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Abstract. The present study investigated the interven-
tion efficacies of rosiglitazone (ROS) and retinoin (RET)
on bleomycin-induced pulmonary fibrosis in rats. A total
of 48 rats were randomly divided into the control group
(group C), the model group (group M), the dexamethasone
group (group D), the ROS group (group R), the RET group
(group W) and the ROS + RET group (group L). Group M
and the treatment groups were intratracheally injected with
5 mg/kg bleomycin, while group C was injected with saline.
The lungs of rats in each group were inspected using high
resolution computed tomography (HRCT), lung tissue hema-
toxylin and eosin staining and Masson staining; furthermore,
lung L-hydroxyproline (Hyp) content and the concentration
of transforming growth factor p1 (TGF-p1) serum of each
group were also determined. The fibrosis score, Hyp content
and TGF-f1 concentration of each treatment group were
significantly lower when compared with group M (P<0.01),
while the imaging results were improved when compared
with group M, with lower alveolitis and fibrosis scores. Group
L, R and W exhibited significantly lower fibrosis scores,
Hyp content and TGF-f1 concentrations when compared
with group D (P<0.05). Imaging results for group L, R and
W indicated that while the imaging results were superior to
group D, group L was lower than groups R and W (P<0.05).
No significant difference in the fibrosis score, Hyp content
and TGF-B1 concentration was exhibited between groups R
and W (P>0.05). Findings from the present study conclude
that ROS and RET are able to suppress bleomycin-induced
pulmonary fibrosis with improved efficacies when compared
with dexamethasone; furthermore, the combination of these
two pharmacological agents may exert synergistic effects.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is an unexplained
chronic fibrotic interstitial pneumonia, as well as the
main type of idiopathic interstitial pneumonia (IIP). In
recent years, its prevalence and annual incidence rate has
significantly increased (1). The lung histology and/or chest
high-resolution computed tomography (HRCT) of IPF has
been characterized by usual interstitial pneumonia (UIP)
in previous studies (2,3). IPF exhibits unknown etiology
and poor prognosis, with a median survival period of only
2 to 3 years following diagnosis and there is a current lack
of satisfactory treatment available (4,5). The combination
of prednisone, azathioprine and N-acetylcysteine has been
demonstrated to have little effect on hindering disease
progression in patients with IPF; however, multiple side
effects may occur (6). Furthermore, N-acetylcysteine mono-
therapy is not able to suppress the acute exacerbation and
reduce the mortality of patients with IPF (7). Pirfenidone
possesses anti-inflammatory, anti-fibrotic and anti-oxidant
properties and has been indicated to impede the declining rate
of lung functions, but it has little benefit on the mortality of
the disease (8). Therefore, considering more effective agents
for the treatment of IPF should be a predominant focus. As
a synthetic ligand, rosiglitazone (ROS) is the representa-
tive agonist of peroxisome proliferator-activated receptor vy
(PPARY). PPARY and its ligand participate in lipid and sugar
metabolism, immune and inflammatory responses and exert
anti-fibrosis effects in multiple organs (9-11). Retinoin (RET)
is the product of oxidative metabolism of vitamin A in vivo
and exhibits regulatory roles for a variety of immune and
inflammatory responses. RET is able to promote the repair
of alveolar epithelial cells (12,13). To date, few reports have
indicated the anti-pulmonary fibrosis roles of ROS (5). The
present study observed the in vivo intervention effects and
efficacies of ROS and RET on bleomycin-induced pulmonary
fibrosis in rats.

Materials and methods

Animal grouping and model preparation. A total of 48 healthy
male Wistar rats, 2 months old, weighing 220+23 g, were
purchased from Qingdao Institute for Food and Drug Control
(Qingdao, China), had free access to food and water and
were maintained in an environment at a temperature of 22°C.
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Rats were randomly divided into control (group C), model
(group M), dexamethasone (group D), ROS (group R), RET
(group W) and ROS + RET (group L) groups. Group C received
0.3-0.4 ml of saline which was slowly intratracheally instilled,
while 0.3-0.4 ml bleomycin A5 saline solution (5 mg/kg;
CLEA Japan, Inc., Tokyo, Japan) was slowly intratracheally
instilled to prepare the model of bleomycin-induced
pulmonary fibrosis. All groups received consecutive 31-day
oral administration and intraperitoneal injection 24 h following
modeling. Group C was intraperitoneally injected with an
5 mg/kg saline + oral administration of saline; group M was
intraperitoneally injected the equal amount of saline + oral
administration of saline; group D was intraperitoneally
injected with 5 mg/kg dexamethasone (Jiangsu Lianshui
Pharmaceutical Co., Ltd., Lianshui, China) + an equal
amount of oral saline; group R was orally administered
4 mg/kg ROS + intraperitoneally injected saline (equal
amount); group W was orally administered 20 mg/kg RET
(Jiangsu Lianshui Pharmaceutical Co., Ltd.) + intraperitoneally
injected saline (equal amount); and group L was orally
administered 4 mg/kg ROS (Chongqing Fuling Pharm., Taiji
Group, China) + 20 mg/kg RET + intraperitoneally injected
saline (equal amount). The present study was performed in
accordance with the recommendations of the Guide for the
Care and Use of Laboratory Animals of the National Institutes
of Health. The animal use protocol was reviewed and approved
by the Institutional Animal Care and Use Committee of
Qingdao University (Qingdao, China).

Specimen collection. Rats from each group were inspected
using HRCT on days 7, 21 and 31, respectively, followed by
bone algorithm and standard algorithms for the reconstruc-
tion. Two rats from each group were randomly selected and
sacrificed on day 7, while the rest rats were all sacrificed on
day 31.

Hematoxylin and eosin (H&E) staining and Masson staining.
Lung tissue sections from sacrificed rats were fixed with
4% formalin for 24 h, paraffin embedded, sectioned (5-ym
thick) and exposed to H&E staining and Masson staining
and the morphological changes of lung tissues were observed
using a light microscope (magnification, x200). The degrees of
alveolitis and pulmonary fibrosis were determined as outlined
by Szapiel et al (14).

Alkaline hydrolysis method. The alkaline hydrolysis method
was used to detect the hydroxyproline (Hyp) content in lung
tissues. A spectrophotometer (Shanghai Analytical Instrument
Co., Shanghai, China) was used to measure the absorbance of
each sample tube. Hyp content was subsequently calculated
according to the following formula: Hyp content=(absorbance
of sample tube-absorbance of blank tube)/(absorbance of
standard tube-absorbance of blank tube) x content of standard
tube (5 ug/ml) x total volume of hydrolyzate (5 ml)/tissue wet
weight (mg).

Detection of serum transforming growth factor-f1 (TGF-{31).
ELISA assay (48 t; Wuhan Boster biotechnology Co., Wuhan,
China) was performed to detect serum TGF-f1 concentration,
according to the manufacturer's instructions.
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Statistical analysis. Experimental data were processed using
SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA).
Data were expressed as the mean + standard deviation. Grade
data were transformed into the measurement data: O point for
grade 0, 1 point for grade 1, 2 points for grade 2, 3 points
for grade 3, and so on. Intergroup comparison was performed
using Student's t-test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Appearance. Rats in group C were generally in good condition;
however, rats in group M were listless and tired, and suffered
from mild dyspnea and cyanosis of their peripheral limbs and
lips, and the rats' activities decreased: The overall mental status,
food intake, body weight, colors of extremities and lips and
greater levels of motility were observed in R, W and L groups
when compared with group M; while rats in group D were
emaciated and their abilities of disease-resistance were weak.

Pathological observation. H&E staining revealed that rats
in group C exhibited normal lung tissue structures at each
observation time point. However, the alveolar space of the rats
in group M exhibited marked inflammatory exudation and
inflammatory cell infiltration on day 7 following modeling.
Furthermore, the alveolar septum was widened and rare
fibroblasts were observed. The inflammatory response in each
intervention group was mild (Fig. 1). The alveolitis scores and
performance of each group are indicated in Table I. On day 31,
no evidence of inflammatory cell infiltration was apparent in
group M; however, the alveolar structures were disordered,
the alveolar wall and alveolar septum were thickened and
an increased number of mature fibroblasts were accumu-
lated inside. Furthermore, the red-stained fibrous tissues
were proliferated and the number of matrix components
was significantly increased. All intervention groups (R, W
and L groups) exhibited essentially identical characteristics of
mild inflammation and fibrosis as group M at each time point.
Masson staining revealed that the lung tissue structures in
group C were clear and complete at each time point; however,
at different time points (on day and 31) an increased amount
of blue collagen was deposited in the alveolar septum, bronchi
and perivascular areas in group M. Over time, the collagen
content increased. However, blue collagen deposition in the
alveolar septum, bronchi and perivascular areas in group R,
W and L groups were mild. Fibrosis scores of all interven-
tion groups were significantly decreased when compared
with group M (P<0.01). Fibrosis scores of groups L, R and W
were significantly decreased when compared with group D
(P<0.05). No significant difference in fibrosis scores was
observed between groups R and W; however, the score of
group L was significantly decreased when compared with
groups R and W (P<0.05; Fig. 2). The pulmonary fibrosis
score and performance of each group on day 31 is indicated
in Table II.

Hyp content and serum TGF-f31 concentration. The present
study identified that the Hyp content and serum TGF-f1
concentration in the lung tissues of group M were significantly
increased when compared with group C (P<0.01). Hyp content
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Figure 1. H&E staining (magnification, x200). Group C on days (A) 7 and (B) 31, respectively. Group M on days (C) 7 and (D) 31, respectively. Group D on
days (E) 7 and (F) 31, respectively. Group R on days (G) 7 and (H) 31, respectively. Group W on days (I) 7 and (J) 31, respectively. Group L on days (K) 7
and (L) 31, respectively. H&E staining revealed that rats in Group C exhibited normal lung tissue structures at each observation time point; while the alveolar
space of the rats in group M exhibited markedly increased inflammatory exudation and inflammatory cell infiltration on day 7 following modeling. The
alveolar septum was widened, while rare fibroblasts were seen; the inflammation situation in groups L, R and W was mild. On day 31, no inflammatory cell
infiltration in group M was apparent and the alveolar structures were disordered; the alveolar wall and alveolar septum were thickened and a large number of
mature fibroblasts had accumulated inside. The red-stained fibrous tissues proliferated, and the number of matrix components had markedly increased. All
intervention groups exhibited essentially identical characteristics of mild inflammation and fibrosis as group M at each time point. H&E, hematoxylin and
eosin; ROS, rosiglitazone; RET, retinoin; group C, the control group; group M, the model group; group D, the dexamethasone group; group R, the ROS group;

group W, the RET group; group L, the ROS + RET group.

Table I. Alveolitis score of each group on day 7 (mean + stan-
dard deviation).

Table II. Fibrosis score of each group on day 31 (mean =+ stan-
dard deviation).

Group Alveolitis score ~ Group Fibrosis score
C 0+0.10 C 0.167+0.230

M 2.5+0.52* M 2.833+1.213*

D 1.5+0.22%° D 2.500+£0.9212°
R 1.0+0.16*¢ R 1.400+0.412%¢
4 1.0+0.14*¢ w 1.200+0.458*¢
L 0.5+0.13*°4 L 0.833+0.331*¢

P<0.05 vs. group C, t=6.6768, 8.7781, 7.4953, 8.2199, 4.3113;
°P<0.05 vs. group M, t=3.0676, 4.7754, 4.8245, 6.4628; P<0.05
vs. group D, t=2.5994, 2.7116, 4.1536; ‘P<0.05 vs. groups R and
W, t=3.4300, 3.7012. ROS, rosiglitazone; RET, retinoin; group C,
the control group; group M, the model group; group D, the dexa-
methasone group; group R, the ROS group; group W, the RET group;
group L, the ROS + RET group.

‘P<0.01 vs. group C, t=5.2894, 6.0992, 6.2890, 4.8718, 4.0474;
"P<0.01 vs. group M, t=2.2766, 2.5049, 2.8260, 3.8963; °P<0.05
vs. group D, t=2.4163, 2.7873, 4.1536; “P<0.05 vs. groups R and W,
t=2.5362, 2.2410. ROS, rosiglitazone; RET, retinoin; group C,
the control group; group M, the model group; group D, the dexa-
methasone group; group R, the ROS group; group W, the RET group;
group L, the ROS + RET group.

and serum TGF-f1 concentration in each intervention group
were significantly decreased when compared with group M
(P<0.01). Compared with group D, the Hyp content and serum
TGF-p1 concentration in the lung tissues of group L, R and W
were significantly decreased (P<0.05); however, Hyp content
and serum TGF-f1 concentration of groups R and W exhibited
no significant difference (P>0.05). Furthermore, the Hyp
content and serum TGF-B1L concentration in the lung tissues
of group L were significantly increased when compared with
group R and W (P<0.05; Table III).

HRCT signs. Imaging results of rats in group C exhibited a
clear outline of the whole lung with uniformly distributed
lung markings and a regular interface; the alveolar septal
thickness was normal and the lung septal and lobular struc-
tures were normal. Group M exhibited the typical changes of
alveolitis-pulmonary fibrosis over a period of time, including
ground glass opacity and consolidation on day 7, which may
prompt the phase of alveolitis; additionally, honeycombing
was observed on day 31. Improved radiological signs of
varying degrees were observed in the intervention groups
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Figure 2. Masson staining (magnification, x200). Group C on days (A) 7 and (B) 31, respectively. Group M on days (C) 7 and (D) 31, respectively. Group D
on days (E) 7 and (F) 31, respectively. Group R on days (G) 7 and (H) 31, respectively. Group W on days (I) 7 and (J) 31, respectively. Group L on days (K) 7
and (L) 31, respectively. Masson staining revealed that the lung tissue structures in group C were clear and complete at each time point, while at different
time points, an abundance of blue collagens were deposited in the alveolar septum, bronchi and perivascular areas in group M suggesting that over time,
the quantity of collagens increased. As outlined in Table II, the fibrosis scores of all intervention groups were significantly decreased when compared with
group M (P<0.01). Group L, R and W exhibited decreased fibrosis scores when compared with group D (P<0.05). No significant difference in fibrosis score was
observed between groups R and W, while the score of group L was significantly decreased when compared with groups R and W (P<0.05). ROS, rosiglitazone;
RET, retinoin; group C, the control group; group M, the model group; group D, the dexamethasone group; group R, the ROS group; group W, the RET group;

group L, the ROS + RET group.

Table III. Hyp content and serum TGF-31 of lung tissues from
different group (mean =+ standard deviation).

Group N (rats) Hyp (ng/g) TGF-p1 (pg/ml)
C 6 1853.6+297 9.78+4.96

M 6 4863.2+546" 37.82+9.89*

D 4 3962.5£298*° 17.21£3.10%°
R 5 3122.9+316*¢ 15.32+2.83*¢
w 5 3232.1+293*¢ 14.36+3.22%¢
L 6 2530.9+£316*¢ 12.71+4.38%4

*P<0.01 vs. group C, t1=(11.8606, 10.9854, 6.8594, 7.7110, 3.8256)
12=(6.2078, 2.6421, 2.3763, 2.2971, 2.0198); *P<0.01 vs. group M,
t1=(2.9775, 6.2716, 59672, 9.0559) t2=(4.8709, 5.3576, 5.5250,
5.6864); °P<0.05 vs. group D, t1=(4.0582,3.6890,7.1688) t2=(2.1029,
2.5619, 2.0542); ‘P<0.05 vs. groups R and W, t1=(3.2449, 3.9857)
12=(2.2260, 2.5521). ROS, rosiglitazone; RET, retinoin; group C,
the control group; group M, the model group; group D, the dexa-
methasone group; group R, the ROS group; group W, the RET group;
group L, the ROS+RET group; Hyp, L-hydroxyproline; TGF-$1,
transforming growth factor 1.

when compared with group M at the same time point. The
degree of fibrosis exhibited in the images of groups L, W and R
was decreased when compared with group D, indicating that
RET and ROS may improve bleomycin-induced pulmonary
fibrosis to some extent (Fig. 3). Radiographic scores are

outlined in Table IV and the HRCT images are indicated
in Fig. 3.

Discussion

The method of intratracheally injecting bleomycin to
construct a pulmonary fibrosis model in rats is relatively
simple and its pathophysiological changes and processes are
the most similar to those in human pulmonary fibrosis (15).
Following preparation of the bleomycin model, the pathology
of the lung tissues exhibited severe alveolitis on day 7 and,
according to the Szapiel classification (14), the majority
of the rats exhibited grade 3 alveolitis, while the majority
of inflammatory cells were no longer observed on day 31.
Furthermore, collagen deposition was apparent, indicating that
the states of fibrosis were predominantly distributed at grades
3-4. These pathological changes identified in the present
study are consistent with those stated in the literature (16),
indicating that the animal model was successfully established.
In order to objectively evaluate the interventional effects of
each pharmacological agent, light microscopic histological
observation and imaging HRCT observation were conducted.
The contents of lung tissue Hyp and serum TGF-31 were
also detected. Histological and imaging observations were
intuitive and allowed for lesions to be located by the unique
amino acid of collagen fibers. Detected Hyp content in lung
tissues was converted to calculate the content of collagen
and was recognized as the gold standard for pulmonary
fibrosis. TGF-B1 has been indicated to promote and stimulate
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Table I'V. Changes and counts of radiological signs in each group.
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Grade data were transformed into the measurement data: O points for grade 0, 1 point for grade 1, 2 points for grade 2, 3 points for grade 3,
4 points for grade 4, 5 points for grade 5, 6 points for grade 6. LC, lung consolidation; VBB, vascular bronchial bundle; II, irregular interface;
PT, pleural thickening; GGO, ground glass opacities; N, nodular; H, honeycombing; ROS, rosiglitazone; RET, retinoin; Group C, the control
group; group M, the model group; group D, the dexamethasone group; group R, the ROS group; group W, the RET group; group L, the
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Figure 3. Histology and/or chest high-resolution computed tomography on day 7, 21 and 31. Day 7: (A) Lungs of normal rat; (B) bronchial vascular bundle
of group M was thickened, and exhibited consolidated shadows; (C) group D exhibited decreased pulmonary transmittance and consolidated shadows;
(D) group R exhibited ground glass-like shadows in two lungs; and (E) group W exhibited ground glass-like shadows in two lungs; (F) group L exhibited
reduced pulmonary transmittance and small patchy shadows under the pleura. Day 21: (A) Lungs of normal rat; (B) group M exhibited large area of consoli-
dated shadows in bilateral lungs, which was bigger than week 1; (C) group D exhibited thickened bronchial vascular bundle, with shallow pale ground-glass
shadows inside the lungs; (D) group R exhibited thickened pulmonary bronchial vascular shadows and blurred edges; (E) group W exhibited pulmonary
consolidated shadows plus cavities; and (F) group L exhibited thickened bronchial vascular bundle and blurred edges. Day 31: (A) Lungs of normal rat;
(B) group M exhibited pulmonary increased density shadows, with small cavities similar to honeycomb-like changes inside; (C) group D exhibited rough and
messy bronchial vascular bundles and multiple nodular shadows inside the lungs; (D) group R exhibited thickened bronchial vascular bundle and nodular
shadows; (E) group W exhibited thickened bronchial vascular bundle and patchy shadows; and (F) group L exhibited pale patchy shadows. ROS, rosiglitazone;

RET, retinoin; group C, the control group (group C); group M, the model group; group D, the dexamethasone group; group R, the ROS group; group W, the
RET group; group L, the ROS + RET group.
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the release of a variety of pro-fibrotic cytokines from
macrophages, thus promoting the collagen deposition inside
lung tissues (17,18). The combination of various methods may
ensure the objectivity and accuracy of experimental results.

PPARY is a member of the PPAR family, which is part
of the nuclear receptor superfamily (9). Previous studies
have indicated that PPARYy and its ligand may participate in
the metabolism of lipids and sugar; furthermore, they have
been implicated in growth, reproduction, immunity and
inflammation-related reactions and exhibit anti-fibrotic effects
on multiple organs, such as the kidney, liver and heart (9-11).
As a synthetic ligand, ROS is a typical PPARy agonist and is
a well-established treatment for type 2 diabetes (9). In vitro
experiments have indicated that PPARy agonists may inhibit
the chemotaxis of inflammatory cells, such as macrophages.
PPARY agonists have also been suggested to inhibit the
production of inflammatory cytokines, reduce inflammation
and block the occurrence of inflammatory responses (10). A
previous study revealed that PPARy was expressed in bron-
chial and alveolar epithelial cells, vascular endothelial cells,
fibroblasts and alveolar macrophages (19), suggesting that this
receptor is closely associated with the development of lung
diseases. Furthermore, PPARY has been indicated to elicit
anti-inflammatory and anti-fibrosis effects in lung diseases.
Therefore, PPARY agonists may not only regulate inflamma-
tory responses and anti-fibrotic effects but may also inhibit
the expression of TGF-p1, thereby inhibiting the prolifera-
tion of fibroblasts and their conversion to myofibroblasts and
the synthesis of collagens, thus reducing the occurrence of
fibrosis (10,12). Burgess et al (20) and Genovese et al (21)
have demonstrated this phenomenon through in vitro experi-
ments. Additionally, Milam et al (22) demonstrated that the
administration of PPARy agonists following the formation
of pulmonary fibrosis in rats may provoke anti-pulmonary
fibrosis effects.

The morphologies of groups R and D on day 7 showed
that the states of alveolitis in lung tissues were significantly
decreased when compared with group M, suggesting that ROS
and dexamethasone are able to decrease the effects of inflam-
mation early on. In addition, the fibrosis score of group R on
day 31 was decreased when compared with groups M and D,
and HRCT revealed the rats exhibited mild fibrosis, which
was an improvement compared with the other two groups,
suggesting that ROS had an inhibitory effect on advanced
fibrosis. The Hyp content and serum TGF-f1 concentration
in the lung tissues of group R was significantly decreased in
group R compared with groups M and D, suggesting that ROS
may activate the PPARY pathway, thus inhibiting the transcrip-
tion and expression of TGF-f1 and subsequently reducing the
transformation of fibroblasts to myofibroblasts and reducing
collagen deposition.

RET is the most active derivative of vitamin A, which acts
as a gene expression regulatory factor that is able to bind with
specific receptors, thus regulating the expression of related
target genes and controlling matrix metabolism, cell growth
and differentiation (23). RET receptors are present in almost
all cells (23). Chinese and Western researchers have identi-
fied that RET has positive roles in fighting against fibrosis in
bone marrow, liver, kidney and other organ systems, in which
RET mediates interstitial fibrosis by predominantly reducing
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the expression of TGF-P1 inside the interstitial tissues, thus
reducing the accumulation of extracellular collagen (13,24,25).
RET may inhibit the collagen synthesis process in human lung
fibroblasts, both in a steady state and following TGF-f1 stimu-
lation (26). A prior report revealed that, following the activation
of RET receptors, alveolar damage in rats was reduced and
normal lung volume, number of receptors and surface area
was maintained, which resulted in the inhibition of excessive
alveolar differentiation (27). The repair of alveolar epithelium
may be promoted thus treating the fibrosis (27). In addition,
another study has suggested that nuclear transcription factor
activator protein 1 (AP-1) may promote the excessive secretion
of type I collagen and due to the antagonism between retinoic
acid (RA) and the AP-1 receptor, RA may decrease the activity
of AP-1(28).

In the present study, rats in group W exhibited significantly
decreased fibrosis scores, indicated by Masson staining on
day 31, when compared with groups M and D. HRCT revealed
that only slight fibrotic changes were observed in the middle
and late phases; when compared with group D. The Hyp
content and serum TGF-f1 concentration in the lung tissues of
groups L, W and R were notably decreased. The reasons were
presumed as that while RET and ROS elicit receptor interac-
tions through which the cell growth and immune functions
were regulated and the expression of TGF-f1 was inhibited,
RET receptors may maintain the alveolar volume and quanti-
ties and exhibit certain repairing effects, which may inhibit
lung fibroblast activation and collagen synthesis.

The present study investigated the effects of ROS and RET
in bleomycin-induced pulmonary fibrosis in rats. On day 31
following modeling, the pathological HRCT changes in the
lungs of each intervention group were markedly attenuated
when compared with group M. Furthermore, the pulmonary
fibrosis markers, Hyp and serum TGF-$1, were decreased
in the intervention groups when compared with group M.
Additionally, during the entire treatment period, the overall
conditions, including appetite and weight of the rats were good
in group C. However, significant differences in the condition of
rats were observed in the treatment groups, which appeared as
the early anti-inflammatory effects of ROS and RET showed
no significant difference when compared with dexamethasone.
The late fibrosis degrees of groups R and W were mild and
the mildest degree of fibrosis was observed in group L, which
suggested that the treatment groups exhibited an improved
condition and the combination of ROS and RET was more
effective than the application of a single agent. No significant
difference was indicated between ROS and RET.

To conclude, the present findings suggest that ROS and
RET have preventive effects against pulmonary fibrosis in rats
and the side effects were relatively reduced when compared
with glucocorticoids. Whether one or several steps were
involved inside the specific anti-fibrotic mechanism still
remains to be elucidated. Further investigation is required into
the specific mechanisms and targets involved in the inhibition
of pulmonary fibrosis, whether these are associated with early
anti-inflammatory effects and if these factors may reverse
advanced pulmonary fibrosis. Further investigation into the
pathogenesis of pulmonary fibrosis may aid the development
of novel anti-fibrotic pharmacological agents to treat pulmo-
nary fibrosis.
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