Amelioration of bleomycin induced pulmonary
fibrosis by administration of Salvianolic acid B in mice

Gulzar Begum’, Nittin Dev Singh™, Geeta Devi Leishangthem? and Harmanjit Singh Banga'

'Department of Veterinary Pathology, College of Veterinary Science,

Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, Punjab-141004, India.

2Animal Disease Research Centre, College of Veterinary Science,

Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, Punjab-141004, India.

“Corresponding author at: Department of Veterinary Pathology,

College of Veterinary Science, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, Punjab-141004, India.

E-mail: drndsingh@gmail.com.

Veterinaria Italiana 2021, 58 (1), 87-101. doi: 10.12834/Vetlt.1703.9039.2
Accepted: 31.08.2021 | Available on line: 16.11.2021

Keywords

Bleomycin,
Epithelial-mesenchymal
transition,

Mice model,
Pulmonary fibrosis,
Salvianolic acid B.

Summary

Pulmonary fibrosis is the end-stage manifestation of wide range of respiratory diseases
and during pulmonary fibrosis, pulmonary inflammation and epithelial-mesenchymal
transition (EMT) play important roles. Salvianolic acid B (SAB) from the herb Salviae
miltiorrhiza has been reported to possess an excellent anti-inflammatory, antifibrotic and
antioxidant activity. The present study aimed to investigate the ameliorative effect of SAB
on bleomycin induced pulmonary fibrosis in mice. Adult albino mice were divided as SHAM/
control group (saline alone), BLM group (bleomycin @ 1mg/kg intratracheally once) and
SAB groups (BLM challenged once and SAB administration in three dosages @ 5, 10 and 15
mg/kg intraperitoneally daily for 30 days). Lungs wet/dry ratio and protein concentration in
bronchoalveolar lavage fluid, MPO activity, oxidative stress markers, hydroxyproline assay,
levels of inflammatory cytokines (TNF-q, IL-6 and TGF-B1), NF-kB activity, histopathology,
immunostaining (E-cadherin, vimentin and alpha -smooth muscle actin) and ultrastructural
changes were studied. SAB showed anti-inflammatory and anti-fibrotic effects through
inhibition of inflammatory cell infiltration, alveolar structure disruption, and collagen
deposition and the expression of several fibrogenic cytokines. SAB also up-regulate
E-cadherin and down-regulated vimentin and alpha-smooth muscle actin expression. In
conclusion, Salvianolic acid B is effective in alleviating the BLM induced lung fibrosis through
suppression of oxidative stress, inflammation, histological, ultrastructural changes and EMT.

Introduction

process has been associated with lung fibrosis
by acquiring the phenotype of myofibroblasts

Pulmonary fibrosis, the end-stage manifestation
of a wide range of respiratory diseases, is
characterized by alveolar epithelial injury, initiation
of inflammatory cascades, exaggerated profibrotic
cytokine  expression, increased extracellular
matrix (ECM) deposition in the interstitium and
parenchyma, which in the end lead to fibrotic
lesion formation, respiratory failure and swift death.
Epithelial-mesenchymal transition (EMT) which is a
process in which epithelial cells gradually acquire a
mesenchymal (fibroblast-like) cell phenotype, has
been shown to play a pivot role in pulmonary fibrosis
where cells like resident pulmonary fibroblasts or
blood-borne fibrocytes, alveolar epithelial cells
(AECs) undergo transdifferentiation and turn into
myofibroblasts (Willis and Borok 2007). The EMT

differentiated from epithelial cells (Chen et al. 2015).

Furthermore, pulmonary fibrosis denotes a major
challenge and there are no effective cures for fibrosis,
emphasizing that the lack of effective treatment
signifies an unmet clinical need (Rosenbloom et al.
2017). It has been stated that the future therapeutic
approach may focus on improvement in regeneration
of alveolar epithelial cells (Rafii et al. 2013) and
reversal of the process of EMT (Kagalwalla et al. 2012).
Bleomycin (BLM) is an antibiotic agent isolated from
the fungus Streptomyces verticillus and has been
used as anti-cancer drug but it can cause, as side
effect, lung toxicity leading to pulmonary fibrosis.
BLM has been widely used in animals model (mice,
rats and hamster) to study the mechanisms involved
in fibrogenesis and to evaluate potential therapies

87




Salvianolic acid B attenuated bleomycin induced pulmonary fibrosis

88

(Moeller et al. 2008). The standard and most common
route of administration is the single intratracheal
instillation of BLM which produces lung injury and
resultant fibrosis in rodents (Borzone et al. 2001).

Salvianolic acid B (SAB), water-soluble polyphenolic
compoundextractedfromdriedrootsofaherb Salviae
miltiorrhiza, is widely used in traditional Chinese
medicine, often in combination with other herbs,
to treat a diversity of ailments like cardio-vascular
disease, hyperlipidemia and cerebro-vascular disease
throughout the world (Cheng et al. 2007).

Few studiesareavailable onattenuation of bleomycin
induced pulmonary fibrosis using Salvianolic acid B
(Liu et al. 2016). Therefore, the present study aimed
to investigate the ameliorative effect of SAB on
bleomycin-induced pulmonary fibrosis in mice.

Materials and methods

Animals and treatments

The study protocol was approved by the
Institutional Animal Ethics Committee (IAEC) of
Guru Angad Dev Veterinary and Animal Sciences
University (GADVASU), Ludhiana. Male albino mice
(n = 30, 4-6 weeks of age), were obtained from
Disease free small animal house, Central Research
Institute, Kasauli, Himachal Pradesh and housed
in the small animal house of Gadvasu. After the
acclimatization period of 7 days, the animals were
weighed again and, 30 mice were randomly divided
into five experimental groups (6 animals each) and
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named as per the challenge and treatment: SHAM/
PBS (saline-only/control group), BLM (bleomycin @
1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic
acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/
salvianolic acid B @ 10mg/kg) and BLM/SAB/15
(bleomycin/salvianolic acid B @ 15 mg/kg). Mice
received a single intratracheal instillation of saline
containing bleomycin sulfate @ 1 mg/kg bw (Sigma,
USA) in a volume of 50 pl in all groups, except
vehicle group. Salvianolic acid B (Sigma, USA) in
three different dosages (5, 10 and 15 mg/kg) was
given intraperitoneally daily for 1 month. All the
mice were sacrificed after 1 month by ketamine and
xylazine overdose (Figure TA).

Collection of bronchoalveolar lavage
fluid (BALF)

Bronchoalveolar lavage was performed through
a tracheal cannula attached to 1 ml syringe with
0.5 mL of PBS in each animal from the left lung.
Bronchoalveolar lavage fluid was processed to get
cell pellets and supernatants as described earlier
(Mabalirajan et al. 2010). Total cell and differential
counts were performed with resultant cell pellets
using a haemocytometerand staining with Leishman
stain. BALF supernatant was collected and stored
at - 80 °C for estimation of protein concentration,
TNF-a and IL-6.

Wet to dry lung weight ratio

After sacrificing the animals, similar lobe of right
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Figure 1. A. Schematic diagram representing the challenge and treatment given to the mice. B, C. Effect of Salvianolic acid B on bleomycin induced
pulmonary edema and micro-vascular permeability. The wet dry (W/D) lung weight ratio was calculated as an indicator of pulmonary edema. Total
protein concentration in bronchoalveolar lavage fluid (BALF) was estimated as a measure of vascular permeability. The data are mean + SE of six
mice for each group. P < 0.05 vs. SHAM group; “'P < 0.05 vs. BLM group. Groups: SHAM/PBS (saline_only/control group), BLM (bleomycin @ 1
mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5Smg/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg) and BLM/SAB/15

(bleomycin/salvianolic acid B @ 15 mg/kg).
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lung from each animal was taken and weighed
immediately after its excision (wet weight). Then
they were dried at 60 °C for 72 h, and weighed again.
The wet dry (W/D) lung weight ratio was calculated
as an indicator of pulmonary edema.

Estimation of protein in
bronchoalveolar lavage fluid

Protein was estimated in BALF using commercially
available BCA Protein Assay Kit (Thermo Scientific,
USA) following the manufacturers protocol.

Histopathological studies

After BALF collection, lungs tissue samples
were removed and fixed in10% neutral buffered
formalin. They were further routinely processed
and embedded in paraffin. Five-um thick sections
were stained with hematoxylin and eosin, Masson
Trichrome and Picro-sirius red stainings for
assessing the inflammation and fibrosis. The slides
were viewed and photomicrographs were taken by
microscope attached with camera (BX 61, Olympus
Corporation and Japan). Lung injury assessment
was performed by experimentally blind experts
and graded semi-quantitatively using modified
Ashcroft's scoring method (Hlbner et al. 2008) with
a score range of 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 hour followed by washing
with acidified water (0.5% glacial acetic acid),
dehydration and mounting with DPX. Collagen was
red in colour while non-collagen components were
orange. The images were analyzed using Image J
(Fiji) software (http://fiji.sc). The intensity of the
Masson Trichrome and picrosirius red positive area
was expressed as percentage area (um?).

Estimation of lipid peroxidation and
nitric oxide in lung homogenates

The lung (10 mg) were homogenised in 1 ml of
ice-cold phosphate buffered saline (pH 7.4), using
a tissue homogenizer with a teflon pestle at 4 °C.
The resultant tissue homogenate was used for
measurements of lipid peroxidation (LPO) and nitric
oxide (NO) activity. LPO was determined in terms
of malondialdehyde (MDA) production, by the
thiobarbituric acid (TBA) method as described by
Shafiqur-Rehman (Shafiqur-Rehman 1984). As an
indicator of NO production, the nitrite concentration
in lung homogenates of sacrificed animals was
measured by using the Griess reagent. The amount
of NO was expressed as nM/mg of protein formed
per gram of wet tissue.
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Estimation of myeloperoxidase (MPO)
activity

Myeloperoxidase (MPO) activity was measured
in lung homogenates using Myeloperoxidase
Colorimetric Activity Assay Kit (SIGMA ALDRICH,
St. Louis, USA) as per the manufacturer’s instruction.

Estimation of cytokines by ELISA

Interleukin-6 (IL-6) and tumor necrosis factor-a
(TNF-0) in BALF and transforming growth factor-§
in lung homogenates were estimated using Mouse
IL-6, Mouse TNF-a (KrishgenBiosystem), and Mouse
Transforming Growth Factor-f (TGF-B) ELISA kits
(YH Bioresearch Laboratory, China) as per the
manufacturer instructions.

Estimation of transcription factor
(NF-kB) by ELISA

Nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) activity was measured
in lung homogenates using Mouse NF-kB ELISA
kit (Shanghai Yehua Biological Technology co.
Ltd. Shanghai, China) as per the manufacturer’s
instruction.

Assay of hydroxyproline

The collagen content in the lung homogenates was
examined by a hydroxyproline assay. Briefly, 100 pl
of lung homogenate were hydrolyzed with equal
amount of concentrated HCl in a pressure-tight,
teflon capped vial at 120 °C for 3 hours followed
clarification with activated charcoal. Ten pl of each
hydrolyzed sample were transferred to a 96-well
plate and evaporate to dryness under vacuum.
Hydroxyproline standard (1 mg/ml) was used to
prepare the standard curve. Chloramine T reagent
(100 ul) was added to each sample and standard
well. After 5 min incubation at room temperature,
DMAB reagent (100 pl) was added to each well and
the plate was incubated for 90 min at 60 °C. The
absorbance of each sample was read at 560 nm
using a microplate reader.

Immunohistochemistry (IHC)

Immunohistochemical analysis for epithelial
(E-cadherin) and mesenchymal markers (vimentin
and a-smooth muscle actin) was performed (Singh
et al. 2013). Briefly, 5-um paraffin sections on
poly-L-lysine coated slides were rehydrated. After
heat induced antigen retrieval and endogenous
peroxidase blocking, the slides were incubated with
primary antibodies to mouse monoclonal a-smooth
muscle actin (Abcam, UK), Vimentin (Abcam, UK), and
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to rabbit polyclonal E-cadherin (Gentex, USA). After
incubation with secondary antibody (ABC, Universal,
Vector), colour developed using diaminobenzidine
(DAB) substrate and counterstained  with
haematoxylin. In negative control, tissue section
was processed without application of primary
antibody. Semi-quantitative immunohistochemical
analysis was performed using scoring pattern as
per Lomas and colleagues (Lomas et al. 2012) with a
score range of 0-5 where 0 [0 Positives staining cells
(%), no expression], 1 (< 1%, Negligible expression),
2 (1 to 10%, Scanty expression), 3 (10 to 33%,
Low-moderate expression), 4 (33 to 66%, Moderate
expression) and 5 (> 66%, Extensive expression).

Real-time PCR analyses of E-cadherin,
a-smooth muscle actin and vimentin
mRNA levels

For real-time PCR estimation of E-cadherin, a-smooth
muscle actin and vimentin, lung tissues were
preserved in RNA later (Qiagen) and immediately
frozen at - 20 °C. RNA was extracted from these
tissues using RNeasy mini kit (Qiagen, Germany)
and cDNA was synthesised using Quantitect reverse
transcription cDNA kit (Qiagen, Germany) as per the
manufacturer’s protocol. Real time PCR analyses of
E-cadherin, a-smooth muscle actin and vimentin
MRNA levels were done using primers specific for
E-cadherin (forward: 5'-AAT GGC GGC AAT GCA ATC
CCA AGA-3" and reverse: 5'-TGC CAC AGA CCG ATT
GTG GAG ATA-3'); a-smooth muscle actin (forward:
5-GGC TCT GGG CTC TGT AAG G-3' and reverse:
5-CTC TTG CTC TGG GCT TCA TC-3') and vimentin
(forward: 5-GAG AAC TTT GCC GTT GAA GC-3' and
reverse: 5-GCTTCCTGT AGG TGG CAATC-3'). GAPDH
gene (forward 5-CTG CAC CAC CAA CTG CTT AG-3’
and reverse 5-CCA GGA AAT GAG CTT GAC AAA-3")
was taken as housekeeping gene for normalizing the
expression data. Quantitative PCRwas doneina 10 pl
reaction volume using a CFX C1000 real-time thermal
cycler (Bio-Rad) with the SYBR green master mix
(Qiagen) under the following amplification protocol:
95 °C for 6 min followed by 40 cycles of 95 °C for 20
seconds, 55 °C for 30 seconds and 72 for 20 seconds,
followed by a melt curve analysis. A non template
control (NTC) was run with every assay, and all
determinations were performed at least in duplicates
to achieve reproducibility. Results were analyzed with
BioRAD Software and the relative quantitation was
achieved by applying the comparative CT method.
Average CT values were calculated from these
replicates in each experimental condition. Relative
quantification was carried out using the comparative
CT (AACT) method. The relative fold change in the
expression of a particular gene, as reflected in DNA
level, between the different groups was calculated
as ACT = CT target gene - CT endogenous control
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and AACT = ACT test-ACT control. The amount of
target, normalized to an endogenous reference
and relative to a calibrator, is given by the formula:
Fold change = 2 -AACT.

Ultrastructural examination of lung
tissues

After animals were sacrificed, lung tissues were
removed, dissected at size of 1T mm? and fixed
in Karnovsky’s fixative for 6 hours at 4 °C. The
tissues were processed for transmission electron
microscopy as described earlier (Leishangthem et al.
2013). After several washing, the T mm? lung tissues
were post fixed in 1% osmium tetraoxide for 1 hour
at 4 °C followed by dehydrated at various grade
of acetone (30-100% acetone) at 4 °C and clearing
with 2 changes of toluene at room temperature and
further processed and embedded in pure epoxy
resin to make blocks. Ultrathin sections (70 nm)
were mounted on the copper grid of 300 meshes
size and stained with uranyl acetate and lead
citrate. The sections were visualized with Tecnai
200 Kv transmission electron microscope (Tecnai,
Fei Electron Optics) at All India Institute of Medical
Science, New Delhi, India.

Statistical methods

Data generated from various experiments were
presented as Mean + SE. All the grouped data
were evaluated using SPSS/10.0 software. One-way
analysis of variance (ANOVA) was used to detect
differences among groups and the means were
compared by Dunnett’s post hoc test and a value of
P < 0.05 was taken as significant.

Results

Pulmonary oedema and micro-vascular
permeability

In the present study, the mean W/D lung weight
ratio of BLM group (6.28 + 0.65) showed significant
(p < 0.05) increased in W/D mean lung weight ratio
in comparison to the SHAM group (4.89 + 0.46). BLM/
SAB/15 group (3.74 + 0.5) instead showed significant
decreased in the W/D lung weight ratio as compared
to that of BLM group. Moreover, mean W/D ratios of
SHAM and BLM/SAB/15 did not differ significantly,
indicating that SAB @ 15 mg/kg attenuated
bleomycin induced lung oedema (Figure 1B).

Total protein concentration in BALF was estimated
as a measure of vascular permeability. The
mean total protein concentration in BALF of
BLM (1,251.25 + 137.60 pg/ml) was significantly
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Figure 2. Effect of Salvianolic acid B on bleomycin induced pulmonary inflammatory cells infiltration. A. Total leukocytes count (TLC) in bronchoalveolar
lavage fluid (BALF) of BLM group was increased significantly which were reduced in BLM/SAB/15. B, C. The cells were mainly of neutrophils followed
by mononuclear cells. D. Myeloperoxidase (MPO) activity was measured as an indicator of polymorphonuclear leukocyte accumulation. The data

are mean =+ SE of six mice for each group. "P < 0.05 vs. SHAM group; P < 0.05 vs. BLM group. Groups: SHAM/PBS (saline_only/control group),

BLM (bleomycin @ 1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg)

and BLM/SAB/15 (bleomycin/salvianolic acid B @ 15 mg/kg).

(p < 0.05) higher as compared to that of SHAM
(573.42 + 446 pg/ml). However, BLM/SAB/15
(806.3 + 22.02 pg/ml) showed significant reduction
in total protein concentration as compared to that of
BLM group (Figure 1C).

Pulmonary inflammatory cell infiltration

In the present study inflammatory cell infiltration
in bleomycin induced lung injury was assessed by
analysis of total leucocyte count (TLC) and differential
leucocyte count (DLC) in BALF and by estimation of
MPO activity in lung homogenates (Figure 2). There
was a massive surge in the mean TLC in BALF of
BLM (10.25 + 0.32 x 10°%/pl) group as compared to
SHAM (0.57 £ 0.08 x 10%/pl). In contrast, TLC of BLM/
SAB/15 group (7.15 + 0.24 x 10%/ul) showed marked
reduction in the total numbers of inflammatory cells
(Figure 2A). There was no significant difference in
BLM/SAB/5 (10.1 + 0.27 x 10%/ul) and BLM/SAB/10
(9.67 = 0.37 x 10%/pl) groups. Furthermore, there
was decrease in the absolute count of neutrophils
mononuclear cell in SAB treated group @ 15 mg/kg
as compared to BLM group.

The mean values of MPO activity in lung
homogenates were significantly higher in BLM
group (242.19 £ 8.49 mU/ml) as compared to SHAM
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(75.15 = 5.54 mU/ml). However, BLM/SAB/15 group
(160.58 + 12.64mU/ml) showed significant reduction
in the MPO activity as compared to BLM group.

Level of NF-kB activity

In BLM group, the NF-kB activity level in lung
homogenates was increased to 7.74 + 0.4 ng/ml
as compared to SHAM group (4.3 = 0.52 ng/ml).
But this decreased significantly in BLM/SAB/15
(5.52 £ 0.16 ng/ml) (Figure 3).

Inflammatory cytokine production

The proinflammatory cytokines TNF-a and IL-6
were estimated in BALF (Figure 4). There was a
massive increase in the level of TNF-a in BLM when
compared to SHAM group. Conversely, the level
was significantly lower in BLM/SAB/15 group as
compared to BLM group. Further, there was also
significant increase in the level of IL-6 in BLM group
compared to SHAM. Dose dependent reduction in
IL-6 level was also seen in BLM/SAB/15 group.

Oxidative stress
The malondialdehyde levels (nM MDA/g) were
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Figure 3. Effect of Salvianolic acid B on bleomycin induced nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-kB) level

in bronchoalveolar lavage fluid (BALF) of different groups of mice.
Salvianolic acid B attenuated bleomycin induced transcription activity.
The data are mean = SE of six mice for each group. P < 0.05 vs. SHAM
group; “'P < 0.05 vs. BLM group. Groups: SHAM/PBS (saline_only/
control group), BLM (bleomycin @ 1 mg/kg group), BLM/SAB/5
(bleomycin/salvianolic acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/
salvianolic acid B @ 10mg/kg) and BLM/SAB/15 (bleomycin/
salvianolic acid B @ 15 mg/kg).
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estimated as an indicator of lipid peroxidation.
The lung MDA level of BLM group was raised to
3.19 £ 0.50 nM MDA/g in comparison to control
group. BLM/SAB/15 group showed decreased in
MDA level (1.96 + 0.08 nM MDA/g) as compared to
that of BLM group (Figure 5A). Further, nitric oxide
activity was significantly increased in BLM group
(1538 + 0.3 nM/mg of protein) as compared to
SHAM (7.48 = 0.24 nM/mg). However, there was
significant decrease in NO activity in BLM/SAB/15
group (10.42 + 0.47 nM/mg) as compared to that of
BLM group (Figure 5B).

Histopathological changes

Histopathological examination of the lung section
showed infiltration of the inflammatory cells
(mononuclear cells and neutrophils) in alveolar,
perivascular and peribronchiolar areas along with
fibrosis and collagen deposition indicating chronic

(nM/g)
— N
Eal A S IV, |

Lipid peroxidation/MDA >
o
w

o
I

S\)‘P\\\‘\ q,\ \'\6

“\\SP‘ N\\r,h% %\/ \5P~

1I|Il

B
2 e :
3 .9
-53.3147
TR L 12 #
5:9.10,
2 U
v 3O 8
e} [=)]
X EE 6
° ~
L2 4
£ = 2
H 0.
) W \© O A5
A SN T C A
AT T o

Figure 4. Effect of Salvianolic acid B on bleomycin induced oxidative/nitrosative stress. Salvianolic acid B attenuated bleomycin induced oxidative
stress by lowering the lipid peroxidation and nitric oxide level which was increased in BLM groups. The data are mean = SE of six mice for each group.
“P <0.05 vs. SHAM group; “P < 0.05 vs. BLM group. Groups: SHAM/PBS (saline_only/control group), BLM (bleomycin @ 1 mg/kg group), BLM/
SAB/5 (bleomycin/salvianolic acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg) and BLM/SAB/15 (bleomycin/salvianolic

acid B @ 15 mg/kg).
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Figure 5. Effect of Salvianolic acid B on bleomycin induced proinflammatory cytokines production. Salvianolic acid B attenuated bleomycin induced
inflammatory cytokine (TNF- a and IL-6) production. The data are mean + SE of six mice for each group. P < 0.05 vs. SHAM group; “P < 0.05 vs.
BLM group. Groups: SHAM/PBS (saline_only/control group), BLM (bleomycin @ 1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5mg/
kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg) and BLM/SAB/15 (bleomycin/salvianolic acid B @ 15 mg/kg).
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inflammation in BLM mice as compared to SHAM attenuate collagen deposition in lungs (Figure 7B).
mice which showed normal architecture of lungs Moreover, by Masson's trichrome (Figure 8A-8D)
with bronchioles and alveoli (Figure 6A-6B). The and Picro-sirius red (Figure 9A-9D) staining, there
pathological changes significantly improved in BLM/ was decreased fibrosis in SAB treated groups. Score
SAB/15 group when compared to BLM (Figure 6C). of Masson’s trichrome and picrosirius red stained
Assessment of pulmonary morphological changes by section in % area was higher in BLM as compared to
Ashcroft's scoring scale showed reduced score in SAB that of SHAM group. But was reduced in BLM/SAB/15
treated groups as compared to BLM group (Figure 6D). group (Figure 8D and 9D). The decrease was more

pronounced in BLM/SAB/15 group suggesting the
. anti-fibrotic role of SAB in dose dependent manner.

Pulmonary fibrosis
In the present study, the TGF-f3 levels in BLM

group significantly increased (600.28 + 62.98 pg/ Changes in the expression of EMT markers

mgq) as compared to SHAM (111.87 £ 7.43 pg/mgq). In the present study, immunohistochemical studies
SAB treated groups showed significant reduction were done using primary antibodies against
in TGF-B1 levels. The maximum reduction was epithelial (E-cadherin) and mesenchymal (vimentin

observed in BLM/SAB/15 group (335.34 + 31.55 pg/ and a-smooth muscle actin) markers. In BLM group,
mg) as compared to BLM group (Figure 7A). the expression of E-cadherin was reduced. SHAM
Further, lung collagen levels were determined group showed expression of E-cadherin in the
by hydroxyproline assay in lung homogenates. cytoplasm of the bronchial and alveolar epithelial
BLM group showed significantly higher level of cells with overall score of 4.41 + 0.07, BLM group
hydroxyproline as compared to SHAM (0.3 + 0.01 pg/ instead expressed E-cadherin (2.27 £ 0.08) mainly on
mg). The level significantly decreased in BLM/ the tip of bronchial epithelial cells (Figure 10A-10B).
SAB/15 groups. Hence, this signifies that SAB could SAB treatment was able to restore the expression of
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Figure 6. Representative photomicrograph showing histopathological features of lungs in different groups. A. SHAM group showed normal lung
architecture. B. There was infiltration of inflammatory cells within the alveolar areas. C. Histopathological features of lungs in BLM/SAB/15 showed
significant alleviation of BLM induced lung inflammation and fibrosis. (H&E, bar =200 pm) D. Ashcroft’s scoring for assessment of histological
changes of different groups of mice. Lung injury was higher in BLM group which was decreased in SAB treated groups. The data are mean + SE of
six mice for each group. P < 0.05 vs. SHAM group; “P < 0.05 vs. BLM group. Groups: SHAM/PBS (saline_only/control group), BLM (bleomycin @

1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg) and BLM/SAB/15
(bleomycin/salvianolic acid B @ 15 mg/kg).
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E-cadherin (3.33 = 0.04) in bronchial and alveolar as vascular smooth muscles as observed in SHAM
epithelial cells (Figure 10C). mice (1.36 + 0.05). Conversely, in the BLM group
a-SMA is normally expressed in the bronchial as well (3.8+0.1),therewasanincreasedimmunolocalization
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Figure 7. Effect of Salvionalic acid B on bleomycin induced Transforming Growth Factor-B (TGF B) levels and hydroxyproline content in lung homogenates
of different groups of mice. Salvionalic acid B attenuated bleomycin induced TGF- § production. The collagen content in the lung homogenates was
examined by a hydroxyproline assay. The data are mean + SE of six mice for each group. P < 0.05 vs. SHAM group; “P < 0.05 vs. BLM group. Groups:
SHAM/PBS (saline_only/control group), BLM (bleomycin @ 1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5mg/kg), BLM/SAB/10
(bleomycin/ salvianolic acid B @ 10mg/kg) and BLM/SAB/15 (bleomycin/salvianolic acid B @ 15 mg/kg).

Score of Masson’s Trichrome
(Percentage area)

Figure 8. Representative photomicrograph of Masson’s Trichrome stained lung section. A. SHAM mice showed normal histology with normal alveolar
architecture (bar = 200 pm). B. BLM mice showing collagen deposition (blue colour) in interstitial area (bar = 200 pm). C. BLM/SAB/15 showed
decreased collagen deposition as compared to BLM with improved lung architecture (Masson'’s trichrome stain, bar = 100 pm). D. Masson’s Trichrome
score was higher in BLM group which was decreased in SAB treated groups. The data are mean =+ SE of six mice for each group. P < 0.05 vs. SHAM
group; "'P < 0.05 vs. BLM group. Groups: SHAM/PBS (saline_only/control group), BLM (bleomycin @ 1 mg/kg group), BLM/SAB/5 (bleomycin/
salvianolic acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg) and BLM/SAB/15 (bleomycin/salvianolic acid B @ 15 mg/kg).
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of a-SMA in the myofibroblasts within the alveolar
interstitial area which was further restored by
SAB treatment (2.33 + 0.06) (Figure 11A-11C).
Similarly, BLM group (3.83 £ 0.09) showed increased

Salvianolic acid B attenuated bleomycin induced pulmonary fibrosis

expression of vimentin within the alveolar interstitial
areas as well as alveolar macrophages in contrast
to SHAM group (0.05 £ 0.03) which showed low or
negligible expression of vimentin. SAB treatment
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Figure 9. Representative photomicrograph of Picro-Sirius red stained lung section. A. SHAM mice showed normal architecture of lung with normal
alveoli and normal bronchioles. B. BLM mice showing heavy collagen deposition in interstitial area. C. BLM/SAB/15 mice showed normal alveoli
with mild deposition in interstitial spaces (Picro-Sirius red, bar = 100 pm). D. Picro-Sirius red score was higher in BLM group which was decreased
in SAB treated groups. The data are mean =+ SE of six mice for each group. "P < 0.05 vs. SHAM group; “'P < 0.05 vs. BLM group. Groups: SHAM/PBS
(saline_only/control group), BLM (bleomycin @ 1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/
salvianolic acid B @ 10mg/kg) and BLM/SAB/15 (bleomycin/salvianolic acid B @ 15 mg/kg).
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Figure 10. Representative photomicrograph of lung showing immunolocalization of E-cadherin. A. Representative photomicrograph of lung showing
highly expressed E-cadherin in the cytoplasm of the bronchial epithelial cells and alveolar epithelial cells in SHAM group (brown colour). B. BLM
group showing reduced expression of E-cadherin and were expressed on the tip of the bronchial epithelial cells. C. BLM/SAB/15 group restored

the expression of E-cadherin in the epithelial cells (Immunohistochemistry, bar = 50 pm). Groups: SHAM/PBS (saline_only/control group), BLM
(bleomycin @ 1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5ma/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg) and
BLM/SAB/15 (bleomycin/salvianolic acid B @ 15 mg/kg).
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Figure 11. Representative photomicrograph of lung showing immunolocalization of alpha- smooth muscle actin. R. SHAM groups showed alpha-
smooth muscle actin normally expressed in the bronchial as well as vascular smooth muscles. B. BLM groups showed increased expression of

alpha- smooth muscle actin in the alveolar interstitial areas. C. BLM/SAB/15 groups showed reduced expression of alpha- smooth muscle actin in
the alveolar interstitial areas (Immunohistochemistry, bar=100 ym). Groups: SHAM/PBS (saline_only/control group), BLM (bleomycin @ 1 mg/kg
group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg) and BLM/SAB/15 (bleomycin/
salvianolic acid B @ 15 mg/kg).
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Figure 12. Representative photomicrograph of lung showing immunolocalization of vimentin. A. SHAM mice showed very low to negligible expression
of vimentin. B. BLM group showed higher expression of vimentin in the alveolar interstitial areas as well as in perivascular and peribronchiolar
areas. C. Representative photomicrograph of lung in BLM/SAB/15 group showed reduction in the expression of vimentin. (Immunohistochemistry,
bar=100 um). Groups: SHAM/PBS (saline_only/control group), BLM (bleomycin @ 1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @
5mg/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg) and BLM/SAB/15 (bleomycin/salvianolic acid B @ 15 mg/kg).
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Figure 13. Real-time PCR analysis of E-cadherin, alpha- smooth muscle actin (SMA) and vimentin mRNA level in Jungs. The data are mean = SE of
six mice for each group. P < 0.05 vs. SHAM group; “P < 0.05 vs. BLM group. Groups: SHAM/PBS (saline_only/control group), BLM (bleomycin @
1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B @ 10mg/kg) and BLM/SAB/15
(bleomycin/salvianolic acid B @ 15 mg/kg).
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Figure 14. Representative ultrastructural photomicrograph of the lungs. A. Alveolar epithelial cells with normal nucleus in SHAM. B. Apoptotic type

2 pneumocyte/alveolar epithelial cells with loss of mitochondria and vacuolation in BLM group. C. BLM group showing infiltrating inflammatory
cells which were mainly plasma cells with rough endoplasmic reticulum. D. BLM/SAB/15 group showed restoration of injury to alveolar epithelial
cells with improvement in the mitochondrial damage (n=nucleus, aec=alveolar epithelial cell, m-mitochondria). Groups: SHAM/PBS (saline_only/
control group), BLM (bleomycin @ 1 mg/kg group), BLM/SAB/5 (bleomycin/salvianolic acid B @ 5mg/kg), BLM/SAB/10 (bleomycin/ salvianolic acid B

@ 10mg/kg) and BLM/SAB/15 (bleomycin/salvianolic acid B @ 15 mg/kg).

reduced the expression of vimentin (2.30 + 0.05)
(Figure 12A-120).

In addition, in BLM group the expression of
E-cadherin mRNA levels in lungs was reduced by
0.6 = 0.25 fold. The level of a-SMA increase up to
9.71 + 1.20 fold while that of vimentin increased
7.39 + 0.52 fold in as compared to that of SHAM. In
BLM/SAB/15 group, the mRNA level of E-cadherin
was restored up to 0.92 + 0.24 fold that of the a-SMA
to 4.64 + 0.85 and that of vimentin to 5.03 + 0.73
(Figure 13A-13C).

Ultrastructural changes

Ultrastructural changes in alveolar epithelial cells
were studied by using transmission electron
microscopy (Figure 14 A-D). Severe degeneration
of alveolar epithelial cells was observed with loss
of mitochondria as vacoulations. There was also a
presence of collagen fibres deposition around the
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alveolar epithelial cells. The infiltrating mononuclear
cells were mainly plasma cells. These changes were
alleviated in BLM/SAB/15 group where alveolar
epithelial cells showed restoration of mitochondrial
damage.

Discussion

Pulmonary fibrosis is the end stage of many diffuse
parenchymal lung diseases characterized by
excessiveaccumulation of ECM within the pulmonary
interstitium leading to progressive and irreversible
destruction of the normal lung architecture and
finally respiratory insufficiency (Todd et al. 2012).
Pulmonary fibrosis is characterized by slowly
progressive fibrotic foci that involve inappropriately
activated (myo) fibroblasts that are responsible for
development of fibrosis (Rosenbloom et al. 2017).

Salvianolic acid B has been widely accepted in the
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treatment of various diseases on account of its
anti-inflammatory, anti-oxidative, anti-proliferative,
and anti-fibrotic properties (Chen etal. 2016, Liu et al.
2016). There were few studies on the therapeutic use
of SAB against BLM induced pulmonary fibrosis (Liu
etal. 2015, Liu et al.2016) where they targeted mainly
on the TGF-b pathways related mechanism. Here in
the present study, all the areas from inflammation,
oxidative stress, NF-kB activity, EMT markers along
with light and ultra-structural changes associated
with bleomycin induced lung injury and its
amelioration with Salvianolic acid B were covered.

Bleomycin caused endothelial cell injury and
increased microvascular permeability resulting
in the sudden onset of pulmonary oedema
of non-cardiogenic origin characterized by a
considerable and rapid accumulation of protein
rich oedematous fluid into the alveolar space (Ware
and Matthay 2000). Increase in the endothelial
barrier permeability by bleomycin could be due
to TNF-a secreted by macrophages recruited at
the site of injury that might have induced tyrosine
phosphorylation of cell junction proteins leading
to interstitial oedema and inflammation in lung
microvasculature (Dejana et al. 2008). In the present
study, bleomycin induced pulmonary oedema and
microvascular permeability was attenuated by SAB
representing its anti-inflammatory property. SAB
has alleviative effect on pulmonary edema in rats
with sepsis (Yang et al. 2018).

In interstitial lung disease, alveolar and interstitial
inflammation by inflammatory cell infiltration is
essential for the development of lung injury and
subsequent fibrosis. In BLM groups, the TLC was
increased and these cells were mainly mononuclear
cells along with neutrophils. This may be due to
infiltration of the neutrophils followed by sustained
increase in mononuclear cells like macrophages
and lymphocytes during BLM induced lung injury
(Izbicki et al. 2002). Further, there was significant
increase in MPO activity in BLM group as compared
to control group. This might be attributed to the
fact that in the sub-acute stage, macrophages
and to a lesser extent neutrophils form a part of
inflammatory exudate and both secrete MPO.
Maretta and colleagues (Maretta et al. 2014) showed
that alveolar macrophages expressed MPO in
acute respiratory distress syndrome. In addition,
in the development of BLM-induced pulmonary
fibrosis, TNF-a expression triggers both initial
acute inflammatory response to tissue damage
as well as chronic inflammatory signals required
for collagen deposition (Oikonomou et al. 2006).
IL-6 instead functions as a proinflammatory factor
as well as a profibrotic factor (Saito et al. 2008).
These findings suggest that the protective effect
of SAB in pulmonary injury may be, at least in part,
attributed to the suppression of inflammatory cell
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sequestration and infiltration into lungs, in turn
attenuating pro-inflammatory cytokine release.

Bleomycin binds to iron (Fe?), undergoes redox
cycling and catalyzes the formation of ROS that plays
a major role in the progression of pulmonary fibrosis
by targeting DNA, protein and lipids with ultimate
progression of lipid peroxidation (Martin and Kachel
1987). SAB being an antioxidant reduced the LPO
production which may be due to scavenging of free
radicals 1, 1-diphenyl-2-picryhydrazyl (DPPH) in the
blood stream leading to reduced direct injury to
pulmonary vascular endothelium (Wu et al. 1998).
Nitric oxide plays an important role in maintaining
respiratory homeostasis (Sugiura and Ichinose 2011,
Ricciardolo et al. 2004). Nitric oxide is also involved in
the pathophysiology of several pulmonary diseases
when there is any subtle variations in its rate of
production from alveolar macrophages leading
to inflammatory response and tissue damage
(Philippe et al. 1991). Salvianolic acid B showed
neuroprotective effect in microglia by reduction
of NO production Wang and colleagues (Wang
etal. 2010).

Nuclear factor-kappaB plays a significant role in the
development of bleomycin induced lung toxicity.
Bleomycin induced the transcriptional activation
of NF-kB signalling in human bronchial epithelial
cells (Ma et al. 2009). Further, exposure of cells to
bleomycin trigger the activation of NF-kB by the
release of proinflammatory cytokines like TNF-q,
and IL-13. In the present study, SAB treatment
reduced bleomycin induced NF-kB activity. This may
be due to suppression of BLM-induced TNF-a, and
IL-18 mRNA expression, accompanied by decrease
in phosphorylated [kB-a (Inhibitory kB a) level
and NF-kB p65 protein level leading to inhibition
of transcription factor NF-kB activation (Wang
et al. 2010, Xia et al. 2018). Thus, in our study, the
decreased activity of oxidative/nitrosative stress as
well as NF-kappa B activation by SAB again specifies
its anti-inflammatory property.

Histopathological ~examinations demonstrated
infiltration of mononuclear cells and neutrophils
in interstitial area as well as in alveolar area, and
deposition of excessive fibrin in interstitial tissue of
BLM groups which was restored by SAB treatment
that could obviously lower the degree of alveolitis
and lung fibrosis. Furthermore, antifibrotic effect
of SAB in BLM-induced pulmonary fibrosis was
observed as shown by reduced deposition of
collagen as presented by Masson’s trichrome,
Picro-sirius red stained lung sections as well as
hydroxyproline content in the lung. Moreover, in
the present study the level of TGF-f was increased
in BLM groups which were lowered with SAB
treatment. TGF-B is produced by inflammatory and
epithelial cells and plays a central role in idiopathic
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pulmonary fibrosis and airway remodelling (Tatler
and Jenkins 2012). Liu and colleagues (Liu et al.
2016) showed that SAB attenuates experimental
pulmonary fibrosis through inhibition of the TGF-3
signaling pathway.

During EMT, epithelial cells lose their distinct
marker expression profile like E-cadherin and
acquire a mesenchymal morphology associated
with expression of fibroblastic markers particularly
a-SMA, type | and Il collagen, vimentin (Jinde et al.
2001, Rastaldi et al. 2002, Nishitani et al. 2005).
E-cadherin, a cell adhesion molecule, normally
expressed by epithelial cells is repressed during EMT.
In the present study, the expression of E-cadherin
was suppressed in BLM group. This may be due to
the fact that TGF-3 represses E-cadherin production
in epithelial cells (Choi et al. 2007).

Moreover, a-SMA plays an important role in
fibrogenesis (Kawasaki et al. 2008) and a-SMA
positive myofibroblasts have been demonstrated in
type 2 EMT associated with tissue regeneration and
organ fibrosis (Zeisberg et al. 2003). Stressed and
injured epithelium cangiveriseto myofibroblastsand
thereby contribute to fibrogenesis (Lee and Nelson
2012). Myofibroblasts phenotype characterized
by increased expression of the a-SMA protein is
the major producers of the ECM. In a self-limiting
pulmonary fibrosis, myofibroblasts gradually
disappear as the active fibrotic phase is terminated.
In contrast, these cells persist and can be found in
various fibrotic conditions, including pulmonary
fibrosis where the disease is progressive (Kuhn and
McDonald 1991). Thus in the present study there
was increase expression of mesenchymal markers,
a-SMA and vimentin in the interstitial areas which
was restored by SAB treatment. Moreover, in the
present study TGF-@ level was higher in BLM groups
which were reduced by SAB treatment. This might be
due to blocking of TGF-f3 -mediated upregulation of
a-SMA and vimentin by SAB (Yang et al. 2015). TGF-3
is also a potent activator of myofibroblasts which
expressed a-SMA (Desmouliére 1995). Vimentin
coordinates fibroblast proliferation and keratinocyte
differentiation in wound healing via TGF-3-Slug
signalling (Cheng et al. 2016). Grande and his
co-workers (Grande et al. 2015) stated that Snaill
caused partial EMT of type 2 in renal fibrosis, where
there is confinement of the damaged adult epithelial
cells to their tissue of origin, without involvement
in the delamination and invasion programs. Lovisa
and his colleagues (Lovisa et al. 2015) stated that
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EMT program of tubular epithelial cells (TECs)
causes severe damage and host response, leading
to chronic fibrosis.

OnTransmission Electron Microscopy, ultrastructural
changes like severe degeneration of alveolar
epithelial cells with loss of mitochondria as
vacoulations and collagen deposition around the
alveolar epithelial cells in BLM challenged mice
were alleviated by SAB resulting in restoration of
mitochondrial damage in alveolar epithelial cells and
decreased collagen deposition was observed. Due to
the anti-oxidant effect, SAB might have maintained
redox homeostasis and this homeostasis is very
closely associated with mitochondial morphology
and its function (Willems et al. 2015). This
anto-oxidant effect might have been either by the
reduction in the level of ROS and 8-hydroxy-2-deoxy
Guanosine (8-OHdG) production or SAB might have
alleviated the production of Glutathione and Lipid
peroxidation which in turn might have suppressed
the superoxide generation from mitochondria vis a
vis mitochondrial depolarization and apoptosis in
bronchialepithelialcellsinadosedependentmanner.
In addition to this, SAB could have significantly
up-regulated/ induced overexpression of mortalin
(an important mitochondrial chaperone) protein
levels inhibiting cell apoptosis by attenuating/
reducing accumulation of ROS (Liu et al. 2005, Qu
etal. 2011) and led to maintenance of mitochondrial
homeostasis (Kaul et al. 2002, Wadhwa et al. 2002).

In conclusion, Salvianolic acid B is effective in
alleviating the BLM induced lung fibrosis through
suppression of oxidative stress, inflammation,
histological, ultrastructural changes and EMT. This
study provides an additional knowledge on the
ameliorative effect of SAB on BLM induced lung
pathology and this may help in the therapeutic or
management of pulmonary fibrosis.
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