
markedly decreased GSH levels in lung tissue (p<0.001).
Although the CEFT (7.12£0.29) did not significantly decre-
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Figure 2. The superoxide dismutase (SOD) activities of lung (A) and heart (B) tissues.
*: p<0.05, **: p<0.01 and ***: p<0.001 indicate the significant difference compared to
sepsis group. #: p<0.05, ##: p<0.01 and ###: p<0.001 indicate the significant difference

compared to sham group
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Figure 4. The catalase (CAT) activities of lung (A) and heart (B) tissues.
*: p<0.05, **: p<0.01 and ***: p<0.001 indicate the significant difference compared to
sepsis group. #: p<0.05, ##: p<0.01 and ###: p<0.001 indicate the significant difference

compared to sham group
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ase GSH levels in the heart tissue (p>0.05), the OLE at 150
(6.49+0.30) and 300 mg/kg doses (6.23+0.25) did markedly
decrease levels in both tissues (p<0.001).

The CAT activity is shown in Figure 4a and 4b. In lung tis-
sue, the activity significantly decreased in the sepsis group
(433.4£22.02) compared to the sham group (639.9+76.42)
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(p<0.001). On the other hand, the activity significantly inc-
reased in the sepsis group (629.4+52.85) compared to the
sham group (500.8+28.33) for heart tissue (p<0.001). In
lung tissue, the CEFT (629.4+82.03) and OLE at the 300 mg
dose (587.7+66.23) showed marked increase in CAT activity
compared to the sepsis group (p<0.01), whereas the OLE at
the 150 mg/kg dose (427.0+25.83) did not show a significant
effect (p>0.05).
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Figure 5. The total creatine kinase (CK) activity and lactate dehydrogenase (LDH) activity inserum.

*:p<0.05, **: p<0.01 and ***: p<0.001 indicate the significant difference compared to sepsis group. #: p<0.05, ##: p<0.01 and ###: p<0.001 indicate the significant

difference compared to sham group

Figure 6.Histopathological examination of lungtissues.

Shamgroup: (A) normalhistopathological view. Sepsisgroup: (B) severenecrosisand degenerationinbronchial mucosaepithelium (arrowheads) (+++), peribronchial

cellinfiltration (star) (+++),edemaandthickeningduetomononuclearcellinfiltrationininterstitial tissue (arrows) (+++),severehyperemiainvessels. OLE-150group:

(C) moderate degeneration and necrosis in bronchial epithelium (arrowheads) (++), thickening in the interalveolar areas (arrows) (++), peribronchial cell infiltration

(star) (++). OLE-300group: (D) slightdegenerationinbronchial epithelium (arrowhead) (+), slight thickeningininteralveolararea (arrow) (+). CEFT group: (D) slight

degenerationinbronchialepithelium (arrowhead) (+), slightthickeningininteralveolararea (arrow) (+). difference comparedtoshamgroup
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Figure 7. Histopathological examination of heart tissues.

Sham group: (A) normal histopathological view (=) (A). Sepsis group: (B) severe hyaline degeneration in myofibrils (arrowheads) (+++), Zenker necrosis (arrows)

(+++) and severe hyperemia in vessels (+++). OLE - 150 group: (C) moderate hyaline degeneration in myofibrils (arrowheads) (++), a few Zenker necrosis (arrows)

(++) and moderate hyperemia in vessels (++). OLE - 300 group: (D) slight degeneration in myofibrils (arrowheads) (+), slight hyperemia in vessels (+).

CEFT group: (E) very slight degeneration in myofibrils (arrowheads) (+) and hyperemia in interstitial vessels (+)

In heart tissue, the CEFT (468.7+48.07) had significantly
decreased activity (p<0.001), but the OLE at both 150
(593.1£72.74) and 300mg doses (553.3%39.49) did not
show any significant effect on activity compared to the sepsis
group (629.4+52.85) (p>0.05).

The total CK and LDH activities are shown in Figure 5a
and 5b significantly increased in the sepsis group (CK-MB:
220.2435.86, LDH: 1149.0+224.1) compared to the sham
group (CK-MB: 111.6+18.85, LDH: 318.7+122.4) (p<0.001).
The CEFT (CK-MB: 146.7+15.65, LDH: 373.4+34.28), OLE
at 150 (CK-MB: 124.3+20.1, LDH: 654.1+95.0) and 300 mg

226

doses (354.4+34.28) showed marked decrease in activity
compared to the sepsis group (CK-MB: 220.2+35.86, LDH:
1149.0+224.1) (p<0.001).

The sepsis findings in Figure 6 showed severe peribronchi-
al cell infiltrations, hyperemia in vessels, interstitial edema,
and thickening dependent on mononuclear cell infiltrations.
Also, severe degeneration and necrosis in bronchial mucosa
were observed in the sepsis group. According to result of sta-
tistical analysis, the sepsis group was significantly different
from treatment and sham groups (p<0.05). Treatments with
the dose-dependent OLE (150 mg/kg: ++, 300 mg/kg: +) and
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CEFT (+) reduced the severity of the findings (p<0.05).

The sepsis findings in Figure 7 showed severe hyperemia,
hemorrhage, severe hyaline degeneration and Zenker nec-
rosis in myofibrils (+++). There were significant differences
between sepsis and sham groups (p<0.05). Treatments with
OLE at 300 mg/kg dose (++) (p<0.05) and CEFT (+) (p<0.05)
lessened the severity of the findings.

Erol et al

Immunohistochemical examination of lung tissue revealed
severe 1L-8 expressions in peribronchial, alveolar and peri-
vascular areas in the sepsis group (Figure 8), whereas they
were negative in the sham group (-). The expression in sepsis
group was significantly different from sham and treatment
groups (p<0.05). The IL-8 expression was slightly positive in
the CEFT and OLE-300 group (+) (p<0.05), and moderately
positive in the OLE-150 group (++) (p<0.05).

R N ‘; b -\“‘\
T -i’*,‘ B

-

Figure 8. Interleukin-8 (IL - 8) expressions of lung tissues.

Sham group: (A) non-expressed IL-8 (-). Sepsis group: (B) severe expression in peribronchial cell infiltration, vessels, bronchi-bronchial epithelium, and alveolar

macrophages (arrowheads) (+++). OLE - 150 group: (C) moderate expressions of IL-8 in vessels and alveolar macrophages (arrowheads) (++).

OLE - 300 group: (D) slight expressions in bronchial epithelium and alveolar macrophages (arrowheads) (+). CEFT group: (E) slight expressions in bronchial epit-

helium and alveolar macrophages (arrowheads) (+).
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The heart TNF-a expression shown in Figure 9 was obser-
ved as being severe positive, particularly at the necrotic are-
as in the heart tissues (+++) in the sepsis group, whereas
they were negative in the sham group (-). The expression in
sepsis group was significantly different from sham and tre-
atment groups (p<0.05). The TNF-a expression was slightly
positive in the CEFT and OLE-300 group (+) (p<0.05), and
moderately positive in the OLE-150 group (++) (p<0.05).

Erol et al

Discussion

As a result of oxidative stress, i.e. lipid peroxidation, malon-
dialdehyde (MDA) occurs in injured cell membranes. There-
fore, the determination of the amount of MDA in tissues is
an important parameter for revealing the degree of tissue in-
jury. In the present study, sepsis significantly increased LPO
levels in lung and heart tissues, and oleuropein markedly

Figure 9. Tumor necrosis factor-o¢ (TNF-a ) expressions for heart tissues

Sham group: (A) non-expressed TNF-at (-). Sepsis group: (B) severe expression in interstitial areas and vessels (arrowheads) (+++). OLE-150 group: (C) moderate

expressions of TNF-a in vessels and interstitial areas (arrowheads) (++). OLE - 300 group: (D) slight expressions of TNF-t in interstitial areas and vessels (arrow-

heads) (+). CEFT group: (E) very slight expressions of TNF-« in interstitial areas and vessels (arrowheads) (+).
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decreased the levels, particularly at the 300 mg/kg dose (Fi-
gure 1). Similarly, in a previous study on cisplatin-induced
lung injury, oleuropein significantly increased the total anti-
oxidant level, and decreased the total oxidant, 8-OH-dG, and
MDA levels, particularly at the 200 mg/kg dose (Geyikoglu et
al 2017). Also, oleuropein at different doses (20 to 80 mg/
kg) significantly decreased the MDA level in a group dosed
only at 80 mg/kg in a previous study on bleomycin-induced
lung fibrosis rat model (Khalili et al 2018). It has been pre-
viously stated that OLE has a scavenging effect (Kruk et al
2005), SOD-like activity (Lee and Lee 2010) and inhibits ROS
production (Park et al 2017). In the current study, OLE dec-
reased the LPO level of tissues by reducing oxidative stress
and improving antioxidant status in parallel with the previ-
ous studies.

The SOD enzyme is a member of the antioxidant defense
system which converts ROS, which is responsible for the
destructive oxidation in the cell, to H,0,. The inhibition of
SOD causes substantial deactivation of angiogenesis, hence
tissue oxygenation and feeding arrive at an irrecoverable
state (Marikovsky et al 2003). Significant inhibition of SOD
activity in the sepsis groups of lung and heart tissues was ob-
served in this study. In lung tissue, OLE significantly increa-
sed the SOD activity, which markedly inhibited sepsis at both
doses; however, only OLE at the 300 mg/kg dose increased
the activity in heart tissue (Figure 2). It was reported that
oral administration of OLE at 10 and 15 mg/kg doses for ten
days did not show significant increases in SOD activity in kid-
ney tissues, whereas LPS decreased the activity (Alirezaei et
al 2015). In another study on an LPS-induced sepsis model, it
was stated that although SOD activity decreased in the lungs,
no significant change in expression was observed (Constan-
tino et al 2014). However, sepsis causes leakage of lysosomal
hydrolytic enzymes and severe damage to the tissues (Rocha
et al 2012). This tissue damage lead to inhibition of the SOD
activity. Therefore, parallel with the pathological findings,
significant increases in SOD activities of the OLE groups were
observed in the current study.

In the antioxidant mechanism, GSH is responsible for con-
verting the toxic H,0, that is produced by SOD to water and
oxygen. This conversion is achieved by using the GSH as a
substrate for a reduction reaction that eliminates hydroxyl
radicals and H,0, with glutathione peroxidase (GPx). Tho-
ugh the GSH levels were increased by sepsis in both tissues,
OLE significantly decreased the levels (Figure 3). By cont-
rast, it was reported that in the LPS induced-sepsis model,
significant inhibition of GPx in renal tissue was determined
and OLE markedly increased activity (Alirezaei et al 2015).
The proinflammatory cytokines (TNF-a and IL-1f) induces
GSH synthesis and increases GSH level of the cell (Biolo et
al 2007). Thus, the GSH levels of the tissues increased in the
sepsis groups which initiated increasing cytokine release in
the current study.
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Another structure for eliminating H,0,, which is generated by
SOD activity in cells, is the catalase enzyme (CAT). The CAT
enzyme includes an iron atom in its structure and converts
H,0, to oxygen and water. Whereas in sepsis, CAT activity
increased in the lung tissue, the activity significantly decre-
ased in the heart tissue (Figure 4). Either the differences in
antioxidant responses of the tissues may be attributed to dif-
ferent structures and various organelles, or an alteration in
their expressions occurs. Moreover, according to its lethality,
sepsis generates the SOD/CAT imbalance in cells (Andrades
etal 2005). Though imbalanced SOD/CAT activity was obser-
ved in the heart tissue, activity of the lung tissue in the study
was supported by previous studies on experimental sepsis
model (Cadirci et al 2010, Ozogul et al 2015)

The IL-8 in the lung is responsible for activating mononuc-
lear cells by linking to its specific receptor, and the activa-
ted mononuclear cells cause an acute inflammation process
by initiating pro-inflammatory cytokine releases (Allen and
Kurdowska 2013). Increased TNF-a expression in sepsis is
an indicator of inflammation in heart tissue, just as it is in
lung tissue. Moreover, increased ROS in sepsis initiates cri-
tical inflammation by leading to pro-inflammatory cytokine
release (TNF-q, IL-6, LTB4, etc.) and excessive activity of NF-
kB, which plays an important role in apoptosis (Wang et al
2017). The inhibitory effects of OLE on iNOS and COX-2 enz-
yme activities and pro-inflammatory mediators (IL-6, IL-113
and NF-kB) releases were reported in a previous study on
an LPS-induced sepsis model in the cell culture of zebrafish
(Ryu et al 2015). Moreover, in a previous study, OLE decre-
ased the blood TNF-« level in LPS-induced sepsis model in
rabbits (Giamarellos-Bourboulis et al 2006). In the same
study, it was reported that the decreased levels of TNF-a sup-
ported the presence of a modulator role of OLE on the proinf-
lammatory cytokine secretion. This current study observed
OLE decreasing expressions of IL-8 in the lung tissue and
TNF-« in the heart tissue (Figure 8 and 9). A significant dec-
rease in LPO level of tissue indicates reducing amount of ROS
which induce proinflammatory cytokines in the tissue. Thus,
OLE inhibited the cytokine release which caused by sepsis
and this showed a remarkable anti-inflammatory property
by reducing the cytokine production in the current study.

Conclusion

In conclusion, the inflammation and oxidative stress pro-
duced by sepsis caused serious tissue damages in lung and
heart. According to the current study results, a notable anti-
inflammatory effect of OLE by means of reducing cytokine
releases such as TNF-a and IL-8 has been stated. Oleuropein,
also known as a strong antioxidant agent, regulated the anti-
oxidant system of the tissues and reduced the tissue LPO le-
vels. Moreover, OLE treatment led to significant histopatho-
logical ameliorations of the structure of tissues by reducing
oxidative stress and cytokine releases. Therefore, OLE may
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be beneficial in the treatment of sepsis.
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