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Nrf2 inhibitor brusatol ameliorates cecal ligation
and puncture-induced lung injury in rats via
anti-inflammation and anti-oxidative stress
Nrf2 inhibitörü brusatol, sıçanlarda anti-inflamasyon ve anti-oksidatif stres
yoluyla çekal ligasyonu ve delinmeye bağlı akciğer hasarını iyileştirir
Ersen ERASLAN1, Ayhan TANYELİ2, Mustafa Can GÜLER2, Fazile Nur EKİNCİ-AKDEMİR3,
Tuncer NACAR2, Ömer TOPDAĞI4, Elif POLAT5
ABSTRACT

ÖZET

Objective: The aim of this study is to investigate

Amaç: Bu çalışmanın amacı, brusatolün sıçanlarda

the possible beneficial effects of brusatol on lung injury

çekal ligasyon ve delinme (CLD) modelinin neden

caused by cecal ligation and puncture (CLP) model in

olduğu akciğer hasarı üzerine olası yararlı etkilerinin

rats.

incelenmesidir.

Methods: In this study, 32 Sprague Dawley male rats

Yöntem: Bu çalışmada 32 adet Sprague Dawley

were divided into 4 random groups. The groups were

erkek sıçan 4 rastgele gruba ayrıldı. Gruplar; grup

programmed as group 1 (sham), group 2 (CLP), group 3

1 (sham), grup 2 (CLD), grup 3 (DMSO) ve grup 4 (0.5

(DMSO), and group 4 (0.5 mg/ml brusatol). In group 1,

mg/ml brusatol) olarak programlandı. Grup 1’de karın

a midline vertical incision was applied to the abdominal

bölgesine orta hatta dikey insizyon uygulandı ve CLD

region and closed again without forming a CLP model.

modeli oluşturmadan tekrar kapatıldı. Grup 2’de 18

Group 2 performed CLP for 18 hours. In group 3, 1%

saat CLD yapıldı. Grup 3’e, %1 DMSO 10 gün boyunca iki

DMSO was administered intraperitoneally 0.3 ml once

günde bir periton içine 0.3 ml uygulandı. Son uygulama

every two days for 10 days. The last application was

CLD’den 30 dakika önce yapıldı. Grup 4’e brusatol 10

made 30 minutes before CLP. In group 4, brusatol was

gün boyunca iki günde bir periton içine 0.5 mg/ml

administered intraperitoneally at 0.5 mg/ml once every

olarak uygulandı. Son uygulama CLD’den 30 dakika önce

two days for 10 days. The last application was made 30

yapıldı. CLD bittikten sonra sıçanlar sakrifiye edildi ve

minutes before CLP. After CLP was over, the rats were

akciğer dokuları çıkarıldı.

sacrificed and lung tissues were removed.

Bulgular: MDA, MPO, OSI, TOS, TNF-α ve IL-1β

Results: MDA, MPO, OSI, TOS, TNF-α and IL-1β values

değerleri grup 2 ve 3’te, grup 1’e kıyasla anlamlı

increased significantly in groups 2 and 3 compared to

derecede yükselirken, SOD ve TAS değerleri azaldı.

group 1, while SOD and TAS values decreased. Unlike the

Antioksidan enzim aktivitesindeki artışın aksine; MDA

Yozgat Bozok University, Faculty of Medicine, Department of Physiology, Yozgat
Atatürk University, Faculty of Medicine, Department of Physiology, Erzurum
3
Ağrı İbrahim Çeçen University, High School of Health, Department of Nutrition and Dietetics, Ağrı
4
Atatürk University, Faculty of Medicine, Department of Internal Medicine, Erzurum
5
Atatürk University, Faculty of Medicine, Department of Biochemistry, Erzurum
1
2

İletişim / Corresponding Author : Ersen ERASLAN
Yozgat Bozok Üniversitesi Tıp Fakültesi Fizyoloji AD. Kat: 3 66200 Yozgat - Türkiye
E-posta / E-mail : ersen.eraslan@bozok.edu.tr

Geliş Tarihi / Received : 07.04.2020
Kabul Tarihi / Accepted : 21.10.2020

DOI ID : 10.5505/TurkHijyen.2020.75232
Eraslan E, Tanyeli A, Güler MC, Ekinci-Akdemir FN, Nacar T, Topdağı Ö, Polat E. Nrf2 inhibitor brusatol ameliorates cecal ligation and puncture-induced lung injury in
rats via anti-inflammation and anti-oxidative stress. Turk Hij Den Biyol Derg, 2020; 77(4): 467-476

467

Cilt 77  Sayı 4  2020

BRUSATOL SUPPRESSES INFLAMMATION AND OXIDATIVE STRESS

increase in antioxidant enzyme activity; MDA level, MPO

seviyesi, MPO aktivitesi, TOS, OSI, TNF-α ve IL-1β

activity, TOS, OSI, TNF-α and IL-1β values decreased

değerleri grup 4’te grup 2 ve 3’e göre önemli ölçüde

significantly in group 4 compared to groups 2 and 3.

azaldı.

Conclusion:

As a result, brusatol may play an

effective role against CLD-induced lung injury in rats.

Key Words: Brusatol, oxidative stress, cytokine,
cecal ligation and puncture, lung

Sonuç: Sıçanlarda CLD kaynaklı akciğer hasarına
karşı brusatol etkin rol oynayabilir.

Anahtar

Kelimeler: Brusatol, oksidatif stres,

sitokin, çekal ligasyon ve delinme, akciğer

INTRODUCTION
Sepsis is a complex and multifactorial disease

MATERIAL and METHOD

which often causes morbidity and mortality after
surgery, trauma, and burns. If it is not controlled, it
threatens life by leading to multiple organ failure and
even shock (1, 2). Lungs are believed to be the first and
mostly affected organ due to intraabdominal sepsis (3).
Sepsis studies show that excessive proinflammatory
cytokine production causes severe acute lung injury
(ALI) (4, 5). Infiltration of inflammatory cells into
the lung is a main characteristic property in the ALI
pathogenesis (6, 7). Reactive oxygen species (ROS)
cause peroxidation of proteins and lipids, activation
of transcriptional factors and nucleic acid injury
which may cause lung damage (8).

Ethical Approval and Animals
Current study was admitted by Atatürk University
Experimental Animal Ethics Committee (Protocol
no: 28.03.2019-58). The experimental study was
performed

at

Atatürk

University

Experimental

Animals Research and Application Center using
healthy Sprague Dawley male rats weighing 230-260 g,
procured by Atatürk University Experimental Animal
Research and Application Center. Rats were placed in
cages in laboratory mediums such as 12 hours of light,
12 hours of darkness, humidity of 55 % and 25°C mean
temperature. They were fed with standard rat feed,

Brusatol (BRU) is a quassinoid obtained from

and provided drinking water. The rats were deprived

Brucea species. Its effects were investigated in

of food 12 hours before the experiment, but were

various in vivo and in vitro research models (9-

allowed to drink water.

11). BRU is an inhibitor of nuclear factor erythroid
derivative 2 (Nrf2) (12) and its positive effects have
been reported in various cancers such as pancreas
and lung cancers (13, 14). It has also been found to be
effective in various intracellular signaling pathways
(11, 15).
In present study, we aimed to evaluate the effects
of BRU on lung tissue by using a cecal ligation and
puncture (CLP) model (9) similar to human septic
patients with metabolic and hemodynamic properties.
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Experimental
Design

Animals

and

Experimental

In this study, 32 healthy Sprague Dawley male
rats were used. The rats were randomly assigned to 4
groups. The formation of groups and the applications
were as follows. Group 1 (Sham group, n=8):
Abdominal area was opened with a 2 cm incision to
attain peritoneum and then closed with a 3.0 silk
suture without any procedure. Group 2 (CLP group,

E. ERASLAN et al.
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n=8): Creation of the CLP model: The abdominal area

on kinetic measurement of absorbance which has

was opened with a 2 cm incision, and the cecum

a 460 nm wavelength of yellowish-orange colored

was isolated by reaching the peritoneum. Before

complex as due to action of o-dianisidine with MPO

piercing the ileocecal valve with an 18-gauge needle

(oxidation) in the presence of hydrogen peroxide

(4 holes), it was tied up to 2 cm distally. After the

(19). The xanthine oxidase enzyme catalyzes the

cecum was stepped back, the abdomen was sutured

formation of uric acid from xanthine. In the end,

with a 3.0 silk suture. Group 3 (DMSO group, n=8): 1 %

consisted superoxide generates hydrogen peroxide

DMSO was administered intraperitoneally 0.3 ml once

and molecular oxygen via superoxide dismutase

every two days for 10 days and the last application

(SOD) enzyme. And also superoxide and tetrazolium

was applied 30 minutes before the CLP model was

react together to create a formazan dye in cases

performed. Group 4 (0.5 mg/ml BRU group, n=8): BRU

where SOD effect is inadequate and the act ability of

was given intraperitoneally 0.5 mg/ml every second

SOD is determined with reference to this reaction’s

days for 10 days, as described previously (16) and the

inhibition degree (20).

last application was administered 30 minutes before

TNF-α and IL-1β levels in the lung homogenate

the CLP model was performed. In the all groups, the

were measured through commercial ELISA kits

abdominal region was washed with povidone-iodine

(Elabscience, Wuhan, China) using an ELISA reader

after being shaved. Analgesic lidocaine solution was

(BioTEK Powerwave XS Winooski, UK). The entire

applied to the suture areas to remove the error

experimental procedure was performed according to

margin that might be caused by pain stress. The rats

the manufacturer’s working protocol.

were fasted postoperatively but were allowed access
to drinking water.

Biochemical Analysis

Statistical analysis
Biochemical parameters results were analyzed
using a statistical analysis program. One-way ANOVA

The samples were weighed for 100 mg and

test was preferred for this purpose. Then, Tukey test

homogenized with 2 mL of phosphate buffer.

was performed for group comparisons. The results

Homogenized samples were centrifuged at 5000 rpm

were demonstrated as mean±standard deviation (SD).

for 20 minutes at +4 °C. Then, the supernatants

P values < 0.05 were considered significant.

were carefully placed to microcentrifuge tubes and
maintained at -80 °C. The principle of measurement
of MDA, as a result of lipid peroxidation, is based
on measuring the absorbance at 532 nm of the pink
color compound formed as a result of MDA reaction
and thiobarbituric acid (17). TAS and TOS values were
determined using ELISA kits (Rel Assay Diagnostics,
Gaziantep, Turkey). TOS to TAS ratio was admitted as
OSI. Measurement of OSI value was as follows:
OSI=(TOS (µmol/L))/(TAS(mmol/L))×10
OSI was preferred as another indicant for
oxidative stress. It has been proposed that OSI may
demonstrate oxidative status more correctly than
TOS (18). The activity of MPO measurement depends

RESULTS
Effect of Brusatol Pretreatment on The Lung
Tissues Levels of Oxidative Stress
When TOS and OSI levels were evaluated, it was
found that these levels increased significantly in CLP
and DMSO groups compared to sham control group.
Same values significantly decreased in BRU group
compared to CLP and DMSO groups (Table 1, p<0.05).
It was determined that TAS value was significantly
decreased in CLP and DMSO groups compared to sham
group. But it was significantly increased in BRU group
compared to CLP and DMSO groups (Table 1, p<0.05).
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Table 1. TAS, TOS and OSI levels of Brusatol in CLP-induced sepsis in rats
TAS (mmol/L)

TOS (µmol/L)

OSI

Sham

0,79±0,97

6,34±0,62

0,80±0,10

CLP

0,34±0,41a

10,28±1,15a

3,02±0,48a

DMSO

0,33±0,03b

10,34±1,11b

3,15±0,53b

BRU

0,77±0,04b

6,75±0,80b

0,87±0,12b

Results were expressed as mean ± SD.
n = 8 for each group.
ap < 0.05 compared with sham group (C).
bp < 0.05 compared with CLP and CLP+DMSO groups.

SOD activity decreased significantly in CLP and

were significantly higher in CLP and DMSO groups

DMSO groups compared to sham group. On the other

compared to sham group. But decreased in BRU group

side in BRU group there was a significant increase in

compared to CLP and DMSO groups (Fig. 1b and 1c,

SOD activity compared to CLP and DMSO groups (Fig.

p<0.05).

1a, p<0.05). In addition, MPO activity and MDA levels

Figure 1. Effect of BRU (0.5 mg/ml every second days for 10 days i.p.) in sepsis models by CLP-induced in rats.
(a) SOD levels, (b) MDA levels and (c) MPO levels.
Results were expressed as mean±SD.
n=8 for each group.
ap<0.05 compared with sham group.
bp<0.05 compared with CLP and DMSO groups
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Effect of
Cytokines

Brusatol

on

Pro-inflammatory

When TNF-α and IL-1β levels were analyzed,
CLP and DMSO groups were found to be significantly

elevated compared to sham group, whereas in BRU
group these values were significantly decreased
compared to CLP and DMSO groups (Fig. 2, p<0.05).

Figure 2. Effect of BRU (0.5 mg/ml every second days for 10 days i.p.) on different cytokines levels in CLP-induced sepsis
rats.
(a) TNF-α levels and
(b) IL-1β levels.
Results were expressed as mean±SD.
n=8 for each group.
ap<0.05 compared with sham group.
bp<0.05 compared with CLP and DMSO groups.

DISCUSSION

In more or less 50% of severe sepsis cases, ALI and
its more dangerous form, acute respiratory distress

Sepsis is the most common cause of death in

syndrome (ARDS) occurs (23, 24). Sepsis related

hospitalized patients, resulting in millions of deaths

morbidity/mortality takes place due to multiple organ

each year (21). Organ failure is one of the most

injury and dysfunction (most commonly causes ALI/

common sepsis complications, and the lung is the

ARDS) (25-28). In the injury pathogenesis and repair

most easily damaged organ in the sepsis process (22).

process of ALI, inflammatory response has a main role

Turk Hij Den Biyol Derg
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(29). It has been shown in numerous clinical studies

In this study, reduction of IL-1β and TNF-α levels in

that proinflammatory cytokines, especially TNF-α,

septic rats by BRU suggests that BRU alleviated CLP-

IL-1β and IL-6 participate in early development of

induced ALI. BRU has been shown to be a potent

ALI (30). In experimental and clinical researchs

antitumor agent in the colorectal cancer model in

it has been demonstrated that harmful tissue

mice (45). BRU has been shown to inhibit amyloid-

conditions such as sepsis is sensed by monocytes and

induced neurotoxicity and decrease ROS in U-251

macrophages which take role in cytokine secretion

cells (46). BRU has been shown to normalize glucose

(IL-1, TNF-α, etc.) (31, 32). A certain part of CLP

intolerance due to high fat diet in C57BL/6 mice and

sepsis pathophysiology is composed of neutrophil

to have anti-inflammatory properties (47). BRU has

accumulation and degranulation (33, 34). Neutrophil

been reported to improve the experimental colitis

cytoplasmic granules include MPO as a main content

model in rats by decreasing IL-1β and TNF-α levels

and so, MPO activity is accepted as a pulmonary

and by increasing SOD, GSH and CAT levels (48). BRU

neutrophil accumulation index (35). MDA is an end

has been shown to inhibit the response of cultured

product of lipid peroxidation which causes cell

beta cells to proinflammatory cytokines in vitro (49).

damage by membrane polymerization and cross

In another study, it was reported that BRU reduced

linking induction (36). When polyunsaturated fatty

TNF-α and IL-1β levels against chronic obstructive

acids are oxidized, MDA occurs and it is an indicator

pulmonary disease-like inflammation in the mouse

for ROS damage (37).

model (9). In parallel with these studies, in this

SOD performs as an antioxidant agent by

study, antioxidant and anti-inflammatory properties

catalyzing superoxide free radical conversion into

of BRU have been shown in CLP-induced sepsis model

oxygen molecule and hydrogen peroxide. SOD and

in rats. In the CLP group, TAS and SOD decreased

so on antioxidant agents neutralize free radicals

while MDA, MPO, TNF-α, IL-1β, TOS, OSI levels were

and prevent tissues (38). Reduction in antioxidant

increased compared to sham control group and BRU

amounts and increase in ROS production result in favor

treatment reversed these levels compared to CLP and

of oxidative stress when the oxidative-antioxidative

DMSO groups.

balance is evaluated (39). If the immune system is

We investigated oxidative stress in lung tissue

triggered to be activated, free radical releasing is

to find the potential protective mechanisms BRU

observed and this leads to lipid, protein and DNA

against CLP-induced lung injury. It was observed that

peroxidation. Furthermore, macrophage-induced ROS

oxidative stress related parameters decreased with

production causes injury in lung tissue endothelium

BRU.

and ARDS (40). Demirbilek et al. (41) indicated that

To perform effective changes in sepsis clinical

levels of glutathione peroxidase (GSH-Px), SOD and

management, septic organ damage pathogenesis

catalase (CAT) reduced in lung tissue during CLP-

should be understood to develop better therapeutic

induced sepsis.

strategies. It is clearly observed in sepsis studies

When compared to other models, it has been

that inflammation, oxidative stress suppression can

observed that CLP model supports much more the

provide significant contributions to sepsis treatment.

nature and course of clinical sepsis (42, 43). The

In current study inflammatory response and oxidative

dominant animal model of intraabdominal sepsis is

stress pathways were diminished by BRU and this may

rodent CLP (44).

be an important step in the treatment of sepsis.

Many BRU-related studies are available in the
literature supporting the results of present study.
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CONCLUSION
BRU provides a protection against lung injury by

model. Moreover, further researches are necessary

CLP-induced sepsis with its antioxidant and anti-

to explain the other protective mechanisms in lung

inflammatory effects. Treatment with BRU reduces

tissue damage induced by sepsis.

lung damage in rats exposed to CLP-induced sepsis
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