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Sarcandra glabra attenuates LPS-induced acute
lung injury via inhibiting inflammation in rats
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Abstract: The effects of Sarcandra glabra (SGE) have been observed in acute lung injury (ALI) induced by LPS in
mice. The present study aims at investigating the protective effects of SGE on LPS-induced ALI and the underlying
mechanisms. Rats were randomly divided into six groups and respectively pretreated with lipopolysaccharide (LPS)
(6 mg/kg weight) by intraperitoneal injection 8 h after given different dose of SGE (5, 10 g crude drug/kg weight)
by different ways. SGE attenuated LPS-induced lung injury in rats, which was manifested by the improvement of
histological characteristic in lung, neutrophil infiltration into the lungs which was assessed by MPO activity in lung
homogenates, pulmonary edema which was assessed by lung index and W/D weight ratio, respiratory disorder
which was assessed by oxygenation index. All of these results suggested that SGE may ameliorate ALI induced by
LPS. Furthermore, SGE significantly reduced the release of TNF-a« and IL-6 in lung. In addition, the expression of
NF-kB and TLR4 was inhibited by SGE. In conclusion, these results indicated that SGE alleviates LPS-induced ALI

through via inhibiting inflammation in rats.
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Introduction

Acute lung injury (ALI) caused by infestation,
trauma and sepsis is a severe syndrome with
high rates of morbidity and mortality in clinics
[4, 2]. ALl is characterized by serious mem-
brane damage to the alveolar-capillary barrier
which leads to non-cardiogenic pulmonary
edema, severe respiratory difficulties and
intractable hypoxemia [3]. The pathogenesis of
ALl is complex. Endotoxin is thought to be the
most important pathogenic factor in the devel-
opment of ALl [4]. The inflammatory response
within the lung plays an important role during
this period [5-10]. Firstly, inflammatory cells
build up and are sensitized by inflammatory
mediators in the lung [11]. Simultaneously, pro-
inflammatory cytokines, such as tumor necro-
sis factor-a, interleukin-6, nuclear factor kappa
B and activated leukocytes, are released princi-
pally by inflammatory cells, which lead to sys-
temic inflammatory response syndrome (SIRS)
[12-15].

Sarcandra glabra (Thunb.) Nakai, a traditional
Chinese medicine has been used for inflamma-
tory disease treatment [16], such as rheuma-
tism [17], thrombocytopenia [18], tumor [19],
hypoglycemic [20], cellulitis, fracture and trau-
matic injury. Previous study have showed that
SGE can ameliorate immunological hepatitis
and acute inflammation via inhibiting inflamma-
tory infiltration, Pulmonary edema, pulmonary
permeability index in mice, which indicating
that it may be a potential agent to treat ALI [21].

Despite rapid developments in therapeutic tool,
the prognosis of patients with ALI/ARDS is still
poor [22]. Consequently, searching for medi-
cine that could be ameliorating the treatment of
ALI/ARDS is imminent.

Materials and methods
Plant materials

The herbs of Sarcandra glabra (Thunb.) Nakai
were purchased from pharmacy.
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Preparation of SGE

Whole herbs of Sarcandra glabra (Thunb.)
Nakai (2.0 kg) were powdered and then decoct-
ed with 10 times amount of water 2 times, and
every time 2 h. The aqueous extracts were
combined, evaporated to relative density 1.3
under 70°C and then precipitated with 80%
ethanol for 2 times, refrigerating 48 h every
time. Reclaimed of ethanol and concentrated
to obtain SGE 10 g each 1 mL. The aqueous
extracts were dissolved in injection water, and
then refrigerated 24 h. The solution pH was
adjusted to 9.0 with sodium hydroxide solution.
The aqueous extracts were added activated
carbon to the mass fraction of 0.05%, boiled
30 mins, filtered, then diluted with physiologi-
cal saline for injection to 1000 mL, filtrated
with membrane aperture as 0.46 ym for ste-
rilization.

Reagents

Myeloperoxidase (MPO) detection kit was ob-
tained from Jiancheng Bioengineering. Enzyme-
linked immune sorbent assay (ELISA) kits for
TNF-a and IL-6 were supplied by KeyGEN
Biotech (Nanjing, China). All antibodies were
from Cell Signaling Technology, Inc. (Beverly,
MA).

Animal preparation

Adult male Sprague-Dawley rats, which weighed
about 180-220 g, were provided by Experi-
mental Animal Center of Yangzhou University
(Yangzhou, China). Mice were raised in a tem-
perature-controlled house and were fed free
diet and water.

Model and grouping

Rats were randomly divided into six groups: 1)
Negative control group (n=10): rats were res-
pectively pretreated with 0.9% normal saline 8
h after the first normal saline administration; 2)
LPS control group (n=10): rats were respective-
ly pretreated with LPS (6 mg/kg) by intraperito-
neal injection 8 h after normal saline adminis-
tration; 3) LPS/SGE groups (i.g. n=20): rats
were respectively pretreated with LPS (6 mg/
kg) by intraperitoneal injection 8 h after given
different doses of SGE (5 g crude drug/kg
(n=10), 10 g crude drug/kg (n=10)) by intragas-
tric administration; 4) LPS/SGE groups (i.m.
n=20): rats were respectively pretreated with

716

LPS (6 mg/kg) by intraperitoneal injection 8 h
after given different doses of SGE (5 g crude
drug/kg (n=10), 10 g crude drug/kg (n=10)) by
intramuscular administration; 5) LPS/SGE
groups (i.v. n=20): rats were respectively pre-
treated with LPS (6 mg/kg) by intraperitoneal
injection 8 h after given different doses of SGE
(5 g crude drug/kg (n=10), 10 g crude drug/kg
(n=10)) by intravenous administration; 6) LPS/
DXM groups (i.v. n=15): rats were respectively
pretreated with LPS (6 mg/kg) by intraperito-
neal injection 8 h after given dexamethasone
(1 mg/kg) by intragastric (n=5), intramuscular
(n=5) and intravenous (n=5) administration. In
all groups, all administration measurements
were made 8 h before LPS administration. The
current dose and timing of SGE administration
were based on our previous experiments. Rats
were executed half by exsanguination from the
carotid artery at 14 h and 24 h after LPS intra-
peritoneal injection. At the end of the experi-
ments, blood samples were obtained or blood
gas analysis in each animal group. The oxygen-
ation index (Pa0,/FI0,), wet-to-dry (W/D) weight
ratio, myeloperoxidase (MPO) activity, and his-
topathologic changes were measured. To inves-
tigate the mechanisms of SGE improvement in
LPS-induced ALI, the inflammatory cytokines
(TNF-a, IL-6, NF-kB and TLR4) were detected.

Histopathology study

The right middle lobes of the lungs of all groups
(n=5, respectively) were collected at 24 h after
LPS intraperitoneal injection. The tissue blocks
size of 0.2 cm x0.2 cm x0.2 cm approximately
were fixed with 10% neutral formalin, dehydrat-
ed by dimethylbenzene and absolute ethyl alco-
hol, embedded in paraffin, and sectioned into 4
pm thickness. After xylol deparaffinization and
rehydration, the pathological sections were
stained with hematoxylin and eosin (H&E) and
observed under light microscope. Histopath-
ological sections of the lung were scored for
pulmonary edema, infiltration of neutrophils,
pulmonary alveolar capillary hemorrhage, and
alveolar epithelial microvilli desquamation in a
blinded fashion.

Oxygenation index (Pa0,/FiO,) analysis

At 14 h and 24 h after LPS intraperitoneal injec-
tion, carotid arterial blood sample was collect-
ed from carotid artery and measured immedi-
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Myeloperoxidase activity
assay

At 14 h and 24 h after LPS
intraperitoneal injection,
the left lungs was dissected
from rats, rinsed and ho-
mogenized. The homoge-
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nate was centrifuged at
10,000 g for 5 min and the
supernatant was collected
and used to measure MPO
activity using the myeloper-
oxidase (MPOQ) activity colo-
rimetric assay Kit.

Assay of IL-6 and TNF-a
concentration

Lung homogenate was pre-
pared according to method

Control LPS

SGE (i-g) SGE (i.m.) SGE (i.v.) DXE(.g. i.m. i.v.)

LPS
(6 mg/kg)

- + + +

Figure 1. Effects of SGE on Oxygenation index in LPS-induced rats. Rats were
randomly divided into six groups and all administration measurements were
made 8 h before LPS administration as described in the Model and Group-

+

described for myeloperoxi-
g dase assay. IL-6 and TNF-a
concentration in lung was
evaluated using specific rat
ELISA as the manufactur-
er’s instructions.

ing section. A. PaO,; B. Pa0,/FIO,; C. Respiratory rate. Values are expressed

as mean = SD (n=10 in each group). **P<0.01 vs. negative control group,

#P<0.05, #P<0.01 vs. LPS control group.

ately using blood gas analyzer. At the same
time, respiratory rates were measured.

Analysis of lung index and wet-to-dry weight
ratio (W/D)

At 14 h and 24 h after LPS intraperitoneal injec-
tion, the whole lung was weighed immediately
after its excision. Lung index was calculated via
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Western blot analysis

Protein levels of NF-kB p65,

phospho-NF-kB p65, and
TLR4 were analyzed by Western blotting. Total
proteins were recovered from lung tissue of
each group and instantly homogenized in buf-
fer with Tissue protein extraction reagent
(TPER) under the condition of ice-bath. The
homogenate was centrifuged at 12,000 g for 5
min and the supernatant was collected. Protein
quantification was determined by the bicincho-
ninic acid protein assay kit (BCA) using bovine
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Compared with the nega-
tive control group, Hypox-
emia was much more
marked in the LPS control
group, as Figure 1 des-
cribed. PaO, was signifi-
cantly reduced in the LPS
control group compared to
the negative control group
(58.15 £ 6.13 mm Hg ver-
sus 108.30 + 8.27 mm Hg,
P<0.01). The PaO,/FIO,
was also significantly dif-
ferent contrasted the LPS
control group with the neg-
ative control group (167.14
+ 17.33 versus 482.67+

Control LPS
LPS
G mgke) - + + +

Figure 2. Effects of SGE on pulmonary edema in LPS-induced rats. A. Lung in-
dex; B. Wet-to-dry lung weight ratio (W/D weight ratio). Values are expressed as
mean * SD (n=10 in each group). "*P<0.01 vs. negative control group, *P<0.05,

#P<0.01 vs. LPS control group.

serum albumin (BSA) as standard. Fifty micro-
grams of proteins were loaded into a 4% sodi-
um dodecyl sulfate-polyacrylamide gel (SDS-
PAGE) and separated in a 10% SDS-PAGE
according to electrophoresis. Separated pro-
teins were transferred onto polyvinylidene
fluoride (PVDF) membrane. Blots were detected
by an enhanced chemiluminescent detection
kit according to the manufacturer’s instructions
and specific antibodies. The blotting bands
were analyzed with Image J software (National
Institutes of Health). Expression of interest pro-
teins was normalized to GAPDH expression.

Statistical analysis

All results are presented as mean * SD from 3
independent experiments. Statistical differenc-
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SGE (i.g) SGE (ilm.) SGE (i.v.) DXE(i.g. i.m. i.v.
+

23.47,P<0.01). Respiratory
rate was substantially in-
creased between the LPS
control group and the neg-
ative control group (152.48
+ 6.27 beat/min versus
78.25 + 4.13 beat/min,
P<0.01). These results sug-
gest that the model of ALI
induced by LPS (i.p., 6 mg/kg) in rats was via-
ble. Compared to LPS control group, LPS/SGE
groups administration by different ways
diversely increased PaO,, PaO,/FIO, and
reduced respiratory rate, indicating that SGE
dose dependently ameliorated LPS-induced
ALl, in addition, the trend of improvement by
different ways is that intravenous > intramus-
cular > intragastric administration (Figure 1).

+

Analysis of lung index and wet-to-dry weight
ratio (W/D)

The pulmonary edema is deemed to be a distin-
guishing feature of ALI. Lung index and wet-to-
dry lung weight ratio (W/D) were determined in
various groups. Compared with the negative

Int J Clin Exp Pathol 2016;9(2):715-723
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Figure 3. Effects of SGE on neutrophil recruitment in LPS-induced rats. My-
eloperoxidase activity (U/gm tissue) was detected. Values are expressed
as mean + SD (n=10 in each group). **P<0.01 vs. negative control group,
#P<0.05, #P<0.01 vs. LPS control group.
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Figure 4. Effects of SGE on inflam-
matory cytokines in LPS-induced
rats. A. IL-6; B. TNF-a. Values are
expressed as mean = SD (n=10
in each group). **P<0.01 vs.
negative control group, *P<0.05,
#pP<0.01 vs. LPS control group.

control group, Lung index
(1.24% + 0.12% versus 0.49%
+ 0.08%, P<0.01) and W/D
ratio (7.12 + 0.59 versus 4.29
+ 0.48, P<0.01) obviously
increased after administra-
tion of LPS. While, Compared
to LPS control group, LPS/
SGE groups administration by
different ways diversely dec-
reased lung index and W/D
ratio (Figure 2).

Myeloperoxidase activity as-
say

Compared with the negative
control group, MPO activity in
lung tissue were significantly
increased in the LPS control
group (7.95 + 0.20 units/g tis-
sue versus 2.04 + 0.16 un-
its/g tissue, P<0.01). How-
ever, Compared to the LPS
control group, LPS/SGE group
administration by different
ways evidently decreased
MPO activity in lung tissue
(Figure 3).

Levels of cytokines and che-
mokines assay

Levels of IL-6 (320.27
20.20 pg/ml versus 73.26
9.16 pg/ml, P<0.01) and
TNF-ot (620.27 + 20.20 pg/ml
versus 53.26 + 9.16 pg/ml,
P<0.01) in the peripheral
blood of LPS-induced rats
were significantly increased
compared to the negative
control group. The increased
levels of TNF-a and IL-6 were
markedly attenuated by SGE
treatment (Figure 4). These
results suggest that SGE

+ H+
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Figure 5. Effects of SGE on the expression of p-NF-KB p65 and TLR4 in LPS-
induced rats. A. p-NF-KB p65; B. TLR4. Values are expressed as mean + SD
(n=10 in each group). **P<0.01 vs. negative control group, *P<0.05, #P<0.01
vs. LPS control group.

Western blot analysis

The expression of NF-kB p65,
phospho-NF-kB p65, and TL-
R4 proteins in lung tissue
were detected by Western
blot. As shown in Figure 5,
the protein expression of
NF-kB  p65/phospho-NF-kB
p65 (0.50 + 0.005 versus
3.02 + 0.07, P<0.01) and
TLR4 (0.05 = 0.005 versus
0.38 £ 0.007, P<0.01) in lung
tissue in the LPS control
group declined obviously co-
mpared with those of the
negative control group. Com-
pared to the LPS control gro-
up, dexamethasone stimulat-
ed obviously the protein ex-
pression of Compared to LPS
control group, LPS/SGE gro-
up administration by different
ways diversely stimulated the
protein expression of NF-kB
p65/phospho-NF-kB p65 in
lung tissue (Figure 5).

Histological examination

To investigate the effective
treatment of SGE on ALl
induced by LPS, first of all, we
examined the pathologic
changes in the lung by light
microscope. As shown in
Figure 6, according to the
lung tissue thickness sta-
ined by HE, there is no obvi-
ous neutrophil infiltration in
the pulmonary alveolus cavi-
ty in the negative control
group, and the structure of
alveolar epithelium is abso-
lutely holonomic. By contrar-
ies, in the LPS control group,
the membrane of alveolar
capillary epithelium appea-
red swelling, broaden and
alveolar space became sm-
all, neutrophil infiltration,
even mitochondrial vacuol-
ization. Compared to the LPS
control group, SGE group sig-

treatment downregulated LPS-induced inflam- nificantly alleviated the condition of lung in the
mation in rats. LPS-induced ALI (Figure 6).
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Figure 6. SGE attenuates histopathological changes in lung (200x magnification). A. Negative control group. B. LPS
control group. C. LPS/SGE groups (i.g. 5 g crude drug/kg). D. LPS/SGE groups (i.g. 5 g crude drug/kg). E. LPS/SGE
groups (i.m. 5 g crude drug/kg) F. LPS/SGE groups (i.m. 10 g crude drug/kg). G. LPS/SGE groups (i.v. 5 g crude
drug/kg). H. LPS/SGE groups (i.v. 10 g crude drug/kg). |. LPS+DXE group (i.g. 1 mg/kg). J. LPS+DXE group (i.m. 1
mg/kg). K. LPS+DXE group (i.v. 1 mg/kg).

Discussion
Acute lung injury (ALl) is a severe systemic

inflammatorome in the lung with high rates of
morbidity and mortality in clinics, which clinical
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manifestations are respiratory distress and
intractable hypoxemia [23]. ALI has high rates
of morbidity and mortality in clinics on account
of its equivocal pathogenic mechanism and
scarce effective treatment [24]. However, it is

Int J Clin Exp Pathol 2016;9(2):715-723
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generally accepted that LPS, an exogenous
toxin, play an important role on the pathogene-
sis of ALl [25-27]. Therefore, we established
the model of ALl induced by LPS administered
intraperitoneally [28]. ALl induced by LPS is
characterized by neutrophil infiltration, release
of inflammatory mediators in lung, pulmonary
edema [29]. Systemic inflammation in lung pro-
duced by LPS is nearly similar with many of typi-
cal clinical presentation of ALI [30].

Sarcandra glabra, which alternate name is
zhongjiefeng, whole herbs of Sarcandra glabra
(Thunb.) Nakai, has been used clinically to treat
diseases [31], such as rheumatism, pneumonia
at al. Previous study has showed that SGE can
ameliorate ALl induced by LPS such as inflam-
matory infiltration, pulmonary edema, and pul-
monary permeability index in mice. However,
whether SGE can alleviate ALl induced by LPS
has not yet been reported.

In the present study, we found the effect of SGE
on ALlinduced by LPS in rats. Previous research
has shown that pulmonary lesions achieve
peaks at 6-8 h and 12-24 h after given LPS
intraperitoneally. So experimental datum were
detected at the time point 24 h after LPS
administered [32].

Results showed that SGE attenuated LPS-
induced lung injury in rats, which was manifest-
ed by the improvement of histological charac-
teristic in lung, neutrophil infiltration into the
lungs which was assessed by MPO activity in
lung homogenates, pulmonary edema which
was assessed by lung index and W/D weight
ratio, and respiratory disorder which was
assessed by oxygenation index. All of these
results suggested that SGE may ameliorate ALI
induced by LPS.

To further explore the mechanism that SGE per-
formed its protective effect on acute lung injury
(ALI), we detected the expression of pro-inflam-
matory cytokines, such as TNF-a and IL-6,
which are key mediators and related to the
development of ALI. Studies demonstrated that
SGE significantly reduced the release of TNF-a
and IL-6 in lung. Moreover, results suggested
that the expression of NF-kB and TLR4 was
inhibited by SGE. These results indicated that
SGE may alleviate inflammatory response in rat
to LPS-induced ALI.

In addition, previous studies have shown that
the effects of SGE are correspondingly depen-
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dent on dose within a certain range, and the
way of administration has an important role on
pesticide effectiveness. According to pesticide
effectiveness, its sequencing is intravenous >
intramuscular > intragastric administration.

In conclusion, SGE can alleviated LPS-induced
ALl in rats, and the mechanism of SGE protec-
tive effect on acute lung injury (ALI) are associ-
ated with suppressing the inflammatory
response.
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