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INTRODUCTION: Polydatin (PD) has anti-inflammatory and anti-apoptotic effects in ischemic-
reperfusion injury. Moreover, inflammatory responses and apoptosis play a role in the development
of burn-induced lung injuries. Based on these findings, in this study we investigated the hypothesis
that PD can ameliorate lung injury induced by extensive burns via reduction of inflammation and
apoptosis. METHODS: Rats were subjected to 30% total body surface area burn injury followed
by resuscitation. The treatment group received 45 mg/kg PD, and the burn group received the same
amount of normal saline solution. No burn injury was inflicted in the sham group. Microvascular
permeability, interstitial edema, neutrophil recruitment, and histopathological changes were de-
tected by measuring Evans blue concentration, wet-to-dry lung weight ratio (W/D), myeloperoxi-
dase (MPO) activity, and hematoxylin and eosin staining, respectively. To investigate the mecha-
nism of action of PD, enzyme-linked immunosorbent assay, cell counting, terminal
deoxyribonucleotidyl transferase-mediated deoxyuridine 5-triphosphate-digoxigenin nick end la-
beling (TUNEL) staining, fluorometric assay, and Western blot were used for assessing levels of
inflammatory cytokines (tumor necrosis factor alpha, interleukin [IL]-1�, and IL-6), total number
of cells, and concentration of polymorphonuclear leukocytes (PMNs) in bronchoalveolar lavage
fluid (BALF), the number of apoptotic cells, caspase-3 activity, and apoptosis-related proteins
including Bax and Bcl-xl, respectively. RESULTS: Burn-injury rats exhibited significant lung
injury characterized by the deterioration of histopathological characteristics, pulmonary micro-
vascular hyperpermeability, and a high W/D, which were attenuated by PD (P � .007 for perme-
ability, P � .004 for W/D). PD inhibited the burn-induced inflammatory response, as evidenced by
the down-regulation of lung MPO activity (P � .008), total number of cells, PMN concentration in
BALF, and the local and systemic levels of the pro-inflammatory cytokines examined. Moreover,
PD treatment dramatically prevented burn-induced pulmonary cell apoptosis in lungs, as reflected
by the decrease in the number of TUNEL-positive cells (P � .002) and changes in Bax, Bcl-xl, and
caspase-3 activity (P � .03). CONCLUSIONS: PD ameliorates burn-induced lung injury via its
anti-inflammatory and anti-apoptotic effects, and PD treatment may therefore serve as a potential
therapeutic target for the treatment of critical burn injuries. Key words: polydatin; extensive burn;
lung injury; permeability; apoptosis; inflammation. [Respir Care 2014;59(9):1412–1421. © 2014 Daeda-
lus Enterprises]

Introduction

Burn injury is a common trauma, and the lungs are some
of the most vulnerable distant organs that are affected by

extensive burns. Acute lung injury (ALI) is associated
with high morbidity and mortality in burn patients with
extensive skin burns, and it is clinically characterized by
hypoxemia, noncardiogenic pulmonary edema, and rapid

Drs Li, Cai, Zeng, Zhang, Gao, and Chen are affiliated with the Depart-
ment of Critical Care Medicine, Nanfang Hospital, Southern Medical
University, Guangzhou, People’s Republic of China. Dr Zeng is affiliated

with Guangdong Key Laboratory of Shock and Microcirculation Re-
search, Department of Pathophysiology, Southern Medical University,
Guangzhou, People’s Republic of China. Dr Wang is affiliated with the

1412 RESPIRATORY CARE • SEPTEMBER 2014 VOL 59 NO 9



respiratory failure.1-7 The pathophysiology of ALI involves
highly complicated mechanisms, and recent studies3,8-16

have shown that systemic inflammatory response, apopto-
sis, and endothelial cell dysfunction are key to this pro-
cess.

The role of inflammatory mediators in ALI is well-
described. Many inflammatory factors enter the circulation
after local burn injury and cause a severe systemic inflam-
matory response. An excessive inflammatory response con-
stitutes the earliest stages in the development of lung in-
jury after burn injury. Increased levels of local and systemic
inflammatory mediators, such as tumor necrosis factor al-
pha (TNF-�) and interleukin (IL)-1�, IL-6, and activated
leukocytes, lead to systemic inflammatory response syn-
drome (SIRS). In addition, inflammatory mediators recruit
neutrophils into the alveolar-capillary wall, adhere to the
endothelium, release various proteases, and infiltrate into
the injury site. These processes may result in damage to
the alveolar-capillary membrane and lead to increased per-
meability of the endothelium in patients with lung in-
jury.17,18 Vascular hyperpermeability enhances the infil-
tration of inflammatory cells, notably polymorphonuclear
leukocytes (PMNs), and subsequently results in cell apo-
ptosis and interstitial edema.2,3,5,19,20,21 In recent years, in-
creasing evidence has suggested that pulmonary cell apo-
ptosis may also play an important role in the
pathophysiology of lung injury.16,22-24 All these processes
subsequently lead to pulmonary damage.

Polydatin (PD), a monocrystalline drug that can be iso-
lated from the traditional Chinese herb Polygonum cuspi-
datum, is used mainly in the treatment of shock, burn, and
ischemia-reperfusion injury.25-28 The effect of PD on acute
severe shock and burn injury has been studied at our lab-
oratory for many years, and we, so far, have not discov-
ered any side effect of PD. The Sino Food and Drug Ad-
ministration has approved of a clinical trial investigating
the effect of PD on hypotension after hemorrhagic shock,
and the trial has now entered stage II. Moreover, the in vitro
and in vivo influence of PD on inflammatory processes

and apoptosis has been demonstrated efficiently in several
models.25,26,29-33

Since inflammatory response and apoptosis play key
roles in the pathogenesis of burn-induced lung injury and
PD has potential anti-inflammatory and anti-apoptosis ef-
fects, we hypothesized that PD may provide protection
against burn-induced lung injury.

Methods

Experimental Animals

The procedures used in this study and the handling of
study animals adhered to the National Institutes of Health
guidelines on the use of experimental animals. The exper-
imental protocol was approved by the Committee on Re-
search Animal Use of South Medical University. Male
Sprague-Dawley rats weighing 180–220 g were purchased
from the Experimental Animal Center at South Medical
University and allowed to acclimatize for a week before
being used. Animals had ad libitum access to chow and
water.

Experimental Groups and Animal Model

As shown in Figure 1, animals were randomly divided
into the following 3 groups (1): sham burn (n � 20); (2)
burn � normal saline solution (NS) (n � 20); and (3)
burn � PD (n � 20) (Table 1). All the rats were anesthe-
tized with an intramuscular injection of sodium pentobar-
bital (30 mg/kg). Burn injury was inflicted based on a
modified Walker burn model.34 Briefly, a dorsal area that
equals 30% of the total body surface area was shaved. The
rat was placed in a mold with an adjustable opening to
expose the shaved area to 98°C water for 30 s. Animals in
the sham group were immersed in water at room temper-
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QUICK LOOK

Current knowledge

Polydatin is a monocrystalline drug isolated from the
traditional Chinese herb Polygonum cuspidatum, which
is used in the treatment of shock, burn, and ischemia-
reperfusion injury.

What this paper contributes to our knowledge

In an animal model of burn injury, polydatin amelio-
rates burn-induced lung injury via anti-inflammatory
and anti-apoptotic effects. The role of polydatin as a
potential therapeutic target for the treatment of critical
burn injuries requires further study.
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ature. Then, the rats were resuscitated using an intraperi-
toneal injection of Ringer’s lactate solution, with the vol-
ume calculated using the Parkland formula (4 mL/kg per
percentage of the burn). In the PD treatment group, rats
were given 45 mg/kg PD (Neptunus Co., Shenzhen, Peo-
ple’s Republic of China) by femoral vein injection at 5 min
after the burn injury. The dose was based on the authors’
previous research data. Animals in the sham burn group
did not receive any additional treatment. After the burn
injury was inflicted and treatment was given, each of the
3 groups was divided into 3 subgroups for survival time
investigation (n � 8), permeability measurement (n � 6),
and inflammation and apoptosis assay (n � 6). The rats in
the survival time subgroup were kept in a temperature-
controlled room and were given water ad libitum after the
burn. The rest were killed at 24 h postburn for measure-
ments.

Histologic Examination

Lungs were harvested for observing morphologic alter-
ations at 24 h after burn or sham burn. The right middle
lobes of the lungs were fixed with 10% formalin, embed-
ded in paraffin, and sectioned to 4-�m thickness. After
deparaffinization and rehydration, the sections were stained
with hematoxylin and eosin. The pathological sections were
observed in a blinded fashion.

Lung Microvascular Permeability Assay

For the permeability assay, vascular protein leakage was
measured using the Evans blue (EB) technique.35,36 After
anesthetization, EB (20 mg/kg weight; Sigma, St. Louis,
Missouri) was injected intravenously through the femoral

Fig. 1. Experiment sequence, groups, and subgroups. NS � normal saline solution; PD � polydatin.

Table 1. Burn Injury-Induced Changes in Lung Tissue and Serum (Chi-Square Test)

Group Sham burn Burn � NS Burn � PD Sham vs Burn � NS Burn � NS vs Burn � PD

EB (�g/100 mg
dry tissue)

11.84 � 1.88 24 � 5.22 17.66 � 2.99 � .001 .007

W/D 3.62 � 0.33 4.83 � 0.38 4.00 � 0.25 � .001 .004
Systemic (pg/mL)

TNF-� 19 � 12.3 432 � 122.7 229 � 66.8 � .001 � .001
IL-1� 33 � 20.8 310 � 102.8 194 � 60.8 � .001 .004
IL-6 26 � 12.5 230 � 88.5 150 � 48.7 � .001 .02

Local (�g/mg tissue)
TNF-� 24 � 7.4 332 � 68.5 95 � 22.6 � .001 .001
IL-1� 13 � 4.2 172 � 73.8 85 � 25.4 � .001 .01
IL-6 31 � 11.3 188 � 65.2 120 � 27.0 � .001 .033

Total cells (105/mL) 0.49 � 0.2 9.53 � 2.11 5.90 � 1.97 � .001 .002
PMNs (105/mL) 0.24 � 0.16 6.42 � 2.31 3.79 � 1.73 � .001 .02
TUNEL-positive

cells/field
1.7 � 1.2 39.5 � 12.7 18.7 � 10.6 � .001 .002

Data are mean � SD.
NS � normal saline solution
EB � Evans blue
PD � polydatin
W/D � wet-to-dry lung weight ratio
TNF � tumor necrosis factor alpha
IL � interleukin
PMN � polymorphonuclear leukocyte
TUNEL � terminal deoxyribonucleotidyl transferase-mediated deoxyuridine 5-triphosphate-digoxigenin nick end labeling
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vein. Thirty minutes after dye injection, the animals were
killed, and a midline thoracotomy was performed. Then
the superior and inferior vena cavae were ligated, the aorta
was transected, and 20 mL of NS was injected into the
right ventricle at a pressure of 20 cm H2O to wash out the
pulmonary intravascular content. A sample of lung tissue
was weighed, immersed in N,N-dimethylformamide
(Sigma), and homogenized. The homogenate was incu-
bated at room temperature for 48 h. Eluted EB was mea-
sured at 620 nm using an automatic microplate reader
(SpectraMax M5; Molecular Devices, Sunnyvale, Califor-
nia), and the amount was expressed as micrograms per
100 mg dry tissue.

Wet Lung/Dry Lung Weight Ratio

The harvested wet lung was weighed and then placed in
an oven for 48 h at 80°C and then weighed again when it
was dry. The wet-to-dry lung weight ratio (W/D) was
calculated.

Cell Counts in Bronchoalveolar Lavage Fluid

Rats were killed, a median sternotomy was performed,
and the trachea was isolated by blunt dissection; then, a
suitable small-caliber tube was inserted into the airway
and secured. Phosphate-buffered saline solution (pH 7.2)
was infused slowly into the lungs, and bronchoalveolar
lavage fluid (BALF) was withdrawn via the tube. The fluid
recovery rate was � 90%. Lavage samples were centri-
fuged at 1,500g for 10 min at 4°C. The sedimented cells
were resuspended in phosphate-buffered saline solution
and subjected to cell counting. The slides were visualized
using Wright-Giemsa staining (Sigma), and PMNs were
counted in a double-blind fashion.

Measurement of Inflammatory Mediators

The concentrations of TNF-�, IL-1�, and IL-6 in the
lung or serum were measured using commercial enzyme-
linked immunosorbent assay kits (R&D Systems, Minne-
apolis, Minnesota). The results were expressed as micro-
grams per milligram tissue or pictograms per milliliter
serum.

Myeloperoxidase Activity Assay

Lungs were harvested, rinsed, homogenized, and cen-
trifuged. Supernatants were collected and subjected to en-
zyme-linked immunosorbent assay for determination of
myeloperoxidase (MPO) activity using the MPO activity
colorimetric assay kit (Biovision, Zurich, Switzerland).

Terminal Deoxyribonucleotidyl Transferase-Mediated
Deoxyuridine 5-Triphosphate-Digoxigenin Nick End
Labeling Staining

Lung histopathological slides were dewaxed and incu-
bated with proteinase K. Slides were stained using a ter-
minal deoxyribonucleotidyl transferase-mediated deoxy-
uridine 5-triphosphate-digoxigenin nick end labeling
(TUNEL) kit (Biovision), counterstained with Hoechst
33258 stain and examined under a fluorescence micro-
scope. Apoptotic cells appeared fluorescent green and were
counted per 10 visual fields at a 200� magnification.

Caspase-3 Activity

Lung homogenates were prepared, and the caspase-3
activity was measured using the caspase-3/CPP32 fluoro-
metric assay kit (Biovision) in accordance with the man-
ufacturer’s instructions.

Western Blot Analysis for Bcl-xl-Bax

The lung tissues were homogenized and analyzed for
Bcl-xl-Bax by Western blotting. Protein concentrations
were determined using the bicinchoninic acid method. An
equal amount of protein was loaded onto 10% sodium
dodecyl sulfate polyacrylamide gels for electrophoresis.
After electrophoresis, proteins were electroblotted onto
polyvinylidene fluoride membranes and blotted with pri-
mary antibodies against Bcl-xl-Bax (Abcam, Cambridge,
United Kingdom) and �-actin (Tianjin Sungene Biotech
Co., Ltd., Tianjin, People’s Republic of China). Mem-
branes were then incubated with the horseradish peroxi-
dase-tagged secondary antibody (Earth, UK), and protein
expression was detected using an enhanced chemilumines-
cence reagent.

Statistical Analysis

All variables are presented as the mean � SD. Differ-
ences between groups were determined using one-way anal-
ysis of variance with the least significant difference mul-
tiple-comparison test and Student t test when appropriate.
Values were considered to be significant at P � .05, and
n represents the number of animals.

Results

PD Treatment Attenuated Burn-Induced Lung
Injury

Lung tissue of rats in the burn � NS group showed
accumulation of a large number of neutrophils in the intra-
alveolar and interalveolar space, a thickened alveolar wall,
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less alveolar space, interstitial congestion, and edema. PD
treatment was found to markedly attenuate these signs of
burn-induced lung injury (Fig. 2).

PD Treatment Inhibited Burn-Induced Pulmonary
Microvascular Hyperpermeability

Burn injury results in a sustained increase in microvas-
cular permeability, which directly results in pulmonary
edema. Therefore, we analyzed microvascular permeabil-
ity by measuring the EB concentration in lungs, as the EB
concentration is proportional to microvascular permeabil-
ity. EB concentration in the lung was markedly increased
in postburn rats (sham group vs burn � NS group: P � .01).
Treatment of PD significantly reduced the concentration
of EB in the lung (burn � PD group vs burn � NS group:
P � .007); therefore, PD treatment inhibits microvascular
hyperpermeability induced by burn injury (Fig. 3A, Table
1).

PD Treatment Reduced Pulmonary Edema Induced
by Burn Injury

Pulmonary edema is one of the most characteristic patho-
logic changes in burn-induced lung injury. To determine
whether PD exerts a protective effect on pulmonary edema,
we compared the W/D among the 3 different treated groups.
At 24 h after burn injury was induced the W/D in the
burn-injury animals was significantly increased compared
with that in the sham controls (sham group vs burn � NS
group: P � .01; Fig. 3, Table. 1). Administration of PD
markedly decreased the W/D compared with that in
burn � NS rats (burn � PD group vs burn � NS group:
P � .004).

PD Treatment Attenuated Local and Systemic Levels
of Inflammatory Mediators Induced by Burn Injury

Given the key role of inflammatory mediators in SIRS
and ALI, we measured the lung tissue and serum concen-
trations of inflammatory mediators in the different groups.
TNF-�, IL-1�, and IL-6 levels in the lungs of the burn

animals were dramatically higher than those in sham an-
imals (sham group vs burn � NS group: P � .01 for all;
Fig. 4A, Table 1), and these levels were significantly re-
duced in the PD treatment group (burn � PD group vs
burn � NS group: P � .001 for TNF-�, P � .004 for
IL-1�, P � .01 for IL-6). Similar to their levels in lung
tissues, the TNF-�, IL-1�, and IL-6 levels in the periph-
eral blood of burn animals were significantly higher than
those in sham animals (sham group vs burn � NS group:
P � .01 for all; Fig. 4B, Table 1). The increased levels of
TNF-�, IL-1�, and IL-6 were markedly attenuated by PD
treatment (in burn � PD group vs burn � NS group:
P � .001, P � .01, and P � .033, respectively).

PD Treatment Reduced the Total Number of Cells
and PMNs in the BALF

A marked increase in the total number of cells and
PMNs was noted in the BALF in burn-injury rats (sham
group vs burn � NS group: P � .01 for both; Fig. 5A,B,
Table 1), which were markedly reduced by PD treatment
(burn � PD vs burn � NS group: P � .002 for total
number of cells, and P � .02 for PMNs).

PD Treatment Decreased Neutrophils Recruitment in
the Lung

Lung MPO activity, an indicator of neutrophil infiltra-
tion, was detected. As shown in Figure 5C, the postburn

Fig. 2. Effect of polydatin (PD) on lung histopathology changes in
burn-injury rats. Lungs harvested from each group at 24 h after
burn injury were stained with hematoxylin and eosin, and exam-
ined under a light microscope. NS � normal saline solution;
PD � polydatin.

Fig. 3. Influence of polydatin (PD) on pulmonary microvascular
permeability and edema. A: Evans blue (EB) was extracted from
the lungs obtained from each group at 24 h postburn and mea-
sured. B: Wet-to-dry lung weight ratio (W/D). Both the EB and W/D
values were increased in the burn � normal saline solution (NS)
group, but were alleviated in the burn � PD group. Data are pre-
sented as the mean � SD (n � 6 in each group). *P � .05, **P � .01
vs the sham burn group; #P � .05, ##P � .01 vs the burn � NS
group.
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lung MPO activity dramatically increased (sham group vs
burn � NS group: P � .01), and it was inhibited by PD
treatment (burn � NS group vs burn � PD group: P � .008)

PD Treatment Prevented Lung Cell Apoptosis in
Burn-Injury Rats

To detect the effects of PD treatment on pulmonary cell
apoptosis in burn-injury rats, TUNEL assay, a common
method for detecting DNA fragmentation, was conducted
on the lung tissues. The burn-injury animals showed a
significant increase in apoptotic cells in comparison with
the sham burn group (sham group vs burn � NS group:
P � .01); this was significantly reduced by PD treatment
(burn � PD group vs burn � NS group: P � .002; Figs.
6, 7; Table 1).

Moreover, we investigated the effects of PD treatment
on pulmonary cell apoptosis by detecting the level of Bcl-
xl-Bax and caspase-3 activity. Overexpression of Bcl-xl
ameliorates lung injury by inhibiting apoptotic pathways.
Burn injury resulted in down-regulation of the Bcl-xl pro-
tein, and PD prevented this decrease. Expression of the
pro-apoptotic protein Bax was up-regulated by burn injury
and inhibited by PD treatment (Fig. 8). Activation of
caspases plays a central role in the process of cellular
apoptosis. We therefore measured caspase-3 activity and
found that it was significantly increased in the lungs of
animals after burn injury, which was prevented by PD
treatment (sham group vs burn � NS group: P � .01;
burn � NS group vs burn � PD group: P � .03). These
results indicate that burn injury induce the lung cell apo-

Fig. 4. Effect of polydatin (PD) on local and systemic inflammatory mediators after burn injury. (Top) The protein levels of tumor necrosis
factor alpha (TNF-�), interleukin (IL)-1�, and IL-6 in the lung were determined at 24 h postburn. (Bottom) The circulating levels of
inflammatory mediators in the serum were measured at 24 h after burn. The pulmonary and serum levels of all 3 factors were elevated in
the burn � NS group, but decreased in the burn � PD group. Data are presented as the mean � SD (n � 6 in each group). *P � .05,
**P � .01, vs the sham burn group; #P � .05, ##P � .01 vs the burn � normal saline solution (NS) group.

Fig. 5. Effect of polydatin (PD) on the total number of cells and polymorphonuclear leukocytes (PMNs) in the bronchoalveolar lavage fluid
(BALF) and lung myeloperoxidase (MPO) activity. A: Total number of cells in BALF. B: PMNs in BALF. C: Lung MPO activity. The values of
all 3 factors were increased in the burn � normal saline solution (NS) group, but were decreased in the burn � PD group. Data are presented
as mean � SD (n � 6 in each group). *P � .05, **P � .01 vs the sham burn group; #P � .05, ##P � .01 vs the burn � NS group.
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ptosis, which can be significantly alleviated by PD treat-
ment (Fig. 9).

PD Improves the Survival Time of the Burn-Injured
Rats

To evaluate the protective effect of PD, burn-injury rats
were kept in a temperature-controlled room and allowed
water ad libitum after PD or NS treatment. As shown in
Figure 10 and Table 2, the average survival time extended
from 30.2 � 11.6 h in the burn � NS group to 50.7 � 17.0 h
in the burn � PD group (sham group vs burn � NS group:
P � .01; burn � NS group vs burn � PD group: P � .02).
Meanwhile, the 48-h survival rate was 1 of 8 in the
burn � NS group, and 4 of 8 in the burn � PD group.

Discussion

In this study, we were able to show for the first time that
PD does indeed confer protection from lung injury in a rat
model of burn-induced injury.

Patent lung injury is characterized by the accumulation
of a large number of neutrophils, a thickened alveolar
wall, and an elevated total number of cells and PMNs in
the BALF, and these were all observed in the burn-injury

Fig. 6. Effects of polydatin on apoptosis in the lungs after burn
injury. Terminal deoxyribonucleotidyl transferase-mediated de-
oxyuridine 5-triphosphate-digoxigenin nick end labeling staining
images shown at 200� magnification.

Fig. 7. Representation of terminal deoxyribonucleotidyl transferase-
mediated deoxyuridine 5-triphosphate-digoxigenin nick end label-
ing (TUNEL)-positive cells averaged over 10 microscopic fields per
animal. Data are presented as the mean � SD (n � 6 in each
group). *P � .05, **P � .01 vs the sham burn group; #P � .05;
##P � .01 vs the burn � normal saline solution (NS) group. Poly-
datin (PD) treatment improved survival time.

Fig. 8. Expression of Bcl-xl and Bax in the lung tissues. The in-
creased Bax expression and decreased Bcl-xl expression in the
burn � normal saline solution (NS) group was ameliorated by poly-
datin (PD) treatment.

Fig. 9. Caspase-3 activity in the lung tissues. Caspase-3 activity
increased in the burn � normal saline solution (NS) group, but it
was comparatively decreased in the burn � polydatin (PD) group.
Change in caspase-3 activity is expressed as the percentage of
the sham control value. Data are presented as the mean � SD (n �
6 in each group). *P �.05; **P �.01 vs the sham burn group;
#P �.05. PD treatment improved survival time.
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rats in this study. We found that the administration of PD
significantly alleviated these histopathological changes.
Moreover, we used increased EB content and W/D as
indicators of marked microvascular hyperpermeability and
lung edema, respectively, and found that PD was effective
in ameliorating both hyperpermeability and edema.

Numerous studies have reported that up-regulation of
inflammatory mediators, such as TNF-�, IL-1�, and IL-6,
contributes to the risk of the development of acute SIRS,
and the inhibition of these factors prevents the develop-
ment of this syndrome in burn-injury rats.37,38 Our results
in the present study indicate that PD can reduce the ele-
vated levels of local and systemic inflammatory mediators
induced by burns. It seems reasonable to speculate that this
inhibition might be associated with attenuation of pulmo-
nary pathophysiologic alterations caused by severe burn
injury. Neutrophilic inflammation is associated with ALI/
acute respiratory distress syndrome.39,40 Therefore, we in-
vestigated lung neutrophil infiltration by measuring the
activity of lung MPO, a neutrophil-specific enzyme. PD
treatment prevented the increase in lung MPO activity in
burn-injury rats. These results suggest that the administra-
tion of PD might exert a protective effect on lung injury
induced by burns. Because of the major role of inflamma-

tory mediators in lung injury, the effects of PD are prob-
ably due to the amelioration of burn-induced lung neutro-
phil infiltration and inflammation.

Recent studies41 have shown that apoptosis contributes
to the pathogenesis of lung injury. There is an important
theory that links apoptosis to lung injury, according to
which apoptosis of alveolar wall cells (ie, epithelial type I
and II cells and endothelial cells) as well as the accumu-
lation of neutrophils in the lung might contribute to a
cascade of events, and finally to ALI or acute respiratory
distress syndrome.20,42 Moreover, apoptosis can amplify
inflammatory responses in lung diseases.10 To determine
whether the inhibition of apoptosis was involved in the
protective effect of burn-induced lung injury, we exam-
ined lung cell apoptosis by TUNEL staining. We found a
rather large number of apoptotic cells in the lungs of burn-
injury animals, and we also found that the number of
TUNEL-positive lung cells was significantly reduced after
PD treatment. At the molecular level, we investigated sev-
eral apoptosis-related proteins such as Bcl-xl, Bax, and
caspase-3. The Bcl family consists of both anti-apoptotic
(Bcl-2, Bcl-xl) and pro-apoptotic (BAK, BAX) fac-
tors.23,43-45 The anti-apoptotic members of this family pre-
vent apoptosis by sequestering proforms of death-driving
cysteine proteases or by preventing the mitochondrial apo-
ptogenic factors release. On the contrary, the pro-apoptotic
members trigger the mitochondrial apoptogenic factors re-
lease into the cytoplasm through the mitochondrial perme-
ability transition pore, thereby leading to activation of
caspases. Caspase-3 is considered to be the most important
of the executioner caspases and is activated by any of the
initiator caspases.46 We demonstrated, in this study, that
PD treatment prevents burn-induced up-regulation of Bax
and caspase-3 activity and down-regulation of Bcl-xl. These
results demonstrated that PD treatment prevents lung cell
apoptosis in burn-injury rats.

To further test the protective effect of PD on burn in-
jury, a survival time investigation was performed, and we
found that PD administration significantly improved the
survival time of burn-injury rats.

We have provided evidence for the first time of PD-
induced significant attenuation of lung injury induced by
extensive burn injury and improvement in survival time in
a rat model. We also found that the potential mechanism of
this action is through amelioration of inflammation and
apoptosis. Although the involved molecular mechanisms
need to be clarified further, this work warrants further
investigation of the effect of PD on lung injury and its
possible clinical application.
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survival time of rats improved with polydatin (PD) treatment com-
pared to the burn � normal saline (NS) group.
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