DOI: https://doi.org/10.5114/kitp.2020.97259

Efficacy of thymoquinone in the treatment of experimental

lipopolysaccharide-induced acute lung injury

Mustafa Colak?, Serdar Kalemci?, Aylin Ozgen Alpaydin, Volkan Karagcam3, Ibrahim Meteoglu?,

Osman Yilmaz®, Bahriye Oya Itil!

IChest Disease Department, Dokuz Eyliil University, Izmir, Turkey

2Chest Diseases Department, Mugla Sitki Kogman University, Mugla, Turkey

3Chest Surgery Department, Dokuz Eyliil University, lzmir, Turkey

“4Pathology Department, Adnan Menderese University, Aydin, Turkey

>Laboratory Animal Science, Dokuz Eyliil University, lzmir, Turkey

Kardiochir Torakochir Pol 2020; 17 (2): 65-69

Abstract

Introduction: Acute lung injury (ALI) and acute respiratory dis-
tress syndrome (ARDS) are acute onset syndromes affecting
the lungs, which develop for several reasons and are charac-
terized by hypoxemia and diffuse lung infiltration. The activ-
ity of thymoquinone (TQ) is known in acute lung injury. It is
considered that it could be effective in ALI/ARDS treatment by
ensuring possible COX-2 inhibition.

Aim: By this study was to show the protective activity of TQ in
lipopolysaccharide (LPS) induced acute lung injury.

Material and methods: A total of 28 BALB/c male mice were
randomized to 4 groups of 7 as the Control group, TQ group
(3 mg/kg), LPS group (5 mg/kg) and TQ treatment group. TQ
was administered intraperitoneally 1 hour before the intratra-
cheal administration of LPS (5 mg/kg). The mice were sacri-
ficed 6 hours after the LPS administration and the lungs were
extracted for histopathological examination. All experimental
procedures complied with the requirements of the Animal
Care and Ethics Committee of Dokuz Eylul University.

Results: When all the study groups were compared, signifi-
cant differences were found between the groups in terms of
the degrees of neutrophil migration (p = 0.042), intra-alveolar
hemorrhage (p = 0.004) and alveolar destruction (p < 0.0006).
A significant recovery was observed in the lung histopathologi-
cal changes (neutrophil migration, intra-alveolar hemorrhage
and alveolar destruction) in the TQ treatment group.
Conclusions: The results of this study showed that TQ may
have a protective effect against LPS-induced acute lung injury.
The possible mechanism could be considered to be cyclooxy-
genase 2 (COX-2) inhibition.

Key words: acute lung injury, thymoquinone, lipopolysaccha-
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Streszczenie

Wprowadzenie: Ostre uszkodzenie ptuc (ALI) i zespét ostrej nie-
wydolnosci oddechowej (ARDS) stanowig dwa zespoty chorobo-
we 0 ostrym poczatku koniczace sie zajeciem ptuc. Moga miec
rozne przyczyny i odznaczaja sie hipoksemia oraz obecnoscia
rozlanych naciekéw ptucnych. Potwierdzong aktywnos$¢ w prze-
biegu ALI wykazuje tymochinon (TQ). Uwaza sie, ze TQ moze
by¢ skuteczny w leczeniu ALl lub ARDS dzieki mechanizmowi
hamowania COX-2.

Cel pracy: Ocena ochronnego dziatania TQ w ALl wywotanym
lipopolisacharydem (LPS).

Materiat i metody: tgcznie 28 samcéw myszy BALB/c przy-
dzielono losowo do jednej z 4 grup po 7 osobnikéw: grupy
kontrolnej, grupy TQ (3 mg/kg), grupy LPS (5 mg/kg) i grupy
TQ + LPS. TQ podawano dootrzewnowo 1 godzine przed do-
tchawiczym podaniem LPS (5 mg/kg). Myszy usmiercano po
6 godzinach od podania LPS i pobierano prébki z ptuc do bada-
nia histopatologicznego. Wszystkie procedury doswiadczalne
byty zgodne z zaleceniami Komisji ds. Dobrostanu Zwierzat
i Etyki Uniwersytetu Dokuz Eylul.

Wyniki: Porownanie badanych grup wykazato istotne réznice
pod wzgledem stopnia migracji neutrofilow (p = 0,042), krwa-
wienia wewnatrzpecherzykowego (p = 0,004) i niszczenia pe-
cherzykéw ptucnych (p < 0,0006). W grupie otrzymujacej TQ
stwierdzono istotng poprawe pod wzgledem ptucnych zmian
histopatologicznych (migracja neutrofilow, krwawienie we-
wnatrzpecherzykowe i niszczenie pecherzykéw ptucnych).
Whioski: Wyniki badania wykazaty, ze TQ moze mie¢ dziata-
nie ochronne, co zapobiega ALl wywotanemu przez LPS. Jako
mozliwy mechanizm wskazuje sie hamowanie cyklooksygenazy
2 (COX-2).

Stowa kluczowe: ostre uszkodzenie ptuc, tymochinon, lipopo-
lisacharyd.
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Introduction

Acute lung injury (ALl) and acute respiratory distress
syndrome (ARDS) are acute onset syndromes affecting the
lungs directly or indirectly, which develop for several reasons
and are characterized by hypoxemia and diffuse lung infil-
tration. Cases with an oxygenation rate of PaO,/Fi0, <300
are defined as ALl, and those with an oxygenation rate of
Pa0,/Fi0, < 200 are defined as ARDS [1]. ALl and ARDS are
diseases with a poor prognosis often encountered in inten-
sive care, which begin with moderate pulmonary function
disorder and continue progressively and finally result in
fatal pulmonary insufficiency [2, 3]. Despite the recent in-
crease in the number of studies conducted on intensive care
patients and new therapeutic developments, ALl remains an
important clinical problem with high mortality rates [4].

The chemical structure of thymoquinone (TQ) is CL0OH1202
and it is a bioactive component obtained from nigella oil.
TQ is known to have antihypertensive, antidiabetic, antibac-
terial, anti-inflammatory, neuroprotective and antiapoptotic
effects [5-10]. TQ inhibits cyclooxygenase (COX) and 5-lipo-
oxyenase pathways in arachidonic acid metabolism. It has
been shown to inhibit thromboxane B2 and leukotriene B4
formations depending on the dosage [11]. COX-2 is an induc-
ible form of COX and the level has been shown to increase
in inflammation [12]. It has been demonstrated that COX-2
causes an increase in the inflammatory immune response
in pulmonary damage [13]. The pharmacological inhibition
of COX-2 has been determined to show protective activity
against ALl by causing a reduction in proinflammatory cy-
tokines and chemokines [14]. The activity of TQ is known
in lipopolysaccharide (LPS)-induced acute lung injury. It is
considered that it could be effective in ALI/ARDS treatment
by ensuring possible COX-2 inhibition.

Aim
The purpose of this study was to research the protective
activity of TQ in an LPS-induced ALI model.

Material and methods
Ethics statement

All experimental procedures have been validated with
the protocol 88/2013 in accordance with the requirements
of the Dokuz Eylul University Animal Care and Ethics Com-
mittee.

Materials

TQ was purchased from Sigma-Aldrich Inc. (MO, USA).
LPS from Escherichia coli 055:B5 (Sigma-Aldrich, St. Louis,
MO, USA) was used to induce ALI.

Experimental design

The study included 28 BALB/C male mice, aged 6-8
weeks, each weighing 20-32 g. The mice were kept at room
temperature (21-22°C) and 40-60% relative humidity in
a 12-hour light and 12-hour dark environment and fed with
standard pellet feed and water. The murine model used by
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Shirley et al. was used in the study in order to create acute
lung injury. A lipopolysaccharide-induced ALl model was
created [15].

Anesthesia was ensured through intraperitoneal (ip)
50 mg/kg ketamine and 10 mg/kg xylazine for mice in
all the groups. When necessary, maintenance ketamine
(at half dose, 25 mg/kg) was repeated according to the re-
flex responses (painful stimulant to foot via forceps — pedal
reflex, palpebral and corneal reflexes) in order to maintain
a stable anesthesia depth.

The mice were divided into 4 groups as group | (n = 7)
to which intra-tracheal serum and intraperitoneal serum
were administered physiologically, group Il (n = 7) to which
intraperitoneal 3 mg/kg TQ and intra-tracheal serum were
administered physiologically, group Il (n = 7) to which in-
tra-tracheal 5 mg/kg LPS and intraperitoneal serum were
administered physiologically, and group IV (n = 7) to which
intra-tracheal 5 mg/kg LPS and intraperitoneal 3 mg/kg TQ
were administered [7].

The intraperitoneal injection of TQ was applied 1 hour
before the lipopolysaccharide application. Tissue samples
were taken 6 hours after the lipopolysaccharide applica-
tion [16]. The mice were sacrificed and the lungs were ex-
tracted. The tissue samples were fixed for 24 hours in 4%
neutral buffered formalin. Sections of 4 um thickness were
taken following the routine tissue follow-up procedure and
stained with hematoxylin-eosin.

Histological analysis

The samples analyzed via light microscope were evalu-
ated in terms of intra-arterial thrombus, neutrophils, intra-
alveolar hemorrhage, alveolar destruction, interstitial ede-
ma and hyaline membrane. The samples were graded as (-)
if they had no symptoms and the samples showing symp-
toms were graded as mild (+), moderate (++) and severe
(+++) according to the condition. The evaluation was ap-
plied with the lung injury semi-quantitative scoring system
suggested by Shields [17]. In this semi-quantitative scoring
system, 0 indicated no change, 1+ focal mild changes, 2+
multifocal mild changes, and 3+ diffuse severe changes.

Statistical analysis

The statistical analysis of the data was performed with
the SPSS 15.0 program. Values were stated as mean, me-
dian, standard deviation and minimum and maximum. The
Kruskal-Wallis test was performed to test the significance
of the difference between the mean and 4 groups with no
normal distribution. The Mann-Whitney U test was used
for pairwise comparison of the groups and all data were
shown as mean * standard deviation (mean + SD). A value
of p < 0.05 was accepted as statistically significant.

Results

The lung tissue sections of 28 mice were evaluated
in terms of intra-arterial thrombus, neutrophil migration,
intra-alveolar hemorrhage, alveolar destruction, interstitial
edema and hyaline membrane symptoms.
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Figure 1. Group | normal lung tissue (HE, 100x)
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Figure 3. Group Ill very intense inflammation involving neutrophils

(star), intra-alveolar hemorrhage (arrow) alveolar destruction and
edema symptoms (arrowhead) (HE, 200x)

No intra-arterial thrombus, interstitial edema or hyaline
membrane formation was determined in group . It com-
plied with normal lung tissue (Figure 1). Neutrophil migra-
tions were determined in all cases in Group Il and mild
intra-alveolar hemorrhages were observed in almost half
of the cases. The alveolar destruction was mild in almost
all cases (Figure 2). Increases were seen in the degrees of
neutrophil migration, intra-alveolar hemorrhage and alveo-
lar destruction in group Il compared to group | and group |l

Table 1. Pathology results obtained in all study groups

LSl S DI AR S LAY IV G P S R Ry (DA
Figure 2. Group Il slight injury in lung alveolar tissue (arrowhead),
tissue increase in peribronchial area (star), focal neutrophilic infil-
tration symptoms (HE, 40x)

Figure 4. Group IV focal alveolar hemorrhage (arrow), focal slight
edema symptoms (arrowhead) (HE, 100x)

(Figure 3). Decreases were seen in the degrees of neutrophil
migration, intra-alveolar hemorrhage and alveolar destruc-
tion in group IV compared to group Il (Figure 4). No hya-
line membrane formation or intra-arterial thrombus was
determined in any case. When all the study groups were
compared, significant differences were found between the
groups in terms of the degrees of neutrophil migration
(p = 0.042), intra-alveolar hemorrhage (p = 0.004) and al-
veolar destruction (p = 0.0006) (Tables I, II).

Group Intra-arterial Neutrophil Intra-alveolar Alveolar Interstitial Hyaline

thrombus migration hemorrhage destruction edema membranes
n (%) n (%) n (%) n (%) n (%)

1 0 (0) 3(42) 3(42) 3(42) 0 (0) 0 (0)

2 0(0) 7 (100) 4 (57) 7 (100) 1(14) 0(0)

3 1(14) 6 (85) 7 (100) 7 (100) 2 (28) 0 (0)

4 0 (0) 6 (85) 2(28) 3(42) 1(14) 0 (0)
p =091 p =0.042 p =0.004 p = 0.0006 p =0.84 p=1
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Table II. Gradation of histopathological examinations

Group 1: 3 (42) 3 (42) 3 (42)
Mild 3(42) 3(42) 3(42)
Moderate 0(0) 0(0) 0 (0)
Severe 0(0) 0(0) 0(0)

Group 2: 7 (100) 4 (57) 7 (100)
Mild 7 (100) 3 (42) 6 (85)
Moderate 0(0) 1(15) 1(15)
Severe 0(0) 0(0) 0 (0)

Group 3: 6 (85) 7 (100) 7 (100)
Mild 3 (42) 2(7) 0(0)
Moderate 2 (28) 5(29) 4 (57)
Severe 1(14) 0(0) 343)

Group 4: 6 (85) 2 (28) 3(42)
Mild 6 (85) 2(28) 3(42)
Moderate 0 (0) 0 (0) 0 (0)
Severe 0 (0) 0 (0) 0 (0)

p =0.042 p =0.004 p = 0.0006
Discussion

This experimental study analyzed the protective activity
of TQ in LPS-induced lung injury. Apparent increases were
determined in the degrees of neutrophil migration, intra-
alveolar hemorrhage and alveolar destruction in the LPS
group compared to the other groups. The lung histopathol-
ogy in the TQ treatment group showed similarities with the
control group and the groups in which only TQ was admin-
istered. This is the first experimental study which shows
the protective activity of TQ in LPS-induced lung injury.
Although at a lesser degree in the present study, alveolar
destruction, neutrophil migration and intra-alveolar hemor-
rhage were seen in Groups | and Il and this was considered
to be associated with the trauma created by the intratra-
cheal injection.

Deterioration of the alveolar capillary membrane in-
tegrity, excessive transepithelial neutrophil migration and
the release of pro-inflammatory, cytotoxic mediators, anti-
inflammatory cytokines, proteases and oxidants are the
cellular characteristics of acute lung injury [18, 19]. Active
neutrophils release oxidant and proteolytic enzymes and
these damage the basal membrane and epithelium cells
[20, 21]. Neutrophils settle in the lung interstitium in the
proliferative phase and release mediators causing chemo-
taxis [22]. LPS, which is a structural component of the outer
membrane of Gram-negative bacteria, acts potently to
form ALI. Neutrophil-dependent ALI, which induces region-
al recruitment and activation of neutrophils, extrication of
pro-inflammatory cytokines such as tumor necrosis factor
(TNF)-a, interleukin (IL)-1B, and IL-6 and the production of
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reactive oxygen and nitrogen species, is also known as LPS-
induced ALI [16].

TQ is a bioactive monomer derived from black seed
(Nigella sativa) oil, which has been reported to exhibit
many pharmacological effects, including immunomodula-
tory, anticancer, antioxidant, and anti-inflammatory ef-
fects [23]. TQ inhibits the cyclooxygenase and 5-lipooxy-
genase pathways in the arachidonate metabolism. It has
been shown to affect the formation of thromboxane B2
and leukotriene B4 by inhibition in a dose-related man-
ner [7]. COX-2 is an inducible isoform of COX and it has
been found at increasing levels during inflammation [12].
COX-2 has been shown to cause an increase in the inflam-
matory immune response in lung injury [13]. It has been
determined that the pharmacological inhibition of COX-2
shows protective activity against ALI/ARDS by causing
a decrease in proinflammatory cytokines and chemokines
[14]. From the results of this study, TQ was considered to
show protective activity against ALl through COX inhibi-
tion and antioxidant activities.

To the best of our knowledge, there has been no previ-
ous study in the literature which has analyzed TQ activity
in LPS-induced acute lung injury. There is only one study,
by Isik et al.,, which analyzed TQ activity in acute lung in-
jury created in rats exposed to human intratracheal gastric
juice [24]. In contrast to the present study, 6 mg/kg of TQ
was administered to the rats and the model was created
with human intratracheal gastric juice. Recoveries both in
the oxygenation and lung histopathology were observed
in the rats administered TQ in that study. However, no de-
crease in CO, levels was observed, which was explained by
insufficient ventilation of the group of rats administered
TQ. There are some limitations associated with the present
study. Electron microscopic examination could not be made
and oxidant and antioxidant levels could not be observed
in this study because of a lack of technical facilities.

The results of the present study showed the protective
activity of TQ in LPS-induced lung injury. It is considered
that this effect was achieved through antioxidant and
COX-2 inhibition. With the inhibition of COX-2, leukotriene,
thromboxane and prostaglandin formations are inhibited.
Decreases are observed in neutrophil chemotaxis, vaso-
constriction, bronchospasm and vascular permeability with
the decrease of leukotriene formation. There will be a de-
crease in inflammatory cell infiltration with the decrease
of neutrophil chemotaxis. However, the serine proteases,
oxidants and matrix metalloproteinases released from neu-
trophils show a decrease, so the formation of tissue dam-
age is prevented [11].

Conclusions

TQ may be a protective agent in acute lung injury. There
is a need for further experimental and clinical studies to
confirm these results.
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