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Buckwheat Bran Flour Hydrolysate Attenuates
Porphyromonas gingivalis-LPS-Induced Inflammation
in Human Gingival Fibroblasts Via Suppressing NF-xB Signaling
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Periodontal disease is a major public health problem that affects over half of the adult population
worldwide. Lipopolysaccharides (LPS), produced by the periodontopathic bacterium Porphyromonas
gingivalis, induces the expression of inflammatory cytokines that promote inflammatory bone
destruction. Buckwheat bran (BB), a traditional pseudocereal crop, belongs to a group of grains
having high nutritional value and has been reported to be an effective agent. However, the anti-
inflammatory effects of BB on Porphyromonas gingivalis-lipopolysaccharide (P.g.-LPS)-stimulated human
gingival fibroblasts (HGFs) have not been completely elucidated yet. This study determined that the
buckwheat bran flour hydrolysate powder (BBFHP) significantly inhibited the P g.-LPS-induced
production of inflammation-associated genes, including interleukin-1B (IL-1B), interleukin-6 (IL-6),
interleukin-8 (IL-8), tumor necrosis factor-o. (TNF-a) and Tolllike receptor 4 (TLR4). Moreover,
BBFHP suppressed Pg.-LPS-induced NF-xB signaling. The results suggest that the BBFHP attenuates
the production of inflammation-associated molecules and suppresses the activation of NF«B in Pg.-LPS

treated HGFs.
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Human periodontal disease causes an
inflammatory condition in the oral cavity and is a
major public health problem affecting more than
half of the adult

Porphyromonas  gingivalis

population  worldwide”.
(P gingivalis ) is an
anaerobic Gram-negative rod-shaped bacterium in
dental biofilms, which can damage the periodontal
ligament and alveolar bone through the progression
of periodontal inflammation? .
(LPS) from P. gingivalis (Pg.) is a potent stimulator
of inflammatory cytokines that bone
resorption”. More importantly, P gingivalis derived-
LPS (Pg.-LPS) and inflammatory cytokines enhance
osteoclast-mediated bone resorption by promoting

Lipopolysaccharide

induces

the expression of receptor activator of nuclear
factor kappa B (NF-«B) ligand”. Previous studies

have demonstrated that natural products such as
quercetin and cynaropicrin possess anti-inflammatory
properties against oral pathogen-induced cytokine
release in model systems of inflammation using
fibroblasts (HGFs )®®. Natural

products with anti-inflammatory properties, therefore,

human gingival

may suppress inflammation in periodontal tissues.

Buckwheat, a traditional pseudocereal
belongs to a group of grains with high nutritional
values”. Grown in several countries (Europe, USA,
Canada, Brazil, South Africa, Australia,
central and northern parts of China, and Japan), it
is used in processed foods such as noodles, pizza,
and a type of dish like polenta called soba-gaki in
Japan®. It is a rich source of carbohydrates, proteins,
lipids, dietary fiber, vitamins, minerals or phenolic

crop,

Korea,
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compounds. Rutin and phenolic acids, in particular,
are known as compounds with high antioxidant
910 and are concentrated in the outer layers
of buckwheat grain (buckwheat bran; BB)®Y.
Although 10 to 24 % of BB flour is produced

during the process of buckwheat seed processing

activity

13)

into flour™, BB flour (BBF) is not commonly used
as food products. Functional peptides produced from
food hydrolysates have recently received increasing
attention. For example, the peptide produced by
inhibits
which inactivates

enzymatic hydrolysis from salmon milt
dipeptidyl peptidase V (DPP-IV),
hormones to participate in the secretion of insulin
(GLP-1) and
glucose-dependent insulin tropic polypeptide (GIP).

such as glucagon-like peptide 1

Furthermore, the hydrolysates of various foods
(broccoli, rape seed, spinach, and greater weaver)
exhibit

converting enzyme (ACE), a Zn-metalloprotease

inhibitory activity against angiotensin I-

that affects the renin-angiotensin system and is one
of the principal regulators of blood pressure®®™.
Although BB inhibits DPP-IV and ACE activity in
hydrolysates™?, little has been reported on the
BBF hydrolysate (BBFH) peptide. However, to the
best of our knowledge, no studies have been
conducted on the precise molecular mechanisms of
the inhibition of P g.-LPS-induced inflammation by
BBF hydrolysate powder (BBFHP) in HGF. The
suggest that BBFHP, as a

potential agent, may be able to protect against Pg.-

findings, therefore,
LPS induced inflammation.

The present study investigated the anti-
inflammatory effects of BBFHP extract on Pg.-LPS-
induced expression of inflammatory signals, including
NF-xB signaling, in HGF cells, which are the major
cells in periodontal connective tissues.

Materials and methods

1. Preparation of BBF hydrolysate powder
Alcalase 2.4 L FG and Flavourzyme were procured
(Bagsvaerd, Denmark ).
Methanol was purchased from Kanto Chemical Co.
Inc. (Tokyo, Japan). Then, 0.1 M phosphate buffer
(pH8.0) was prepared by mixing 01 M sodium
dihydrogen phosphate,, and 01 M disodium
phosphate., to adjust the pH to 8.0. The BBFHP
was procured from a local store in Tokyo, Japan.
The sample was then stored at — 20T until
required.

A 10 g sample was dispersed in 150 m¢ of 0.1 M

from Novozymes Co.

phosphate buffer (pH 8.0), to which 500 € of
Alcalase and 10 mg of Flavourzyme were then
added. The mixture was continuously stirred using
a magnetic bar at 450 rpm for 17 h at 70C with a
magnetic stirrer (REXIM RSH-4DN; AS ONE Co.,,
Osaka, Japan ) . The hydrolysate was then
centrifuged at 4,000 g for 10 min at 4C after the
enzymatic reaction, and the supernatants were
filtered through a filter paper ( No.5 A ;
ADVANTEC, Tokyo, Japan) using suction filtration.
The filtrate, the enzyme was terminated at 450 rpm
for 1 h at 115C and was then centrifuged at 4,000
g for 10 min at 4C. The supernatants were filtered
through filter paper using suction filtration. The
obtained filtrate was filled up to 200 m¢ with 0.1 M
phosphate buffer (Fig. 1-A).

Next, 200 nf of BBFH was applied to reverse
phase columns (¢ 2.5 x 4 cm, Cosmosil 140C,+-OPN ;
Nacalai Tesque, Inc., Kyoto, Japan) and washed
with 100 mf of water and 20% methanol at a flow
rate of 3.5 mé/min. The maiﬁtained component was
eluted with 100 mé of 40% methanol after washing
and then concentrated using a rotary evaporator
(N-1300 ; Eyela; Tokyo Rikakikai Co., Tokyo,
Japan). BBFH powder was then obtained (BBFHP),
which was dissolved in water and dried using a
freeze dryer (FDU-1200; Eyela, Tokyo Rikakikai
Co. Tokyo, Japan) (Fig. 1-B). This was followed by
determining the comparative effects of BBFHP on P
g.-LPS-induced inflammatory HGF cells.

2. Cell culture

HGFs were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) (phenol redfree) (Nacalai
Tesque, Tokyo, Japan) supplemented with 10% fetal
bovine serum (FBS; Biowest, Nuaille, France), 100
U/mé penicillin, and 100 mg/mé streptomycin (Gibco
BRL/Invitrogen) at 37 C in 5% CO.

3. Measurement of cell viability

The HGF cells (1.0 x10* cells/well) were cultured
in 96-well plates. The cells were then treated with
various concentrations of BBFHP for 24 h. This was
followed by assessing the cell viability using a Cell
Counting Kit-8 (CCK-8 ; DOJINDO, Kumamoto,
Japan). The effect of BBFHP on cell viability was
expressed as a percentage of cell viability, with that
of cells treated with a phosphate-buffered saline
(PBS) ( —) vehicles set at 100%. The HGF cells
were incubated in a 6-well plate at 1.0 X 10° cells/
well for 24 h. The experiment was then divided
into untreated, 1 gg/mé Pg.-LPS (InvivoGen, San
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0.1 M Phosphate buffer (pH 8.0) 150mé

Precipitate

B

Reverse phase column ($25 X 4cm)
+<— BBF hydrolysate 200mé

Wash (water) 100mé

Wash |(20% methanol) 100mé

Elute |(40% methanol) 100mé

Evaporated

+———— Water 10mé
Freeze dry

BBF hydrolysate powder (BBFHP)

Precipitate

Preparation of BBF hydrolysate powder

(A) Scheme of BBF hydrolysis with alcalase and flavourzyme. (B) Fractionation of BBF hydrolysate with reverse phase column

chromatography.

Diego, CA, USA), and 1 ug/mé Pg-LPS +10 or 30
ug/mf BBFHP groups.
4. mRBNA preparation and real-time polymerase

chain reaction (PCR) analysis

The total RNA was isolated from the HGF cells
using Sepasol-RNA I Super G (Nacalai Tesque).
cDNA was synthesized from the total RNA using a
PrimeScript RT reagent kit (Takara Biotechnology,
Shiga, Japan). Real-time PCR was performed using
an ABI StepOne Plus System (Applied Biosystems,
Foster City, CA, USA) with THUNDERBIRD qPCR
Mix (Toyobo, Osaka, Japan). The primer sequences
are presented in Table 1. All the reactions were
normalized to the housekeeping gene GAPDH.
5. Western blotting

The HGF cells were washed twice with PBS (-)
and lysed in RIPA buffer (Nacalai Tesque, Tokyo,
Japan). The proteins in the cell lysates were
separated using SDS-PAGE, transferred onto PVDF
membranes (Millipore, Bedford, MA), and incubated
with specific primary antibodies. All the primary
antibodies were diluted in Tris-buffered saline
containing 0.05% (v/v) Tween 20 (TBST; dilution,
1:1000). Immunoblotting was performed using
HRP-conjugated anti-rabbit or antimouse IgG
antibodies (dilution, 1:3,000) as secondary antibodies

Table 1 The primer sequences for real time PCR analyses
Gene sequences 5 to 37

human IL-18 sense TAGGGCTGGCAGAAAG
antisense GTGGGAGCGAATGACA

human IL-6 sense TTCGGTCCAGTTGCCTTCT
antisense  GAGGTGAGTGGCTGTCTGTG

human IL-8 sense CTTGTCATTGCCAGCTGTGT
antisense TGACTGTGGAGTTTGGCTG

human TLR-4 sense CACAGACTTGCGGGTT
antisense GGACTTCTAAACCAGC

human TNF-o. sense AACATCCAACCTTCCC
antisense TGGTCTCCAGATTCCA

human GAPDH  sense TGCACCACCAACTGCTTAGC
antisense GGCATGGACTGTGGTCATGAG

and detected using an ECL system (GE Healthcare,
Piscataway, NJ, USA). Antibodies against phospho-p
65, IkBo, and P-actin were obtained from Cell
Signaling Technology, Inc. (Danvers, MA, USA).
Band intensities were quantified using Image]
(National Institutes of Health, Bethesda, MD).
6. Statistical analysis

The results are presented as the mean * S.E.
All the data represent the three
independent experiments. Multiple comparisons were

means of

performed using Tukey’s test after a one-way



258

Food Preservation Science VOL.49 NO.5 2023

(32)

(ANOVA).
significant differences

Different letters
at P <005, as
determined using a one-way ANOVA with Tukey’s
test.

analysis of variance
indicate

Results and discussion

1. Effects of BBFHP on the expressions of
inflammation-associated gene by P.g -LPS-
stimulated HGFs
HGF cells are closely related to the remodeling of

periodontal soft tissues and can recognize LPS and

mediate the host immune response in periodontal
lesions”. More importantly, several inflammatory

mediators-interleukin-18 (IL-1B), interleukin-6 (IL-6),

interleukin-8 (IL-8), tumor necrosis factor-o. (TNF-

o) and Toll-like receptor 4 (TLR4)-within gingival

tissue are positively increased”®. Suppressing these

inflammatory mediators or blocking the involved
signaling pathway, therefore, may aid in restricting
the initiation and progression of periodontal disease.

The HGF treated with

concentrations of BBFHP and evaluated using a cell

cells were various

counting kit (CCK)-8 assay. As presented in Fig. 2—
A, several concentrations of BBFHP (3, 10, and 30
ug/mé) were found to have no cytotoxic effect on
the HGF cells. The comparative effects of BBFHP
then P g.-LPS
inflammatory cytokines.

were determined on induced
Next, to examine the effect of the extract on the
in HGFs
stimulated by Pg.-LPS, they were analyzed using
real-time PCR. We observed that Pg.-LPS treatment
drastically increased the inflammation-associated
gene expression of IL-1B, IL-6, IL-8, TNF-o0 and

TLR4, whereas all the inflammation-associated gene

expression of inflammatory cytokines

expression levels were found to significantly
decrease in BBFHP-pretreated HGF cells (Fig. 2-B-
F). Several studies have reported increased levels of
IL-8 and IL-6 mRNA through the activation of the
nuclear factorxB (NF-xB)?®. Takashiba et al.
demonstrated that IL-8 is . associated with the
pathogenesis of periodontal diseases?”. Furthermore,
levels of IL-6 in the periodontal pockets of patients

with periodontitis are higher than those of IL-1 and
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Fig. 2 Effect of BBFHP on the inflammation-associated gene expressions in Pg.-LPS stimulated HGF cells

(A) HGF cells were cultured in a 96-well plate and then treated with various concentrations of BBFHP for 24 hours. Cell
viability was assessed using the CCK-8 assay. Cell viability is expressed as a percentage of the values obtained for BBFHP -
untreated cells. Next, HGF cells were pretreated with BBFHP at a different final concentration of 10 and 30 ug/mé for six hours,
respectively, followed by Pg.-LPS stimulation (final concentration at 1 ug/mé) for three hours. Gene expression levels of

inflammatory cytokines, such as (B)

IL-1B, (C) IL-6, (D) IL-8, (E) TLR4, and (F) TNF-o. were then determined using real-time-

PCR. GAPDH was used as a control for mRNA loading. Each column and error bar represents the mean and S.E., respectively,
based on three independent experiments. Different letters indicate significant differences at P <0.05, as determined by a one-way

ANOVA with Tukey’s test.
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play an important role in the progression of
periodontal disease”. The data, therefore, suggest
that BBFHP attenuate Pg.-LPS induced inflammation
by suppressing the transcriptional levels of IL-6 and
IL-8 mRNA in HGF cells.
2. BBFHP inhibits P.g.-LPS induced NF-xB activity

in HGFs

Periodontal inflammation is, in general, relieved
via the inhibition of NF-xB activation®. Additionally,
NF-xB is usually stored in the cytoplasm as an
inactive complex with inhibitor IxBo. However,
inflammation stimulation such as LPS treatment
induces  ubiquitination of IxBo, leading to
degradation of IxBo by the 26S proteasome®. The
study investigated the effects of BBFHP on NF-xB
activation  to anti-inflammatory
P g.-LPS
treatment significantly increased the phosphorylation
of the NF-kB subunit p65 at Ser536 and caused

IxBoa. degradation, whereas BBFHP pre-treatment

determine  its

mechanism. As presented in Fig 3,

attenuated this effect (Fig. 3-A-C). More
importantly, phosphorylation of the NF-«xB p65
subunit at Ser 536 is essential for maximal

transcriptional activity®. Additionally, we observed
that BBFHP pretreatment decreased the levels of
TLR4 mRNA in the Pg.-LPS treated cells (Fig. 2—
E). TLR4 mediates the activation of NF-«xB in LPS-

(A)
Pg-LPS - + +

BBFHP (ug/mé)
Ikfa '

stimulated HGF cells and subsequently modulates
the expression of inflammatory cytokines”*. BBFHP
thus, inhibit
inflammation-associated molecules in HGFs via the

may, P g. -LPS-upregulation  of

regulation of the NF-xB signaling pathway.
Conclusion

In conclusion, this study demonstrated that
BBFHP is a potent suppressor of Pg.-LPS induced
inflammatory responses. The findings revealed that
BBFHP significantly downregulated the expression
levels of inflammation associated genes in Pg.-LPS
treated HGFs.
suppressed the activation of NF-xB induced by Pg.-
LPS. These findings are the first to report that
BBFHP attenuates P.g.-LPS mediated inflammatory
in HGFs.

required to evaluate the anti-inflammatory properties

This anti-inflammatory mechanism

responses Invivo studies are further
of BBFHP. The present work indicates a promising
therapeutic potential of BBFHP in the treatment of
periodontal disease.

The authors declare no
conflicts of interest regarding the publication of this

paper.
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Fig. 3 Effect of BBFHP on NF-xB activation in Pg-LPS stimulated HGF cells

(A) HGF cells were pretreated with BBFHP at a different final concentration of 10 and 30 ug/mé for six hours, respectively,
followed by P.g.-LPS stimulation (final concentration at 1 xg/mé) for 30 min. Each column and error bar represents the mean
and S.E., respectively, based on three independent experiments. Different letters indicate significant differences at P<0.05, as

determined by one-way ANOVA with Tukey’s test.



260 Food Preservation Science VOL.49 NO.5 2023 (34)

References

1) Pihlstrom, B. L, Michalowicz, B. S. and Johnson,
N. W.: Periodontal diseases, Lancet, 366, 1809-1820
(2005)

2) Hajishengallis, G.: Peridontitis : from microbial
immune subversion to systemic inflammation, Nat.
Rev. Immunol, 15, 3044 (2015)

3) Mysak, ]J., Podzimek, S., Sommerova, P., Lyuya-
Mi, Y., Bartova, ]., Janatova, T., Prochazkova, ].
and Duskova J.: Porphyromonas gingivalis: major
periodontopathic pathogen overiew, J. Immunol.
Res., 476068 (2014)

4) Jain, S. and Darveau, R. P.: Contribution of
Porphyromonas  gingivalis  lipopolysaccharide to
periodontitis, Periodontol., 2000, 54, 53-70 (2010)

5) Hayata, M., Watanabe, N., Kamio, N., Tamura,
M., Nodomi, K., Tanaka, K., Iddamalgoda, A.,
Tsuda, H., Ogata, Y., Sato, S., Ueda, K. and Imai,
K. : Cynaropicrin from Cynara scolymus L.
suppresses Porphyromonas gingivalis LPS-induced
production of inflaimmatory cytokines in human
gingival fibroblasts and RANKL-induced osteoclast
differentiation in RAW264.7 cells, J. Nat. Med., 73,
114-123 (2019)

6) Xiong, G. Ji, W., Wang, F., Zhang, F.. Xue, P,
Cheng, M., Sun, Y., Wang, X. and Zhang T.:
Quercetin Inhibits Inflammatory Response Induced
by LPS from Porphyromonas gingivalis in Human
-Gingival Fibroblasts via Suppressing NF-xB
Signaling Pathway, Biomed. Res. Int., 20, 6282635,
(2019)

7) Ahmed, A, Khalid, N, Ahmad, A., Abbasi, N.A,,
Latiff M. S. Z and Randhawa, M. A. :
Phytochemicals and biofunctional properties of
buckwheat : a review, Journal of Agricultural
Science, 152, 349-369 (2014)

8) Bonafaccia, G., Marocchini, M. and Kreft, L :
Composition and technological properties of the
flour and bran from common and tartary
buckwheat, Food Chemistry, 80, 9-15 (2003)

9) Christa, K. and Soral-Smietana, M.: Buckwheat
grains and buckwheat products —nutritional and
prophylactic value of their components— a review,
Czech Journal of Food Science, 26, 153-162 (2008)

10) Dziadek, K., Kopec, A., Pastucha, E. Piatkowska,
E., Leszczynska, T., Pisulewska, E., Witkowicz, R.
and Francik, R.: Basic chemical composition and
bioactive compounds content in selected cultivars
of buckwheat whole seeds, dehulled seeds and
hulls, Journal of Cereal Science, 69, 1-8 (2016)

11) Lian-Xin, P, Liang, Z., Mao-Ling, T., Yuan-Yuan,
D., Juan, Y., Zhu-Yun, Y. and Gang, Z.: Free
amino acids, fatty acids, and phenolic compounds
in tartary buckwheat of different hull colour,
Czech Journal of Food Science, 35, 214-222 (2017)

12) Hung, P. V. snd Morita, N.: Distribution of
phenolic compounds in the graded flours milled
from whole buckwheat grains and their
antioxidant capacities, Food Chemistry, 109, 325-331
(2008)

13) Bonafaccia, G., Marocchini, M. and Kreft, L :
Composition and technological properties of the
flour and bran from common and tartary
buckwheat, Food Chemistry, 80, 9-15 (2003)

14) Takahashi, Y., Kamata, A. and Konishi, T.:
Dipeptidyl peptidase-IV inhibitory peptides derived
from salmon milt and their effects on postprandial
blood glucose level, Fisheries science, 87, 619—626
(2021)

15) Lee, J-E. Ju-Eun, L, Bae, I Y, Lee, H. G. and
Yang, C.-B.: Tyr-Prolys, an angiotensin I
converting enzyme inhibitory peptide derived
from broccoli (Brassica oleracea Italica), Food
Chemistry, 99, 143-148 (2006)

16) Marczak, E. D., Usui, H., Fujita, H, Yang, Y.,
Yokoo, M., Lipkowski, A. W. and Yoshikawa, M.:
New antihypertensive peptides isolated from
rapeseed, Peptides, 24, 791-798 (2003)

17) Yang, Y., Marczak, E. D., Yokoo, M., Usui, H.
and Yoshikawa, M.: Isolation and antihypertensive
effect of angiotensin I-converting enzyme (ACE)
inhibitory peptides from spinach rubisco, Journal of
Agricultural and Food Chemistry, 51, 4897—-4902,
(2003)

18) Kula, E., Kocazorbaz, E. K., Moulahoum, H.,
Alpat, S. and Zihnioglu, F.: Extraction and
characterization of novel multifunctional peptides
from Trachinus Draco ( greater weever )
myofibrillar proteins with ACE/DPP 4 inhibitory,
antiozidant, and metal chelating activities, Journal
of Food Biochemistry, 44, €13179 (2020)

19) Wang, F., Yu, G, Zhang, Y., Zhang, B. and Fan,
J.. Dipeptidyl Peptidase IV Inhibitory Peptides
Derived from Oat (Avena sativa L.), Buckwheat
( Fagopyrum esculentum ) , and Highland Barley
(Hordeum vulgare trifucatum (L.) Trofim) Proteins,
Journal of Agricultural and Food Chemistry, 63, 9543—
9549 (2015)

20) Ma, M.-S,, Bae, I Y., Lee, H G., Yang, C.-B.:
Purification and identification of angiotensin I-



(35) (Research Note] Effects of BBFHP on LPS-Induced Inflammation 261
converting enzyme inhibitory peptide from O N H RIS E
ks (G siion W) anpmai a5y 7780
R . NEENLRELRBEES
21) Takashiba, S., Takigawa, M., Takahashi, K.,
Myokai, F., Nishimura, F., Chihara, T., Kurihara, H, B - BT - BEARY
Nomura, Y. and Murayama, Y.: Interleukin-8 is a HBARER" - BBE2 - LEAFRFH

major neutrophil chemotactic factor derived from
cultured human gingival fibroblasts
with interleukin-1 beta or tumor necrosis factor
alpha, Infect Immun., 60, 5253-5258 (1992)

22) Reinhardt, R. A., Masada, M. P., Kaldahl, W. B,
DuBois, L. M, Kornman, K. S, Choi, J. I, Kalkwarf,
K. L. and Allison, A. C.: Gingival fluid IL-1 and
IL-6 levels in refractory periodontitis, J. Clin.
Periodontol ., 20, 225-231 (1993)

23) Jian, C-X., Li, M.-Z., Zheng, W.-Y., He, Y., Ren,
Y., Wu, Z-M., Fan, Q.-S., Hu, Y-H. and Li C.-J.:
Tormentic acid inhibits LPS-induced inflammatory

stimulated

response in human gingival fibroblasts via
inhibition of TLR 4 —mediated NF-xB and MAPK
signalling pathway, Archives of Oral Biolog., 60,
1327-1332 (2015)

24) Hayden, M. S. and Ghosh, S.: Signaling to NF-
kB, Genes Dev., 18, 2195-2224 (2004)

* 1 WHEBEXZFLHEDHEREREERESFR
(T156-8502 RRAMHAXEE1-1-1)
* 2 HREEXFICHEDREREERER
(T156-8502 WEAHHARKRE1I-1-1)

BERIIERN 2 BEEED—DTH B, ZNFTTIC
WERE (Porphyromonas gingivalis) HJRMD ) RFE ) ¥
vy #H 54 F (LLF, Pg-LPS) i, HEMEYA A4 >
2HL, RERNICERIGERZ HITE L THROBEEICD
BABBZEFHLPERoTWS, TRETIZFRAITER
FREERE LTYNNHERZHY, 0K~
TF FOREERERICE L THEZEDTWED, &
BRIEMRZIRICOWTIEBRE 21T o T, 22T
AT, © EREABHESF Human GF) Mz %
BT, vosHERAKS Y (BLT, BBFHP) #Pg.-
LPSIZ X 52 A RAE %2 W3 2 LEP IOV THL RIS
THILEHME L, 9D, HGFHfICH§
5BBFHPOME M % 17 o 28R, ARBRTHY
7230ug/ml E THIRBEBERZRE 2P ol W, Pg-
LPSHIl 8 L 7zHGFMif2 23 2BBFHPIC & % %4 M+
4 A4 8 (L6, IL8, IL-1p, TLR4 3 & U'TNF-
o) DEETRBEICOVTEHEN LIER, Pe-LPSHIE
XML 7-2TORERYA VA4 Y HOBGETRE
BIIBBFHPIZ & Y HEICHIFI S iz. FARIC, NFxB
VT FVOEEALIBIETDH AIKKaD 52 5T Y ¥
BE1tp65 DN AT H BBFHPHIHALERIZ X ) H &I
Hlahs, BLEXD, & MEABHEFMEIIBVT,
BBFHPHIH 3P g LPSTHEEEREEA 71 = — 5 — B
% 5 UINFBY 7 F VORBE R L ZHE TS Z L T
REEZIET L 2B S Lz,

(4543 A 2HZN, HM54E4 A2THZH)
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