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a b s t r a c t

Ethnopharmacological relevance: The flowers of Gentiana veitchiorum has been widely used in decoction
form in the traditional medicine of Tibet against tussis, tracheitis, angina for their anti-inflammatory,
antimicrobial and alexipharmic properties.
Aim of the study: The aim of current study was to evaluate the therapeutic effects of Feining, a Chinese
herbal formula (national invention patent: ZL200510042636.3) against pulmonary injuries and to clarify
the mechanisms involved.
Materials and methods: Experimental pulmonary injuries were induced by bleomycin (BLM) in rats with
or without subsequent treatment of Feining or prednisone as positive control. The pulmonary injuries
were evaluated by histological analysis. Also, the levels of superoxide dismutase (SOD), malondialdehyde
(MDA), glutathione (GSH) and hydroxyproline (Hyp) in the lung tissue were determined. To clarify one
of the possible active principles responsible for Feining, high performance liquid chromatography–diode
array detector–mass spectrometry (HPLC–DAD–MS) method was applied to identify the components of
Gentiana veitchiorum, one of major ingredients of Feining.

Results: Feining significantly improved lung alveolitis scores and reduced the Hyp content of lungs, which
is an index of collagen accumulation. Moreover, Feining played a role against the oxidative damages by
decreasing the MDA level, whereas increasing SOD and GSH activity, which correlated with oxidation
resistance and scavenging of free radicals. In addition, Feining alleviated inflammatory lung injury by
decreasing tumor necrosis factor-� (TNF-�) expression. HPLC–DAD–MS analysis revealed that there was
1.97% gentiopicroside in Gentiana veitchiorum.

rtain
Conclusion: Feining has ce

. Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive
nterstitial lung disease characterized by increased fibroblastic
roliferation and deposition of extracellular matrix (ECM) result-

ng in a loss of lung function and, eventually, respiratory failure
American Thoracic Society, 2000, 2002). IPF is a devastating
isease with a 5-year survival rate of 20–30% and a poor prognosis
ith a median survival of 3 years from the time of diagnosis
Collard et al., 2004; Martinez et al., 2005; Jeon et al., 2006;
allick, 2008). To date, the etiology of IPF is still unclear and

he pathogenesis of IPF remains incompletely understood due
o its complexity. Although corticosteroids, immunosuppressive
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therapeutic effects against pulmonary injuries.
© 2011 Elsevier Ireland Ltd. All rights reserved.

and cytotoxic agents, in addition to antifibrotic agents have been
used in the treatment of IPF, currently there are no consistently
effective medical therapies for IPF patients (Selman et al., 1998;
Raghu et al., 2004; Jeon et al., 2006). Therefore, the discovery of
novel therapeutic agents is critical for the treatment of IPF.

In accordance with the theory of traditional Chinese medicine,
a number of herbal drugs have been used in the treatment of lung
diseases, which provides a basis for exploring the potential of com-
pounds from natural resources for the treatment of IPF. The plant
named Gentiana veitchiorum (identified by Prof. Guolian Lei from
Shaanxi University of Chinese Medicine), which belongs to the
family of Gentianaceae, is a perennial herb about 5–10 cm in height
and is indigenous in Tibet and Qinghai in China. It has been widely
used in ethnomedicine for eyestrain accompanied by headache,

pharyngitis and jaundice (Yang, 1991). With anti-inflammatory,
antimicrobial and alexipharmic activity, the flowers of Gentiana
veitchiorum are used in decoction form in the traditional medicine
of Tibet against tussis, tracheitis, smallpox and angina (Ma and
Zhao, 1990; Wang et al., 2007). Shiweirongdanfa Particles, a
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hinese herbal formula, has satisfactory therapeutic effects on
he clinical pulmonary infections, and the flowers of Gentiana
eitchiorum, contained in this formula play a potential role (Dong
nd Li, 2003; Zhu et al., 2003; Sun, 2004).

Allowing for the activity of Gentiana flowers, we invented
new Chinese herbal formula (national invention patent:

L200510042636.3), which is composed of Gentiana flowers and
anax notoginseng saponins (PNS). The current study tested the ther-
peutic role of Feining by administration after bleomycin-induced
ulmonary injuries, and the underlying mechanisms were investi-
ated as well.

. Materials and methods

.1. Reagents

Bleomycin was purchased from Nippon Kayaku Co., Ltd., and
rednisone from Xi’an Lijun Pharmaceutical Co., Ltd. PNS was
he product of Yu Nan Phytopharmaceutical Co., Ltd. The kits
or the assay of SOD, MDA, GSH and Hyp were from Nanjing
iancheng Bioengineering Institute. A murine TNF-� enzyme-linked
mmunosorbent assay (ELISA) Development Kit from Jingmei
iotech Engineering Co., Ltd. was used for the detection of TNF-
in lung tissues. Prednisone and Feining was dissolved in saline

mmediately before study at calculated final concentrations and
dministered intragastrically to the animals.

.2. Plant materials and preparation of Feining

The medical herbals, Gentiana veitchiorum were purchased from
local market in Tibet of China and identified by Prof. Guolian Lei

rom Shaanxi University of Chinese Medicine. Voucher specimen
as been deposited in the Department of Pharmacology, Fourth
ilitary Medical University (No. GLM081424). Briefly, the plants
ere extracted with the 20 times their weight of distilled water

y refluxing for 1.5 h in the first, second and third extractions.
he extracts were filtered, the combined filtrates were concen-
rated under normal pressure. The density of the final extracts was
.2 g/ml (50 ◦C) (Huang et al., 2006), and the concentration of crude
rug was 85.21%. For preparation of Feining, 7.62% of PNS were

ncorporated into the aforementioned extracts.

.3. Animal groups and treatment

Sprague–Dawley rats (130 ± 10 g), 50% male and 50% female,
ere purchased from the Laboratory Animal Center, Fourth Mili-

ary Medical University, Xi’an, China. All animals were maintained
n a 12:12 h light–dark cycle at 23 ◦C with food and water avail-
ble ad libitum for at least 1 week before starting the experiments.
he study was approved by the Fourth Military Medical Univer-
ity Animal Care and Use Committee and followed the national and
nstitutional rules on animal experiments.

All rats were randomly assigned into normal control group,
leomycin (BLM)-treated group, prednisone group (dose, 6 mg/kg
ody weight), and three Feining groups at a dose of 1, 2 and
g crude drug/kg body weight, respectively. Pulmonary alveoli-

is was induced by endotracheal injection of BLM (Thrall et al.,
987; Lazenby et al., 1990; Lazo et al., 1990; Osanai et al., 1991;
ia et al., 1992; Izbicki et al., 2002) at the dose of 5 mg/kg body
eight (1 mg of BLM in 0.01 ml 0.9% saline) except in the normal

ontrol group. The normal control group received equal amounts

f 0.9% saline. Every day during the experimental period, rats in
he Feining or the prednisone groups were administered Feining
r prednisone by gavage, respectively, and the normal control rats
nd BLM model rats received equal amounts of 0.9% saline. On the
ime points of days 7, 14 and 56, six rats in each group were sacri-
acology 134 (2011) 971–976

ficed and the lungs were harvested. The right lungs were fixed in
10% formaldehyde for one day, paraffin-embedded and sliced for
histopathological studies (HE staining). The left lungs were frozen
in liquid nitrogen and stored at −80 ◦C prior to assessment of SOD
activity and MDA, GSH, Hyp and TNF-� measurements.

2.4. Histological analysis

After hematoxylin & eosin (H&E) staining, the sections of lung
tissues were analyzed qualitatively under light microscopy. Also, a
semi-quantitative grading system described by Szapiel et al. (1979)
was applied for the evaluation of alveolitis severity. The scores of
alveolitis in lung specimens were graded from − to +++ and corre-
spondingly numbered from 0 to 3. To minimize sources of bias, the
three investigators did not know which group they were analyzing.

2.5. Determination of the levels of SOD, MDA, GSH, Hyp and
TNF-˛ in lung tissue homogenate

Lung tissue samples were homogenized in cold Tris–HCl
buffered saline (pH 7.4, 10 mmol/l Tris–HCl, 0.1 mmol/l EDTA-2Na,
10 mmol/l saccharose, 0.8% sodium chloride solution) at 4 ◦C with
a homogenizer (Gong et al., 2005). The tissue homogenate was 10%
(w/v). Samples were centrifuged at 3000 × g for 10 min at 4 ◦C, and
the supernatant was used to measure the levels of SOD, MDA, GSH,
Hyp and TNF-� according to the protocols of the manufacturers.

2.6. HPLC-ESI/MS (high performance liquid chromatography-the
electricity sprays fog/mass spectroscopy) analysis

The HPLC-ESI/MS system used in this experiment consisted of
an Agilent 1100 series LC/MSD Trap (Agilent Technologies, USA)
equipped with a quaternary pump (G1311A), an automatic sample
injector (G1313A), a photodiode array detector (G1315B-DAD), and
a thermostated column compartment (G1316A). The column was
a reverse-phase column (C18, 5 �m, 150 mm × 0.5 mm I.D. Agilent),
and an ion-trap mass spectrometer (Agilent, USA), Chromatography
Data System (Agilent Chemstation) was used to control the system
and to analyze the data.

For preparation, the powdered (passed through a 60 mesh sieve)
Gentiana veitchiorum flowers were extracted with ligarine under
reflux for 30 min (Zhang et al., 1991), and then dried. 200 mg pow-
der sample and 20 ml methanol were added to a 50 ml centrifuge
tube in an ultrasonic bath for 40 min, the solution was then filtered
and the filtrates placed in a 10 ml volumetric flask. The solution
was then filtered through a 0.45 �m syringe filter into an HPLC vial
for analysis. Also, 10 mg standard gentiopicroside (purchased from
the National Institute for the Control of Pharmaceutical and Bio-
logical Products) and methanol were added to a 10 ml volumetric
flask in an ultrasonic bath for 30 min, and then 3 ml of the solution
and methanol were placed in another 10 ml volumetric flask. The
solution was then filtered through a 0.45 �m syringe filter into an
HPLC vial for analysis.

Before analysis, the conditions of chromatograph and mass
spectrometer were optimized for the sake of accuracy. For chro-
matograph, the mobile phase consisted of water (A) and 0.5% acetic
acid in methanol (B) using a gradient program of 15–20% (B) in
0–6 min, 20–40% (B) in 6–20 min, 40–60% (B) in 20–30 min and
60–35% (B) in 30–35 min. The flow rate was 1.0 ml/min and the col-
umn temperature was maintained at 40 ◦C. The DAD detector was
set at 275 nm to obtain chromatograms. UV spectra were acquired

from 200 to 400 nm. For mass spectrometer, capillary voltage, neb-
ulizing gas pressure (N2), drying gas (N2) flow rate, and drying
temperature were set at 3 kV, 15 psi, 5.0 L/min, and 325 ◦C, respec-
tively. Full scan spectra from m/z 100 to 1000 in the positive ion
mode were obtained (scan time 0.1 s).
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ig. 1. Effects of Feining on histopathologic changes in BLM-induced lung injury
4 g/kg). All panels were stained with H&E and are shown at the same magnification

For analysis, three independent samples (0.2 �l) were injected
nto the HPLC, each sample solution was injected in triplicate and
he area value of the gentiopicroside peaks were interpolated on
he calibration curves made with standard gentiopicroside.

.7. Statistical analysis

Mean and standard error (S.E.M.) values were calculated for each
roup of results and significant differences between the means
ere determined by one-way analysis of variance (ANOVA). If

ignificant, group means were compared using least significant dif-
erence (LSD) methods for multiple comparisons of means. The
ifference between groups at the P < 0.05 level was considered
tatistically significant. Alveolitis scores of lung tissue were evalu-
ted using Kruskal–Wallis H test and Mann–Whitney U methods,
′ = 0.01, the difference between groups at the P < 0.01 level was
onsidered statistically significant. All statistical analyses were per-
ormed using SPSS, version 11.0 (SPSS Science, Chicago, IL, USA).

. Results
.1. Feining alleviated pulmonary injuries in rats

To elucidate the effects of Feining on BLM-induced pulmonary
njuries, sections of lung tissues were stained with H&E for iden-

able 1
ffects of Feining on the degree of lung alveolitis induced by BLM in rats (n = 6).

Group 7 days

− + ++ +++ Integ

Control 4 2 0 0 0.3 ±
Model 0 0 2 4 2.7 ±
Feining (1 g kg−1) 0 3 3 0 1.5 ±
Feining (2 g kg−1) 0 4 2 0 1.3 ±
Feining (4 g kg−1) 1 4 1 0 1.0 ±
Prednisone 0 4 2 0 1.3 ±
bbreviations: BLM—bleomycin.
* P < 0.01 vs. control.
# P < 0.01 vs. model.
. (A) Normal group; (B) control group; (C) prednisone group; (D) Feining groups
×). Abbreviations: BLM—bleomycin, H&E—hematoxylin and eosin.

tification, and the severity of alveolitis was individually accessed
using the semi-quantitative grading system. As a result, sections
from the control group displayed normal structure with no patho-
logic changes under a light microscope (Fig. 1A). In the model group,
marked histopathologic changes, such as inflammatory cell infil-
tration and collapsed alveolar spaces in peribronchial regions were
observed (Fig. 1B). Although inflammatory lesions were also seen
in the prednisone groups (Fig. 1C) and Feining group (Fig. 1D), the
extent of inflammation was significantly less severe compared with
that in the model group. The alveolitis scores in the lung sections
of the Feining groups were significantly decreased compared with
those of the model group (P < 0.01; Table 1).

As an index of collagen accumulation, hydroxyproline level
closely relates with lung fibrosis. Analyses of hydroxyproline con-
tents were conducted to evaluate the effect of Feining. As shown in
Fig. 2, after 56 days, the hydroxyproline content of the lungs in the
model group increased significantly compared with that in the con-
trol groups. Treated with Feining, rats showed a significant decrease
of hydroxyproline levels in lung tissue compared with the model

group rats. As expected, prednisone treatment also induced signifi-
cantly reduction compared with that in the model group (P < 0.01).

As all known, the extent of lipid peroxidation was indicated by
measuring lung MDA level for each treatment group. SOD, GSH
levels in lung tissue indicated oxidation resistance ability and scav-

14 days

ral − + ++ +++ Integral

0.5 4 2 0 0 0.3 ± 0.5
0.5* 0 0 3 3 2.5 ± 0.5*

0.5 0 4 2 0 1.3 ± 0.5
0.5# 1 4 1 0 1.0 ± 0.6#

0.6# 1 5 0 0 0.8 ± 0.4#

0.5# 0 5 1 0 1.2 ± 0.4#
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Table 2
The content of SOD, MDA, GSH, and TNF-� in pulmonary homogenates (x ± s, n = 6).

Group Dose
(g kg−1)

7 days 14 days

SOD (nkat/g) MDA (�mol/g) GSH (mg/g) TNF-� (ng/l) SOD (nkat/g) MDA (�mol/g) GSH (mg/g) TNF-� (ng/l)

Control – 756 ± 94 0.53 ± 0.12 37.8 ± 2.9 226 ± 5 764 ± 61 0.69 ± 0.07 47.7 ± 3.0 197 ± 5
Model – 592 ± 94a 0.84 ± 0.16a 30.1 ± 3.1a 248 ± 14a 662 ± 25a 0.85 ± 0.06a 39.4 ± 3.0a 216 ± 16a

Feining 1 495 ± 39a 0.69 ± 0.10a,b 27.1 ± 1.9a 202 ± 11a,b 755 ± 33b 0.65 ± 0.09a,b 59.1 ± 4.7a,b 213 ± 13a

Feining 2 528 ± 82a 0.56 ± 0.06b 29.4 ± 2.9a 200 ± 14a,b 809 ± 51b 0.61 ± 0.11a,b 60.5 ± 4.2a,b 201 ± 6b

Feining 4 535 ± 96a 0.50 ± 0.09b 50.6 ± 2.5a,b 189 ± 8a,b 832 ± 72b 0.58 ± 0.12a,b 60.9 ± 4.6a,b 192 ± 10b

Prednisone 0.006 511 ± 55a 0.81 ± 0.12a 44.7 ± 7.2a,b 208 ± 19a,b 809 ± 37b 0.64 ± 0.07b 60.6 ± 4.1a,b 209 ± 11a
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bbreviations: SOD—superoxide dismutase; MDA—malondialdehyde; GSH—glutath
a P < 0.05 vs. control group.
b P < 0.05 vs. model group.

nging of free radicals ability. As shown in Table 2, lung MDA level
n the model group increased significantly compared with the con-
rol group, lung SOD activity and lung GSH level in the model group
ere lower than that in the control group (P < 0.05). Treated with

eining, rats showed a significant decrease of the MDA levels com-
ared with that in the model group (P < 0.05). On day 7, the GSH

evels in the Feining group (dose, 4 g crude drug/kg body weight)
ere increased significantly compared with the model group and

he control group (P < 0.05). On day 14, lung SOD activity was
ncreased significantly compared with the model group, the GSH
evels were increased significantly compared with the model group
nd the control group (P < 0.05).

The pro-inflammatory cytokine TNF-� in lung tissue was exam-
ned by ELISA. As shown in Table 2, the TNF-� level in lung tissue
f the model group increased significantly compared with the con-
rol groups (P < 0.05). On day 7, the levels of TNF-� in the Feining
roups and prednisone group were significantly reduced com-
ared with those in the model and control groups (P < 0.05). On
ay 14, the levels of TNF-� in the Feining groups (2 g/kg, 4 g/kg)
ere significantly reduced compared with those in the model

roup (P < 0.05).

.2. Identification and quantitative analysis of gentiopicroside in
entiana veitchiorum

Feining is composed of PNS and extracts of Gentiana veitchiorum.
he composition of PNS is well known. However, the extracts of
entiana veitchiorum are mixtures, and the composition is not well
nderstood. Therefore, an HPLC–DAD–MS method was employed
o analyze the components of Gentiana veitchiorum. By compar-
ng the retention times, UV and MS spectral data of the peaks

ith that of the standard compound, gentiopicroside was unam-

iguously identified. As to quantitative analysis the samples were
eparated under HPLC conditions. Through the calibration curves,
e can quantitative analysis of gentiopicroside in the extracts of
entiana veitchiorum. The percentage of gentiopicroside was 1.97%

ig. 2. Analysis of the content of Hp in pulmonary homogenization (�g/mg) (x ± s,
= 5). **P < 0.01 vs. control group. ##P < 0.01 vs. model group.
TNF-�—tumor necrosis factor-�.

(one point external standard method), the analytical results are
shown in Table 3.

For quality control, precision was measured using three dif-
ferent concentrations of the standard solutions, each standard
solution was determined five times on the same day. The rela-
tive standard deviation (RSD) values were found to be below 1.3%,
which is well within the acceptable level. Repeatability was mea-
sured using five different samples, which were run on the same
equipment on different days. The RSD values were below 1.56%
and were within acceptable limits. The stability was evaluated by
determining gentiopicroside in the sample solution under the opti-
mized conditions six times within one day. The measurements were
conducted for 2 h over 12 consecutive hours. The RSD values were
0.67%. For the recovery test, measurements were conducted on four
different samples, in three samples gentiopicroside was added. The
recovery was 100%.

4. Discussion

The BLM-induced animal model is widely used in the assess-
ment of potential anti-fibrotic agents. Histological markers seen
in BLM-treated rats, such as intra-alveolar buds, mural incorpora-
tion of collagen and obliteration of the alveolar space are similar
to those in IPF patients (Usuki and Fukuda, 1995). Following BLM
administration, an acute inflammatory response lasting up to 8
days appears first, followed by fibrogenic changes resulting in
the deposition of matrix and distortion of lung structure at 28 or
35 days (Moeller et al., 2008). In the present study, the normal
group showed very slight pulmonary alveolitis, and BLM instillation
resulted in significant histopathological changes, such as thickened
alveolar wall, collapse of alveolar spaces and infiltration of inflam-
matory cells, and resulted in the hydroxyproline content of the
lungs increased significantly which is an index of collagen accu-

mulation, an indicator of pulmonary fibrosis.

The overproduction of free-radical reactions plays a key role in
BLM-induced pulmonary inflammation and fibrosis. Free radicals
target biomacromolecules, such as deoxyribonucleic acid (DNA),

Table 3
Measurement of gentiopicroside in the flowers of Gentiana veitchiorum.

Sample Volume (�l) Amount (ng)

0.20 39
1 0.20 39

0.20 39

0.20 40
2 0.20 39

0.20 40

0.20 39
3 0.20 39

0.20 39
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rotein and lipids, with ultimate progression of lipid peroxidation,
esulting in lung damage. On the other hand, recruitment and acti-
ated inflammatory cells (e.g. alveolar macrophages or neutrophils)
nitiated by epithelial damage in the lung produce reactive oxy-
en species (ROS), which also contribute to the oxidative damage
f the lung induced by BLM (Yamazaki et al., 1998). In this study,
LM induced a significant increase in lipid peroxidation as reflected
y the MDA level in the model group, and treated with Feining
ignificantly decreased the level of lipid peroxidation caused by
LM. Meanwhile, SOD and GSH levels were increased significantly
ompared with the model group. It demonstrate Feining can resist
xidation, scavenge free radicals and alleviate lipid peroxidation.

The inflammatory response is the initial response following
njury challenges and fibrosis is generally the final outcome of the
nflammatory process in the lung. The response includes migration
nd activation of both resident and circulating inflammatory cells.
nflammatory cells release cytokines and growth factors, stimulate

ultiplication, migration, secretory activities and collagen produc-
ion by fibroblasts. Although many cytokine interactions associated
ith inflammation and fibrosis have been reported in the course of

PF (Maher et al., 2007), TNF-� has been found to play an impor-
ant role (Gauldie et al., 1993; Song et al., 1998; Fujita et al., 2003).
n our study, BLM instillation clearly increased the expression of
NF-� in lungs. Although the TNF-� expression level decreased
ith time, treated with BLM significantly elevated its expression

ompared with the normal group. This suggested that the overex-
ression of TNF-� participates in acute inflammatory lung injury
nd the chronicity of the inflammatory process induced by BLM.

It is known that the capacity to ameliorate pulmonary fibrosis is
ften associated with attenuation of inflammatory cell recruitment
nd excessive collagen deposition. Our study showed that Feining
ignificantly improved lung alveolitis scores; decreased the inflam-
atory response induced by BLM in the acute phase and lowered

he hydroxyproline content of lungs which is an index of colla-
en accumulation, an indicator of pulmonary fibrosis. We can say
eining alleviated pulmonary inflammatory response by lowering
he MDA level which directly correlated with lipid peroxidation;
ncreasing SOD activity and GSH level which correlated with oxida-
ion resistance and scavenging of free radicals. In addition, Feining
lleviated acute inflammatory lung injury and the chronicity of
he inflammatory process by decreasing TNF-� expression. Above
esults suggested that the anti-inflammatory response and resis-
ance to collagen accumulation effects of Feining contribute to its
rotective effect against pulmonary fibrosis.

Previously, Wang et al. (2008) identified gentiopicroside in
entiana veitchiorum. However, they did not make quantitative
nalysis, thus the concentration of gentiopicroside in Gentiana veit-
hiorum was unknown. In the current we not only made qualitative
dentification, but also performed quantitative analysis of gen-
iopicroside in Gentiana veitchiorum. Accounting for a variety of
ioactivities including analgesic and anti-inflammatory activities,

iver-protection and the promotion of bile secretion (Kondo et al.,
994; Liu et al., 2002; Chen et al., 2008), gentiopicroside might
e one of the possible active principles responsible for Feining, a
omposite Chinese herbal formula contains extracts of Gentiana
eitchiorum and PNS. It is reported that PNS have the effects of
educing lipid peroxidation, inhibiting hepatic fibrosis (Zhang et
l., 2000) and alleviating experimental pulmonary fibrosis (Li and
ui, 2002). Therefore, it suggests that gentiopicroside and PNS pro-
uce effects together against pulmonary injuries in rats. Whereas,
urther biological studies are required to give direct evidences, and

his work is underway.

Taken together, Feining has certain anti-inflammatory and
nti-fibrotic effects on lung tissues. Thus, administration of Fein-
ng might be an effective therapy approach to cure pulmonary
brosis.
acology 134 (2011) 971–976 975
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