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Abstract

Purpose: To evaluate the effects of H6552 extract in inhibiting transforming growth factor (TGF)-
mediated pulmonary fibrosis in vitro and in vivo.

Methods: Maximum-nontoxic dose (MNTD) of Actinomyces H6552 extract was determined using 3-
(4,5-dimethylthiazol-2-yl)-2, 5-diphhenyltetrazolium bromide (MTT) assay. Effect of the extract on IMR-
90 lung fibroblasts proliferation was determined by calculating the population doubling time (PDT).
Collagen gel contraction assay was carried out to determine cell contractility while a-smooth muscle
actin (SMA) level in cells was evaluated by quantitative real-time polymerase chain reaction (PCR) and
immunostaining methods. A bleomycin-induced ICR mouse model was used in the study to determine
the effect of the extract in vivo. The animals received treatments in two regimes: early treatment in
which treatment was given on Day 0 and delayed treatment with treatment on Days 5 and 10. The
animals were sacrificed on Day 14 and the lungs removed for histopathological assessment.

Results: The MNTD of the H6552 extract was 1625 + 459.62 ug/ml. H6552 extract significantly reduced
TGF- B-mediated cell proliferation, gel contraction and a-SMA expression. PDT was increased up to
83.84 % in the treated cells. Gel contraction was inhibited by the addition of 1000 ug/ml of H6552
extract. Immunostaining results revealed negligible a-SMA antibody staining after H6552 extract
treatment at 500 ug/ml. The extract also inhibited lung injury (54 % reduction in Ashcroft score) when
early treatment was provided. Delayed treatment with the extract did not show any significant changes
in the animals.

Conclusion: H6552 extract inhibited TGF-B-induced pulmonary fibrosis and elucidation of its bioactive
metabolites may yield a potential agent to treat the disease.

Keywords: Actinomyces H6552, Transforming growth factor-B, Cell contractility, a-Smooth muscle
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INTRODUCTION At least 5 million persons are affected by IPF

worldwide [1]. The incidence of IPF s
Idiopathic pulmonary fibrosis (IPF) is a disease approximately 10.7 men per 100,000 and 7.4
caused by the scarring process in lungs. A high  women per 100,000 whereas the prevalence is
mortality rate is observed amongst IPF patients. 20.2 men per 100,000 and 13.2 women per
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100,000 [2]. Data has shown that the incidence
of the disease is on the rise [1].

Although the origin of the disease remains
unknown, the cytokine transforming growth
factor-beta (TGF-B) has been thought to play an
important role in the pathogenesis of IPF.
Therefore, the expression, activity and
intracellular signaling of the cytokine must be
held under tight regulation. It has been shown
that interference of the TGF-B pathway
attenuated fibrosis of different origins [3].
Currently, there is lack of treatment regimens for
IPF. Various studies have been carried out to
discover a new cure for the disease.

Natural products have been utilized in the
treatment of various diseases, including fibrosis,
for centuries. Plant-derived compounds are the
most commonly used agents in alternative
medicine. However, a number of novel
therapeutic compounds are found to be derived
from microbial sources. For example, EM 703,
which is a derivate of erythromycin produced
from a strain of actinomyces, alleviated
pulmonary fibrosis in mice [4]. In the present
study, we investigated the anti-fibrotic effect of
an extract from a novel actinomyces strain,
namely H6552.

H6552 shared a 99.2 % similarity with
Streptomyces griseus and it was classified in the
genera Streptomyces [5].The acetone extract of
H6552 demonstrated an inhibition of TGF-$
signal transduction in a screening system. The
screening system consisted of a B lymphocyte
cell line (DGA-2) with a plasmid harboring IgA
promoter linked to luciferase reporter gene that
responded to TGF-B1 and a transfected NIH-3T3
cell line (NCL-5) which expresses a high level of
luciferase but not responsive to TGF-B. Active
TGF-B1 acted as an inducer and NCL was used
as the control cell line in the experiment. When
H6552 extract was added to DGA-2 cells,
luciferase activity reduced significantly [5]. On
the basis that the extract was able to inhibit TGF-
B signaling, we postulated its potential in
inhibiting pulmonary fibrosis in vitro and in vivo.

EXPERIMENTAL

Culture, fermentation and acetone extraction
of secondary metabolites from H6552

Actinomycetes strain H6552 is a microorganism
isolated from a soil sample collected under
Shorea foxworthyi in the dipterocarp arboretum
of Forest Research Institute of Malaysia (FRIM).

The microbe was grown on oatmeal agar at 25
°C. To extract secondary metabolites produced
by the actinomycete, a single colony of H6552
was inoculated into 50 ml of mannitol-peptone
liquid medium in an Erlenmeyer flask. The flask
was agitated at 220 rpm for 5 days at 25 °C.
Equal volume of acetone was added into the
flask at the end of fermentation. The mixture was
left at 4 °C overnight and filtered with Whatman
filter paper (Schleicher & Schuell, UK). Acetone
in the mixture was evaporated using a rotary
vacuum evaporator (Eyela, Japan) at 42 °C. The
remaining liquid extract was then freeze-dried
and kept at 4 °C.

Cell culture

The IMR-90 cell line was purchased from
American Type Culture Collection (ATCC).
These human lung fibroblasts were cultured in
Minimal Essential Medium (MEM) (Invitrogen
Corporation, USA) supplemented with 10 mM
sodium pyruvate (Sigma, USA), 10 % fetal
bovine serum (FBS) (Gibco, Invitrogen
Corporation, Denmark), penicillin (100 1U/ml),
and streptomycin (100 pg/ml) (Gibco, Invitrogen
Corporation, Denmark) at 37 °C in a humidified
atmosphere of 95 % air and 5 % carbon dioxide
(COZ). IMR-90 cells between passages 12 and
20 were used in the experiments.

Maximum non-toxic dose
determination by MTT assay

(MNTD)

IMR-90 cells were seeded onto a 96-well plate at
a density of 3000 cells per well. The cells were
incubated with H6552 extract in a series of
concentrations for 72 h. Ten microliters of 5
mg/ml MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphhenyltetrazolium bromide) (Amresco, USA)
was then added into each well and incubated for
4 h at 37 °C in a humidified atmosphere of 95 %
air and 5 % CO,. Solution in wells was replaced
with 100 ul dimethyl sulfoxide (DMSO) (Amresco,
USA) and absorbance was read at 570 nm.
Untreated IMR-90 cells served as the control.
Cell cytotoxicity was calculated as in Eq 1.

Cytotoxicity (%) = {(Ca — Ta)/Ca} x 100% ..... (1)

where Ca is the absorbance of control and Ta is
the absorbance of treated cells

Population doubling time (PDT) determination

PDT was used to estimate the cell cycle time.
Briefly, 1 x 10" IMR-90 cells were seeded into
24-well plates and treated with TGF-p1 (10
ng/ml) (R&D Systems, USA) alone or
simultaneously with H6552 extract or SB 431542
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(50 pM) (Sigma, USA) for 24 h. The cell number
was determined by Trypan blue (Sigma, USA)
exclusion and a manual haemocytometer. PDT
was calculated by dividing the total duration in
hours by number of generations. The number of
generations was calculated using Eq 2.

No. of generations = 3.32(logNN — logN1) ..... (2)

where NN represents the number of cells
counted and N1 is the number of cells
inoculated.

Reverse transcription and real-time PCR

IMR-90 cells were seeded onto a 6-well plate at
a density of 2 x 10° cells per well and allowed to
attach overnight. The cells were treated with
TGF-B1 alone or simultaneously with H6552
extract or SB 431542 for 72 h after 24 h of serum
starvation. Total RNA was then extracted using
Tri-Reagent (Molecular Research Center Inc.,
USA) and reverse-transcribed into cDNA
according to the manufacturers protocol
(Promega, USA).

cDNA samples were analyzed with Real-time
PCR (Rotor-Gene RG300, Corbett Research,
Australia) to determine changes in a-smooth
muscle actin (a-SMA) expression. The primer

sequences  are: a-SMA  (forward: 5-
ACTGGGACGACATGGAAAAG-3', reverse: 5'-
AGATGGGGACATTGTGGGT-3), GAPDH

(forward: 5-ACCACAGTCCATGCCATCAC-3,
reverse: 5-TCCACCACCCTGTTGCTGTA-3).
The amplification curves were analyzed with
Rotor-Gene Analysis Software 6.0. Cycle
threshold (C,) values of each target gene were
normalized to GAPDH, and the fold change in
MRNA expression compared to the control group
was calculated.

Immunocytochemical staining

IMR-90 cells were seeded onto cover slips in a
24-well plate. The cells were then treated with
TGF-B alone or simultaneously with H6552
extract or SB 431542 for 48 h after 24 h of serum
starvation.

The IMR-90 cells were then fixed with 100 %
methanol for 20 min at 4 °C and subsequently
washed thrice (5 min each) with 0.1 % Triton-X in
Tris-buffered saline (TBS). The cells were then
incubated with hydrogen peroxide for 30 min
followed by washing again with TBS. Blocking for
1 h with 3 % bovine serum albumin in TBS was
done and anti-a-SMA antibody (1:300) (Sigma,
USA) was added to the cells. After one-hour
incubation with the primary antibody and washing

thrice with 0.1 % Triton-X in TBS, the cells were
incubated for 1 h with horseradish peroxidase-
conjugated rabbit anti-mouse 1gG at a dilution of
1:500 in blocking buffer. After three washes, DAB
(3,3'- diaminobenzidine) substrate was added
into each well and removed after brown color
development and the coverslips were mounted
on slides. The slides were then viewed under
microscope and images were captured by
camera. Total and positively stained cells
numbers were then counted.

Collagen gel contraction assay

Collagen lattices were prepared in 30 mm sterile
bacteriological petri dishes, to which fibroblasts
adhere poorly. Each petri dish contained 250 pl
of 2x MEM, 250 pl of FBS, 62.5 yl of 0.1 M
sodium hydroxide, 375 pl of collagen solution
and 250 pl of IMR-90 cells suspended in MEM.
Extracts were then added into the dishes, which
were subsequently incubated at 37 °Cina 5 %
CO,/95 % air atmosphere. Gels incorporating the
fibroblasts set completely after 10 min.

To measure lattice diameters, the dishes were
placed on a transparent metric ruler on a dark
background. Contracted gels appeared as well-
formed discs and the diameters of the discs were
measured daily.

Animal model and treatment protocol

ICR female mice (Harlan Laboratories, USA) at 7
to 8 weeks of age were housed under special
pathogen-free conditions in a satellite facility of
University  Laboratory  Animal  Resources,
Michigan State University (MSU), USA. The use
of animals in the study was approved by
Institutional Animal Care and Use Committee,
MSU and the protocols used were in accordance
to guide for the care and use of laboratory
animals [6]. The ICR mice were randomly divided
into the following groups: normal saline alone
(control), bleomycin (1 U/kg) alone, bleomycin
and SB 431542 (0.17 mg/kg), SB 431542 alone,
bleomycin and H6552 extract (0.25 mg/kg), and
H6552 extract alone. Each group contained 6
animals.

The mice received treatment in two regimes: (1)
Early treatment protocol: ICR mice received
bleomycin simultaneously with treatment (SB
431542 or H6552 extract) on day 0 and
sacrificed on day 14; (2) Delayed treatment
protocol: ICR mice received bleomycin on day 0,
SB 431542 or H6552 extract given on day 5 and
day 10 and the mice were sacrificed on day 14.
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For bleomycin or treatment administration, mice
were  first  anesthetized with sodium
pentobarbital. Fifty microliters of treatment
solution was instilled at end-expiration, and the
liquid was followed immediately by 300 pl of air
to ensure delivery to the distal airways.

Immediately before sacrifice, animals were given
intraperitoneal injections of sodium pentobarbital
and the trachea was cannulated. The lungs were
instilled with 4 % paraformaldehyde in phosphate
buffered saline at 20 cm of H,O constant
pressure and carefully removed followed by
immersion in the same fixative for 30 min. The
lungs were kept in 70 % ethanol for storage. The
left lungs were embedded in paraffin for
histopathologic assessment.

Histopathology assessment

For histological examination, the paraffin
sections were stained with haematoxylin and
eosin (H&E) and systematically analyzed with a
microscope. The severity of pulmonary fibrosis
among the groups was compared by using the
Ashcroft score [7].

Statistical analysis

Group mean values and standard deviations of
three independent tests were calculated using
Microsoft Excel 2010. All data were subjected to
Student’s t-test, with p < 0.05 considered
significant.

RESULTS

Maximum non-toxic dose (MNTD) of H6552
extract
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Figure 1: Cytotoxicity of H6552 extract on IMR-90

The MNTD of the extract was determined to be
1625 + 459.62 pg/ml by using the MTT assay.
H6552 extract at lower concentrations (250, 500
and 100 pg/ml) did not show any cytotoxicity to
the IMR-90 cells (Figure 1).

Effect of H6552 extract on
proliferation

IMR-90 cell

Population doubling time (PDT) of IMR-90 cells
was calculated in order to determine the effect of
H6552 extract on the cell proliferation. IMR-90
cells treated with TGF-B showed decreased
PDT, or a higher proliferation rate as compared
to control. When the TGF-B-induced cells were
treated with H6552 extract, PDT was found to be
increased, particularly at the concentrations 250
and 1000 pg/ml (Figure 2). The greatest increase
in PDT was achieved when the cells were treated
with H6552 extract at 250 ug/ml, in which an
increase of 83.84 + 46.55 % was observed. A
slight increase in PDT was also observed in SB
431542-treated cells. However, the change was
not statistically significant.
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Figure 2: Effect of H6552 extract on IMR-90 cell
proliferation. Cells were treated with various

concentrations of H6552 extract for 24 h. * p < 0.05
compared with control group; # p < 0.05 compared
with TGF-B group

Effect of H6552 extract on a-smooth muscle
actin (a-SMA ) expression

RNA of H6552-treated cells were harvested and
Real-time PCR was performed to determine the
a-SMA gene expression in IMR-90 cells. An
almost 4-fold increase in the gene expression
was noted when IMR-90 cells were exposed to
TGF-B. However, the gene was drastically
dropped to the basal expression level similar to
the control when the cells were treated with SB
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431542 and H6552 extract (500 pg/ml) (Figure
3A). H6552 extract at 1000 pg/ml also reduced
the TGF-B-induced a-SMA gene expression in
IMR-90 cells (p < 0.05).

To further validate the a-SMA inhibitory effect of
H6552 extract, IMR-90 cells were immuno-
stained with o-SMA antibody, followed by
visualization under high magnification. Untreated
control cells showed negligible staining, as
indicated by a lack of brownish coloration in the
cells. Control cells showed typical slender and
elongated lung fibroblast morphology (Figure
3B). Upon stimulation with TGF-B, cellular
morphology transformed to its activated
myofibroblast form. The cells were enlarged and
abundant a-SMA protein was expressed, as

indicated by the strong brownish staining in the
cytoplasm. Dense aggregates of microfilaments
in the cells were also noted (Figure 3C). After
treatment with H6552 extract (500 pg/ml), the
cells regained its normal fibroblast features,
whereby the spindle shape and weak
immunoreactivity with the a-SMA antibody were
clearly seen (Figure 3D).

Total cell number and number of positively
stained cells were also counted in the study. The
determination of positively-stained cells showed
that H6552 extract significantly reduced the
number of cells that expressed a-SMA (p <
0.001) (Figure 3E).
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Figure 3: Effect of H6552 extract on a-smooth muscle actin (a-SMA) expression. (A) a-SMA gene expression
was determined by Real-time PCR. (B-E) a-SMA expression in IMR-90 cells was detected by immunostaining.
Magnification: 200x. (B) Unstimulated IMR-90 cells served as control. (C) IMR-90 cells exposed to TGF-B. (D)
TGF-B-induced IMR-90 cells treated with H6552 extract. (E) Percentage of positive staining cells for a-SMA was
assessed. All the results are expressed as mean + SD of three independent tests. ***p < 0.001 compared with
control group; #p < 0.05 compared with TGF- group; ###p < 0.001 compared with TGF-f3 group
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Effect of H6552 extract on collagen gel
contraction

IMR-90 cells were seeded in collagen gel matrix
and the diameter of the gel was measured for the
determination of percentage of contraction. It
was noted that the collagen gel contracted
gradually over the 4 days duration and significant
decrease in the gel diameter (p < 0.001) was
observed 96 h after the treatment with TGF-f.
Gel contraction was inhibited with the addition of
1000 pg/ml of H6552 extract (Figure 4).
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Figure 4: Effect of H6552 extract on collagen gel
contraction. ***p < 0.001 compared with control group;
#p < 0.05 compared with TGF-3 group

Effect of H6552 extract on ICR mouse lung
injury

ICR mice were randomly divided into 10
treatment groups, each group consisting of 6
animals. Histologic assessment of lung samples
was carried out using the Ashcroft scoring
system and an average score was calculated to
show the effect of H6552 extract on lung injury
(Figure 5A). A higher score was given when
fibrotic lesions were observed and inflammatory
cell infiltration was present. The presence of the
phenotypes suggested the presentation of lung
injury.

It was obvious that when the animals received
bleomycin instillation, their inter alveolar septum
became thickened and the area was filled with
leukocytes (Figure 5C) while the control animals
had a single layer of epithelial cells lining up the
alveolar sac and no inflammatory cells were
present (Figure 5B). Bleomycin-induced mice
which received treatments with H6552 extract
showed 54 % and 21 % reduction in the injury
score when treatment was given by early and
delayed regimes respectively. Compared to the

H6552 extract, SB 431542 showed a milder
effect in decreasing the lung injury score, in
which 42 % and 11 % of reduction were noted for
the early and delayed-treated groups
respectively. Only the early treatment with H6552
extract decreased the average Ashcroft score
significantly when compared to the bleomycin
group (p < 0.05).

DISCUSSION

Abundant literatures show that fibrotic regions
have increased expression of TGF-3, especially
the isoform TGF-B1, in the lung, kidney and liver
[8]. Delivery of TGF-B to the tissues causes
severe fibrosis in experimental animals; and
administration of TGF-B binding proteins, such
as neutralizing antibodies, soluble TGF-p
receptors and the proteoglycan decorin
ameliorates fibrosis [9]. Results from these
studies suggest that TGF- is a primary mediator
in pathological fibrosis and it serves as a
potential target to treat IPF. In this study, a TGF-
B inhibitor extracted from the microbial strain
H6552 [5] was used in both in vitro and in vivo
assays to determine its anti-fibrotic effects.

The acetone extract of H6552 showed no toxicity
on normal lung fibroblasts (IMR-90). Various
concentrations of the extract ranging from 250-
2000 pg/ml were tested on the cell line and the
results showed that the extract induced moderate
cell death only at the highest concentration (2000
pg/ml) (Figure 1). These suggested that
compounds contained in H6552 extract are non-
toxic towards lung cells and the extract may be
safe to use in the treatment of pulmonary
fibrosis.

The role of TGF-f in the pathogenesis of
pulmonary fibrosis has been well elucidated. It
acts as a major inducer of fibrotic cell
proliferation. Previous studies have proven that a
significant increase in lung fibroblast proliferation
up to 200 % could be induced by TGF- [10]. A
similar observation was noted in our study in
which exposure of IMR-90 cells to TGF-
enhanced their proliferation rates. The H6552
extract, which has been proven to be able to
inhibit TGF-B signal transduction [5], ameliorated
TGF-B-induced cell proliferation. The extract
delayed the population doubling time in a dose-
dependent manner (Figure 2). The anti-
proliferative effect of H6552 extract is relatively
better than the positive control, SB 431542, a
small-molecule inhibitor which binds to the TGF-
B receptor.

Previous studies proposed that the augmentation
in fibroblast proliferation might be due to
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Figure 5: Effect of H6552 extract on lung injury in ICR mice. (A) The severity of the fibrotic changes in each lung
section was assessed as a mean score of Ashcroft scale. (B-E) Representative H&E staining of lungs of mice
that received different treatments. Magnification: 100x (B) Control mouse. (C) BLM-instilled mouse. (D) BLM-
instilled mouse receiving early treatment with SB 431542. (E) BLM-instilled mouse receiving delayed treatment
with SB 431542. (F) Control mouse receiving early treatment with SB 431542. (G) Control mouse receiving
delayed treatment with SB431542. (H) Bleomycin (BLM)-instilled mouse receiving early treatment with H6552
extract. (I) BLM-instilled mouse receiving delayed treatment with H6552 extract. (J) Control mouse receiving early
treatment with H6552 extract. (K) Control mouse receiving delayed treatment with H6552 extract. The results are
expressed as mean = SD (n=6). ** p < 0.01 compared with control group; *** p < 0.001 compared with control
group; # p < 0.05 compared with BLM group; ## p < 0.01 compared with BLM group; ### p < 0.001 compared
with BLM group
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enhanced extracellular matrix synthesis such as
fibronectin as well as cellular expression of
smooth muscle actin [11]. Figure 3 shows that
the H6552 extract had indeed reduced a-SMA
expression in IMR-90 cells. The finding suggests
that the changes in cell proliferation might be
caused by the reduced a-SMA production in
cells.

Incorporation of a-SMA in stress fibers was
noted in wound contraction [12] and this led to
the idea that a-SMA might have a functional role
in fibroblast contraction. Connective tissue
contraction is another important aspect of fibrosis
because the contraction and rearrangement of
connective tissue may result in altered tissue
structure and cause tissue dysfunction in fibrotic
diseases [13].The present study showed that
TGF-B enhanced the contraction of collagen gel
significantly, perhaps due to the increased level
of a-SMA in the cells which in turn caused the
generation of traction force which shrunk the gel
matrix. On the other hand, addition of H6552
extract to the cells inhibited the contractile
property of the fibroblasts (Figure 4). This
suggests that the H6552 extract may show a
therapeutic potential for the attenuation of
excessive lung tissue contraction as observed in
pulmonary fibrosis.

The effect of the H6552 extract was then further
tested in an in vivo model of ICR mice. The
pulmonary reaction that follows administration of
intra-tracheal bleomycin in experimental animal
had been extensively used as a model of human
pulmonary fibrosis [14]. In addition, bleomycin
was shown to increase type | collagen synthesis
[15] and induce the synthesis and release of
TGF-B1 [16], which is suggested to contribute to
tissue fibrosis in bleomycin-induced lung fibrosis
[17]. Thus, the bleomycin-induced pulmonary
fibrosis mouse model had been chosen in our
study. The development of pulmonary fibrosis is
thought to include two phases: a persistent
inflammatory phase and a sequential fibrotic
phase. Chaudhary et al [18] proposed that
compounds administered during the early phase
of fibrosis should be considered as ‘preventive
treatment’ whereas ‘true’ antifibrotic agents might
be effective irrespective of timing, particularly if
administered during the ‘fibrotic’ phase of the
model. Based on this concept, we administered
H6552 extract in two regimes: the ‘preventive’
protocol (early treatment) and ‘therapeutic’
protocol (delayed treatment).

Results showed that the bleomycin-induced lung
injury was abrogated only with the early
treatment by H6552 extract. The delayed
treatment did not reduce the injury score

significantly (Figure 5). Shi et al [19] found that
TGF-B level peaked at 7 days after bleomycin
instillation and the level decreased slowly after
14 and 28 days. This may reflect that TGF-3 may
have a significant role during the early onset of
fibrosis but may not contribute much at the later
stage of the disease. Thus, the animal
responded well to the TGF-B inhibitor, H6552
extract at the early stage but not the later stage.
Treatment with SB 431542 also reduced the lung
injury score but the reduction was not statistically
significant. In  addition to lung injury
measurement, the effect of the H6552 extract on
collagen and a-SMA was also being investigated.
However, neither the early nor delayed
treatments reduced collagen and a-SMA
expression in the bleomycin-induced mice (data
not shown). In short, we postulated that (1) the
H6552 extract inhibited pulmonary fibrosis at an
early phase of fibrogenesis but was not able to
prevent the progression of the disease at the
later stage; and (2) the extract was effective
against the TGF-B-mediated inflammation but
exerted no effect on other fibrotic markers such
as collagen and a-SMA in the in vivo model.

While the in vitro data showed that H6552 extract
down-regulated a-SMA expression, the in vivo
model demonstrated otherwise. The
contradictory observations may be due to the
extract distribution and metabolism in animals
upon administration. Intra-tracheal administration
of the extract may have caused the compounds
to be deposited at a confined expanse of tissue,
which led to a comparatively small absorptive
area. Upon absorption, the extract may have
been metabolized by the lung tissue and this
could have affected its net biological activity. In
addition, little is known of the bioavailability of the
extract. Taken together, these factors may cause
the limited effects of the extract in inhibiting
pulmonary fibrosis in vivo.

The current study is focused on the crude
acetone extract from the H6552 actinomycete.
However, further purification and isolation of
bioactive compounds from the crude extract is
crucial for the development of the compound as
a potential TGF-f inhibitor for pulmonary fibrosis.
Chemical structure elucidation of the major
bioactive compound within the extract is also
imperative. Thus, further work is required to
further explore the potential of H6552
metabolites as a novel anti-fibrotic agent.

CONCLUSION

Metabolites from the actinomycete strain H6552
inhibited TGF-B-induced pulmonary fibrosis, thus
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indicating it is a promising agent to treat the
devastating disease.
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