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Abstract: Pulmonary fibrosis is a fatal disease which is characterized by inflammation and formation of permanent 
scar tissue in lung. Current treatment for this disease is limited and mainly relies on slowing the progression of 
fibrosis by anti-inflammatory agent. In this study, we examined the application of diterpene phenol extract of Ros-
marinus officinalis (DERO) as an anti-inflammatory agent for treating bleomycin (BLM) induced pulmonary fibrosis 
in rat model. After stimulating pulmonary fibrosis in Sprague-Dawley rats by endotracheal injection of bleomycin, 
oral administration of DERO was conducted with different dose (low, medium and high). Compared with NS group, 
infiltration of pro-inflammation lymphocytes and the collagen accumulation in the lung tissue of BLM group were 
significantly increased. However, with administration of DERO, cell infiltration and collagen deposition reduced sig-
nificantly in medium dose and high dose groups, while little reduced was demonstrated in low dose group. Moreover, 
the expressions of Collagen-I, TGFBR2 and TGF-β1 genes were decreased as well in medium and high dose group. 
In conclusion, our study demonstrated that DERO may play a regulatory role in BLM-induced pulmonary fibrosis by 
inhibiting over-depositing of Collagen I. DERO could inhibit the expression of TGF-β1 and TGFBR2 to suppress the 
activation of pre-collagen I by TGFβ-Smad1 pathway as well.
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Introduction

Pulmonary fibrosis is an interstitial lung dis-
ease which is characterized by inflammation, 
proliferation of fibroblasts, and abnormal depo-
sition of extracellular matrix (ECM) proteins [1]. 
Transforming growth factor-beta1 (TGF-β1), a 
major regulator of the fibrotic process, has 
been considered to play a crucial role in the 
pathogenesis of pulmonary fibrosis. Various 
cell types in the lung tissue secret TGF-β1, 
including alveolar macrophages, epithelia cells, 
endothelial cells and fibroblasts [2]. Activated 
TGF-β1 binds to TGF-β type II receptor (TGFB2R) 
on target cells induced the phosphorylation of 
TGF-β type I receptor (TGFB1R) [3]. The recep-
tor complex then causes the phosphorylation 
of Smad2 and Smad3 proteins [4]. The phos-
phorylated Smad proteins form heteromeric 
complexes along with Smad4 and then translo-
cate into the nucleus to activate downstream 
genes. The activation of TGF-β1-Smad pathway 

promotes the development of inflammation and 
induces the proliferation of the fibroblasts, 
leading to pulmonary fibrosis [5]. This makes 
TGF-β1 and TGF-β1-Smad pathway attractive 
therapeutic targets for pulmonary fibrosis. 

Rosemary (Rosmarinus officinalis L.), belonging 
to the labiate family (Lamiaceae), is native in 
Mediterranean region and widely used as a fla-
vor in foods. The mainly active components of 
Rosemary are phenolic diterpenes and triter-
penes, such as carnosol, carnosic acid (CA), 
rosmanol, rosmarinic acid (RA) as well as oth-
ers. The most abundant compounds, CA and 
RA, have been showed have a wide range of 
activities, including antioxidant, hepatoprotec-
tive and anti-inflammatory effects [6-8]. Tsai et 
al showed that ethanolic rosemary extract, 
mainly consisted by carnosol, CA and RA, sig-
nificantly suppressed propionibacterium acnes-
induced inflammatory responses [9].



Diterpene phenols inhibit pulmonary fibrosis

6055 Int J Clin Exp Med 2016;9(3):6054-6061

Accordingly, the purpose of the present study 
was to investigate the possible effects of diter-
pene phenol extract of Rosmarinus officinalis 
(DERO) on collagen metabolism in pulmonary 
fibrosis rats induced by Bleomycin (BLM), espe-
cially on TGF-β1 signal transduction pathway. 

Materials and methods

Ethics statement

The animal protocols used in this study were 
approved by the Ethics Committee of the 
Sichuan University and followed the instruction 
of the Guidelines for Experimental Animals 
which is issued by the Ministry of Science and 
Technology (Beijing, China). All procedures were 
performed according to recommendations pro-
posed by the Sichuan University, and all efforts 
were made to minimize suffering of mice. 
Moreover, the mice were housed in a tempera-
ture-controlled room with proper darkness-light 
cycles, fed with a regular diet, and maintained 
under the care of the Experimental Animal 
Center of Sichuan University.

Animals

Sprague-Dawley (SD) rats, weighing 150-250 g, 
aged 6-7 weeks, were purchased from 
Experimental Animal Center of West China 
Medical College of Sichuan University (Chengdu, 
China) (No. SCXK 2005-09). 

Chemicals

Bleomycin hydrochloride was purchased from 
Nippon Kayaku (Tokyo, Japan). PCR primers 
were synthesized by Sangon Biotech (Shanghai, 
China). In situ hybridization Kit of transforming 
growth factor-beta type II receptor (TGFβRII) 
and Smad4 mRNA were purchased from Bo- 
ster Biological Technology (Wuhan, China). Di- 
terpene phenol extract of Rosmarinus officina-
lis (DERO) was purchased from Guizhou 
Institute of Biology (Guiyang, China). 

Experimental model and study group

Fifty rats were divided into control (normal 
saline group, NS) and BLM-treated group (BLM). 

The effect of DERO was examined by giving 
three different dosages of DERO to the BLM 
group: the low dose group or DERO1 (50 mg/
kg.d of DERO), the medium dose or DERO2 
(100 mg/kg) and the high dose or DERO3 (200 
mg/kg). In total there were five groups with 10 
rats in each group. Pulmonary fibrosis was 
established in rats by an intratracheal instilla-
tion of BLM (5 mg/kg in saline). The rats were 
rotated after instillation to make sure that BLM 
was evenly distributed in both lungs. DERO 
were administrated by oral gavage for consecu-
tive 28 days since day 2. Rats in NS and BLM 
groups were given an equal volume of PBS fol-
lowing the same schedule. 

Tissue specimens and microarray construction

All rats were euthanatized in day 29 and lung 
tissues were harvested. The weight of lungs 
was measured. The lower lobe of the left lung 
was removed and fixed with 4% paraformalde-
hyde. Inferior lobe of the right lung was kept in 
liquid nitrogen for future experiments. 

The lung tissue microarray was constructed as 
previously described [10]. After the construc-
tion of the array block, multiple 6-μm sections 
were cut for H&E staining, Van-Gieson staining, 
immunohistochemistry staining of collagen 
type I and in situ hybridization of TGF-βRII and 
Smad4 mRNA. 

Reverse Transcription and real-time PCR

Total RNA was extracted from the lung sample 
by using TRIzol® Reagent (Invitrogen) according 
manufacturer’s instruction. DNase treatment 
was conducted to remove genome DNA carry-
over. For the detection of gene expression in 
cellular RNA level, reverse transcription was 
conducted by using AMV reverse transcri- 
ptase(Promega) and a combination of random 
primer and oligo (dT) as previously reported 
[11]. Real-time PCR with SYBR Green detection 
was done as described previously [12]. Tra- 
nscripts of house-keeping gene GAPDH were 
also amplified from the same samples to serve 
as an internal control for cellular mRNA normal-

Table 1. Primer used for qPCR detection
Target gene Forward Reverse TaqMan probe
TGF-β1 5’-actactgcttcagctccaca-3’ 5’-gtgtccaggctccaaatgt-3’ 5’-ccaagggctaccatgccaac-3’
GAPDH 5’-tgggtgtgaaccacgagaa-3’ 5’-ggcatggactgtggtcatga-3’ 5’-ctgcaccaccaactgcttagc-3’
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ization. Expression of indicated genes was 
quantified by 2-∆∆CT method as previously 
described [13]. The primers used in RT-PCR 
were listed as Table 1. 

Immunohistochemistry 

The TMA sections were deparaffinized in xylene 
and rehydrated in graded series of ethanols fol-
lowed by heat-induced epitope retrieval in 
citrate buffer (pH 6.0). Sections were incubated 
overnight at room temperature with polyclonal 
antibodies to collagen I diluted 1:500 for immu-

nohistochemical analysis. The slides were final-
ly counterstained with hematoxylin, dehydrated 
and mounted.

In situ hybridization

In situ hybridization of TGFβRII and Smad4 
mRNA were performed according to the manu-
facturer’s instruction. 

Western blot analysis

Total protein was isolated from the lung tissue 
by homogenization with a buffer as previously 

Figure 1. Histological section of lung fields. A-E: HE stain-
ing ×100. (A: the NS group, B: the BLM group, C: the DERO1 
group, D: the DERO2 group, E: the DERO3 group). F-J: Van-
Gieson staining ×100. (F: the NS group, G: the BLM group, H: 
the DERO1 group, I: the DERO2 group, J: the DERO3 group). 
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described [14]. Then the homogenized proteins 
were further lysed in Laemmli sample buffer. 
The whole proteins in the lysate were separat-
ed and analyzed by sodium dodecylsulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
and Western blot as described previously, 
respectively [15, 16]. Antibodies against 
Smad2/3 (Santa Cruz Biotechnology, Santa 
Cruz, CA), Smad7 (Santa Cruz Biotechnology) 
and actin (Sigma-Aldrich, St. Louis, MO) were 
used in the blotting. The chemiluminescence 
signal was recorded digitally using a ChemiDoc 
XRS imaging system (Bio-Rad Laboratories, 
Hercules, CA). Digital signal acquisition and 
densitometry analyses were conducted by 
using the QuantityOne Program, Version 4.6 
(Bio-Rad). 

Image process and analysis

Image-pro plus software were used to process 
and quantitatively analyze the images. A 100× 
image of left, right, superior and inferior field of 
each site in tissue microarray were taken for 
quantitative analysis. Average value of four 
images from these four fields was considered 
as value in this tissue microarray. Average value 
of same measurement of four sites from four 
sets of tissue microarray was considered as 
value of this measurement in this rat. 

Total nucleated cells were automatically count-
ed using the software after H&E staining. Each 
nucleus represented a single cell, including 

lung tissue cell and inflammatory white cell. 
The total nucleated cells numbers of experi-
mental groups were compared to NS group. The 
difference between the cells numbers repre-
sented the severity of inflammation. The more 
the difference of cells numbers, the worse the 
inflammatory was. 

The quantity of collagen fiber staining, immuno-
histochemical analysis of collagen-I, in situ 
hybridization of TGFβRII and Smad4 mRNA 
were expressed as the integrated optical den-
sity (IOD).

Statistical analysis

The results are expressed as mean ± SD. 
Homogeneity test was performed for quantita-
tive data at the first place. Categorical data 
were converted to quantitative data. Statistical 
analysis was performed using one-way ANOVA 
and q test. Data analysis was carried out using 
SPSS 13.0. P value of 0.05 was considered sta-
tistically significant. 

Results

Pulmonary fibrosis rat model

BLM is a chemotherapeutic antibiotic could 
induce fibrosis as its major adverse effects 
[17]. Therefore, BLM is a commonly used drug 
to induce pulmonary fibrosis in animal model 
[17]. After endotracheal injection of BLM in 

Figure 2. Inflammation and collagen deposition of each group. A: Collagen deposition measured by Van-Gieson 
staining. B: Inflammation level measured by counting total nucleated cells from HE staining. Data are presented as 
mean ± SEM, *P<0.05, **P<0.01.
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Sprague-Dawley rats following administration 
of DERO, the effects of DERO was examined by 
analysis of the lungs on the 29th day after 
injection. Compared to NS group, feeding and 
defecation of rats in BLM group and DERO1 
group were decreased, while they were not 
affected in DERO2 and DERO3 group (data not 
shown). One rat in DERO1 group died on day 3 
due to acute lung injury induced by BLM.

Histopathological manifestations

BLM administration resulted in the develop-
ment of extensive fibrosis in the lung after 28 
days of BLM treatment. Results showed that 
the lungs of rats in NS group were elastic with 

pink color and had a smooth surface. However, 
compared with the NS group, the lungs of rats 
in BLM group were less elastic and dilated in 
size with uneven dark red color and had a rough 
surface. The lungs of rats in DERO groups were 
elastic with even dark red color and had a 
smooth surface.

Moreover, compared to NS group (Figure 1A), 
H&E staining showed that the lung tissues of 
rats in BLM group presented severe epithelial 
proliferation, alveolitis, edema, inflammatory 
cell infiltration and interstitial fibrosis (Figure 
1B). Histopathological manifestations of DE- 
RO1 group were similar to BLM group. Infla 

Figure 3. Effects of DERO on the expression of Collagen-I detected by immunohistochemical staining, and the mRNA 
levels of TGFβ1RII, Smad4 and TGFβ1 in lung tissue of rats. A: Collagen-I expression detected by immunohistochemi-
cal staining. B, C: mRNA levels of TGFβ1RII and Smad4 detected by in Situ Hybridization. D: mRNA level of TGFβ1 
detected by RT-qPCR. Data are presented as mean ± SEM, *P<0.05, **P<0.01.
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mmation manifestations of DERO2 and DER- 
O3 (Figure 1C-E). 

Compared with NS group, collagen deposition 
and inflammation infiltration of BLM group were 
significantly increased. Collagen deposition 
and inflammation infiltration of DERO1 group 
were similar to BLM group. However, compared 
to BLM group, collagen deposition and inflam-
mation infiltration of DERO2 and DERO3 groups 
were significantly decreased. There was no dif-
ference between DERO2 group and DERO3 
group (Figure 2). 

The expression of collagen-I detected by im-
munohistochemical staining

Compared with NS group, the expression of 
collagen-I detected by immunohistochemical 
staining were significantly increased in BLM 
group. Compared with BLM group, the expres-
sion of collagen-I of DERO1 group has no statis-
tical significantly difference, while the expres-
sion of collagen-I of DERO2 and DERO3 group 
were significantly decreased. There was no dif-
ference between DERO2 and DERO3. All the 
results were given by comparison of the aver-
age IOD value (Figure 3A). 

The expression of TGFβ1RII and Smad4 de-
tected by in situ hybridization

Compared with NS group, the expression of 
TGFβ1RII and Smad4 detected by in Situ 
Hybridization were significantly increased in 
BLM group. Compared with BLM group, neither 
expression of TGFβ1RII or Smad4 of DERO1 
group showed any difference. Compared with 

BLM group, the expression of TGFβ1RII in 
DERO2 and DERO3 group were significantly 
decreased, however, expression of Smad4 of 
DERO2 and DERO3 group showed no differ-
ence. There was no difference between DERO2 
and DERO3. All the results were given by com-
parison of the average IOD value (Figure 3B, 
3C). 

The expression of TGF-β1 detected by qRT-PCR

Compared with NS group, the expression of 
TGF-β1 detected by qRT-PCR was significantly 
increased in BLM group. Compared with BLM 
group, the expression of TGF-β1 of DERO1 group 
showed no difference, while the expression of 
TGF-β1 of DERO2 and DERO3 group were signifi-
cantly decreased. There was no difference 
between DERO2 and DERO3 (Figure 3D). 

The expression of TGF-β1, TGFβ1RII and Smad4 
detected by western blot

Compared with NS group, the expression of 
TGF-β1, TGFβ1RII and Smad4 was increased in 
BLM group. Compared with BLM group, the 
expression of TGF-β1 and TGFβ1RII was reduced 
in DERO2 and DERO3 group, and the expres-
sion of Smad4 was reduced in DERO3 group 
(Figure 4).

Discussion

Under normal conditions, the metabolism of 
pulmonary fibroblasts is under a dynamic equi-
librium, which is important in maintaining the 
structure and function of the lung. Pulmonary 
fibrosis is characterized by aberrant wound 
healing of the interstitial lung tissue following 
lung injury. The major change in pulmonary 
fibrosis is the disturbance of the collagen 
metabolism, mainly Collagen-I and III. It has 
been shown that the over-deposition of 
Collagen III is reversible, however, the over-
deposition of Collagen I leads to irreversible 
pulmonary fibrosis [18]. TGF-β1 is so far the 
most effective stimulator for collagen synthe-
sis. Therefore, TGF-β1 is considered as a key 
therapeutic target for regulating excessive 
repair of interstitial lung tissue. 

Rosemary (Rosmarinus officinalis L.) is a culi-
nary as well as medicinal herb which was widely 
used all over the world. Previous studies have 
shown the biological effects of diterpene phe-

Figure 4. Effects of DERO on the expression of TGF-β1, 
TGFβ1RII and Smad4 detected by western blot. 
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nol extract of Rosmarinus officinalis, mainly CA 
and RA, processing multiple functions such as 
antioxidant, anticancer, hepatoprotection and 
anti-inflammation [6-8]. Tsai et al showed that 
CA and RA, significantly suppressed propioni-
bacterium acnes-induced inflammatory res- 
ponses [9]. However, whether DERO has anti-
fibrotic effects is not well studied. 

BLM is a chemotherapeutic antibiotic could 
induce fibrosis as its major adverse effects. 
Therefore, BLM is a commonly used drug to 
induce pulmonary fibrosis in animal model [17]. 
In this study, we examined the anti-inflammato-
ry and anti-fibrotic effects of DERO in BLM 
induced pulmonary fibrosis in rats by histopa- 
thological detection as well as measuring ex- 
pression of collagen-I, TGF-β1, TGFβ1RII and 
Smad4. 

Our data demonstrated the BLM treatment 
caused significant inflammation and fibrosis in 
rat lung tissue while medium to high dose of 
diterpene phenol extract of Rosmarinus offici-
nalis can suppress the collagen deposition and 
inflammation infiltration of BLM rats, but low 
dose DERO had no such effects. We also found 
that expression of TGF-β1, TGFβ1RII and Smad4 
were up-regulated in BLM group while the medi-
um and high dose DERO can reverse the up-
regulation of TGF-β1 and TGFβ1RII. 

Pulmonary fibrosis is a fatal disease character-
ized by inflammation, proliferation of fibro-
blasts, and abnormal deposition of extracellu-
lar matrix proteins. As strongest pro-fibrotic 
cytokine, TGF-β1 promotes fibroblast prolifera-
tion, drives the differentiation of fibroblasts to 
myofibroblasts and increases the synthesis of 
type I collagen. Alveolar macrophages and 
fibroblasts from fibrotic lungs secrete higher 
amounts of active TGF-β1 protein compared 
with normal lungs [19, 20]. Previous data sug-
gested overexpression of TGF-β1 inducing fibro-
sis in the rat lung [21]. Therefore, it is reason-
able that the regulation of TGF-β1 activity will be 
a target for the treatment of pulmonary fibrosis. 
Our results showed that DERO can suppress 
the fibrotic reaction induced by BLM in rats, as 
well as suppressing the up-regulation of TGF-β1 
and TGFβ1RII. These findings indicated that the 
anti-fibrotic effect of DERO was achieved by 
suppressing synthesis of collagen-1 via regulat-
ing TGF-β1 pathway, suggesting that DERO may 
have potential benefits in pulmonary fibrosis 

treatment. Moreover, we found that medium 
and high dose of DERO had anti-fibrotic effects 
but low did not have anti-fibrotic effects, which 
indicated that the anti-fibrotic effects of DERO 
had a threshold dose. Our results showed that 
there were no significant differences in anti-
fibrotic effect between medium and high dose 
of DERO. Further study will be needed to con-
firm whether there is a dose dependent effect 
of DEPO as an anti-fibrotic agent.

In conclusion, our study demonstrates that 
diterpene phenol extract of Rosmarinus offici-
nalis significantly inhibits BLM-induced pulmo-
nary fibrosis. Our data suggested that DERO 
have the potential as an effective anti-fibrosis 
agent for future drug development.
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