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Abstract The present research assessed the effects of
lettuce glycoside B (LGB), a compound separated and
purified from Pterocypsela laciniata, on irradiation-
induced pulmonary fibrosis and explored the mechanism
involved. Animal model of irradiation exposure inducing
pulmonary fibrosis was established by Co irradiator. Rats
were intraperitoneally treated with LGB (100, 200 and
400 mg/kg) once per day for a month. Lung index data
were analyzed. The levels of fibrosis were assessed by
hydroxyproline (Hyp) of pulmonary and lung tissue sec-
tions after irradiation exposure. Alveolitis and fibrosis
levels were calculated from semi-quantitative analysis of
hematoxylin and eosin and Masson’s trichrome lung sec-
tion staining. The serum levels of transforming growth
factor B1 (TGF-B1), interleukin (IL)-6, and tumor necrosis
factor-o (TNF-a) were also evaluated. Antioxidant
enzymes of superoxide dismutase (SOD) were measured in
serum. Moreover, we also measured serum malondialde-
hyde (MDA) levels, a marker of oxidative stress. Treat-
ment with LGB significantly reduced mortality rates and
lung index scores and MDA content, enhanced SOD and
other antioxidant enzymes activity, and regulated serum
levels of TGF-B1, IL-6, and TNF-o. These results dem-
onstrated that LGB significantly inhibited irradiation-
induced pulmonary fibrosis. Furthermore, the results
suggested promising clinical effect of LGB therapies for
treating irradiation-induced pulmonary fibrosis.
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Introduction

Pulmonary fibrosis induced by irradiation is a common
complication related to full body irradiation induced by
hematopoietic stem cell transplantation, nuclear accidents,
and thoracic radiotherapy for cancers like lung carcinoma,
breast carcinoma, thymoma, and lymphoma [1, 2]. These
complications develop for about half a year at least to several
years after radiation damage in humans and about 3 months
after irradiation exposure in mice [1, 3]. Recently, clinical
research statistics have indicated that the irradiation associ-
ated pulmonary fibrosis rate among people with carcinoma
that accept irradiation exposure is getting significantly higher
[1, 3]. The convention therapy for pulmonary fibrosis mainly
includes chemical agents like steroid agents, NSAID, and
immunosuppressive drugs [1, 4, 5]. These kinds of agents
could effectively ameliorate pneumonitis in acute phase after
irradiation for about 3 months [1, 4, 5]. However, they cannot
successfully ameliorate fibrosis symptoms [1]. Moreover,
immunosuppressive drugs could lead to various adversary
side effects that may even cause death among patients [1, 4,
5]. When people are exposed to radiation, oxidative stress
happens immediately, and it endures throughout the whole
process of this radiation damage [1-3, 6]. It is indicated that
radiation could activate the oxidant generating associated
enzymes, mitochondrial leakage. Moreover, it could activate
the respiratory burst in the phagocytic cells, and eventually
lead to the infiltration of damaged tissue [1-3, 6]. So it is
suggested that antioxidant therapy tactics were the most
promising treatment methods to antagonize the irradiation-
induced pulmonary fibrosis [1-3, 6].
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Lettuce glycoside B (LGB) is a compound grown in Henan
Province of China, and later separated and purified by scien-
tists from Pterocypsela laciniata [7]. It is a kind of sesqui-
terpene glycoside and is completely soluble in water [7].
Pterocypsela laciniata belongs to Pterocypsela plant of As-
teraceae [7]. As a very popular traditional Chinese herbal
medicine, it has various effects, such as repulsion of heat (in
Chinese medicine term) and acceleration of blood circulation
in human body [7]. However, various pharmacological effects
of LGB and the related mechanism so far are rarely explored.
It should be noted that LGB was reported to have effects
toward cerebral ischemia reperfusion injury induced by mid-
dle cerebral artery occlusion [7]. Scientists measured brain
histopathology and brain infarct rate to evaluate the effects of
LGB on brain ischemia injury and found that it was very
effective agent to cure that injury [7]. Besides, the expressions
of nerve growth factor (NGF) and neurotrophin-3 (NT-3) were
also significantly upregulated by LGB [7]. However, no
studies have been conducted to clarify the pharmacological
effects in pulmonary fibrosis models treated with LGB.

For antagonizing oxidative stress induced by reactive oxy-
gen species (ROS), lung cells activate a wide range of endog-
enous antioxidant enzymes including glutathione peroxidase
(GSHPx), superoxide dismutase (SOD) and catalase (CAT) [1,
3, 4, 6]. The transcription of the antioxidant enzymes is regu-
lated by nuclear transcription factor NF-E2-related factor 2
(Nrf2), and it plays important roles in the modulation of oxi-
dative stress environment [1, 3, 4, 6]. In normal homeostatic
environment, Nrf2 transcription is suppressed by negative
regulator Kelch-like ECH-associated protein 1 (Keapl) [1, 3].
But after exposure to ROS, Nrf2 separates from cytosolic
Keapl and translocates to nucleus, in which it combines with
the antioxidant response element (ARE) in the promoter regions
of various genes that are responsible for the expression of
antioxidant enzymes and activate the their transcription [1, 3].

In the current research, we speculated that the LGB
treatment could effectively antagonize irradiation expo-
sure-induced pulmonary fibrosis. Firstly, we assessed the
activities of LGB to inhibit irradiation-induced pulmonary
fibrosis and then evaluated whether LGB therapy affected
the expression of endogenous antioxidant enzymes
including SOD in animal models. As far as we know, this
study is the first to explore the treatment efficacy of LGB in
irradiation-induced pulmonary fibrosis in vivo.

Materials and Methods
Animals
Male Sprague-Dawley (SD) rats weighing 180-220 g were

used in our current research (purchased from Experimental
Animal Center, Shanghai, China). They were housed in an
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SPF-graded animal care facility according to the guidelines of
the Care and Use of Laboratory Animals of our hospital. The
Committee on the Ethics of Animal Experiments of our hos-
pital approved all the experiment procedure. All interceptive
treatment was processed under fluothane anesthesia. During the
experiments, all the efforts were made to minimize the suf-
fering of the animals. The rats were allowed free access to food
and water. All rats were caged in a well-controlled SPF envi-
ronment with a 12/12-h light/dark cycle, and observed once per
day for 4 months after irradiation exposure. The natural death
of the animals was recorded. And during the experiments, we
have paid special attention to abnormalities in breathing, fur
ruffling, hunched posture, and breathing rate decline.

Irradiation Exposure and Drug Treatment

A 60Co irradiator was used to generate gamma-ray radia-
tion [1]. The rats were irradiated to 22 Gy at a dose rate of
290 cGy/min, and the radiation beam was restricted to the
entire thorax [1]. The irradiated rat models were intraper-
itoneally injected with LGB (100, 200 and 400 mg/kg,
Aladdin, China) once per day for a month. Another group
of irradiated rats received radiation without any treatment.
The control group rats were serviced by normal food, and
they were not exposed in irradiation.

Histopathology Process

After body weight assessment, all rats were sacrificed at
4 month after the first irradiation. Both lungs were weighed
and evaluated. The left lungs were frozen with liquid
nitrogen and kept at —70 °C for further experiments. The
right lungs were fixed with 4 % paraformaldehyde for
histological assessment and immunohistochemical evalua-
tion. Rat blood samples were collected from the heart and
let to clot for 1 h at room temperature. Serum samples were
collected by centrifugation at 4,500 rpm for 5 min at 4 °C.
Then they were stored at —70 °C for further experiments.

Lung Index Measurement

The ratio of the wet lung weight to body weight was
applied as the lung index calculation formula [1].

Collagen Content Assessment

Lung collagen content was evaluated by the hydroxypro-
line (Hyp) assessment kit according to the manufacturer’s
protocol (Boster, China). Briefly, 100 mg of lung tissue
was hydrolyzed in 1 ml of lysis buffer solution at 100 °C
for about 20 min, and the final absorbance was then
measured at 550 nm.
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MDA Content and SOD Activity Measurements

Serum samples were evaluated for MDA content and SOD
activity by commercially available kits following by the
manufacturer’s protocol instructions (Boster, China). MDA
is an end product of ROS-induced peroxidation of cell
membrane lipids [1]. It is a stable and reliable marker of
oxidative stress damage [1]. MDA content was quantified
by chromogen generation assessment of the chemical
reaction between MDA and 2-thiobarbituric acid [1]. SOD
activity was assessed by observing the sample’s ability to
inhibit the reduction of ferricytochrome c via xanthine/
xanthine oxidase [1]. Overall, this method is dependent on
the inhibition of nitroblue tetrazolium (NBT) reduction via
the xanthine/xanthine oxidase system [1].

Cytokine Levels Assessment

Serum levels of TGF-B1, IL-6, and TNF-o. were deter-
mined using the commercially available TGF-B1, IL-6, and
TNF-o ELISA kit according to the manufacturer’s protocol
instructions (Beyotime, China). The OD value was deter-
mined at 450 nm using an ELISA reader and calculated at
the linear portion of the curve.

Statistical Analysis

All experiments were performed at least in triplicates. Each
group consisted of at least 10 rats. One-way analysis of
variance (ANOVA) was performed and Tukey post hoc test

Fig. 1 Effects of LGB on A
a lung index score, b combined
alveolitis score, ¢ combined
fibrosis score, and

d hydroxyproline (Hyp) content.
Values are the mean + SEM.
Statistical significance for the
difference between the data of
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group: *p < 0.05. Statistical
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between the data of untreated
model group versus LGB-
treated model groups: #p < 0.05
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was applied for multiple group comparison. Statistical
analyses were performed using the SPSS 13.0 program.
The results are expressed as mean £+ SEM. Differences of
p < 0.05 were considered statistically significant.

Results
LGB Reduced Mortality and Inhibited Fibrous Nodules

Irradiated rats with LGB treatment had a lower mortality rate
compared with those without any treatment (data not shown).
All control rats survived until the end of 4 months. Signs of
congested edema were significantly ameliorated in LGB-
treated pulmonary tissues compared with those in the groups
without treatment. Four months post-irradiation exposure, the
lungs of LGB-treated rats showed signs of edema and uneven
surfaces as well as scattered punctuate bleeding points same
as the model group, but the severity is significantly decreased
than that of the untreated rats (data not shown).

LGB Reduced the Lung Index Score

We then tried to find out whether LGB treatments affected
the lung index, which refers to the ratio of lung wet weight
to body weight. The lung index was significantly lower
(p < 0.05) in LGB-treated animals relative to model group
at 120 days post-irradiation (Fig. 1). These results indi-
cated that LGB could significantly attenuate congested
edema in pulmonary tissues post-irradiation.
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LGB Improves Histological Changes and Reduces
Collagen Deposition in Pulmonary Tissues

H&E staining of the lung sections indicated that treatment
with LGB significantly improved irradiation-induced
pathological changes, and the regional fibrotic foci, colla-
gen depositions were greatly reduced after LGB treatment
(Figure not shown). The alveolitis and fibrosis scores of
LGB-treated animals were significantly lower (p < 0.05)
than those of the untreated rats at 120 days post-irradiation.
We also examined the degree to which LGB treatment
decreased Hyp, which is the major constituent of collagen.
Similarly, we found that the content of Hyp was signifi-
cantly lower (p < 0.05) in LGB-treated animals than that
of the untreated ones at 120 days post-irradiation (Fig. 1).

LGB Regulated the Serum Redox

We then evaluated whether LGB treatment regulated the
redox balance post-irradiation. Serum MDA content and
SOD activity were measured to assess the oxidative and
antioxidant status. The serum MDA concentration was
significantly lower (p < 0.05) in LGB-treated animals than
that of the untreated ones at 120 days post-irradiation
exposure. Serum SOD activity was significantly higher
(p < 0.05) in LGB-treated animals compared with that of
the untreated ones (Fig. 2).

LGB Modulated Cytokine Levels

We then evaluated whether LGB treatment regulated the
disruptive expression of cytokines in serum following
irradiation exposure. We found that the serum level of
TGF-B1 was significantly lower (p < 0.05) in the LGB-
treated rats compared with the untreated rats (Fig. 3).
Similarly, the serum levels of IL-6 and TNF-a were sig-
nificantly lower (p < 0.05) in the LGB-treated rats than the
untreated rats at the end of 4 month (Fig. 3).

Discussion

Results of the present study have demonstrated that irra-
diation-induced pulmonary fibrosis in rats was significantly
ameliorated by LGB treatment. LGB treatment reduced the
mortality rate and lung index score, ameliorate lung his-
tological damage, reduced collagen deposition, modulated
the redox state of serum, and modulate the serum levels of
TGF-B1, IL-6, and TNF-a. Given the current results, we
suggested that LGB treatment significantly ameliorates
irradiation-induced pulmonary fibrosis. Our data indicated
that LGB has the potential for treating irradiation-induced
pulmonary fibrosis.
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Fig. 2 Effects of LGB on serum MDA content (a) and SOD activity
(b). Values are the mean £ SEM. Statistical significance for the
difference between the data of the control group versus model group:
*p < 0.05. Statistical significance for the difference between the data
of untreated model group versus LGB-treated model groups:
#p < 0.05 (Color figure online)

Increasing evidence suggests that oxidative stress could
lead to irradiation-induced pulmonary fibrosis [1, 8-12].
The ROS-induced activation of inflammatory cells can lead
a positive feedback loop [1, 8, 13-23]. And elevated
expression of large amount intracellular oxidative enzymes
and large amounts of ROS and reactive nitrogen species are
formed [1, 13]. As the balance between oxidant and anti-
oxidant are destroyed, tissue damage then is getting more
and more serious [1, 13]. It could be imagined that thera-
peutic intervention that defends against or ameliorate oxi-
dant attack could be useful for irradiation-induced
pulmonary fibrosis treatment [1, 13].

MDA serum levels and the SOD activity are crucial
indicators of oxidative stress and the body’s respond to
various oxidative stresses [1, 13]. MDA levels mainly
reflect the degree of lipid peroxidation, and SOD plays an
important role in balancing between oxidatant and anti-
oxidant with capacities to neutralize free radical forms of
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Fig. 3 Effects of LGB on
TGF-B1 (a), IL-6 (b), and
TNF-a (¢). Values are the
mean + SEM. Statistical
significance for the difference
between the data of the control
group versus model group:

*p < 0.05. Statistical
significance for the difference
between the data of untreated
model group versus LGB-
treated model groups: *p <0.05
(Color figure online)
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oxygen and thus protects cells from oxidative attack [1,
13]. Our present results indicated that LGB had a potent
anti-oxidative ability.

The development of irradiation-induced pulmonary
fibrosis also associated with inflammatory cytokines that is
of vital importance in forming a positive feedback loop to
enhance the chemotoxis and oxidative stress [1, 24-28]. To
investigate the effects of LGB treatment on inflammation
status, we measured the serum levels of key inflammatory
cytokines. The cytokines were significantly reduced in the
LGB-treated rats compared with the untreated model rats.
And the lower alveolitis score of the LGB-treated rats
implied that LGB reduced the infiltration of inflammatory
immune cells.

Overall, the present results of our research demonstrated
that LGB treatment provided potent and enduring antioxi-
dant and anti-inflammatory activities against irradiation-
induced pulmonary fibrosis in experiment animals. The
findings indicated the function might be mediated by sup-
pressing the expression of pro-inflammatory factors and
oxidative stress suppression.
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