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During lung fibrosis, acute pulmonary inflammation
and epithelial-mesenchymal transition (EMT) play im-
portant roles. The present study analyses the amelio-
rative effect of baicalein, a bioactive flavonoid present
in the dry roots of Scutellaria baicalensis Georgi, on
bleomycin-induced acute lung injury and subsequent
EMT. Mice received a single intratracheal instillation
of saline containing bleomycin @1 mg/kg body wt.
Baicalein in different doses (0.1, 1.0, 10 mg/kg) was
given intraperitoneally daily for one week. Pulmonary
inflammation and EMT parameters were evaluated.
Baicalein significantly attenuated bleomycin-induced
pulmonary inflammatory and structural changes.
Thus, treatment with baicalein ameliorates bleomycin-
induced acute inflammation and subsequent early
stage of EMT.
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ACUTE LUNG INJURY (ALI) includes pulmonary inflam-
mation characterized by alveolar epithelial cell injury,
polymorphonuclear cells infiltration along with release of
proinflammatory cytokines followed by proliferation of
fibroblast and extracellular matrix (ECM) that results in
pulmonary fibrosis. The epithelial-mesenchymal transi-
tion (EMT) process has been associated with lung fibro-
sis, where the epithelial cells differentiate and acquire the
phenotype of myofibroblasts'. In pulmonary fibrosis, res-
ident pulmonary fibroblasts or blood-borne fibrocytes and
alveolar epithelial cells (AECs) transdifferentiate to myo-
fibroblasts™’.

Bleomycin (BZM), an antibiotic agent isolated from
the fungus Streptomyces verticillus, has been used as an
anti-cancer drug, but it causes lung toxicity leading to
pulmonary fibrosis as a side effect. Further, bleomycin
has been widely used in animals (mice, rats and hamster)
to model acute lung injury and pulmonary fibrosis, to
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study the mechanism involved in fibrogenesis and to
potential therapies’. A single dose of bleomycin given
intratracheally causes lung injury and fibrosis in
rodents’. Several studies have reported that bleomycin-
induced early stages of lung injury resemble human
pulmonary fibrosis which includes infiltration of inflam-
matory cells, higher collagen content and reduced lung
volumes and compliance’. Further, EMT plays an impor-
tant roles in the pathogenesis of bleomycin-induced lung
injury®.

Baicalein (BAIC) is a bioactive flavonoid, present in
the dry roots of Scutellaria baicalensis Georgi, which is
widely used in traditional Chinese herbal medicine.
Evidence has shown that BAIC has many pharmacological
effects, including anti-allergic, antioxidant, anti-apoptotic,
anti-viral, anti-inflammatory, anti-tumour and a immune-
modulatory effects’. Importantly, baicalein improves the
dysfunction of mitochondria, thereby preventing allergic
asthma®.

It has been reported that the future therapeutic
approach may focus on improvement in regeneration of
alveolar epithelial cells’ and reversal of the EMT process'’.
Few studies are available on the ameliorative effect of
baicalein on pulmonary fibrosis induced by bleomy-
cin'"'2, However, all of them are on 28 days chronic
pulmonary fibrosis. The present study analyses the ame-
liorative effect of baicalein on acute lung injury induced
by bleomycin and its subsequent EMT.

Materials and methods
Animals and treatments

The study protocol was approved by the Institutional
Animal Ethics Committee (IAEC) of Guru Angad Dev Ve-
terinary and Animal Sciences University (GADVASU),
Ludhiana, Punjab, India. Male albino mice (n =30, 46
weeks age) were obtained from the Central Research
Institute, Kasauli, Himachal Pradesh and maintained
in the small animal house at GADVASU. After the
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acclimatization period of seven days, 30 male albino mice
were divided randomly into five experimental groups (six
animals each) and named according to the challenge and
treatment: SHAM/PBS (saline-only/control group), BLM
(bleomycin @ 1| mg/kg treated group), BLM/BAIC/0.1
(bleomycin @ 1 mg/kg + baicalein (0.1 mg/kg)), BLM/
BAIC/1 (bleomycin @ 1 mg/kg + baicalein (1 mg/kg))
and BLM/BAIC/10 (bleomycin @ 1 mg/kg + baicalein
(10 mg/kg)). Mice were intratracheally given a single
dose of saline containing bleomycin sulphate @1 mg/kg
body wt (Sigma, USA) in a volume of 50 ul in all groups,
except the group vehicle. Baicalein (Sigma, USA) in
three different doses @ 0.1, 1.0 and 10 mg/kg was given
intraperitoneally daily for one week. All the mice were
sacrificed after 1 week by ketamine and xylazine overdose.

Collection of blood and bronchoalveolar lavage

Sfluid

After sacrifice, blood was withdrawn by cardiac puncture
and collected in EDTA vials for haematological estima-
tion, such as haemoglobin concentration (Hb) and total
leucocyte count (TLC). Bronchoalveolar lavage (BAL)
was done three times in each animal from the left lung
using a tracheal cannula attached to 1 ml syringe with
0.5 ml of PBS. Bronchoalveolar lavage fluid (BALF) was
processed to get cell pellets and supernatants as described
earlier’”. Total cell and differential cell counts were done
with the cell pellets using a haemocytometer and staining
with Leishman stain. BALF supernatants were collected
and stored at —80°C for the estimation of protein and
cytokines, TNF-¢ and IL-6 concentration.

Wet to dry lung weight ratio

The wet to dry lung weight (W/D) ratio was estimated as
an indicator of pulmonary oedema. Similar lobes of the
right lung from each sacrificed animal were taken and
weighed immediately after excision (wet weight). Then
they were desiccated at 60°C for three days (72 h), and
weighed again (dry weight). The W/D ratio was calcu-
lated for each animal.

Estimation of protein and cytokines

Protein was estimated in BALF using commercially
available BCA Protein Assay Kit (Thermo Scientific,
USA), according to the manufacturer’s protocol. Inter-
leukin-6 (IL-6) and tumour necrotic factor-alpha (TNF-)
in BALF and transforming growth factor-£ in lung homo-
genates were estimated using Mouse IL-6 and Mouse
TNF- ELISA Kit (Krishgen Biosystem, Mumbai)
and Mouse TGF-F ELISA Kit (YH Bioresearch Laboratory,
Shanghai, China) according to the manufacturer’s
protocol.
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Histopathological studies

After collection of BALF, lung tissue samples were fixed
in 10% neutral buffered formalin, and processed and
embedded in paraffin. Next, 5 um thick sections were
stained with routine hematoxylin and eosin, Masson’s
trichrome and picro-sirius red staining. The slides were
observed and photomicrographs taken using a microscope
attached with a camera (BX 61, Olympus Corporation,
Japan). Lung injury assessment was done by experimen-
tally unknown experts and graded semi-quantitatively
using modified Ashcroft’s scoring method'*, with a score
range 0—8 score. For picro-sirius red staining, the slides
were stained with picro-sirius red stain (0.1% sirius red in
aqueous saturated picric acid) for 1 h followed by wash-
ing with acidified water (0.5% glacial acetic acid), dehy-
dration and mounting with DPX. Collagen was red in
colour, while non-collagen components were orange. The
images were analysed using Image J (Fiji) software
(http://fiji.sc). The intensity of the picro-sirius red posi-
tive area was expressed as percentage area (Lm?).

Estimation of lipid peroxidation and superoxide
dismutase

The lungs (10 mg) were homogenized in 1 ml of ice-cold
phosphate buffered saline (pH 7.4), using a tissue
homogenizer with a teflon pestle at 4°C and centrifuged
to obtain the tissue homogenates which were used for
measurement of total protein concentration, lipid peroxi-
dation (LPO) and superoxide dismutase (SOD) activity.
Total protein concentration was estimated using commer-
cially available BCA Protein Assay Kit (Thermo Scien-
tific, USA), according to the manufacturer’s protocol.
LPO was determined in relation to production of MDA
(malondialdehyde) using the thiobarbituric acid (TBA)
method as described by Shafiq-ur-Rehman'’, with slight
modification. The amount of LPO was expressed in
nanomoles of MDA per gram of tissue. SOD activity was
assessed according to the method described by Madesh
and Balasubramanian'®.

Estimation of myeloperoxidase activity

Myeloperoxidase (MPO) activity was measured in
lung homogenates using Myeloperoxidase Colorimetric
Activity Assay Kit (Sigma—Aldrich, USA), according to
the manufacturer’s protocol. The optical density (absor-
bance) was measured at 412 nm using a microplate reader.

Estimation of collagen by hydroxyproline assay

Collagen content in the lung homogenates was measured by
hydroxyproline (HYP) assay. Briefly, lung homogenates
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Effect of baicalein on blood hematology in bleomycin-induced lung injury. a, Baicalein treatment

shows dose-dependent improvement in the level of haemoglobin. b, Effect of baicalein on total leukocytes count
(TLC) in lung injury induced by bleomycin. Data are mean = SE of six mice for each group. *P < 0.05 versus

SHAM group; **P < 0.05 versus BLM group.

(100 ul) were hydrolysed with equal amount of concen-
trated HCI in a pressure-tight, teflon-capped vial at 120°C
for 3 h, followed by clarification with activated charcoal.
The hydrolysed samples (10 ul) were transferred to a 96-
well plate and evaporated to dryness under vacuum.
Hydroxyproline standard (1 mg/ml) was used to prepare
the standard curve. To each sample and standard, chlora-
mine T reagent (100 ul) was added and incubated at room
temperature for 5 min followed by DMAB reagent
(100 ul) and incubated for 90 min at 60°C. Absorbance
was read at 560 nm using a microplate reader.

Immunohistochemistry

Immunohistochemical (IHC) analysis was performed for
epithelial (E-cadherin) and mesenchymal markers (alpha-
smooth muscle actin)'’. Briefly, 5 um paraffin sections
on poly-L-lysine-coated slides were rehydrated. After
heat-induced antigen retrieval in citrate buffer and endo-
genous peroxidase blocking, the slides were incubated
with primary antibodies (mouse monoclonal alpha-
smooth muscle actin (Abcam, UK) and rabbit polyclonal
E-cadherin (Gentex, USA)), followed by incubation with
secondary antibody (ABC, Universal, Vector), and colour
developed using diaminobenzidine substrate and coun-
terstained with hematoxylin. In the negative control,
tissue section was processed without application of pri-
mary antibody. Semi-quantitative immunohistochemical
analysis was performed using scoring pattern with a score
range 0-5: 0 (0 positive staining cells (%), no expres-
sion), 1 (less than 1%, negligible expression), 2 (1-10%,
scanty expression), 3 (10-33%, low—moderate expres-
sion), 4 (33-66%, moderate expression) and 5 (>66,
extensive expression)'®.

Ultrastructural examination

Lung tissues were dissected at a size of 1 mm® and fixed
in Karnovsky’s fixative for 6 h at 4°C. The tissues were
processed for transmission electron microscopy (TEM) as
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described earlier'’. After several washings, lung tissues
were post-fixed in 1% osmium tetraoxide for 1 h at 4°C
followed by dehydration at various grades of acetone
(30-100%) for 30 min each at 4°C and clearing with two
changes of toluene for 30 min at room temperature, and
further processed and embedded in pure epoxy resin to
make blocks. Ultrathin sections (70 nm) were mounted on
a copper grid and stained with uranyl acetate and lead
citrate. The tissue sections were visualized with Tecnai
200 kV transmission electron microscope (Tecnai, Fei
Electron Optics, Oregon, United States).

Statistical methods

Data were presented as mean + SE. Data of different
groups were evaluated using SPSS/10.0 software. To
detect differences among groups, one-way analysis of
variance (ANOVA) was used and the means were com-
pared by Duncan’s and LSD post-hoc test, and a value of
P <0.05 was taken as significant.

Results

Effect of baicalein on hematology in bleomycin-
induced lung injury

The mean haemoglobin level in the BLM group (7.96 £
0.29 g/dl) was lower compared to SHAM (10.97 £ 0.26
g/dl) and BLM/BAIC/10 group (9.94 + 0.33 g/dl; Figure
1 a). Further, the TLC values were higher in the BLM
(10.20 £ 0.16 x 10°/ul) group, which decreased with
baicalein treatment (9.75 % 0.49 x 10*/ul) though it was
not significant (Figure 1 b).

Baicalein-attenuated bleomycin-induced pulmonary
oedema and microvascular permeability

The mean W/D lung weight ratio in the BLM group
(8.65 £ 0.57) was significantly (P <0.05) higher compared
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Effect of baicalein on bleomycin-induced pulmonary oedema and microvascular permeability. a, The wet dry

(W/D) lung weight ratio was calculated in different groups of animals to study pulmonary oedema. b, Total protein con-
centration in BALF estimated as a measure of permeability of blood vessels. ¢, Bleomycin-induced pulmonary oedema as
indicated by the presence of pinkish fluid within the alveolar spaces (arrows) attenuated by baicalein treatment (H&E,
bar = 50 wm). Data are mean * SE of six mice for each group. *P < 0.05 versus SHAM group; **P < 0.05 versus BLM

group.

to SHAM (2.34£0.15) and BLM/BAIC/10 (2.95%
0.20) groups. The BLM/BAIC/0.1 (7.00£0.53) and
BLM/BAIC/1 (4.39 £ 1.01) groups showed dose-dependent
improvement in W/D lung weight ratio. Moreover, mean
W/D lung weight ratio of SHAM and BLM/BAIC/10
groups did not differ significantly, indicating that baicalein
@10 mg/kg attenuated bleomycin-induced lung oedema
(Figure 2a). Further histopathologically, oedema was
observed within the pulmonary alveoli in the BLM group
which was attenuated with the BLM/BAIC/10 group
(Figure 2 ). The total protein concentration in BALF of
the BLM group (638.52 + 10.70 mg/ml) was significantly
(P <0.05) higher compared to the SHAM (312.42+
4.76). The BLM/BAIC/10 group (461.57 + 26.72 mg/ml)
showed significantly lower total protein concentration
compared to the BLM group (Figure 2 ¢).

Baicalein-attenuated bleomycin-induced pulmonary
inflammation

In one week, there was significant increase in TLC in
BALF of the BLM groups (2.20 +0.17 x 10*/ul) com-
pared to the SHAM (0.57 + 0.08 x 10°/ul) group (Figure
3a). In contrast, the BLM/BAIC/10 group (1.03
0.06 x 10%/ul) showed marked reduction in the total num-
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ber of inflammatory cells. Further, percentage of neutro-
phils in BALF was lower in the BLM/BAIC/10 group
(62.40 £ 1.96) compared to the BLM group (83.40
1.31; Figure 3 b). Moreover, mononuclear cells percen-
tage was higher in the BLM/BAIC/10 group (37.60 £
1.96) compared to the BLM group (16.60 £ 1.31; Figure
3 ¢). MPO activity was measured as an indicator of leu-
kocyte (neutrophil) accumulation. Mean MPO activity
was significantly higher in the BLM group (225.00 £
21.86 mU/ml) compared to the SHAM group (45.86
2.68 mU/ml; Figure 3 d). However, BLM/BAIC/10 group
(128.01 £ 4.29) showed significant reduction in MPO
activity indicating attenuation of the inflammatory cells
infiltration, specially neutrophils, due to bleomycin.

When compared to SHAM (68.67 £ 2.41 pg/mg), the
level of IL-6 was significantly higher in the BLM group
(125.23 £ 11.01 pg/mg), which was reduced in the
BLM/BAIC/10 group (96.24 +2.09 pg/mg; Figure 3e).
Similarly, compared to the SHAM group (49.11*
6.93 pg/mg) TNF-¢ level in the BLM group (177.65 £
13.79 pg/mg) was higher. However, the BLM/BAIC/10
group (108.92 + 10.87 pg/mg) showed reduced levels of
TNF-o (Figure 3 f).

Histopathological studies showed neutrophils and
macrophages infiltration in the alveolar areas as well as in
perivascular and peribronchiolar areas. There was fibrosis
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Figure 3. Effect of baicalein on bleomycin-induced pulmonary inflammation. a, Baicalein-attenuated pulmonary
inflammatory cells infiltration. TLC in BALF of different groups. b, Percentage of neutrophils in BALF increased signifi-
cantly in BLM groups and reduced in BLM/BAIC/10 group. ¢, Effect of baicalein on mononuclear cells infiltration in
bleomycin-induced lung injury. d, Myeloperoxidase (MPO) activity measured as an indicator of accumulation of poly-
morpho nuclear (PMN) leukocyte. Baicalein-attenuated bleomycin-induced accumulation of PMN cells. e, Baicalein-
attenuated bleomycin-induced pro-inflammatory cytokine (IL-6) production. f, Baicalein-attenuated bleomycin-induced
inflammatory cytokine (TNF-¢) production. g, SHAM group showing normal lung architecture. BLM group showing
inflammatory changes and interstitial pulmonary fibrosis. There is infiltration of inflammatory cells within the alveolar
areas. BLM/BAIC/10 shows significant alleviation of BLM-induced lung inflammation and fibrosis. (H&E, bar =
100 um). A, Ashcroft’s scoring shows higher lung injury in BLM group, which decreased in BAIC treated groups. Data

are mean * SE of six mice for each group. *P < 0.05 versus SHAM group; **P < 0.05 versus BLM group.

in the sub-pleural areas in the BLM-treated group, which
was reduced by baicalein treatment. Pulmonary morpho-
logical changes as assessed by Ashcroft’s scoring scale
showed reduction of score in the BAIC-treated group
compared to the BLM group (Figure 3 g and #).

Baicalein-attenuated bleomycin-induced oxidative
stress

Figure 4 shows lung MDA and SOD levels in different
groups. When compared to the SHAM group (1.61 %
0.02 nM MDA/g), lung MDA levels were significantly
higher in the BLM group (2.93 £0.23 nM/g), which
decreased in the BLM/BAIC/10 group (2.12 + 0.04 nM
MDA/g; Figure 4 a).

SOD activity of the BLM group (1.84 = 0.04 U) was
significantly lower compared to the SHAM group
(3.85+£0.30 U). The BLM/BAIC/0.1 (2.35+0.08U),
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BLM/BAIC/1 (2.27 £ 0.06 U) and BLM/BAIC/10 (3.49 £
0.03 U) groups showed dose-dependent increased in SOD
activity compared to the BLM group. SOD activity in the
BLM/BAIC/10 group was comparable with the SHAM
group (Figure 4 b). Thus, baicalein reversed the bleomy-
cin-induced decrease in SOD activity.

Baicalein-attenuated bleomycin-induced pulmonary
fibrosis

To determine the effect of baicalein on early pulmonary
fibrosis induced by bleomycin, TGF-£ level and HYP
assays in lung homogenates along with Masson’s trich-
rome and picro-sirius red staining were performed
(Figure 5). The TGF-f level was higher in the BLM
group (185.89 £11.49) compared to the SHAM group
(98.43 £3.76). BAIC treatment showed reduction in
TGF-f level in the lung (Figure 5a). Further, collagen
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Effect of baicalein on bleomycin-induced pulmonary fibrosis. a, Baicalein-attenuated bleomycin-induced TGF-£ production.

b, Effect of baicalein on bleomycin-induced hydroxyproline/collagen content in different groups. ¢, SHAM mice showing normal histology
with normal alveolar architecture. Mild collagen deposition (green colour) is observed in interstitial area in BLM mice. BLM/BAIC/10
shows decreased collagen deposition compared to BLM with improved lung architecture. (Masson’s trichrome stain, bar =200 um
(SHAM), 100 um (BLM)). d, Normal architecture of lung seen with normal alveoli and normal bronchioles in SHAM mice, while BLM
mice, show-decreased alveolar spaces and collagen deposition in interstitial area. BLM/BAIC/10 mice show normal alveoli with mild de-
position of collagen in interstitial spaces (picro-sirius red, bar = 100 um). Data are mean * SE of six mice for each group. *P < 0.05 versus

SHAM group; **P < 0.05 versus BLM group.

content examined by HYP assay showed slight significant
change in collagen deposition in the BLM group, which
was reduced in the BLM/BAIC/10 group (0.34 £ 0.00;
Figure 5 b).

Moreover, there was decreased fibrosis in the baicale-
in-treated groups, as observed in Masson’s trichrome and
picro-sirius red stained sections. Score of picro-sirius red
stained section in % area was higher in the BLM group
(4.23 + 1.00 um?) compared to the SHAM group (0.30 +
0.11 pm?). However, this was reduced in the BLM/
BAIC/10 group (1.24 + 0.16 um?; Figure 5 ¢ and d).
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Baicalein-restored bleomycin-induced changes in
the expression of E-cadherin and alpha-smooth
muscle actin

There was reduced expression of epithelial marker E-
cadherin in the BLM group compared to the SHAM
group (Figure 6 a and b). In the latter group E-cadherin
was expressed in the cytoplasm of the bronchial and
alveolar epithelial cells with an overall score of (4.5 £
0.22), whereas the BLM group (2.33 +0.33) showed
E-cadherin expression only at the tip of the bronchial
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Effect of baicalein on expression of E-cadherin and alpha-smooth muscle actin induced by bleomycin in lungs. a, E-cadherin is

highly expressed in the cytoplasm of the bronchial epithelial cells and alveolar epithelial cells in SHAM group (brown colour). BLM group
shows reduced E-cadherin expression at the tip of the bronchial epithelial cells. BLM/BAIC/10 group restores the expression of E-cadherin
in the epithelial cells. (IHC, bar = 50 um). b, Score of E-cadherin expression in lungs of different groups of mice. ¢, Alpha-smooth muscle
actin is normally expressed in the bronchial as well as vascular smooth muscles as observed in SHAM. However, o-SMA is expressed in
the alveolar interstitial areas in BLM mice, which is further reduced by baicalein treatment (IHC, bar = 100 um). d, Score of alpha-smooth
muscle actin expression in the lungs of different groups of mice. Data are mean = SE of six mice for each group. *P < 0.05 versus SHAM

group; **P < 0.05 versus BLM group.

epithelial cells. However, BAIC treatment restored E-
cadherin expression in the epithelial cells (3.5 £0.22).
Alpha-smooth muscle actin (@-SMA) was normally
expressed in the bronchial as well as vascular smooth
muscles as observed in SHAM mice (1.83 £0.16). How-
ever, -SMA was expressed in the alveolar interstitial
arcas in BLM mice (3.16 £0.16), which was further
reduced by baicalein treatment (2.16 £ 0.16; Figure 6 ¢
and d).

Baicalein-restored bleomycin-induced
ultrastructural changes

TEM was performed to determine the ultra-morphologi-
cal changes in bronchial and alveolar epithelial cells. As
shown in Figure 7, BLM mice displayed features of cellu-
lar injury, where alveolar epithelial cells showed degene-
ration and apoptotic changes of the nucleus, and swollen
mitochondrial cristac. There was aggregation of platelets
in the blood vessels of the alveolar areas. Injury of bron-
chial epithelial cells with loss of mitochondria leading to
vacuolation was observed in the BLM group, which was
ameliorated in the BLM/BAIC/10 mg group having intact
mitochondria with fine cristae. These changes were
restored by treatment with baicalein.

Discussion

In ALI, the main pathological features include early
inflammatory injury followed by fibrosis. In the patho-
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physiology of ALI, inflammation plays an important role;
but if uncontrolled leads to excessive tissue injury, chron-
ic inflammation and fibrosis®. Single intratracheal injec-
tion has been used as a model for both ALI and
pulmonary fibrosis since there are two phases of lung in-
jury induced by bleomycin in animal models — acute
phase of inflammatory pulmonary injury®' and chronic
phases of chronic lung injury (pulmonary fibrosis)*.

Baicalein is a bioflavonoid with many pharmacological
effects” due to its capacity to scavenge the reactive oxy-
gen species (ROS) and improve the status of antioxidants
by attenuation of NF-&B activity and suppressing the ex-
pression of numerous inflammatory cytokines™. Al-
though there are studies on the therapeutic use of BAIC
against BLM-induced pulmonary fibrosis, these mainly
focus on the later stage (pulmonary fibrosis) occurring at
28 days study'""'2. Further, the efficacy of BAIC against
BLM-induced ALI, especially its effect on EMT status in
the initial stage of lung injury is still unknown. In many
organs, including the lung, EMT is involved in pathoge-
nesis of fibrosis'. Further, in the pathogenesis of bleomy-
cin-induced lung injury, early lungs inflammation and
EMT play important roles®**. Acute lung inflammation is
always followed by EMT, deposition of collagen and
lung fibrosis®. Thus, the present study was aimed to
examine whether BAIC treatment could ameliorate BLM-
induced ALI and the subsequent early stage of EMT in a
one-week study. BAIC treatment showed amelioration of
BLM-induced ALI and early fibrosis.

A significant decrease in haemoglobin level observed
in the BLM group may contribute to the decrease in the

CURRENT SCIENCE, VOL. 119, NO. 6, 25 SEPTEMBER 2020
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Figure 7. Representative ultrastructural photomicrographs showing alveolar epithelial cells from different groups of mice. Transmission electron
microscopic (TEM) studies show normal nucleus in the alveolar epithelial cells in SHAM. In the BLM group, apoptotic type-2 pneumocyte/alveolar
epithelial cells show mitochondrial swelling along with mild mitochondrial and nuclear degeneration. There is also platelet aggregation.
BLM/BAIC/10 shows restoration of injury to alveolar epithelial cells with improvement in the mitochondrial damage, with fine cristae in the mito-
chondria (n, nucleus; aec, alveolar epithelial cells; rbc, red blood cell; p, platelet and m, mitochondria; TEM, bar = 2 um).

level of oxygen as observed mostly in ALI. It has been
reported that hypoxia may promote pulmonary inflamma-
tory changes and proliferation of fibroblasts’. In the
present study, increase in W/D lung weight ratio and
protein concentration in BALF of BLM mice might be
due to increased lung capillary permeability resulting in
an increase in transvascular fluid and protein flux into the
interstitium of the lungs®’. Baicalein treatment not only
decreased the W/D lung weight but also decreased the
protein concentration in BALF, indicating its protective
nature against acute inflammation resulting in pulmonary
oedema. BAIC has been reported to markedly attenuate
LPS-induced lung oedema in rats®.

Further, TLC was higher in BALF and differential cell
count showed a major increase in the percentage of
neutrophils, while the percentage of mononuclear cells
was significantly lower in BLM mice. Infiltration of
neutrophils into the lungs is an important constituent of
the inflammatory reaction in the initial phase of injury, as
neutrophils are the first line of defence®. It is recognized
that neutrophils accumulation in the lungs is strongly
associated with the grave prognosis in septic ALI, and the
symptoms of ALI can be prevented is the neutrophil infil-
tration is inhibited or reduced™.

In addition, alveolar inflammatory cells have been con-
sidered as a main source of pro-inflammatory cytokines
and chemokines release, helping in the accumulation of
neutrophils within the tissues, as well as formation of
ROS?'. Thus, the inflammatory mediators derived from
immune cells play an important role in the pathogenesis
of ALI*?. The present study showed that BAIC signifi-
cantly reversed the above BLM-induced alterations as
depicted by a marked decrease in the number of neutro-
phils and increase in mononuclear cells in BALF and
concomitant decrease in lung MPO activity, a marker of

CURRENT SCIENCE, VOL. 119, NO. 6, 25 SEPTEMBER 2020

neutrophils accumulation. This might be due to the fact
that BAIC inhibited NF-&B activation by augmenting the
nuclear factor-erythroid 2-related factor 2/heme oxyge-
nase-1 (Nrf2/HO-1) cascade®®. Importantly, the increased
amount of IL-6 and TNF-« in BALF of the BLM group
was inhibited by BAIC. These findings suggest that the
ameliorative effect of BAIC in ALI may be partially ac-
credited to the subdued sequestration and infiltration of
inflammatory cells into the lungs, which in turn atte-
nuated the release of pro-inflammatory cytokine.

Bleomycin binds to iron (Fe’") which is involved in re-
dox cycling and catalyses the formation of ROS. During
pulmonary fibrosis, ROS target DNA, protein and lipids
which ultimately leads to lipid peroxidation®. BAIC has
an iron or metal chelating activity®* and this may be the
reason for the decrease in LPO production in the BAIC
group as observed in the present study. SOD, a ubiquit-
ous enzyme, protects the cells from detrimental superox-
ide anion by the process of superoxide dismutation into
oxygen and hydroperoxides®®. A notable decline in SOD
activity was observed in the BLM group, which might be
due to increased LPO and ROS overproduction®®. SOD
activity was retained to near control animal values upon
baicalein treatment. This may be due to the direct action
of BAIC on the superoxide radical combined with its
capacity to reduce LPO, which in turn decreases produc-
tion of ROS and oxidative stress during BLM-induced
ALL

Histopathologically, infiltration of PMN in the intersti-
tial area as well the alveolar area, increased alveolar
macrophages and deposition of mild fibrin in the intersti-
tial tissues of the BLM group were restored by BAIC that
apparently lowered the degree of alveolar inflammation
and fibrosis of the lung. Furthermore, anti-fibrotic effect
of BAIC in BLM-induced ALI was observed in the
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Figure 8. Schematic diagram showing that baicalein ameliorates bleomycin-induced acute lung injury
with attenuation of inflammation, oxidative stress and pulmonary fibrosis through reduction of Epithelial-

Mesenchymal Transition.

present study with decrease in the deposition of collagen
in the lungs. In ALI, epithelial injury is one of the main
pathogenic mechanisms which initiates remodelling of
the lungs by inducing various growth factors such as
TGF-4, a potent fibrogenic cytokine. TGF-£ is increased
after bleomycin administration in the epithelial cells,
endothelial cells, alveolar macrophages and interstitial
fibroblasts, and thereby initiates inflammatory response,
apoptosis of epithelial cell and proliferation of fibroblast
along with collagen deposition and EMT?" It has been
postulated that the initial TGF-£ activation is due to the
initial inflammatory response and generation of ROS™.
Baicalein has anti-fibrotic properties in in vitro studies™.
The decreased collagen deposition in interstitial regions
in the BAIC group may be due to inhibition of increased
TGF-f1 expression and p-Smad-2/3 in bleomycin-treated
mice by BAIC'.

EMT is a phenomenon where a polarized epithelial cell
undergoes multiple biochemical changes and trans-
differentiates into a mesenchymal cell phenotype or
fibroblast-like cells with increased production of ECM
components***!. E-cadherin, a cell-adhesion molecule
normally expressed by epithelial cells, is repressed during
EMT. During EMT, these epithelial cells leave the
epithelial layer and travel through the lining basement
membrane followed by accumulation in the tissue inters-
titium, where they eventually lose the epithelial markers
and gain a mesenchymal phenotype®. In this study, the
expression of E-cadherin was suppressed in BLM mice,
which was restored with baicalein treatment. Further,
BLM mice showed increased TGF-f with decreased ex-
pression of E-cadherin. This may be due to the fact that
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TGF-f represses E-cadherin production in epithelial
cells®.

Further, o~SMA, a contractile protein and actin
isoform, which is expressed mainly in the blood vessels
of smooth-muscle cells plays an important role in fibro-
genesis*. In the present study, besides vascular and bron-
chiolar smooth muscles, &-SMA was expressed in the
alveolar interstitial areas in BLM mice, which was res-
tored with baicalein treatment. Alpha-SMA-positive myo-
fibroblasts have been demonstrated in type-2 EMT, which
is linked with tissue regeneration and organ fibrosis®.
This occurs due to destabilizing interactions between
epithelial cells and/or cell to extracellular membrane®.
Further, a stressed and injured epithelium can produce
myofibroblasts and thereby contribute to fibrogenesis®’.
This indicates that EMT started in the early stage of lung
injury induced by bleomycin.

Ultrastructural studies of BLM-treated lungs showed
injured and apoptotic alveolar epithelial cells which was
restored with baicalein treatment. There was platelet
aggregation in the lungs of the BLM group. This
may play an important role in the pathogenesis of ALI
through recruitment of neutrophils and vascular permea-
bility regulation in the lungs*. Baicalein treatment
was associated with the restoration of mitochondrial
functions with mitochondrial ultrastructural changes in
bronchial epithelia, either due to inhibition of 15-LOX or
indirectly through reduction of lipid peroxidation®. Bai-
calein may limit apoptosis, probably by prevention of
both pathways of apoptosis along with TNF-¢ production
and modulation of pro- and anti-apoptotic signalling ele-
ments®.
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Conclusion

In conclusion, baicalein attenuated BLM-induced ALI
through suppression of oxidative stress, inflammation,
structural damages and EMT, especially during the early
stage of injury (Figure 8). This study provides additional
knowledge on the ameliorative effect of baicalein during
the initial stage of lung injury where EMT starts. This
may help in the treatment or management of clinical ALI-
associated early fibrosis.
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