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Abstract: Pulmonary fibrosis is a respiratory disease with a high mortality rate and its pathogenesis involves multiple 
mechanisms including epithelial cell injury, fibroblast proliferation, inflammation, and collagen coagulation. The 
treatment regimens still fail to recover this disease. We have previously found that dihydroartemisinin inhibits the 
development of pulmonary fibrosis in rats. This study aimed to determine the mechanisms of dihydroartemisinin in 
bleomycin-induced pulmonary fibrosis. The experimental rats were divided into six groups as normal saline control 
group (NS group), bleomycin group (BLM group), dihydroartemisinin-1, -2, or -3 group (DHA-1, DHA-2 and DHA-3 
group) and dexamethasone group (DXM group). In BLM group, rats were treated with intratracheal instillation of 
bleomycin. NS group received the same volume of saline instead of bleomycin. In DHA-1, DHA-2 and DHA-3 group, 
in addition to intratracheal instillation of bleomycin, respectively, dihydroartemisinin (25 mg/kg, 50 mg/kg, 100 mg/
kg daily) was administrated by intraperitoneal instillation. In DXM group, rats were treated with intraperitoneal instil-
lation of dexamethasone as control. Immunocytochemical assay, reverse transcription PCR and western blot were 
used for detecting the expression of TGF-β1, TNF-α, α-SMA and NF-κB in lung tissues. What’s more, morphological 
change and collagen deposition were analyzed by hematoxylin-eosin staining and Masson staining. Collagen synthe-
sis was detected by hydroxyproline chromatometry. Results showed that dihydroartemisinin significantly decreased 
the amount of inflammatory cytokines and collagen synthesis, and inhibited fibroblast proliferation in bleomycin-
induced pulmonary fibrosis (P < 0.001). This study provides experimental evidence that dihydroartemisinin could 
decrease cytokines, alveolar inflammation and attenuates lung injury and fibrosis.
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Introduction

Pulmonary fibrosis develops after viral infec-
tions or after exposure to radiotherapy, chemo-
therapeutic drugs, or aerosolized environmen-
tal toxins. It also occurs as a secondary effect 
of rheumatoid arthritis and systemic sclerosis. 
Pulmonary fibrosis mainly results in inflamma-
tion injury and fibroblast proliferation that con-
sequently leads to abnormal deposition of ex- 
tracellular collagen [1]. Patients with pulmo-
nary fibrosis are treated with immune suppres-
sive agents such as corticosteroids in combina-
tion with cytotoxic agents such as azathioprine 
and cyclophosphamide. However, these treat-
ments cause numerous side effects including 
myelotoxicity and diffuse alveolar hemorrhage, 

etc [2]. The anti-fibrotic efficacy of immunosup-
pressive agents such as dexamethasone (DXM) 
is limited and the long term survival rates are 
extremely poor with 3- and 5-year mortality 
rates approximately 50% and 80%, respective-
ly. To date, no effective treatments have been 
developed and lung fibrosis remains to be a 
fatal disorder. The only effective treatment 
available for progressive lung fibrosis is lung 
transplantation [3]. Therefore, there is an urg- 
ent need to develop new drugs with better effi-
cacy and tolerability against pulmonary fibrosis. 
Dihydroartemisinin is mainly used to treat ma- 
laria. However, recent studies showed that dihy-
droartemisinin not only has an anti-malarial 
effect, but also plays roles in anti-inflammation, 
immune regulation, and restraining skin scar 
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hyperplasia [4-6] which opens the possibility of 
using it in treatment of pulmonary fibrosis.

Intratracheal administration of bleomycin is the 
most extensively used experimental model of 
pulmonary fibrosis [7], which stimulates an 
inflammatory response with increased infiltra-
tion of macrophages, granulocytes and lympho-
cytes in lung tissues. These inflammatory cells 
cause fibroblast proliferations and production 
of extracellular matrix components in the alveo-
lar interstitial space, leading to pulmonary 
fibrosis. A variety of cytokines including TGF-β1 
and TNF-α have been implicated in the develop-
ment of bleomycin-induced pulmonary inflam-
mation and fibrosis, which are likely due to their 
induced transcription by NF-κB. Additional fac-
tors associated with the disease progression 
include enhanced expression of SM α-actin 
(α-SMA) in pulmonary fibroblasts, differentia-
tion of fibroblasts into myofibroblasts, fibro-
blasts migration, and protein synthesis of cyto-
kines and collagen.

We aimed in this study to investigate the anti-
inflammatory and anti-fibrotic effects of dihy-
droartemisinin in bleomycin-induced pulmo-
nary fibrosis in rats by determining the contents 
of TGF-β1, TNF-α, α-SMA and NF-κB and colla-
gen levels in lung tissues.

Materials and methods

Animals and reagents

Male Sprague-Dawley rats aged 4-6 weeks and 
weighing 180-220 g were provided by the 
Experimental Animal Center of Binzhou Medical 
University. Rats were kept in an air-conditioned 
room with 12 h light cycle at 20-25°C and 
45-55% humidity, and were fed with standard 
laboratory chow and tap water ad libitum. 

muscle, and fat, and was punctured with a nee-
dle of 1 ml syringe. Bleomycin (4 mg/m1) in 
saline solution was delivered into the trachea 
with a modified syringe needle in a dosage of 5 
mg/kg body weight. The rats were rotated 
immediately after receiving bleomycin to 
ensure an even drug distribution in the lung. 
Then the neck skin incision was sewn. After 
recovery from anesthesia, the rats were 
returned to their cages and allowed free access 
to food and water as normal. Control rats 
received an intratracheal instillation of the 
same volume of sterile saline. Their food intake, 
respiration, and activity were observed in a 
daily base.

Experimental model and study groups

The animals were divided into the following 
groups (n = 6 rats): 1. only receiving intratra-
cheal instillation of bleomycin as “BLM group”; 
2. receiving the same volume of normal saline 
instead of bleomycin as “NS group”; 3. receiv-
ing intraperitoneal instillation of dihydroarte-
misinin 25 mg/kg/day, 50 mg/kg/day and 100 
mg/kg/day, as “DHA-1 group”, “DHA-2 group” 
and “DHA-3 group” (dihydroartemisinin) respec-
tively, 28 days after administration of single-
dose bleomycin; 4. receiving dexamethasone 
(3 mg/kg/day) after single-dose bleomycin as 
“DXM group”. All rats treated with either dihy-
droartemisinin or dexamethasone was sacri-
ficed 14 days after intraperitoneal instillation. 
“BLM group” and “NS group” were sacrificed on 
day 29 after bleomycin instillation.

Morphological analysis and histochemical 
staining 

The grades of pulmonary inflammation and 
fibrosis were analyzed by Hematoxylin-Eosin 

Table 1. PCR primers used in this study
Gene Name Sequence
TGF-β1 forward: 5’-GTCATAGATTGCATTGTTGC-3’

reverse: 5’-AAGGAGACGGAATACAGGG-3’
TNF-α forward: 5’-TCTCAAAACTCGAGTGACAAG-3’

reverse: 5’-AGTTGGTTGTCT TTGAGATCC-3’
α-SMA forward: 5’-CGAGAAGCTGCTCCAGCTATGTG-3’

reverse: 5’-CTCTCTTGCTCTGCGCTTCGT-3’ 
NF-κB forward: 5’-GAAGAACGAGACCTGGAG-3’

reverse: 5’-TCCGGAACACAATGGCCAC-3’
ß-actin forward: 5’-GGAGATTACTGCCCTGGCTCCTA-3’

reverse: 5’-GACTCATCGTACTCCTGCTTGCTG-3’

Bleomycin was bought from Taihe Co, Tianjin, 
China. Anti-TGF-β1 antibody, anti-TNF-α anti-
body, anti-α-SMA antibody, and anti-NF-κBp65 
antibody were bought from Beyotime, Shang- 
hai, China. All other analytical grade reagents 
for histology and biochemical assays were 
bought from Sigma Chemical Co, Nanjing, 
China.

Induction of pulmonary fibrosis by bleomycin

This study was conducted according to the 
published method [8]. Briefly, rats were anaes-
thetized with ether, and then were cut in the 
middle of the neck skin. Trachea was exposed 
after separation of subcutaneous tissue, 
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staining and Masson staining. Biopsies of lung 
tissues were fixed with 10% paraformaldehyde 
in sterile phosphate-buffered saline and em- 
bedded in paraffin wax. Sections were cut at 5 
μm thickness using a microtome and deparaf-

finized tissue sections were subjected to stain-
ing for histological examination. 

Sections were stained with both haematoxylin 
and eosin to observe morphology changes or 

Figure 1. Effects of dihydroartemisinin on bleomycin-induced pulmonary fibrosis. Lung morphology of saline-treated 
control rats (A), bleomycin-treated rats (B), and bleomycin-treated rats after treatment with high dose dihydroarte-
misinin (C) or DXM (D) was evaluated by hematoxylin-eosin staining. Collagen fibers deposition in pulmonary inter-
stitium was evaluated by Masson’s staining in lungs in bleomycin-treated rats (E), and bleomycin-treated rats after 
treatment with high dose dihydroartemisinin (F). (Magnifications × 100).
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light green by Masson staining to identify col-
lagen fibers [9]. The slides were examined by 
light microscopy and photographed. Lung 
inflammation and fibrosis were evaluated by 
Szapiel scoring method, a standard four point 
scoring scale for intensity, with each slide 
scored as 1, 2, 3 or 4. 

Determination of collagen and hydroxyproline 
content of lung tissue

For collagen determination we employed a 
hydroxyproline assay technique [10]. Total con-
tent of tissue collagen was calculated with the 
assumption that 12.5% of collagen is consti-
tuted of hydroxyproline. Hydroxyproline extract-
ed from collagen can be oxidized to pyrrole by 
chloramine-T, and then it can produce color 
with addition of para-dimethylbenzaldehyde. 
Briefly after death, lung tissues were removed 
and weighed, 5 g lung tissues cut into pieces, 
and added with 6 M hydrochloric acid 20 ml, 
and then sealed and placed in an oven over-
night at 110°C. Excess acid was removed by 
evaporation and hydrolyzed samples were dis-
solved in 1 ml of PBS. The samples were adding 
Chloramine T reagent 1 ml. After 20 minutes of 
mixing, 1 ml of p-dimethyl-amino-benzaldehyde 
reagent was added and the mixture incubated 
at 60°C. Absorbance was measured with a 
spectrophotometer at 550 nm, and compared 
to a standard curve. The hydroxyproline value is 
divided by 0.125 to index the collagen content 
of the tissue (mg/g tissue).

Assessment of TGF-β1, TNF-α, α-SMA and NF-
κB by immunohistochemical staining

For immunohistochemical staining, rabbit poly-
clonal antibodies against TGF-β1, TNF-α, α-SMA 

and mouse polyclonal antibody against NF- 
κBp65 were used as primary antibodies. Sec- 
tions were deparaffinized and permeabilized in 
citrate buffer solution by microwaving for prote-
olysis. Sections were then washed in phos-
phate buffer solution (PBS) and endogenous 
peroxidase activities were blocked by 3% H2O2 
for 15 min. After washing with PBS three times, 
the sections were blocked with rabbit serum for 
30 min, followed by incubation with primary 
antibodies against the TGF-β1 (1:100), TNF-α 
(1:500), α-SMA (1:100), and NF-κB antigen 
(1:100) at 4°C, overnight. After washing with 
PBS, sections were incubated with biotinylated 
secondary antibody for 30 min at 37°C. Then, 
sections were washed in PBS, and incubated in 
streptavidin-biotin-complex. Antibody binding 
was visualized with a 3, 3’-diaminobenzidine 
kit. Histological pictures were taken by using 
Nikon digital-sight imaging system attached to 
Nikon E-600 microscope (Nikon Corporation, 
Japan).

TGF-β1, TNF-α, α-SMA and NF-κB mRNA ex-
pression by RT-PCR

Total RNA was extracted from the lung tissues 
using Trizol reagent according to the manufac-
turer’s instructions. RNA was reverse-tran-
scribed into cDNA using reverse transcriptase. 
PCR was then performed in a final volume of 20 
μL using a PCR reagent kit (Takara, Japan). 
ß-actin was used as internal control. The cycling 
program involved preliminary denaturation at 
95°C for 10 min, followed by 35 cycles of 94°C 
for 30 s, 52°C for 30 s, and 72°C for 1 min, fol-
lowed by a final elongation step at 72°C for 5 

Figure 2. Effect of dihydroartemisinin on fibrotic 
changes as evaluated by Szapiel scoring method. Re-
sults are expressed as mean ± SD (n = 6). Statistical 
analyses was performed using one-way ANOVA and 
Kruskal-Wallis test (*P < 0.05).

Figure 3. Effect of dihydroartemisinin on the hydroxy-
proline content of collagen. Results are expressed 
as mean ± SD (n = 6). Statistical analyses was per-
formed using one-way ANOVA and Kruskal-Wallis test 
(*P < 0.05). 
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min. The sequences of the primers are listed in 
Table 1.

TGF-β1, TNF-α, α-SMA and NF-κB protein ex-
pression by Western Blot

The lung tissues were cut with scissors into 
fragments of 1.0 mm3 and centrifuged, then 
with RIPA lysis buffer for 30 min. The protein 
concentration was determined with the 
Bradford protein assay reagent. Total protein 
for each sample (50 μg) was resolved by 10% 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred 
onto a nitrocellulose membrane. After blocking 
with 5% skim milk in Tween 20 (Beyotime, 
China) at room temperature for 1 h, the mem-
brane was incubated with primary antibodies 
against the TGF-β1 antigen (1:100), TNF-α anti-
gen (1:500), α-SMA (1:100), NF-κBp65 antigen 
(1:100) and at 4°C, overnight. After washing 
with Tris-buffered saline (TBS), the membrane 
was incubated with horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit or anti-
mouse IgG antibody (1:10,000) for 1 h at room 
temperature. After washing with TBS, the 
bound antibody was visualized according to 
standard protocols for the electrochemilumi-
nescence detection system (Beyotime, China).

Statistical analysis 

Data will be presented as the mean ± SD. 
Statistical analyses will be performed using 
one-way ANOVA and also Kruskal-Wallis by 
SPSS software. Values of P < 0.05 will be 
regard as statistically significant.

Results

Dihydroartemisinin relieved bleomycin-induced 
pulmonary fibrosis 

Pulmonary fibrosis was induced by intratrache-
al administration of bleomycin. In contrast to 
the normal alveolar morphology in saline-treat-
ed control rats, bleomycin stimulation induced 
obvious alveolar wall thickening, massive infil-
tration of leukocytes, and excessive deposition 
of mature collagen in the interstitium on day 28 
after bleomycin infusion as visualized by 
Hematoxylin-eosin and Masson staining on 
lung tissues (Figure 1A, 1B). Moreover, an 
induction in cellularity of alveolar septal, intra 
alveolar fibrosis and moderate infiltration of 

lymphocytes with collagenous bands accompa-
nying great septal thickness and diffuse dam-
age to lung architecture were also observed in 
belomycin-treated rats; (Figure 1C) Interstitial 
fibrosis with scattered septal thickness but 
slight infiltration of lymphocytes in comparison 
to the previous section in DHA-3 group; (Figure 
1D) Decreased fibrosis although it can be seen 
focally somewhere with cellularity of alveolar 
septal and intra alveolar fibrosis in DXM group; 
(Figure 1E) A large number of collagen fibers 
deposition (Masson staining appears light 
green) in pulmonary interstitial, severely dam-
agedalveolar structure, obvious changes of 
fibrosis in BLM group; (Figure 1F) Collagen 
fibers deposition in pulmonary interstitial in 
DHA-3 group.

To study the effect of dihydroartemisinin on 
bleomycin-induced pulmonary fibrosis, we 
treated diseased rats with various doses of 
dihydroartemisinin and dexamethasone and 
examined the lung morphology after 14 days of 
treatement. Dexamethasone treatment, as a 
positive control, decreased fibrosis showing 
cellularity of alveolar septal and intra alveolar 
fibrosis. (Figure 1) Although fibrotic lesions 
were observed in the dihydroartemisinin-treat 
group, both the extent and intensity of the 
lesions were less than those of the Bleomycin 
model group. High dose dihydroartemisinin 
treatment showed a similar effect as compared 
to DXM treatment.

The overall grades of fibrotic changes in the 
lungs were determined using the Szapiel scor-
ing method (Figure 2). Scores of the NS group, 
BLM group, DHA-1, DHA-2, DHA-3 and DXM 
group were 1.0 ± 0.00, 5.90 ± 0.21, 3.63 ± 
0.32, 3.25 ± 0.18, 2.65 ± 0.33, and 2.33 ± 
0.26, respectively. Bleomycin administration 
induced a significant increase in the fibrotic 
scores compared to controls (P < 0.05), and the 
scores of the rats treated by dihydroartemisinin 
were significantly suppressed (P < 0.05). Im- 
portantly, dihydroartemisinin displayed a dose-
dependent response and the highest dose of 
dihydroartemisinin was associated with a sig-
nificant reduction in the scores (P < 0.05). 

Dihydroartemisinin reduced hydroxyproline 
content of collagen 

We measured the hydroxyproline content of col-
lagen to quantitatively assess the difference in 
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the extent of pulmonary fibrosis (Figure 3). The 
hydroxyproline content of lung tissue in the NS 
group was 30.24 ± 1.12 mg/lung. The hydroxy-
proline content in the BLM, DHA-1, DHA-2, DHA-
3-treated groups and DXM treated groups was 

82.75 ± 2.43, 76.35 ± 2.46, 54.87 ± 2.63, 
50.18 ± 2.75, and 48.86 ± 1.92 mg/lung, 
respectively. Bleomycin administration induced 
a significant increase in the level of hydroxypro-
line compared to NS group (P < 0.05), but 

Figure 4. Comparing the expression of TGF-β1, TNF-α, α-SMA and NF-κB in every group by immunohistochemical 
assay. Intracellular TGF-β1 expression in NS group (A), BLM group (B) and DHA-3 group (C); (D) cell membrane TNF-α 
expression in DHA-3 group; (E) intracellular α-SMA (a characteristic marker of myofibroblasts) expression in DHA-3 
group, (F) cell nuclear NF-κBp65 staining in DHA-3 group. 
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amount of hydroxyproline was significantly 
decreased in rats treated with dihydroartemis-
inin (P < 0.05). Dihydroartemisinin again sh- 
owed a dose-dependent effect with high dose 
associated with a significant reduction in hy- 
droxyproline content (P < 0.05). Compared to 
DXM treatment, high dose dihydroartemisinin 
also showed similar effect in inhibiting hydroxy-
proline content.

Dihydroartemisinin repressed fibrosis by down-
regulating the TGF-β1, TNF-α, α-SMA, and NF-
κB expression in lung tissues

To study the effect of dihydroartemisinin on 
inflammatory response, we evaluated the ex- 
pression of TGF-β1, TNF-α, α-SMA, and NF-κB 
in lung tissues on day 14 after dihydroartemis-
inin infusion by immunocytochemical staining 

Figure 5. Effects of dihydroartemisinin on mRNA expression of TGF-β1, TNF-α, α-SMA, and NF-κB. A. Representa-
tive images of significant differences among groups are indicated by RT-PCR. B. Quantitative analysis of TGF-β1, 
TNF-α, α-SMA, and NF-κB. Averages of at least six independent experiments (n = 6). Bars indicate the mean ± SD. 
β-actin was used as internal control. Statistical analysis was performed using one-way ANOVA followed by multiple 
comparison test (*P < 0.05).



Effect of Dihydroartemisinin in pulmonary fibrosis

1277 Int J Clin Exp Pathol 2015;8(2):1270-1281

(Figure 4). It is examined that bleomycin can 
upregulate the lung tissues TGF-β1, TNF-α, 
α-SMA, and NF-κB expression of BLM group 
compared to NS group (Figure 4A, 4B), never-
theless, Treating with dihydroartemisinin 25 
mg/kg/day, 50 mg/kg/day and 100 mg/kg/
day for 14 d resulted in significantly lower 
expression level with less and weak staining. 
The higher dose of dihydroartemisinin was 
associated with a more significant reduction in 
the level of TGF-β1, TNF-α, α-SMA, and NF-κB 
expression (Figure 4C-F). It is suggested that 
the inhibitory effects of dihydroartemisinin on 
these increasing cytokines expression is eff- 
ective.

Dihydroartemisinin inhibited the mRNA and 
protein expression of TGF-β1, TNF-α, α-SMA, 
and NF-κB

To assess the effects of dihydroartemisinin on 
TGF-β1, TNF-α, α-SMA, and NF-κB production, 
the gene expression of TGF-β1, TNF-α, α-SMA, 
and NF-κB were examined in lung tissue by 
semi quantitative RT-PCR, and the protein level 
of TGF-β1, TNF-α, α-SMA, and NF-κB by western 
blotting (Figures 5, 6). Intratracheal bleomycin 
administration induced a significant increase in 
the levels of TGF-β1, TNF-α, α-SMA, and NF-κB 
mRNA and protein compared to NS group (P < 
0.05). Treatment with 25, 50 and 100 mg/kg 
dihydroartemisinin significantly decreased the 
levels of TGF-β1, TNF-α, α-SMA, and NF-κB 
mRNA and protein compared to the bleomycin 
alone group (P < 0.05). The higher dose of dihy-
droartemisinin was associated with a more sig-
nificant reduction in the level of mRNA and pro-
tein expression (P < 0.05). These data demon-
strated that dihydroartemisinin can down regu-
late TGF-β1, TNF-α, α-SMA, and NF-κB expres-
sion at transcriptional and translational levels.

Discussion

The present study shows that dihydroartemis-
inin treatment may attenuate bleomycin-
induced pulmonary fibrosis with the following 
mechanisms: (I) repressing the proliferation of 
bronchiolar fibroblasts; (II) decreasing the pro-
duction of inflammatory and fibrotic cytokines 
and the infiltration of inflammatory cells; (III) 
reducing interalveolar septal thickening and 
alveolar damage; (IIII) dihydroartemisinin can 
down regulate TGF-β1, TNF-α, α-SMA, and 
NF-κB expression at transcriptional and trans-
lational levels.

Although several models of experimental pul-
monary fibrosis were induced in animals by 
drug, radiation, or bronchiolitis obliterans, it 
remains unclear whether any of the experimen-
tal models exactly simulate the pulmonary 
fibrosis that is commonly seen in humans. 
However, the mouse model of bleomycin-
induced pulmonary fibrosis has garnered most 
attention, perhaps due to its good characateri-
zaiotn and clinical relevance to human pulmo-
nary fibrosis. Human lung fibrosis is character-
ized by alveolar epithelial cell injury, accumula-
tion of fibroblasts and myofibroblasts, and 
deposition of extracellular matrix proteins. The 
result is a progressive loss of normal lung archi-
tecture and gas exchange. Intratracheal instilla-
tion of bleomycin induces acute lung inflamma-
tion with infiltration of inflammatory cells [11]. It 
has been shown that activated inflammatory 
cells and fibroblasts can synthesize and secrete 
reactive oxygen species, various chemokines 
and cytokines, and proteases, which can lead 
to aberrant fibroproliferation and collagen pro-
duction in mice [12]. As demonstrated by our 
study, bleomycin treatment results in compo-
nents of diffuse interalveolar septal thickening, 
accumulation of exudative fluids in alveolar 
space, diffuse infiltration of lymphocytes and 
macrophages in peribronchiolar connective tis-
sue as seen in human pulmonary fibrosis.

A variety of pharmacological agents have been 
proposed as therapies for pulmonary fibrosis; 
however, no effective treatments are currently 
available [13]. This study aims to investigate 
the mechanisms of dihydroartemisinin-repre- 
ssed pulmonary fibrosis in rat model of bleomy-
cin-induced lung injury. The effectiveness and 
dosage of dihydroartemisinin in pulmonary 
fibrosis are unknown and it should be investi-
gated in different dihydroartemisinin treatment 
groups of this study. In the present study, the 
number of neutrophils and macrophages in the 
pulmonary was significantly decreased by 
administration of dihydroartemisinin to bleomy-
cin-treated rats. Intratracheal instillation of 
bleomycin induces acute lung inflammation 
with infiltration of inflammatory cells [14]. 
Inflammatory mediators play important roles in 
both the initiation and progression of pulmo-
nary fibrosis, and biopsy and serum samples 
obtained from pulmonary fibrosis patients dis-
play elevated levels of TNF-α [15-17]. 
Experimental studies also showed that overex-
pression of TNF-α causes development of pul-
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monary fibrosis [18, 19]. Macrophages and the 
other inflammatory cells produce TNF-α in lung 
after exposure to particulate matters of silica 
or bleomycin [20]. Interleukin-1 (IL-1) is another 
pivotal inflammatory cytokine that can activate 
RhoA and in turn evokes Rho-dependent cyto-
skeletal reorganization in vitro [21]. Importantly, 
in this study we determined that dihydroarte-
misinin decreases the levels of TNF-α, IL-1 in 
lung, which is correlated with reduced pulmo-
nary fibrosis as evaluated by histopathological 
methods.

TGF-β1 is an important mediator with a broad 
spectrum of activities in pulmonary inflamma-
tion, tissue repair, and fibrosis [22-24]. 
Up-regulation of TGF-β1 plays critical roles in 
the pathogenesis of bleomycin-induced pulmo-
nary fibrosis [25-27]. Moreover, TGF-β1 has 
been shown to induce differentiation of pulmo-
nary fibroblasts into myofibroblasts, which is 
characterized by α-SMA, expression and active 
synthesis of extracellular matrix proteins [28, 
29]. Consistent with reduced fibrosis, the 
increased TGF-β1 production and α-SMA exp- 

Figure 6. Effects of dihydroartemisinin on protein expression of TGF-β1, TNF-α, α-SMA, and NF-κB. A. Representative 
images of significant differences among groups are indicated by Western Blot. B. Quantitative analysis of TGF-β1, 
TNF-α, α-SMA, and NF-κB. Averages of at least six independent experiments. β-actin was used as internal control. 
Results are expressed as means ± SD (n = 6). Statistical analysis was performed using one-way ANOVA followed by 
multiple comparison test (*P < 0.05). 
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ression were reduced by dihydroartemisinin 
treatment. 

The promoter parts of most genes encoding 
cytokines contain the binding sites of transcrip-
tion factor NF-κB [30-32], such as TGF-β1 and 
TNF-α, and both are involved in the pathogene-
sis of pulmonary inflammation and fibrosis. In 
the current study, we determined the expres-
sion of p65 was significantly elevated upon 
bleomycin treatment, while the administration 
of dihydroartemisinin repressed its expression. 
These findings suggest that the inhibitory 
effects of dihydroartemisinin on the inflamma-
tion response and proliferation of bronchiolar 
fibroblast are likely mediated by repressed 
NF-κB signaling.

Collectively, our findings indicate that attenua-
tion of pulmonary fibrosis by dihydroartemisinin 
maybe at least partially attributed to its inhibi-
tory effect on fibrogenic cytokine production, 
which thereby modulates collagen synthesis. 
Thus, dihydroartemisinin holds promise as a 
novel drug to treat pulmonary fibrosis. In spite 
of these important findings, there are some 
limitations in experimental lung studies. The 
pulmonary fibrosis is evaluated only by bio-
chemical and histopathological endpoints 
which can only partly reflect the progression of 
the disease [33]. Recently, it has been demon-
strated that changes in clinical and physiologic 
variables of survival predictionin BLM induced 
pulmonary fibrosis may not correlate with bio-
chemical and histological endpoints [34]. 
Pulmonary function tests are important predic-
tors of survivals in patients with pulmonary 
fibrosis. These tests more directly correlate 
with survival than the severity of biochemical 
and histopathological patterns in humans. 

In summary, the present study has shown that 
treatment with dihydroartemisinin attenuates 
bleomycin-induced pulmonary fibrosis. The 
beneficial effect of dihydroartemisinin was pos-
sibly related to the inhibition of inflammatory 
cell recruitment and decrease of TGF-β1, TNF-
α, α-SMA and NF-κB expression and collagen 
synthesis. Our findings suggest that dihydroar-
temisinin may be a potential therapeutic candi-
date in the treatment of pulmonary fibrosis.
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