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bleomycin-induced pulmonary fibrosis treatment
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Abstract: Pulmonary fibrosis (PF) leads to chronic inflammation and accumulation of macrophages, neutrophils, and 
lymphocytes in the alveoli. The factors involved in the development of PF include reactive oxygen species and tissue 
remodelling regulators. The present study demonstrates the effect of andrographolide on bleomycin (BLM)-induced 
PF in Sprague-Dawley rats. We investigated the total bronchoalveolar lavage fluid protein (BALF) and hydroxyproline 
(HYP) content along with the level of oxidative stress markers like malondialdehyde (MDA) and GSH/GSSG ratio. 
In addition, the levels of MMP-1 and TIMP-1 were also analysed. The results revealed an increase in BALF protein, 
HYP, and MDA contents and decrease in GSH/GSSG ratio of the lungs in animals treated with BLM. However, 
andrographolide treatment caused a reversal of the BLM induced changes after 20 or 40 days. Treatment with 
andrographolide suppressed oxidative stress with the decrease of MDA and the increase of the GSH/GSSG ratio. 
Andrographolide also improved the BLM mediated changes in the MMP-1/TIMP-1 ratio. Therefore, andrographolide 
has a potential therapeutic effect in the prevention of PF.
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Introduction

Pulmonary fibrosis, formation of excessive 
fibrous tissue leads to chronic inflammation 
and accumulation of macrophages, neutro-
phils, and lymphocytes in the lung alveoli [1]. 
Reactive oxygen species (ROS) like superoxide, 
peroxides, peroxynitrite, and hydroxyl radicals 
are believed to play a vital role in the lung 
inflammatory processes [2]. It is reported that 
the ROS generated by phagocytes on activation 
induce pulmonary fibrosis [1, 3, 4]. There is for-
mation of lesions in alveolar septa, prolifera-
tion of fibroblast and myofibroblast in lung 
parenchyma, and deposition of excessive 
extracellular matrix macromolecule in PF [2, 5, 
6]. Nuclear accidents, total body irradiation for 
hematopoietic stem cell transplantation, tho-
racic radiotherapy for lung, breast, thymoma, 
and lymphoma carcinoma is accompanied by 
pulmonary fibrosis [7, 8]. It is reported that radi-
ation-induced pulmonary fibrosis is accompa-
nied by chronic oxidative stress [9]. The cur-
rently available drugs only decrease acute 
pneumonitis for 2-3 months after irradiation 

but fail to suppress fibrosis [10]. Therefore, dis-
covery of a novel molecule for the prevention 
and treatment of PF is highly desired.

Bleomycin (BLM) used for the treatment of dif-
ferent carcinomas through oxidative DNA dam-
age leads to the development of PF due to cys-
teine hydrolase, BLM in-activator deficiency in 
lungs [11]. BLM-induced pulmonary fibrosis 
strategies, therefore, involve use of antioxi-
dants like N-acetylcysteine (NAC) and bilirubin 
[12, 13]. Matrix metalloproteinases (MMPs) 
and their specific inhibitors, TIMPs have a vital 
role in inflammatory conditions [14, 15]. MMP-1 
has been reported to be present in lung sam-
ples from IPF (idiopathic pulmonary fibrosis) 
patients and are believed to be responsible for 
the degradation of type III collagen [16]. 
However, TIMP-1 induced by different agents 
like BLM in lung tissues decreases the ratio of 
MMP/TIMP and induce fibrogenicity [5, 17-19].

Andrographolide (Figure 1) a member of lab-
dane diterpene lactone family was isolated 
from the plant Andrographis paniculata [20]. 
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Traditionally the plant extract was used for the 
treatment of upper respiratory tract infection 
[21, 22]. Andrographolide has shown promising 
antiviral [23], anti-cancer [24], hepatoprotec-
tive [25] and anti-inflammatory [26, 27] activi-
ties. In addition, andrographolide is also 
believed to promote Nrf2 nuclear translocation 
human endothelial cell line EA.hy926 [28]. 
Thus, the present study was devised to investi-
gate the effect of andrographolide on pulmo-
nary fibrosis in a rat model of lung injury induced 
by BLM treatment.

Materials and methods

Materials

Andrographolide and bleomycin A5 hydrochlo-
ride (BLM) were purchased from Sigma (St. 
Louis, MO, USA). Glutathione (GSH), 5’, 5’-dithio-
bis-2-nitrobenzoic acid (DTNB) and other com-
mon chemicals were purchased from Merck 
(New Jersey, USA). 

Animals

Ten week old male, adult SpragueDawley rats 
(Chengdu Dashuo Biological Technology Co., 
Ltd., Chengdu, China) were maintained accord-
ing to the guidelines of the National Institutes 
of Health and Academy of Military Medical 
Sciences for the Care and Use of Laboratory 
Animals. Rats were provided with pathogen-
free water and food with a 12 h light/dark cycle. 

The study was approved by the Committee on 
the Ethics of Animal Experiments of the 
Affiliated Hospital of Academy of Military 
Medical Sciences. 

Pulmonary fibrosis induction and treatment

Among 3 groups of rats with 20 each, 2 groups 
were administered bleomycin hydrochloride (5 
mg/kg body weight) and the control group 
received saline. The treatment group of rats 
were intraperitoneally injected 10 mg/kg 
andrographolide once daily and the control 
group received same volume of saline. The ani-
mals were sacrificed at 10, 20 and 40 days 
after BLM treatment. The parameters used to 
analyse pulmonary fibrosis (PF) were lung his-
tology, hydroxyproline (HYP) content, oxidative 
stress marker levels and total protein in bron-
choalveolar lavage fluid (BALF).

Histological assessment

For examination of histopathologic changes left 
lungs from all the three groups were collected 
10, 20, and 40 days after BLM treatment. The 
sections were fixed in paraformaldehyde and 
embedded in paraffin. The extent of fibrosis 
was analysed using haematoxylin and eosin 
and Masson’s trichrome stain. Semiquantitative 
grading system was used for the extent and 
severity of interstitial fibrosis. Ten sites were 
examined for each lung section to assign 
grades to the PF. Normal lung was assigned, 
grade 0; minimal fibrous thickening, grade 1; 
moderate thickening, grade 2-3; increased 
fibrosis with definite damage to lung architec-
ture, grade 4-5; severe distortion of structure, 
grade 6-7 and total fibrous obliteration, grade 
8. The mean score of all fields was taken as the 
fibrosis score of that lung section.

Protein content in BALF and hydroxyproline 
measurement

Rats were anaesthetized, sacrificed and the 
right lung was washed with saline to collect 
BALF. Lowry’s method was used to determine 
total protein concentration in BALF superna-
tants (g/L). For HYP content measurement 
homogenized lung tissue was hydrolyzed in 6 N 
HCl for 18 h at 110°C and neutralized with 2.5 
M NaOH. After mixing 2 ml aliquots with citrate 
buffer, 1 ml chloramine T (0.05 M), and 1 ml 
perchloric acid (3.15 M) were added to quench 

Figure 1. Structure of 
andrographolide.
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the reaction. The samples were then incubated 
with 1 ml dimethylaminobenzaldehyde at 80°C 
and absorbance was measured at 560 nm.

Lung tissue oxidant and antioxidant analysis 

We used thiobarbituric acid to estimate the 
lung MDA (malondialdehyde) levels and CBB 
(Coomassie brilliant blue G250) staining for 
total protein concentration. For reduced gluta-
thione (GSH), 100 μl BALF sample was mixed 
with 100 μl 10% TCA and then centrifuged for 
15 min. The supernatant (50 μl) was mixed with 
50 μl formaldehyde, 1.8 ml of 0.1 M phosphate 
buffer, 100 μl 0.1% o-phthalaldehyde and incu-
bated for 45 min. Fluorospectrophotometer 
was then used to measure the GSH level. The 
level of GSSG was determined by using the 
above method with a minor modification of 0.1 
M NaOH instead of 0.1 M phosphate buffer.

RNA preparation and RT-PCR of MMP-1 and 
TIMP-1

The total RNA from deep frozen lung homoge-
nates of rats was isolated using TRIzol reagent. 
The Super Script II reverse transcriptase was 
used to reverse transcribe first strand cDNA 
from the total RNA. The primers for the genes 
of interest were subjected to PCR amplification. 
Using total RNA (2 μg), RT-PCR for MMP-1, 
TIMP-1 and β-actin control was performed 
using Gene Amp PCR System 9700 (Perkin 
Elmer Applied Biosystems, Foster City, CA). The 
amplified PCR products (5 μl) were separated 
by electrophoresis on a 1.2% agarose gel con-
taining ethidium bromide, and were photo-
graphed under UV light (Bio-Rad Gel system). 
The intensity of each cDNA band was quanti-
tated and normalized to the corresponding 
β-actin cDNA band intensity (internal control) 
using a Bio-Rad Gel Doc 2000 System. 

Immunohistochemical detection of MMP-1 and 
TIMP-1

Deparaffinised lung sections (2 µ) were treated 
with hydrogen peroxide for 45 min and then 
washed thrice with PBS. The sections were 
treated with 1.5% normal goat serum for 45 
min, then washed in PBS and incubated with 
primary antibodies like rabbit anti-MMP-1, 
-TIMP-1, and a negative control antibody 
(Boster, P. R. China) overnight at 4°C. The sec-
tions were then incubated with a biotinylated 
anti-rabbit IgG (secondary antibody; Boster) for 
30 after PBS washing. Diaminobenzidine-
hydrogen peroxide solution was used to devel-
op the reaction, the sections were counter-
stained with haematoxylin and eosin and then 
mounted.

Statistical analysis

All the results are expressed as mean of ± S. D. 
Two-way ANOVA and Student’s t-tests were 
used for data analysis. The SPSS version 11.0 
statistical software (SPSS, Inc., Chicago, IL) 
was used for data analyses. The differences 
were considered statistically significant at P < 
0.05.

Results

Effect of andrographolide on pulmonary fibro-
sis histopathology

Light microscopic examination of the lung sec-
tions revealed absence of bleeding sites and 
signs of congested edema in andrographolide-
treated rats after 40 days of BLM-treatment 
compared with BLM-treated and control group 
(Figure 2A). The lung sections showed the pres-
ence of excess of inflammatory cells in alveoli 
and interstitium, large fibrous areas and trac-
tion bronchiectasis after 40 days in BLM-group 
compared to control group (Figure 2B). How- 
ever, treatment with andrographolide caused a 
significant decrease in the extent of fibrosis 
compared to BLM group (Figure 2B). The esti-
mation of overall grades of lung fibrosis by 
numerical scoring after 40 days showed a sig-
nificant decrease in scores of fibrosis in the 
lung sections of the andrographolide-treated 
group compared to BLM group (Table 1).

Figure 2. A. Effect of andrographolide on the lung appearance after 80 days of BLM. Andrographolide-treated ani-
mals showed no lung collapse and gray fibrous nodules. B. Representative photomicrographs of lung histology in the 
control, BLM and andrographolide groups. Lung tissues were obtained after 40 days treatment, and stained with 
haematoxylin and eosin and Masson’s trichrome to evaluate histological changes of the lungs.

Table 1. Pulmonary fibrosis grades after 40 
days of treatment
Groups Grade of fibrosis
Control 0.91 ± 0.05
BLM 5.45 ± 0.26
Andrographolide 1.83 ± 0.53
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Figure 3. Andrographolide treatment suppressed BLM-induced total proteins and hydroxyproline. A. Total proteins in 
BALF were measured after 10, 20 and 40 days in rats treated with BLM with or without andrographolide treatment. 
B. Lung HYP content was measured spectrophotometrically after 10, 20 and 40 days in the BLM and androgra-
pholide treatment groups. Data are the mean ± SEM of three independent observations.

Figure 4. Effect of andrographolide on BLM-modulated malondialdehyde (MDA) and the GSH/GSSG ratio 10, 20 and 
40 days after BLM administration. A. Reduction of MDA levels in lung tissue after 40 days of BLM administration 
in rats treated with intraperitoneal andrographolide. B. Enhancement of BLM-induced decreases in the GSH/GSSG 
ratio at day 20 and 40 by andrographolide. Data are presented as the mean ± SEM.

Figure 5. Western blot analysis of mRNA expression levels of MMP-1 and TIMP-1. A. Total RNA was isolated from the 
lung tissue of the control, BLM and andrographolide groups for Western blot analysis at day 10, 20 and 40. B. The 
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Effect of andrographolide on BALF Protein and 
lung hydroxyproline content 

Treatment of rats with BLM leads to a signifi-
cant increase in BALF protein expression 
(Figure 3A). Andrographolide-treatment caused 
a decrease in BALF proteins; however the 
decrease was significant after 20 days of the 
treatment. Since increased BALF protein con-
centration is an important marker of alveolar 
edema, therefore, andrographolide has a great 
potential for ameliorating lung edema. 
Andrographolide treatment also leads to a sig-
nificant decrease in the BLM-induced HYP con-
tent after 20 days in lung homogenates. Since 
lung HYP concentration reflects collagen depo-
sition in lungs, thus andrographolide has a pro-
tecting effect against pulmonary fibrosis 
induced by BLM (Figure 3B).

Effect of andrographolide on oxidative stress 
markers, MDA content and GSH/GSSG ratio

In the rats treated with BLM, MDA level was 
increased after 20 days compared to that of 
control group (Figure 4A). Andrographolide-
treatment caused a significant decrease in the 
BLM-induced lung tissue MDA content, sug-
gesting a vital role of andrographolide in reduc-
ing BLM-mediated oxidative stress. Treatment 
of rats with BLM resulted in a decrease in the 
GSH/GSSG ratio (a decrease in GSH accompa-
nied by an increase in GSSG) after 10, 20 and 
40 days of the exposure. Andrographolide 
treated rats showed a significant increase in 
BLM-induced GSH/GSSG ratio reduction after 
10, 20 and 40 days of the treatment (Figure 

4B). Therefore, treatment with andrographolide 
resulted in a significant enhancement in the 
GSH/GSSG ratio in the lung compared with that 
in the BLM group.

Effect of andrographolide on MMP-1 and 
TIMP-1 expression 

The results from Western blot analysis revealed 
an increase of both MMP-1 and TIMP-1 mRNA 
levels after day 10 which persisted for 40 days 
following BLM exposure (Figure 5A-C). However, 
andrographolide treatment caused a signifi-
cant decrease in the levels of both MMP-1 and 
TIMP-1 mRNA (Figure 5A-C). These results indi-
cate that bleomycin injury led to a significant 
increase in TIMP-1, while andrographolide 
could lower its expression after 10 days.

Effect of andrographolide on BLM-induced 
MMP-1 and TIMP-1 protein expression

The examination of lung sections showed high-
er level of immunostaining for MMP-1 at 40 
days after bleomycin exposure in BLM group 
compared to control group of animals. However, 
treatment with andrographolide led to a slight 
increase in MMP-1 immunostaining (Figure 6). 
The level of immunostaining for MMP-1 inhibi-
tor TIMP-1 was significantly increased in rats 
injected with bleomycin compared to the con-
trol rats. Treatment of the BLM-treated rats 
with andrographolide caused a significant 
decrease in the level of dark-brown TIMP-1 
staining (Figure 6). Thus andrographolide 
improves the MMP-1/TIMP-1 ratio.

relative MMP-1 and C. TIMP-1 mRNA levels after 10, 20 and 40 days in each group were estimated using densitom-
etry and were normalized to control β-actin. 

Figure 6. Immunohistochemical analysis of MMP-1 and TIMP-1 in lung sections obtained after 20 days from control 
and BLM-treated rats with or without andrographolide treatment.
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Discussion

Cancer chemotherapy leads to the develop-
ment of pulmonary fibrosis (PF) resulting in the 
deposition of excessive collagen. ROS-activated 
inflammatory cells induce expression of a vari-
ety of intracellular oxidative enzymes and syn-
thesis of reactive nitrogen species (RNS) to 
remove necrotic tissue [18, 19]. Change in oxi-
dant/antioxidant balance in the lung increases 
tissue damage.

The currently available treatment strategies 
involve use of glucocorticoid and some cytotox-
in-like medicine, but the need for a novel mole-
cule to treat pulmonary fibrosis is unmet. The 
present study demonstrates the effect of 
andrographolide in an animal model of bleomy-
cin (BLM)-induced PF. The results demonstrate 
that andrographolide effectively reduced lung 
injury induced by BLM-treatment in rats. The 
mechanism of andrographolide action for sup-
pression of PF is not fully understood, but it 
appears to act through inhibition of radicles for-
mation. Andrographolide leads to inhibition of 
collagen accumulation and improves MMP-1/
TIMP-1 ratio. It is reported that BLM activates 
NF-κB resulting in the generation of ROS [13]. 
However, inhibition of NF-κB activation by anti-
oxidants suppresses pulmonary fibrosis [27, 
28]. The results from the present study reveal 
inhibition of NF-κB activation by androgra-
pholide. We observed an increase in the level of 
MDA, a key marker of lipid peroxidation in BLM-
treated rats but the level was decreased in the 
andrographolide treated group. Glutathione 
(GSH), an antioxidant in lungs protects lung 
cells against oxidative damage [29], however 
BLM treatment caused a decrease in the level 
of GSH. The andrographolide treated rats 
showed a significant increase in the GSH/GSSG 
ratio.

The MMPs play a vital role in the regulation of 
tissue remodelling through ECM turnover in 
both the normal and pathological conditions. 
Suppression of PF by inhibition of MMPs using 
MMP-inhibitor, batimastat indicates a vital role 
of MMPs in BLM-induced PF [16]. In this study, 
both MMP-1 mRNA and protein were decreased 
after 20 or 40 days BLM treatment. On the 
other hand, BLM exposure led to a significant 
increase in TIMP-1, while andrographolide low-
ered its expression after 20 or 40 days. 

In conclusion, andrographolide can be a potent 
agent in the prevention of BLM-induced oxida-
tive lung damage and human IPF. 
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