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Abstract

Ginkgo biloba is a valuable herb that has been used as traditional medicine for thousands of
years. Extract of Ginkgo hiloba leaves possesses several clinical beneficial effects such as anti-
inflammatory property. In this study, we investigated the effect of purified polysaccharidesfrom
Ginkgo hiloba leaf (P-PGBL) on inflammatory reaction induced by lipopolysaccharides (LPS) in
RAW?264.7 mouse macrophage cells and the potential underlying mechanisms. The results
showed that P-PGBL treatment significantly inhibited the L PS-induced protein and mRNA ex-
pression of Toll-like receptor 4 (TLR4) in a dose-dependent manner. P-PGBL treatment down-
regulated the nuclear factor-kB (NF-kB)p65 protein expression in LPS-stimulated RAW264.7
macr ophage cells. Meanwhile, the levels of pro-inflammatory cytokines, such asIL-1f and IL-6
were suppressed by P-PGBL. In conclusion, P-PGBL exerts an anti-inflammatory effect by in-
hibiting TLR4/NF-kB signaling pathway, thereby lowering production of inflammatory cyto-
kines.
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I ntroduction biloba leaves provide relief from asthma and cough
symptoms, and can alleviate neurological probleonestd

Inflammation is a physiological response againgading ~ Its neuroprotective effects on the brain [12,13}eOthe
pathogens and tissue injury. This process invotiiier- ~ Past couple of decades, researches concermingedicim
ent cell types, such as macrophages, mast celigritie nal effects _and blo_IoglcaI activities ha_ve re_vearadous
cells, granulocytes and the innate lymphocytes|fljas effects of_Gmkgo bllobaex_tract in treating diseases, such
been reported that the Toll-like receptofTAR4) signal- @S Alzheimer's [14], cardiovascular diseases [t&hcer
ing pathway plays an important role in the develeptm [16], stress and memory loss [17]. Polysaccharids
of inflammation [2]. TLR4 was the first of the huma Ginkgo blloba)leaves are active components with multlple
TLRs to be identified, which responds to lipopolyciaa- pharmacolog_|cal functions, for instance, quradlqabl
rides (LPS) from Gram-negative bacteria. Recogmit ~hydroxyl radical clearance effects, anti-aging roes,
lipid A by TLR4 leads to the production of a wicenge antitumor activities, and !mmunomodulatory effects
of immune stimulatory cytokines and chemokineshsuc[18:19]. Rough polysaccharides have been repowed t
as interleukins (ILs), interferon and tumor necsdsictor ~have anti-inflammatory effects [20]. In our prewvsowork,
(TNF)-o. [3,4]. Researches indicated that inflammatoryVe have purified the rough polysaccharides throggh
responses contribute to various diseases, for egampChromatography, and obtained a water-soluble afifi
excessive inflammation can lead to further tismjary ~ Ginkgo bilobaleave polysaccharides (P-PGBL) with uni-
and fibrosis [5,6], and the lack of an inadequatzyp- form moleculariwe?lg_h_t. Prellmln_ary s;udy showed tihe
trolled inflammatory response can lead to chromie i P-PGBL could inhibit inflammatiom vivo [21].

flammation, cancer [7], diabetes [8], cardiovascule-

ease [9] and autoimmune-mediated diseases [10]. In the present study, we investigated the anti-
Ginkgo bilobais a valuable herb that has been used amflammatory activity of P-PGBL in LPS-stimulated
“medicine food homology” medicine for thousands ofmouse macrophage RAW264.7 cells by examining
years [11]. In these traditional formulation§inkgo changes in levels of pro-inflammatory cytokines.r-Fu
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thermore, the expression of Toll-like receptor 4K#)  without the presence of P-PGBL tested at the finhime
and downstream molecules of TLR4 pathway were exanef 100 ul/well. Cells were further incubated at 37°C, 5%
ined to investigate the potential mechanisms ire@lin  CO, for 24 h for use.

the effects of P-PGBL.

Cell viability
Materialsand Methods The viability of cells was measured using Cell Ging
Kit-8 (CCK-8) assay. Briefly, 4 x 10 cells/well
Materials RAW264.7 cells were plated in 96-well plates, inaidol

RAW264.7 cell line was purchased from the Type @elt for 2h, then treated with different concentrati¢ds, 1.0
Collection of the Chinese Academy of Sciences (§han and 1.5 mg/ml) of P-PGBL for 24 h. Equal volume of
hai, China). Dulbecco's Modified Eagle Medium (DMEM medium was used as blank control. After treatmeeits
both with and without phenol red, Hanks' balancali s were incubated with 10 pl of CCK-8 for another 4nh
solution (HBSS), and phosphate buffered saline jPB3lark. The absorbance at 450 nm was recorded udiigy a
were from Gibco (Carlsbad, USA). Fetal bovine serunf100 microplate reader (Bio-Rad Inc., Hercules, CA,
(FBS), and LPS from Escherichia coli serotype OB&1: USA).
were obtained from Sigma (St. Louis, USA). FITC jeen
gated goat anti-rabbit IgG, rabbit anti TLR4 potywhl Analysisof cytokinesusing ELISA assay
antibody, NF«B(p65) rabbit polyclonal antibody were IL-1B and IL-6 concentrations in the cell culture super-
purchased from Abcam (Cambrige, England). All othehatant were detected using the enzyme-linked immu-
chemicals and reagents were of HPLC grade to beema#@iosorbent assay (ELISA) kit (Invitrogen, Carlsbau,
in China. USA) according to manufacturer’s instruction, aine t
results were expressed in pg/ml of protein. Alltbé
Isolation and purification of Ginkgo biloba leave poly- ~ analyses were performed in triplicate.
saccharides
Ginkgo biloba leaves were collected from Dandong, Quantitayive real time-(q)PCR
Liaoning Province, China. The P-PGBL were extractedotal RNA was extracted from RAW264.7 cells using
and purified from fresiGinkgo bilobaleaves according to TRIzol Reagent (Invitrogen). And mRNA was reversed
our previous methods [21]. The crude powder was-fra transcribed into cDNA using the High-Capacity cDNA
tionalized by gel chromatography on a Sephadex G-7Beverse Transcription Kit (TransGen Biotech Incej-B
column (4 cmx80 cm) and collected by an automagic-f  jing, China) according to the manufacturer’s instians.
tion collector (BS-100A, Shanghai Huxi Analysistis ~ Equal amounts of cDNA were submitted for PCR in the
ment Inc., Shanghai, China). Then the fraction Wit presence of SYBR Green | reagent and forward and re
highest peak on the distribution curve was dialyzesh- Vverse primers using the Bio-Rad iQ5Quantitative PCR
centrated, and freeze-dried to obtain P-PGBL. PAPGBSystem. The specific primers of TLR4 were (sense) 5
purity was measured by gel chromatography on AAG GCA TGG CAT GGC TTA CAC-3, and (an-
Sephadex G-75 column (1.5 cmx95 cm) and HPLC, reisense)5’-GGC CAATTT TGT CTC CAC AGC-3'. The
spectively. All gel chromatography was monitoredhwi NF«B primers were (sense) 5-CCC AAA CCT TGG
the phenol-sulfuric acid method. The molecular Wweigf ~ CAT CCT G-3' and (antisense) 5-CCG AAC AAC ACT
P-PGBL was calculated according to the calibratiorve ~ CAA ATC C-3'. The IL-6 primers were (sense) 5-CAG
obtained by using various standard dextrans. Ntides AGA TAC AAA GAA ATG AT-3'and (antisense) 5’-GTC
and proteins in P-PGBL were inspected by a UV speccCA ACA TTC ATA TTG TC-3'. The IL-B primers]
trum assay. Optical rotation was measured with azwz were (sense) 5-GCC TCG TGC TGT CGG ACC CAT
T1 polarimeter (Shanghai Physical Optics Instrunieat, AT-3' and (antisense) 5- TCC TTT GAG GCC CAA

Shanghai, China). The polysaccharide component wdsGC CAC A -3'. PCR were subjected to one cycle of
determined by gas Chromatography (GC). 94°C for 10 min and then 40 cycles (94°C for 36%¥C

for 30 s and 72°C for 30 s).
Cdll culture and treatment

RAW264.7 mouse macrophage cells were cultured iNVestern blot analysis

DMEM medium supplemented with 10% FBS, glutamine After treatment with LPS (lig/ml) in the presence or
and antibiotics at 37°C under 5% ¢€@ells at 80-90% absence of P-PGBL, RAW264.7 cells were washed with
confluency were centrifuged at 129at 4°C for 10 min cold PBS. Total proteins of cells were extractethwell
and cell concentration was adjusted to (2%) t@lis/ml, lysis buffer (50 mM Tris—HCI pH 8.0, 120 mM NacCl,
where by the cell viability always was more tha®®®  0.5% NP-40, 1 mM PMSF), and 4@ of protein extract
total of 50ul of cell suspension was seeded into a tissuwas separated by 10% SDS-PAGE. The extracted protei
culture grade 96-well plate (4x A@ells/well) and incu- was transferred to a polyvinylidene difluoride (PWD
bated for 2 h at 37°C, 5% G@r cells attachment. Then, membrane (Bio-Rad), blocked with 5% nonfat milk in
cells were stimulated by using ig/ml of LPS with or TBS-Tween buffer 7 (0.12M Tris—base, 1.5M NaCl.%.1
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Tween-20) for 1h at room temperature and incubaddd  Furthermore, the levels of IL-6 and II3-IMRNA were
the appropriate antibody overnight at 4°C. Latés thlas examined by gPCR. As shown in Fig. 2C and D, LRS in
incubated with horseradish peroxidase conjugatednse duced the mRNA of IL-6 and IL#l, by comparison, P-
dary antibody for 30min at room temperature. Therldo PGBL attenuated the LPS-induced IL-6 and [LriRNA
antibody was detected with peroxidase-conjugatdd anlevels in a dose-dependent manner. These resgigesu
mouse antibody (1:10,000) followed by chemiluminesthat P-PGBL may reduce the expression of pro-
cence (ECL System) and exposed by autoradiographiypnflammatory cytokines IL-6 and ILAL

The protein bands were quantified by the averatijesraf
integral optic density following normalization tdet

GAPDH. Suppression of LPS-stimulated TLR4 expression by P-

PGBL in RAW 264.7 cells

The TLR4 signaling plays an important role in thevel-
opment of inflammation. We further investigated #fe
fects of P-PGBL on TLR4 expression in LPS-stimudate
macrophage. Western blot analysis showed thatethed |

of TLR4 protein was decreased by treatment with P-
PGBL, as compared with the LPS-stimulated group.(Fi
3 and 4A). Moreover, treatment with P-PGBL also dew
regulated the mRNA level of TLR4 in cells (Fig. 4B)

I mmunofluorescent microscopy

RAW 264.7 cells were plated at 5 x*1eelis/well in 24-
well chamber slides (Falcon). For immunostainingllsc
were washed twice with cold phosphate-bufferedneali
fixed in 4 % paraformaldehyde for 20 min, permdaéd
with 0.3 % Triton X-100 for 15 min, and blocked kwvit0
% normal goat serum for 30 min. Slides were incedbat
for 1h at 37°C with primary antibody at a 1:10Qutdn,
washed, and then incubated for 1h with FITC-corjeda
lgG (Molecular Probes) at a 1:100 dilution as sedeoyp  Suppression of LPS-stimulated NF-xB p65 by P-PGBL
antibodies. Images were obtained with an OlympualIX in RAW 264.7 cells

microscope (Japan). In order to investigate the effect of P-PGBL on BAL&g-
nal pathways, we measured the expression okBIFA
Satistical analysis inflammatory cells by western blot and gPCR. Asvano

Statistical analyses were carried out with SPS8 48ft- in Fig. 5, both the results of western blot analyand
ware (SPSS Inc., IL, USA). Data were analyzed byper  dPCR demonstrated that, the protein and mRNA lefrel
way ANOVA, followed by Student's two-tailetitest for ~NF-«B induced by LPS in RAW cells decreased signifi-
comparison between two groups, and data were gessencantly (P < 0.05) in a dose dependent manner when
as mean + SD. P < 0.05 was statistically signifiadift  treated with P-PGBL. These data together with theva
ference. results suggested that P-PGBL might provide pritect
from LPS-induced inflammation through the supp@ssi

Results of TLR4/NF«B pathways.

Cell viability and cytotoxicity 0.5-
The effect of P-PGBL on cell viability was evaluatas- ’
ing the Cell Counting Kit-8 assay. As depicted ig.H,

following a 24h treatment, P-PGBL at concentrations 0.4

- h— —
. = 1

ranging from 0.5 to 1.5 mg/ml had no effect on= i %2 T
RAW?264.7 cell viability. Hence these concentratioh®- = 0.3- % o o %
PGBL were considered suitable for further assays. <

5 o .
P-PGBL down regulates pro-inflammatory cytokinesin = 0.2-

@] 2

LPS-stimulated RAW 264.7 cells

i

Pro-inflammatory cytokines play a key role in thheqess 0.1+

e e
of inflammation and inflammation associated disease % ﬁ ﬁ@
Studies have shown that, the levels of pro-inflanomya 0.0 i : : R
cytokine IL-6 increased significantly in inflammari as-
sociated diseases such as rheumatoid arthriticcancer - 0.5 1.0 1.5
patients [22,23]. We examined the effects of P-P@BL P-PGBL(mg/mL)

the expression of pro-inflammatory cytokines IL-6da

IL-1B. Induction of RAW264.7 cells into an inflammatory Figure 1. Effect of purified Ginkgo biloba leaf polysaccha-
state by treatment with LPS resulted in markedtyease rides (P-PGBL) on cell viability of RAW264RAW264.7
in IL-6 and IL-18 production. In ELISA assay, P-PGBL in cells are incubated with P-PGBL at indicated coric@ions
the range of 0.5 to 1.5 mg/ml concentrations iribibthe  for 24 h. Cell viability was measured by CCK-8 gs&ata
expression of IL-6 and ILfL markedly (Fig. 2A and B). are meantSD (n=3). P>0.05 vs. the blank control
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Figure 2. Effects of P-PGBL on levels of pro-inflammatory cytokinesin LPS-stimulated RAW 264.7 cells. (A) and (B)
are the protein levels of IL-6 and Il311(C) and (D) are the mRNA levels of IL-6 and g.-The data are meanstSD
(n=3). # p<0.05 and ## p<0.01 vs. the LPS-free mantrespectively ; * p<0.05 and ** p<0.01 vs. thePS-
treatedgroup

Uninduced LPS (1 pg/ml)

LPS (1 pg/ml) LPS (1 pg/ml) LPS (1 pg/ml)
P-PGBL (0.5 mg/ml) P-PGBL (1.0 mg/ml) P-PGBL (1.5 mg/ml)

Figure 3. Images of induced (LPS), uninduced, and P-PGBlidteRAW264.7 cells show the TLR4 fluorescence.
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TLR4 protein

GAPDH S e = cume o
TLR4 — D cumn amm— c—

LPS(1pg/mL) - + + + +
P-PGBL(mg/mL)

B

Relative mRNA level
of TLR4 /GAPDH

GAPDH
TLR4
LPS(1pg/mL) - + + + +

P-PGBL(mg/mL) - - 0.5 1.0 1.5

Discussion

In this study, we investigated the anti-inflammagtactiv-

ity of P-PGBL in LPS-stimulated mouse macrophage
RAW264.7 cells, and examined its effect on the egpr
sion of TLR4 and NReB, which is a key molecule of
TLR4 signaling pathway. We demonstrated that P-PGBL
could inhibit LPS-induced production of inflammator
cytokines. Moreover, treatment with P-PGBL redutiesl
expression of TLR4 and N&B in LPS-stimulated
macrophages, suggesting that P-PGBL might reduae pr
inflammatory cytokines through down regulating TLR4
and NF«B.

A moderate amount of TLR4 expression can regulate t
body's immune function, but the over-expressiorexf
cessive TLR4 can cause inflammatory diseases. e&tudi
have found excessive expression of TLR4 in canodr a
chronic inflammation diseases such as liver ciid)dsi-
berculosis and atherosclerosis patients [24]. @sults
showed that, LPS can significantly increase theres<p
sion of TLR4 in RAW264.7 cells, consistent with yre
ous reports, while treatment with P-PGBL could dase
the expression of TLR4 in a dose-dependent manner.
These results suggested that, the anti-inflammatotiy-

Figure 4. Suppression of LPS-stimulated TLR4 expressioity of P-PGBL closely associate with TLR4, and TLR4

by P-PGBL at protein (A) and mRNA (B) levedl§p<0.05
and ## p<0.01 vs. the LPS-free control, respegijvél
p<0.05 and ** p<0.01 vs. the LPS-treated group.

A 2.5 #
= 2.04
2
S 1.5
(=%
=
< 1.0
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z.
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0.0~
LPS(1pg/mL) - + + + +
P-PGBL(mg/mL) _ _ 0.5 1.0 15
B 3

Relative mRNA level
of NF-k B /GAPDH

0
LPS(1pg/mL) - + + + +
P-PGBL(mg/mL) - = 0.5 1.0 1.5

Figure 5. Suppression of LPS-stimulated MB-expression
by P-PGBL at protein (A) and mRNA (B) levels. # 050
and ## p<0.01 vs. the LPS-free control, respegijvél
p<0.05 and ** p<0.01 vs. the LPS-treated group.
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an important target of P-PGBL.

NF-«B is considered as a master switch in the regulatio
of inflammation and immunity. As a transcriptiorctar,
NF-«B controls an array of pro-inflammatory genes in-
volved in the inflammatory signaling cascade. Tree
we speculated that the anti-inflammatory effect Rof
PGBL in response to LPS-induced inflammation corre-
lated with NFxB. To our expected, level of NEBp65
expression reduced in LPS-stimulated macrophagdes af
treated with P-PGBL. These results demonstratedRha
PGBL could inhibit the expression of inflammatomta
kines IL-6 and IL-B through inhibiting the TLR4/ NikB
pathway.

Conclusions

P-PGBL has good anti-inflammatory action. One @& th
underlying mechanisms may be that P-PGBL can ihhibi
the expression of inflammatory cytokines IL-6 ahel]

by suppressing the TLR4/NéB signal pathways. This
study not only provides the experimental evideraetie
development of anti-inflammatory natui@inkgo biloba
polysaccharide drugs.
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