Quality Assurance and Safety of Crops & Foods, 2022; 14(2): 66-73

Genkwanin improves inflammatory injury in rats with septic lung injury by regulating NF-xB

signaling pathway
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Abstract

To assess possible effects of genkwanin (GKA) in septic lung injury and its related mechanisms. An animal model
of cecal ligation and puncture (CLP)-induced acute lung injury was constructed. Histological analysis and wet—
dry (W/D) ratio of the lung tissue were observed. The cell apoptosis in this model was analyzed by caspase activity
detection, protein levels of B-cell lymphoma protein 2 (Bcl-2) and Bcl-2-associated X (Bax), and cell inflammation
in CLP model; after GKA treatment, it was analyzed by enzyme-linked-immunosorbent serologic assay (ELISA).
The involvement of nuclear factor kappa B (NF-«B) signaling pathway was evaluated by Immunoblot assay. We
constructed an animal model of CLP-induced acute lung injury. Our data revealed that GKA reduced lung edema
and inflammation in CLP mice. In addition, GKA reduced lung injury and apoptosis in CLP mice. Mechanically,
our data in addition confirmed that GKA improved inflammatory injury in CLP mice by regulating NF-«B sig-
naling pathway. Our data therefore confirmed that GKA could serve as a promising drug for the treatment of
sepsis-induced acute lung injury.
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Introduction it is necessary to additionally study its pathogenesis and
develop drugs that are more efficient.

Sepsis is one of the deadliest diseases worldwide and usu-

ally leads to multiple organ failure, primarily because of
an uncontrollable inflammatory response (Kalantari and
Rosner, 2021). However, the pathophysiological mecha-
nisms associated with the development and treatment of
sepsis remain unclear. Sepsis is usually associated with
organ dysfunction caused by the patient’s weak defense
against infection (Shimada et al., 2021). The lung is the
most fragile and important organ in sepsis. Acute lung
injury (ALI) is a common inflammatory disease induced
by sepsis (Cokluk et al., 2021). Acute lung injury caused
by sepsis has high morbidity and mortality (Yang et al.,
2021). In order to improve the prognosis of patients,

Genkwanin (GKA) is one of the primary non-glycoylated
flavonoids found in some herbal medicines, such as
Daphne genkwa, rosemary, etc., with anti-inflammatory
properties (Kawano et al., 1966). Genkwanin has a vari-
ety of pharmacological effects, including antibacterial,
anti-plasmodium, and free radical scavenging, and can
inhibit lipopolysaccharide (LPS)-induced inflammatory
responses (Cottiglia et al., 2001; Kim et al., 2004; Kraft
et al., 2003). Genkwanin has anti-rheumatoid arthritis
effects in mice by inhibiting Janus kinase—signal trans-
ducer and activator of transcription (JAK-STAT) and
nuclear factor kappa B (NF-kB) signaling pathways
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(Gao et al., 2014). In addition, GKA inhibits tumor cell
proliferation by enhancing host immunity and lowering
levels of inflammatory factors (Bao et al., 2019). Another
study indicated that GKA suppressed 1-methyl-4-phen-
ylpyridinium (MPP*)-induced cytotoxicity by inhibit-
ing TLR4 inflammasome pathway in a cellular model of
Parkinson’s disease (Ao et al., 2020). However, the role
of GKA in septic lung injury and its related mechanisms
remains unclear.

NE-«B plays a key role in inflammatory response because
it induces secretion of pro-inflammatory cytokines such
as Interleukin (IL)-6, IL-1p and tumor necrosis factor-a
(TNF-a) as well as inducible Nitric Oxide Synthase
(iNOS). In response to various stimuli (e.g., cytokines,
DNA damage agents, and bacterial wall or viral proteins),
inhibitor of nuclear factor kappa B (IkB) is dissociated
and the activated transcription factors translocate to the
nucleus, inducing a large number of target genes involved
in cell growth, apoptosis, cell adhesion and inflammation.
The NF-«B system is essential for regulating the innate
immune response of host tissues.

In this study, we constructed an animal model of cecal
ligation and puncture (CLP)-induced acute lung injury.
Our data revealed that GKA could reduce lung edema
and inflammatory injury, improve lung lesion, inhibit
apoptosis and regulate NF-kB signaling pathway in septic
lung injury mice. Our data therefore confirmed that GKA
could serve as a promising drug for the treatment of sep-
sis-induced acute lung injury.

Materials and Methods
Sepsis lung injury model

Male Sprague Dawley (SD) mice (total number = 20, 5
per group) were bought from the Shanghai Laboratory
Animal Center (SLAC; Shanghai, China) and maintained
in a room with free access to normal chow diet and water
in a 12-h light—dark cycle. All animal protocols were
performed according to the Guide for the Care and Use
of Laboratory Animals, 8th edition (National Institutes
of Health, National Academies Press, US), and ethi-
cal approval was obtained from the Ethics Committee
of Nantong First People’s Hospital. Animals were sepa-
rated into four groups (five mice per group): (1) sham;
(2) CLP group treated with vehicle; (3) GKA-treated
groups were treated per os (through mouth) with GKA
(5 and 10 mg/kg, respectively, suspended in 0.5% sodium
carboxymethyl cellulose (CMC-Na) solution) every day.
5 mg/kg GKA-treated CLP group; and (4) 10 mg/kg
GKA-treated CLP group. Then, the lower abdomen area
of mice was shaved and sterilized after anesthetized
with sodium pentobarbital. After incisions, the cecum
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was ligated below the ileocecal valve, followed by a sin-
gle ‘through and through’ perforation (21-gauge needle).
Incision was closed after the cecum was replaced in the
abdomen.

Lung wet-to-dry (W/D) weight ratio measurement

The lung samples were dissected after the mice were
sacrificed, and weighed immediately. Then the lung was
dried until the weight was stable. The W/D weight ratio
was obtained.

Cytokine measurement

The concentration of pro-inflammatory cytokines TNE-
a, IL-1pB, IL-10 and IL-6 was established in the blood and
lung tissues with enzyme-linked immunosorbent assay
(ELISA) kit according to manufacturer’s instructions
(Kanglang, Shanghai, China).

hematoxylin & Eosin (H&E) staining

The lung tissue collected from all the groups were cut
into slices. Slices were dehydrated through absolute alco-
hol and rehydrated. Slides were stained with hematoxylin
for 4 min, rinsed, differentiated in 70% alcohol, stained
in eosin Y, and cleared in xylenes before mounting. The
hyperemia/congestion, edema and inflammation in the
lung and alveolar collapse were accepted as lung injury.
In order to examine the extent of lung injury, we consid-
ered the following five pathological features: (i) presence
of exudate, (ii) hyperemia/congestion, (iii) intra-alveolar
hemorrhage/detritus, (iv) cell infiltration and (v) cell pro-
liferation. The severity parameters of each of these patho-
logical features are as follows: 0 = nonpresence/absence,
1 = mild, 2 = moderate and, finally, 3 = severe injury.
Scores are assessed with an overall score (0 to 15), and
the sum of scores for different animals was averaged and
plotted on a bar chart.

Cell apoptosis

For determining cell apoptosis, the activity of caspase-3
and caspase-9 was monitored with Caspase-3 kit and
Caspase-9 Kkit, respectively. The activity of caspase-3
and caspase-9 was determined with the caspase-3 activ-
ity detection kit (ab252897; Abcam, Cambridge, UK)
and caspase-9 activity detection kit (ab65607; Abcam),
respectively, according to manufacturer’s instructions.

TUNEL assays were also used for the detection of apop-
tosis in lung tissues. Sliced sections were digested with
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20-mg/mL proteinase K at 37°C for 15 min. Sections
were then rinsed in phosphate-buffered saline (PBS)
solution and added with 0.3% H,O, for 10 min. The sec-
tions were incubated with 0.1% sodium citrate and 0.1%
Triton X-100 solution for 2 min. Then TUNEL reaction
mixture with terminal deoxynucleotidyltransferase (TdT)
(Sigma-Aldrich, St. Louis, MO, USA) was utilized for
sections at 37°C under humidified conditions followed
by DAPI (4’,6-diamidino-2-phenylindole) staining. Each
image was captured using a confocal microscope.

Immunoblot assay

Nuclear protein NF-kB and cytosolic IkBa were mea-
sured from isolated nuclear and cytosol proteins through
nuclear extraction kit (ab113474). Proteins were extracted
with radioimmunoprecipitation assay (RIPA) buffer (Cell
Signaling). Then the cell samples were collected and sub-
jected to 10% sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE), and transferred onto poly-
vinylidene difluoride (PVDF) membranes, followed by
blocking with 5% bovine serum albumin (BSA) in TBST
(Tris-Buffered Saline+Tween 20) buffer. Subsequently,
membranes were conjugated with primary antibod-
ies targeting Bcl-2-associated X (Bax, 1:1,000; Abcam,
Cambridge, UK), B-cell lymphoma protein 2 (Bcl-2,
1:1,000; Abcam), anti-p65 (1:2,000, Abcam), anti-p-p65
(1:1,000, Abcam), anti-p-IkBa (1:1,000, Abcam), anti-IkBa
(1:1,000, Abcam) and glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH, 1:1,0000; Abcam) for 2 h at room
temperature. Subsequently the membranes were incu-
bated with specific secondary antibodies at room tem-
perature for 1 h. The blots were analyzed with ECL kit.

Statistical Analysis

Data were displayed as mean + SD. Statistical analysis was
performed using GraphPad. Significance was assessed by
analysis of variance (ANOVA). P < 0.05 was considered
as level of significance.

Results

GKA alleviates CLP-induced lung edema and
inflammation

In order to explore the therapeutic effect of GKA on
CLP-induced lung injury in mice, we first constructed
four groups of mice with and without GKA pretreatment.
After construction of CLP model, the W/D ratio of the
lung tissue was assessed. CLP induced the increased
ratio of W/D in mice. GKA treatment reversed the ele-
vated W/D ratio induced by CLP (Figure 1A). In order to

delineate the role of GKA on sepsis-induced inflamma-
tory cytokine production, concentration of TNF-a, IL-6,
IL-10 and IL-1p in the blood of mice was determined. As
shown in Figures 1B-1E, sepsis stimulation significantly
induced elevated levels of TNF-a, IL-6, IL-10 and IL-1§
in mice. However, administration of GKA relieved the
increase of these pro-inflammatory cytokines in the blood
of mice. IL-10 was further increased by GKA treatment
(Figure 1E). Furthermore, it was noticed that GKA allevi-
ated CLP-induced lung inflammation in the lung tissues
of mice, with the decreased level of TNF-a, IL-6, IL-10
and IL-1P (Figure 2A). Therefore, we believed that GKA
alleviated CLP-induced lung edema and inflammation.

GKA relieves CLP-induced lung injury in mice

Histological changes in all groups were analyzed through
H&E staining. CLP group revealed obvious lung hyper-
emia/congestion and alveolar collapse compared with the
sham group (Figure 3A). GKA treatment alleviated phe-
nomenon of lung edema and inflammatory cell infiltra-
tion in a dose-dependent manner (Figure 3B). Moreover,
the increased lung injury score induced by CLP model
was reduced in GKA treated mice. Taken together, these
results indicated that GKA could attenuate CLP-induced
lung injury.

GKA suppresses CLP-induced cell apoptosis in mice with
lung injury

The effect of GKA on cell apoptosis was examined
by the activity of caspase-3 and caspase-9. Cell apop-
tosis increased in the CLP group as revealed by ele-
vated caspase-3 and caspase-9 activity. GKA treatment
reduced cell apoptosis (Figures 4A and 4B). In addition,
cell apoptosis was induced in the CLP group as revealed
by elevated Bax and reduced Bcl-2 levels. GKA relieved
Bax level and enhanced Bcl-2 protein level (Figure 4C).
Our data further confirmed through TUNEL assays
that GKA suppressed cell apoptosis in lung tissues
(Figure 2B). These data suggested that GKA treatment
exerted reduced cell apoptosis in the lung injury of mice.

GKA represses CLP injury via NF-kB signaling pathway

In order to reveal potential mechanism, the activation of
NE-«B signaling pathway was analyzed (Figure 5A). We
also observed the enhanced p-p65, p-IkBa and reduced
IkBa in CLP-treated cells (Figure 5A). GKA treatment
partially relieved these altered proteins in a dose-de-
pendent manner, further implying that GKA alleviates
CLP-induced lung injury by regulating NF-«B signaling
pathway.
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Figure 1. GKA alleviates CLP-induced lung edema and inflammation. (A) The survival rate of mice in sham, CLP, CLP + 5 mg/kg
GKA, and CLP+10 mg/kg GKA groups (20 in each group). (B) The W/D ratio of lung in sham, CLP, CLP + 5 mg/kg GKA, and CLP +
10 mg/kg GKA groups. (C)~(F) The IL-6, IL-10, IL-1p, and TNF-cx levels in the blood of sham, CLP, CLP + 5 mg/kg GKA, and CLP +
10 mg/kg GKA groups. *P < 0.05, **P < 0.01.
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Figure 2. GKA suppresses CLP-induced cell inflammation and apoptosis in mice with lung injury. (A) The IL-6, IL-10, IL-18,
and TNF-a levels in the lung tissues of sham, CLP, CLP + 5 mg/kg GKA, and CLP+10 mg/kg GKA groups. (B) TUNEL assays
demonstrated the cell apoptosis levels of lung tissues in sham, CLP, CLP + 5 mg/kg GKA, and CLP + 10 mg/kg GKA groups.
*P<0.01.

Discussion is still rising (Cokluk et al., 2021). Sepsis is also a com-

mon cause of acute lung injury and acute respiratory
Sepsis is one of the leading causes of death in critically distress syndrome, which seriously affects the therapeu-
ill patients. It infects millions of people worldwide annu- tic results of the disease (Yang et al., 2021). Currently,
ally, kills a quarter or more of them, and the incidence there are two primary mechanisms of acute lung injury
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Figure 3. GKA relieves CLP-induced lung injury in mice. (A) Histological changes in lung tissue in sham, CLP, CLP + 5 mg/kg
GKA, and CLP + 10 mg/kg GKA groups. (B) The lung injury score in sham, CLP, CLP + 5 mg/kg GKA, and CLP + 10 mg/kg GKA
groups. *P < 0.05, **P < 0.01.
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Figure4. GKA suppresses CLP-induced cell apoptosis in mice with lung injury. (A) and (B) Activity of caspase-3 and caspase-9
in sham, CLP, CLP + 5 mg/kg GKA, and CLP + 10 mg/kg GKA groups. (C) Protein levels of Bax and Bcl-2 in four groups were
detected. *P < 0.05, **P < 0.01.

induced by sepsis (van Bockxmeer et al., 2021). The first used model to study acute lung injury is CLP, which can

one is believed to be caused by the entry of activated produce septic-induced acute lung injury. In this study,
neutrophils into the lung, and the other is believed to be we successfully constructed a CLP-induced acute lung
caused by inflammation, apoptosis and dysfunction of injury model. Our data further confirmed that GKA
pulmonary endothelial cells after activation, thus lead- improved inflammatory injury in CLP mice with acute

ing to lung injury (Ren et al., 2021). The most commonly lung injury. We therefore thought that GKA could serve
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as a promising drug for the treatment of sepsis-induced
acute lung injury.

Performing H&E staining and ELISA, we found that
GKA reduced lung edema and inflammation in CLP
mice. Further, through ELISA and Immunoblot assay,
our data confirmed that GKA stimulated apoptosis in
CLP mice. These findings confirmed the effects of GKA
on acute lung injury of CLP mice. In fact, the multiple
biological activities of GKA have been widely established
(Bao et al., 2019). Genkwanin suppressed MPP*-induced
cytotoxicity by inhibiting TLR4 inflammasome pathway
in Parkinson’s disease (Jiang et al., 2014; Li et al., 2017).
In addition, GKA enhanced antitumor efficacy against
breast cancer (Wang et al., 2015). Genkwanin amelio-
rated adjuvant-induced arthritis in mice by suppress-
ing NF-xB signaling pathway (Yuan and Wang, 1995).
Similarly, we also found that GKA improved inflamma-
tory injury in CLP mice by regulating NF-kB signaling
pathway. Taken together, these studies demonstrated that
GKA had a variety of pharmacological effects, and could
serve as a drug for various diseases.

In this study, we also revealed that GKA ameliorated
acute lung injury in CLP mice by suppressing NF-xB
signaling pathway (Liu et al., 2011). NF-xB plays a key
role in inflammatory response because of the induc-
tion of the secretion of pro-inflammatory cytokines

(Zhou et al., 2018). Importantly, the NF-xB system is
essential for regulating the innate immune response of
host tissues. In addition, this pathway is widely involved
in the pathology of sepsis and acute lung injury (Zhang
et al., 2021). Several promising drugs could be used for
the treatment of acute lung injury (Yu et al., 2014). For
example, Berberine attenuated sepsis by suppressing
FOXAL1 expression and NF-«B signaling pathway by the
induction of miR-132-3p (Yang et al., 2017). Gadolinium
chloride reduced inflammatory response and preserved
intestinal barrier function in sepsis mice through this
pathway. In addition, dehydrocorydaline protected
against sepsis-induced myocardial injury by regulating
the NF-kB signaling pathway (Wang et al., 2021). As
a comparison, Astragaloside IV could attenuate poly-
microbial sepsis-induced cardiac dysfunction through
NE-xB signaling pathway in mice (Wakana et al., 2008).
These studies, together with our findings, could act as a
promising target for the treatment of sepsis.

Conclusion

We constructed an animal model of CLP-induced acute
lung injury. Our data revealed that GKA could reduce
lung edema and inflammatory injury, inhibit apoptosis
and mediate NF-kB signaling pathway in septic acute
lung injury mice. Therefore, our data confirmed that
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GKA could serve as a promising drug for the treatment
of sepsis-induced acute lung injury.
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