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ABSTRACT

Bleomycin is an effective antineoplastic agent. However, it induces lung fibrosis. Chrysin, a natural flavone,
possesses multiple biological activities, such as antioxidant, anti-inflammatory, and anti-cancer. This study
investigated whether chrysin could protect against the devastating effects of bleomycin on lung tissues and the
underlying mechanism of this effect. Rats were treated with either bleomycin (15 mg/kg, i.p., 3 times per week for 4
weeks) and/or chrysin (50 mg/kg daily, starting one week before bleomycin administration and until the end of the
experiment). Markers of lung injury, oxidative stress, inflammation, autophagy, and the IL33/ST2 signaling pathway
were assessed. Bleomycin significantly increased the levels of lactate dehydrogenase (LDH) and lipid peroxidation,
and it significantly decreased mucin and glutathione compared to the control group. These effects were ameliorated
by chrysin treatment. Histopathological analysis found evidence of severe pulmonary inflammation and increased
levels of the inflammatory mediators, tumor necrosis factor-alpha, interleukin-6, and nuclear factor kappa-B (NF-
kB) (p65). Fibrosis was evident by the increase in a-smooth muscle actin and transforming growth factor-g1 (TGF-
B1). Inflammation and fibrosis were reduced in rats that received the chrysin treatment concurrent with bleomycin.
In addition, autophagy was inhibited in the lung tissues of bleomycin-treated rats, as evidenced by the reduced
expression of ATG4B and LC3. Furthermore, the IL-33/ST2 signaling pathway was activated by bleomycin, and
this effect was markedly attenuated by chrysin treatment. In conclusion, chrysin mitigated bleomycin-induced
pulmonary fibrosis in rats through its antioxidant and anti-inflammatory effects, as well as having an effect on
autophagy and the 1L-33/ST2 signaling pathway.
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extracellular collagen deposition [1]. It s

1. Introduction characterized by the recruitment of macrophages

Pulmonary fibrosis is caused by many and neutrophils in the alveoli, the release of large
factors. Its characteristics include fibroblast amounts of reactive oxygen species (ROS)
production as well as extracellular matrix leading to lung disease, and the generation of
remodeling. Most cases of pulmonary fibrosis are fibroblasts in the alveolar wall [2]. Therefore, it
idiopathic (IPF). IPF is a progressive lung disease is hypothesized that IPF-related injury of alveolar

of unknown etiology, accompanied by abnormal epithelial cells might be due to elevated oxidative
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stress in the lower respiratory tract.
Unfortunately, IPF has a poor prognosis, and
despite persistent research, there are no effective
treatment options available [3].

Interleukin-33 (IL-33) is a member of the
interleukin-1 (IL-1) cytokine family, and it is an
extracellular ligand for the IL-1 receptor, ST2.
The IL-33/ST2 axis plays an essential role in
immunity and cellular homeostasis by promoting
wound healing and tissue repair. It is also
implicated in an imbalance between excessive
inflammation and tissue remodeling, causing
remodeling, the underlying key to fibrosis [4, 5].
In addition, research has shown that 1L-33 plays
an important role in the regulation of autophagy,
as well as tissue fibrosis [5].

Bleomycin (BLM) is an antineoplastic
antibiotic used to treat certain cancers, such as
lymphoma, head and neck squamous cell
carcinoma, testicular carcinoma, and ovarian
cancer [6]. BLM-induced pulmonary fibrosis is
commonly used as an animal model of human
IPF. It induces an inflammatory response,
alveolar cell injury, fibroblast accumulation, and
collagen deposition in rodents [7, 8].

Chrysin (5.7-dihydroxyflavone) is a flavone
found in propolis, honey, and various plants. In
addition, it was extracted from passionflower [9].
It is a secondary metabolite produced by plants as
a first line of defense against UV radiation, the
production of oxygen radicals, and/or invading
organisms [10]. It has many biological activities,
such as antioxidant, anti-inflammatory, lipid-
lowering, and hypoglycemic effects [11,12]. In
addition, chrysin can reduce pulmonary fibrosis
caused by BLM. The method by which chrysin
can improve fibrosis can be described by its anti-
inflammatory, antioxidant, and anti-fibrotic
effects as well as its ability to reduce hypoxia
[11]. The present study aimed to elucidate the
protective mechanisms of chrysin against BLM-
induced pulmonary fibrosis by exploring its

influence on autophagy and the IL33/ST2
signaling pathway.

2. Materials and Methods
2.1. Drugs and chemicals

Bleomycin  ampoules were  purchased
(Bleocip®) from Cipla Company (Mumbai,
India). Each ampoule contains 15 mg of BLM
HCI in powder form. The powder is white and
soluble in saline. Chrysin was purchased from
Alfa Aesar (Lancashire, UK). Chrysin is
dissolved in corn oil, and to ensure a
homogeneous suspension, it is carefully vortexed
just before administration. Other reagents were of
the highest purity available on the market.

2.2. Animals

Forty male Sprague Dawley rats (200-250 g)
were purchased from Nile Company, EL-Amyria,
Cairo, Egypt. Plastic cages were used as their
habitat at a constant temperature (21 £ 2 °C) for a
12-h light/dark cycle. All rats have free access to
food and water. The animals had a week of
acclimatization to laboratory conditions before
starting the experiment. Animal treatments are
strictly regulated according to the National
Research Council Guidelines for the Care and
Use of Laboratory Animals.

2.3. Experimental design

The rats were divided into four groups of ten
each. The first group was the control group,
which received the corresponding saline vehicles.
The second group received chrysin (50 mg/kg,
p.o.) daily for 35 days [13]. The third group
received BLM (15 mg/kg, i.p.) three times a
week for a total of four weeks [14]. The fourth
group received chrysin (50 mg/kg, p.o.) daily for
35 days, beginning one week before receiving
BLM (15 mg/kg, i.p.), and given three times a
week for a total of four weeks, simultaneously
with chrysin.

Twenty-four hours after the last chrysin dose,
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the rats were euthanized by rapid cervical
dislocation under thiopental anesthesia (50
mg/kg, i.p.). After lung and tracheal dissection,
three consecutive doses of 7 mL of 0.9% saline
solution were infused through a catheter inserted
into the trachea and then slowly withdrawn from
the lungs. This bronchoalveolar lavage (BALF)
was centrifuged at 500 x g for 10 min at 4 °C.
The supernatant was then isolated and stored at -
80 °C until used for assessment of LDH activity,
mucus concentration, and protein content. Lung
tissue sections from different groups were fixed
in 10% buffered formalin, and the remaining lung
tissue was stored at -80 °C for further assessment
of oxidative stress, inflammation, fibrosis, and
autophagy markers.

2.4. Assessment of lung injury markers

Lung indices were calculated as (lung
weight/body weight) x 100. LDH activity was
determined colorimetrically using an assay kit
(catalog number E-BC-K046-M; Elabscience
Biotechnology Inc., Texas, USA). BALF protein
content was determined at 595 nm using a
commercial Bradford colorimetric kit (catalog
number QCPR-500; BioAssay Systems, 3191
Corporate Place, Hayward, CA 94545, USA).
The mucin content was determined using a rat-
specific enzyme-linked immunosorbent assay
(ELISA) kit (catalog number MBS7201306;
MY Biosource, San Diego, USA, USA).

2.5. Histopathological examination

Six lung samples were washed, dehydrated
with alcohol, cleared with xylene, and then
dipped in paraffin at 56 °C in a hot-air oven for

Table 1. Primers Sequence of beta actin and NF-kB (18)

24 h. Next, hematoxylin and eosin (H&E) dyes
were used to stain the samples, followed by
histological evaluation by light microscopy [15].

2.6. Assessment of oxidative stress markers

Glutathione (GSH) and lipid peroxidation
were determined in accordance with the Kkits’
instructions (catalog numbers GR 25 10 and MD
25 28; Biodiagnostics, Giza, Egypt). GSH was
determined using the method described by [16].
Lipid peroxidation was determined by estimating
the level of malonaldehyde (MDA) using
thiobarbituric acid [17].

2.7. Assessment of inflammatory markers

Interleukin-6  (IL-6) and TNF-a were
determined using ELISA kits purchased from
R&D Systems, Inc. (Minneapolis, USA) and
CUSABIO (Houston, USA), with catalog
numbers R6000B and CSB-E11987r,
respectively. The assays were conducted
according to the manufacturer’s protocols. NF-
kB was determined using RNA extraction and
real-time  PCR  analysis.  From  tissue
homogenization, total RNA was extracted using
the SV Total RNA Isolation system (Thermo
Scientific, USA). Quantitative real-time one-step
PCR was performed using QuantiTect® SYBR®
Green RT-PCR master mix kit (Qiagen, Hilden,
Germany). Relative mRNA expression of target
genes was measured by normalizing against the
control group; the 2—AACt method was used to
establish the level of p-actin. The primer
sequences of B-actin and NF-kB [18] are shown
in Table 1.

Gene Forward primer

Reverse primer

NF-»zB CATGAAGAGAAGACACTGACCATGGAAA

B-actin GAGACCTTCAACACCCCAGC

TGGATAGAGGCTAAGTGTAGACACG

ATGTCACGCACGATTTCCC
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In addition, 1L33, CASP1, and ST2 were
determined using western blot analysis. Total
protein was extracted from frozen lung samples
using RIPA lysis buffer (Bio Basic Inc., Ontario,
Canada). Protein was resolved using 10% sodium
dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) (Bio-Rad
Laboratories, California, USA, catalog number:
1610181). Then, the gel was electro-transferred
onto a polyvinylidene difluoride (PVDF)
membrane. Membranes were blocked with Tris-
buffered saline and Tween 20 (TBST) buffer and
3% bovine serum albumin at room temperature
for 1 h, and incubated overnight at 4 °C with the
primary antibodies, anti-IL33, anti-CASP1 and
anti-ST2 at a ratio of 1:2000, (Thermo Fisher
Scientific, UK, with catalog numbers: PA5-
23150, PA5-29342 and PA5-23316,
respectively).  After overnight incubation,
membranes were washed and then incubated with
goat anti-rabbit 19G HRP-conjugated secondary
antibody (Novus Biologicals). Development was
performed using an enhanced chemiluminescence
kit (ClarityTM Western ECL substrate - BIO-
RAD, USA, catalog number 170-5060). ImageJ
software (version 1.48) was used to determine the
band intensity of the target proteins against the
control sample after normalization to $-actin.

2.8. Assessment of fibrosis markers

Alpha smooth muscle actin (ASMA),
collagen, and TGF-p were determined in lung
tissue  using  rat-specific  ELISA  Kits

(MyBiosource, San Diego, USA, with catalog
numbers MBS266620, MBS262647, and
MBS824788, respectively). The assays were
conducted according to the manufacturer’s
protocol.

2.9. Assessment of autophagy markers

ATG4B and LC3B were determined using
western blot analysis as discussed previously.
The primary antibodies used in analysis were
anti-ATG4B and anti-LC3B (Thermo Fisher
Scientific, UK, with catalog numbers: PA5-
86908 and PA5-22940).

2.10. Statistical analysis

Data are presented as mean + SD. One-way
analysis of variance (ANOVA), followed by
Tukey's test as a post hoc test, was used to detect
significant differences between all experimental
groups. GraphPad Prism software was used to
perform all statistical analyses (version 5.01, Inc.,
2007, San Diego, USA). Probability values less
than 0.05 are considered to be statistically
significant.

3. Results

3.1. Effect of BLM and/or chrysin treatment
on lung injury markers

Compared to the control group, rats exposed
to BLM showed a 35% decrease in the quantity
of mucin expressed, and LDH activity increased
by 116% and protein content rose by 64%. On
the other hand, chrysin pretreatment restored the
mucin content to normal levels. In addition, LDH
activity and protein content were reduced by 45%
and 21%, respectively, by chrysin pretreatment
compared to the BLM group (Table 2).

Table 2. Effect of chrysin on lung injury markers in BLM-treated rats

Mucin LDH Protein

(ng/mL) (umol/mL) (mg/mL)
Control 304.3 +15.06 111.98 +3.3 86.6 +3.6
Chrysin 320.2 +13.48 95.88 + 10.06 99.66 + 6.7
BLM 199.04 + 13.7® 241.7 +34.29® 141.72 + 16.13@
BLM + Chrysin 303.38 +10.3¢™ 133.84 + 15@® 112.44 + 3.69¢"™
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3.2. Histopathological examination with significantly thickened interalveolar walls.
In addition, marked peribronchiolar fibrosis with
many proliferating fibroblasts, which was
accompanied by inflammatory cells, was detected
in this group (Fig. 1C). A moderate protective
effect was detected in the BLM and chrysin-

morphologies. Almost intact alveoli, including 'Freiategt_glrous. N_z;melyh_ [::ers_ls]tfnt re;:ords ITf
interalveolar walls, were detected in these groups interstitial and peribronchiolar inflammatory Cetls

(Fig. 1A and 1B). In contrast, the BLM group infiltrates, and mild hyperplasia of the lining
showed marked diffuse interstitial pneumonia bronchiolar epithelium (Fig. 1D).

Histological examination of different
pulmonary tissue samples is illustrated in Fig. 1.
The pulmonary bronchioles and vasculature of
the control group and chrysin-only treatment
group were normal and exhibited normal
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Fig. 1. Representative photomicrographs of H & E-stained lung sections (x400), (A) Control group, (B) Chrysin group, (C) BLM
group, (D) BLM + Chrysin group. The control group exhibited normal morphological features of pulmonary bronchioles (star),
surrounded by a delicate layer of connective tissue fibers and smooth muscles (arrow), solitary lymphoid follicles, as well as
normal vasculature. Almost intact alveoli including interalveolar walls were detected (Fig. 1A). Chrysin (50 mg/kg)-treated group
showed normal histological structures of pulmonary tissues with few scattered interstitial inflammatory cells without significant
abnormal tissue alterations records (Fig. 1B). BLM-treated group showed marked diffuse interstitial pneumonia with significant
increased thickness of interalveolar walls and evident mixed populations of inflammatory cells infiltrates (dashed arrow).
Besides, a mild hyperplasia of the lining bronchiolar epithelium with mucosal infoldings was detected. In addition, marked
peribronchiolar fibrosis with many proliferating fibroblasts (arrow head) accompanied with inflammatory cells infiltrations and
nodular hyperplasia of associated lymphatic tissue were detected (Fig.1C). BLM and chrysin (50 mg/kg)-treated group showed
moderate protective effect; namely, persistent records of interstitial and peribronchiolar inflammatory cells infiltrates, mild
hyperplasia of lining bronchiolar epithelium. However, peribronchiolar fibrous tissue deposition was significantly minimized
compared with BLM-treated animals (Fig.1D).
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3.3. Effect of BLM and/or chrysin treatment
on oxidative stress markers

The MDA level in the BLM group had risen
dramatically (401%) compared to the control

group; the rise was accompanied by a significant
decline (68.6%) in GSH. Compared to the BLM
group, pretreatment with chrysin significantly
decreased MDA level by 72% and increased
GSH level by 205% (Table 3).

Table 3. Effect of chrysin on MDA, GSH, TNF-a, IL-6, and NFkB (P65)

MDA GSH TNF-alpha IL-6 NF-kB (MRNA
expression level
(mmol/g tissue) (mmol/g tissue) (ng/g tissue) (pg/mL) P )
Control 13.3+24 69.1+10.8 30.78 + 4.4 38.10+ 6.2 1.004 + 0.009
Chrysin 5.804 £ 0.8 85.96 * 4.0 18.44+38 26.56 +3.9 0.89 + 0.040
BLM 66.56 + 16.2@ 21.7 +3.6@ 113.16 +21.3@ 133.68 + 15.99 7.602 +1.75@
BLM + chrysin 21.48 +£4.20 66.26 + 5.9 40.14 £7.0® 49.66 + 8.5 2.042 +0.38®

Data are presented as means + SD (n = 5), a, b at P < 0.05, statistically significant compared with the control and BLM-administered groups,

respectively (one-way ANOVA followed by Tukey’s test).

3.4 Effect of BLM and/or chrysin treatment on
inflammation markers

Rats exposed to BLM showed significant
elevations in TNF-a and IL-6 levels, 268% and
251%, respectively, compared to the control
group. However, pretreatment with chrysin
significantly decreased TNF-a and IL-6 levels by
64.5% and 62.9%, respectively, compared to the
BLM group. In addition, BLM caused NF-xB
(P65) expression to rise by 657%, compared to
the control group. Pretreatment with chrysin
significantly decreased NF-kB expression by
73%, compared to the BLM group (Table 3).

Furthermore, compared to the control group,
the expression of Casp-1, IL33, and ST2 was
elevated in the BLM group by 62%, 65%, and
66%, respectively. Pretreatment with chrysin
resulted in reduced expression of Casp-1, 1L33,
and ST2 by 62%, 64.5% and 66.5%, respectively,
compared to the BLM group (Fig. 2).

3.5. Effect of BLM and/or chrysin treatment
on fibrosis markers

BLM caused collagen, ASMA, and TGF-f
levels to increase by 402%, 254%, and 262%,
respectively, compared to the control group.
Pretreatment ~ with  chrysin  significantly
counteracted the fibrotic effect of BLM
compared to the BLM group, as evidenced by the
decrease in collagen, ASMA, and TGF-f levels
by 59%, 25%, and 69%, respectively (Fig. 3).

3.6. Effect of BLM and/or chrysin treatment
on autophagy markers

The expression of ATG4B and LC3 in rats
exposed to BLM declined by 78% and 86%,
respectively, compared to the control group.
Pretreatment with chrysin significantly increased
ATG4B and LC3 expression by 285% and 536%,
respectively, compared to the BLM group (Fig.
4).
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Fig. 2. Effect of chrysin and/or bleomycin treatment on A. Western blot analysis of Casp-1, 1L33, and ST2 expressions. (1)
control group, (2) Chrysin group, (3) BLM group, (4) BLM + Chrysin group. B. Densitometric quantitation of Casp-1, IL33, and
ST2 expressions. Data are expressed as mean = SD (n = 5) using one-way ANOVA followed by Tukey’s test for multiple
comparisons between groups. Where the levels of significance are P < 0.05. a: statistically significant compared to the control. b:
statistically significant compared to the BLM group.
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Fig. 3. Effect of chrysin and/or bleomycin treatment on fibrosis markers: collagen, ASMA, and TGF-B1. Data are expressed as
means + SD (n=5) using one-way ANOVA followed by Tukey’s test for multiple comparisons between groups. Where the levels
of significance are P < 0.05. a: statistically significant compared to the control. b: statistically significant compared to the BLM

group.
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Fig. 4. Effect of chrysin and/or bleomycin treatment on A. Western blot analysis of ATG4B and LC3 expressions. 1) control
group (2) Chrysin group (3) BLM group (4) BLM + Chrysin group. B. Densitometric quantitation of ATG4B and LC3
expressions. Data are expressed as means + SD (n = 5) using one-way ANOVA followed by Tukey’s test for multiple
comparisons between groups. Where the levels of significance are P < 0.05. a: statistically significant compared to the control. b:

statistically significant compared to the BLM group.
4. Discussion

Lung fibrosis induced by BLM during
chemotherapy highlights the importance of
finding new treatments devoid of such an effect.
Accordingly, our study aimed to investigate the
extent to which chrysin can counter the
devastating actions of BLM and underline the
possible mechanisms by which chrysin could
exert protective action. To do this, we
investigated different markers of lung injury,
oxidative stress, inflammation, fibrosis, and
autophagy. In the beginning, animals exposed to
BLM alone showed a significant elevation in the
biomarkers involved in lung injury, such as LDH
and total protein [19]. There was also a
significant reduction in mucin compared to the
control group, while pretreatment with chrysin
counteracted the effect of BLM, as all the injury
markers were almost normal. Similarly, the study
conducted by El-Khouly et al. [20] demonstrated
the toxic effect of BLM in rats, with emphysema
being detected in air alveoli, as well as
inflammatory cells, and lymphoid hyperplastic

cells; pretreatment with chrysin significantly
ameliorated these pathological changes. These
findings reflect the potential protective effect of
chrysin against BLM-induced lung injury [21].
Previous studies endorsed the cytoprotective
effect of chrysin in decreasing LDH, which
manifested as improved lung function in cases of
pulmonary hypertension and reduced edema [22,
23].

One of the mechanisms involved in BLM-
induced lung injury is the drug’s ability to
generate intracellular ROS. BLM triggers the
formation of free radical species, such as
superoxide anion and hydroxyl radicals [24]. The
generation of ROS can induce the depletion of
reduced GSH and the elevation of MDA, a
marker of lipid peroxidation [25]. In the present
study, significantly elevated MDA with low GSH
was detected after the administration of BLM.
This is consistent with other studies where BLM-
induced ROS in lung tissues resulted in GSH-
induced DNA stress [26], mitochondrial leakage,
and apoptosis [27]. These changes were
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ameliorated by pretreatment with chrysin, which
is consistent with the findings of Kseibati et al.
[19]. That study revealed that daily oral treatment
with chrysin for six weeks reduced the MDA
content in lung cells by 57.5%, whilst
concurrently elevating GSH by 67.6% compared
to the BLM group. Similarly, a study by Hanedan
and colleagues [28] investigated the effect of
chrysin with hesperidin on renal injury induced
by colistin in rats. They revealed a decrease in
MDA and inflammatory parameters, together
with a significant elevation in GSH, superoxide
dismutase, catalase, and glutathione peroxidase,
which indicate the antioxidant protective effect of
chrysin. Furthermore, the antioxidant properties
of chrysin were demonstrated against
doxorubicin-induced cardiotoxicity [29]. Thus,
one of the protective mechanisms by which
chrysin could counteract the BLM effect is
through its antioxidant effect.

Besides the oxidative stress, interleukins
released during an inflammatory response were
found to have a crucial role in pulmonary fibrosis
[1]. Pulmonary fibrosis is a complex process that
involves the release of cytokines, such as TNF-a,
IL-6, and monocytes at the site of injury [30].
Accordingly, our study explored the
inflammatory response mediated by BLM
toxicity; we found the levels of TNF-a, NF-kB,
and IL-6 in lung tissue to be higher than those of
the control group. These findings are in
agreement with a previous study, in which the
administration of BLM induced high serum
concentrations of TNF-a, IL-B1, and NF-xB [31].
In addition, pretreatment of rats with chrysin
significantly counteracted the increase in the
levels of these inflammatory mediators. These
findings support the anti-inflammatory effect of
chrysin. Multiple studies have mentioned the
powerful pharmacological activity of chrysin as
an anti-inflammatory substance in different
models [32,33].

Following lung injury, oxidative stress and
inflammation lead to fibrosis, which is
considered a major reason for organ failure [2].
The fibroblasts responsible for tissue fibrosis
secrete multiple substrates, including latent TGF-
B1, extracellular matrix proteins, and collagens,
along with ASMA, although not necessarily exist
in all injured organs [34], particularly in BLM-
induced toxicity [19]. In our study, greater
concentrations of collagen, ASMA, and TGF-f
were detected following BLM administration
compared to the control group’s values. This is
consistent with other studies, where BLM
administration was responsible for the formation
of fibroblastic foci that increase the ability of
fibroblasts to colonize the lungs. The study of
Tsukui et al. [35] revealed that one fibroblast
type (Cluster 8 cells) was more effective at
inducing migration than alveolar or adventitial
fibroblasts. In the present study, pretreatment
with chrysin counteracted the effect of BLM on
collagen, ASMA, and TGF-B; these findings
reflect the antifibrotic effect of chrysin, which is
consistent with the studies by [19, 22, 36].
Similarly, Li and colleagues [37] demonstrated
the positive impact that four weeks of chrysin
treatment had upon pulmonary tissues. That study
also shows chrysin can attenuate pulmonary
vascular remodeling and reduce the accumulation
of collagen, as well as regulate the expression of
collagen I and collagen I1I.

One important mechanism addressed in the
present study is autophagy. This is an
intracellular catabolic mechanism associated with
infection, inflammation, and cancer [38].
Autophagy disruption was reported in IPF (1).
The process of autophagy is regulated by
multiple autophagy-related (Atg) proteins [38].
Autophagic  vesicles, particularly  cysteine
protease ATG4B (Autophagin-1), are
accompanied by LC3, which is a protein that
mediates the fusion of vesicles with lysosomes
[39]. A previous study revealed that the
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administration of BLM is associated with
disruption to the autophagy process [40].
Cabrera et al. [41] reported that the inflammatory
response in  ATG4B-deficient mice was
heightened at day 7 after BLM administration,
presenting as increased neutrophilic infiltration
and substantial alterations in pro-inflammatory
cytokines. Similarly, Gui and co-workers [42]
showed that BLM administration was associated
with a lower survival rate due to disrupted
fibrogenesis. In our study, ATG4B and LC3 were
both lower after the administration of BLM.
However, administering a 50-mg chrysin
pretreatment was effective in counteracting the
effect of BLM on ATG4B and LC3; this finding
adds a new mechanism for chrysin’s protective
effect against BLM-induced lung injury. Indeed,
recent studies have reported the substantial
impact of flavonoid compounds in general on cell
proliferation, cancer cell inhibition, and
autophagy [38, 39, 43]. Lin et al. [44]
investigated the mechanism of chrysin-induced
autophagy in endometrial cancer cells, where the
level of LC3Il expression was elevated with
noticeable enhancement of the autophagic flux,
signifying that chrysin influences autophagy and
apoptosis. Additionally, chrysin inhibited the
phosphorylation of protein kinase B (Akt) and
mammalian target of rapamycin (mTOR). This
mechanism has led to the recommendation
against the use of 5-fluorouracil, which can be
replaced by chrysin for the treatment of
colorectal cancer.

Furthermore, caspase-1 and the 1L33/ST2
signaling pathway were assessed and were found
to be significantly higher after BLM
administration compared to the control group. IL-
33 is an important cytokine released during
respiratory diseases, and it is overexpressed in
lung diseases such as IPF [4, 45]. BLM increased
the expression of 1L-33 through ST2, yet reduced
the full-length form of IL-33 in lung tissue.

Exogenous IL-33 is also associated with BLM-
induced lung inflammation and fibrosis.
Additionally, IL-33 polarizes macrophages to
produce IL-13 and TGF-B1 [45]. The same
conclusion regarding the elevation of 1L-33 /ST2
in BLM-treated rats was reached by Xu and
colleagues [46]. In our study, chrysin was able to
mitigate the effect of BLM on the production of
Casp-1 and IL33/ST2. Similarly, Nian and
colleagues [47] have assessed the possible
protective effect of chrysin on renal cells after the
administration of paracetamol. They found that
chrysin reduced the levels of the inflammatory
markers, TNF-a, IL-1, and IL-33. Additionally,
apoptosis was increased following the increase in
Casp-3 activity and LC3B. This result is
supported by the findings of another study, where
chrysin was used as an anti-cancer therapy in the
human breast cancer cell lines, MDA-MB-231
and MCF-7 [48].

Conclusion

The present study provides evidence of the
antifibrotic effect of chrysin in a rat model of
bleomycin-induced lung fibrosis.  Chrysin
preserved normal lung function through its
effects on the IL33/ST2 signaling pathway,
autophagy process, and reduction in oxidative
stress and the inflammatory cytokines that are
associated with lung fibrosis.
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