J Korean Soc Food Sci Nutr
43(10), 1527 ~1534(2014)

SOl HIS 20| Sloi= =
S0t Y5329 8¥3 g4
S0l 201N - 2F0 - ATR? - s
JEPIEC TR N
PAMHEI olstE2oystel Me|stnal
SSAlHE D SRSt}

SEREEDEREE
http://dx.doi.org/10.3746/jkfn.2014.43.10.1527

N

—

s

Anti-inflammatory Activities of Fermented Black Garlic
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ABSTRACT In this study, we investigated the anti-inflammatory effects of Lactobacillus rhamnosus fermented black
garlic (FBG) in lipopolysaccharide (LPS)-induced RAW 264.7 macrophages. FBG did not show cytotoxicity in RAW
264.7 cells at concentrations less than 800 pg/mL, and cell viability increased with FBG concentration. Nitric oxide
(NO) and prostaglandin E, (PGE:) production as well as tumor necrosis factor-a (TNF-a), interleukin-1f (IL-1pB) and
IL-6 formation decreased in an FBG concentration-dependent manner, in LPS-induced RAW 264.7 cells. Furthermore,
activation of LPS-inducible nitric synthase (iNOS), cyclooxygenase-2 (COX-2), nuclear factor kappa B (NF-kB), and
inhibitory kappa B (IxB) protein expression was effectively inhibited by FBG treatment in LPS-induced RAW 264.7
cells. In contrast, heme oxygenase-1 (HO-1) protein expression significantly increased. These results indicate that the
anti-inflammatory activity of FBG was due to activation of NF-kB, inhibition of cytokine production, and expression
of iNOS and COX-2. From these results, we expect that FBG could contribute to the prevention and improvement

of inflammatory disease.
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transforming growth factor(TGF)-B1, interleukin(IL)-
10, IL-10R®] ¥&2 F7HA 7| IL-1B, IL-1a, [L-8, in-
terferon(IFN)-B9} 22 2354 Alo|EFRele] Wy 7ha
vk gloka 2ase] v(18). Svhs FEEs 2R
3 Aol A= tumor necrosis factor(TNF)-a, IL-29} 2
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Aol AbgE vk A A Q] RAW 264.7 cells
k= 4| £ 23 (KCLB, Korea Cell Line Bank, Seoul,
Korea)oll A EYntol Aol AFE3ISIT. RAW 264.7
cells2 10% Z~H]o}&8 % (fetal bovine serum, FBS; Gibco,
Grand Island, NY, USA)¥} & A(250 units/mL, pen-—
icillin, 250 mg/mL streptomycin, Sigma-Aldrich Co., St.
Louis, MO, USA)E ¥3%}sli= DMEM(Gibco) BIA & A&
SFATE MAEE 37°C, 5% COy 3o A wiFstia, 2
T RAW 264.7 cells®] 80% confluent g+ e A M EE
w2l3stke] 3,000 rpmell A 33 AAlwEE & & dEste]
AHg-8t 3T

Mz=Y &3

Subs BaEo] A AFo A= JIe 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT, Amresco, Solon, OH, USA) ¥ S o] &3] =4
at3lth. 96 well platesell A 5x10° cells/well F%=2 RAW
264.7 cellsS w73 7 24417 St st o w5
AlB2E Mo Ag3sk & 1A Hell lipopolysaccharides
(LPS)E 1 ng/mLA Agste] 24417 &<t wiat3iTt. o]
F A& AAS ¥ 5 mg/ml = MTT €948 10 ulA
go] 37°Col Al 2A1%F WES-AIZ] thS dimethyl sulfoxide
(DMSO, Amresco)& 100 ulLA 7ha] 10%3F axksto]
ELISA reader(Epoch, Bioteck, Winooski, VT, USA)&
570 nmell A FB=E SASIATh AE YEES A= il
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RAW 264.7 cellsS 5x10° cells/well 352 24 well
platedl] &3t 2417 v S & Suls A ES 100,
200, 400, 800 pg/mLe] %2 Z+zF A& thg, 1437
Sl LPSE 1 pg/mLA A glste] 24417k 52t wf st
Hjgl-& 3]4=5Fe] A412](3,000 rpm, 5 min, 4°C) 3}¢]
AR ol S AE AR eH o] F nitric oxide(NO) 2 A}
ol E7IQl BAF Ao AT

2

NO 442 =3

AEZEE AQE NO9O| e Al wigd Fo &4 3}
= NO; ¢ #H|& Griess reagent system(Promega,
Madison, WI, USA)E o83t SA3ltt. Al s
50 pL.¢} sulfanilamide solution 50 pL& &3 3lo] AFL-0
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enzyme immunoassay kit(R&D System, Minneapolis,
MN, USA)ZE, Ae]E7FI] TNF-q, IL-18 % IL-6+= 7}H7}
9] 3l ELISA kit(Invitrogen, Carlsbad, CA, USA)E ©]
&3l A FS 5433 PGE: A4 %2 anti-mouse
PGE;E pre—coating ¥ wellol] A3 vjFd 150 uLs Y&
t}2 primary antibody solutions 150 pl. 3 7}sle] A2
ol A] 1A]3F WE-S-A AT} PGE; conjugate® 50 ulL® % 7}sk
220l A 2A)7F WH-8-A]7] 3L, washing buffer® 33] A%
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A 1AIZE 304t REEAIH T ¥hE ¥ washing buffer®
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ale Aol A 3083 WFEAIT 3 43] A FH ST o] o]
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Western blot 241

RAW 264.7 cellsell lysis bufferg #7}sto] @i d S
ZFZ3}a1, bovine serum albumin(BSA) protein assay
kit(Thermo, Rockford, IL, USA)Z ©]&3}o] 50 ulLel &
A3 ghlz X2 2 SDS sample bufferol 4] 838 A At}

G A8 4~12% SDS PAGE(Invitrogen)& o]-§3sto] A
719%3 & PVDF membrane®| transfer 3+t 3%

skim milk bufferdll blocking 3 & 2+7z+e] 14} &A1 (1:
1,000)E HFE-A1Z1 3% tris-buffered saline Tween—-20
(TBST) o= 33] A#3sFstt. 22 A9l peroxidase-
conjugated anti-rabbit ® anti-mouse ¥#|(1:2,000)%
1A 7F 8- & thA] TBSTRE 33] A& 3% t}& ECL de-
aho] whulz o] uke 79
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Fig. 1. Effects of fermented black garlic on cell viability in LPS-
activated RAW 264.7 cells. (A) Proliferative effect of fermented
black garlic on macrophages. (B) No cytotoxic effect of fer-
mented black garlic on LPS-treated macrophages. RAW 264.7
cells were pre-treated with various concentration (100, 200, 400,
800 pg/mL) of FBG for 1 hr before being incubated with or
without 1 pg/mL LPS for 18 hr. Each bar is mean+SD of three
independent experiments. "P<0.05 compared to control (no treat-
ment).
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Fig. 2. Effects of fermented black garlic on LPS-induced NO
(A) and PGE, (B) production in RAW 264.7 cells. RAW 264.7
cells were pre-treated with various concentration (100, 200, 400,
800 pg/mL) of FBG for 1 hr before being incubated with or with-
out 1 pg/mL LPS for 18 hr. The NO and PGE; production were
measured using Griess reagent system and ELISA, respectively.
Each bar is meantSD of three mdependent experiments. "P<0.05
compared to control (no treatment). P<0.05 compared to LPS
treatment.
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Fig. 3. Inhibition of LPS-induced iNOS and COX-2 expression
by fermented black garlic. RAW 264.7 cells were pre-treated
with various concentration (100, 200, 400, 800 pg/mL) of FBG
for 1 hr before being incubated with or without 1 pg/mL LPS
for 18 hr. The protein expression levels of iNOS (A) and COX-2
(B) were determined by western blot as described in materials
and methods. Each bar is mean+SD of three independent experi-

ments. P<0.05 compared to LPS treatment.
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Fig. 4. Effects of fermented black garlic on LPS-induced cyto-
kine production in RAW 264.7 cells. RAW 264.7 cells were pre-
treated with various concentration (100, 200, 400, 800 pg/mL)
of FBG for 1 hr before being incubated with or without 1 pg/mL
LPS for 18 hr. The culture supernatant was subsequently isolated
and the amount of TNF-a (A), IL-18 (B), and IL-6 (C) pro-
duction was measured by ELISA kit as described in materials
and methods. Each bar is mean+SD of three independent experi-
ments. P<0.05 compared to control. 'P<0.05 compared to LPS
treatment.
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Fig. 5. Effect of fermented black garlic on NF-kB expression
in LPS-induced RAW 264.7 cells. RAW 264.7 cells were pre-
treated with 100, 200, 400, 800 pg/mL of FBG for 1 hr and then
treated with 1 pg/mL of LPS for 18 hr and subject to western
blot to analysis expression of NF-kB. The plus and minus sign
(+and —) represent treatment condition with and without LPS
treatment. Each bar is mean+SD of three 1ndependent experiments.
"P<0.05 compared to control (no treatment). 'P<0.05 compared
to LPS treatment.
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Fig. 6. Effect of fermented black garlic on HO-1 expression in
LPS-induced RAW 264.7 cells. RAW 264.7 cells were pre-treat-
ed with 100, 200, 400, 800 pg/mL of FBG for 1 hr and then
treated with 1 pg/mL of LPS 18 hr and subject to western blot
to analysis expression of HO-1. The plus and minus sign (+ and
-) represent treatment condition with and without LPS treatment.
Each bar is meantSD of three independent experiments. "P<0.05
compared to LPS treatment.
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