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Abstract In this study, we investigated the anti-inflammation effect of cabbage
(Brassica oleracea L var. capitata) fermented with a mixed culture of lactic acid
bacteria (FCMC) and elucidated the underlying mechanism. The mixed culture
included Zacrobacillus plantarum and L[. acidophilus. The cell viability of
RAW264.7 macrophages were confirmed by MTT assay, and the results revealed
no toxicity following treatment with FCMC at concentrations of up to 1,000 xzg/mL.
The anti-inflammatory effect of FCMC was evaluated by stimulating RAW?264.7
macrophages with lipopolysaccharide (LPS) to induce the production of
inflammation-related factors, which were measured by an nitric oxide (NO) assay,
enzyme-linked immunosorbent, and Western blot. FCMC dose-dependently
inhibited the production of NO, PGE;, and the pro-inflammatory cytokines IL-18
and TNF-¢ in LPS-stimulated RAW264.7 macrophages without any cytotoxicity.
FCMC also reduced the protein expression levels of iNOS and COX-2 and
inhibited the nuclear translocation of NF-4kB and degradation of Ix¥B in the
LPS-stimulated cells. These results collectively suggest that FCMC may suppress the
inflammatory reaction in LPS-stimulated RAW264.7 macrophages by regulating the
NF-«B signaling pathway and function as an anti-inflammatory material.

Keywords Brassica oleracea L var. capitata, lactic acid bacteria, macrophage, anti-

inflammation
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ZoJdko] A5k lipopolysaccharide(LPS)= 855
o] Hojot= M) o =8A9l toll-like receptor
4(TLREE A=otH] A2 WRE ASE Adsto] HAR
29 nuclear factor kappa-B(NF-«B)9] &35 F =
Stok(Sharif 5, 2007; Takeuchi®} Akira, 2010). €433}t
H NF-¢B+ inhibitor kappa-B(I«B)%} &€ & &
2 o|53}9] inducible nitric oxide synthase (iNOS)2}
cyclooxygenase-2(COX-2)9 22 49 e /&
53] nitric oxide (NO)®} prostaglandin E2(PGE)%} A2
ohegst SRR AB4e S7HZIE(Yoon &, 2015).
TE3h tumor necrosis factor-a(TNF-e), interleukin-18
(IL-18)% 22 d354 AIEZRIEY BdS S7HIX
(Surh &, 2001). ol2et AW MJAAEY Bt F7H=
o3]] J=Hk2o] X|&EW, TH J= 239 %O]Oi -
&5t NOU PGE;, 954 ARIEZRRIS A4 A=
S A8 AT 2| &0l QoA FATF QAR oA
QltiAndreakos 5, 2004; Lee 5, 2019). RAE71A] &
AEEDL Sl FRSAE &4 AR7IE Ast 9
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0] A P=) 1 ‘E}(Parkiﬂr Kim, 2011).
OJ: H—';,‘—(Bfasszca oleracea L var. capitata)= AASI T}
AA9] YEO0F phenolic acids, flavonols, anthocyanidins
51 e HE SEEW ofygk glucosinolates,
isothiocyanates®t &2 T4t A2 4EL-S et
e Aoz BIEAHConaway 5, 2001; Hwangdt
Nhuan, 2015; Sang &, 1984; Singh &, 2006). ¥
FE=0] HAAZA A NO B4 2 95 I faxe &
A2 24dsto] A5 LS Uedtt HaEtK(Lee
5, 2018). watA, E AFoA = Aol 57t e &
Wi3=E [. plantarum? L. acidophilus B3t %S S5
SR ES A X5l LPSE FEH Raw264.7 celloA NO,
PGE, ¥ ¥4 ARIEZII B4 mlAl= & A5H
MRS Ao 83 A4S ot o Ud 2 NF-«

B A3} o] E zAlSto] QA B[O ofuf: W EE
9 A5 AL FAstuA st
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2. M= 3 4

2.1. QA7 EEHY Y= HES HE

FHiF HaE 9% dFe ITEsAHSE Ao
(KACO)ZHH BEIL Lactiplantibacillus plantarum
ATCC14917(type strain)®} Lactobacillus acidophilus
ATCC4356(type strain)g AMESFFTE. 0.5 mm= £4
& At FujRol L. plantarum®} L. acidophilus
LS HlEE Esto] JHiF FE9 0.5%= A
37CoA 742t BA wigstAt. wide] 2 &
Z7)(lshin Lab, Dongducheon, Korea)E ©|-&5}
o] Zﬂg‘ﬁ}y@— Az FuiE E8ES 98U (Dsml-370,
Duksan korea)2 AF&5}o] 100 meshZ E45}o] -20C
of Eytety Ay AMESHTH

2.2, ME HSF

Raw264.7 macrophage cell(40071, KCLB, Seoul,
Korea)2 10% fetal bovine serum(FBS, Welgene,
Gyeonsan-si, Korea)?} 1X antibiotic-antimycotics
8k3-51= Dulbecco’s Modified Fagle’s Medium(DMEM)
Hj XS o]8-5to] 37T, 5% CO= AR vig7|ollA] st
At wWiR= 2¥utch wAI51HCH cell confluency”} 70-
80%°ll =E3IRZS W cell scraperg ©l-&3to] At
SkoiTt.

2.3. MTT assay

Raw264.7 A& tiet =9 Ax 54Z 3-(4,5-
dimethylthiazole-2-yl)-2
mide(MTT) A|9FS o]-8&3to] 243}t Mosmann, 1983).
10% FBS, 1X antibiotic-antimycoticE E§sl= DMEM
£ o] gsto] MEE 96-well plateso] EF3 H 12417
& it HiAE 34 AIRE FEEE AEA
A 2Jstal 24A12F Bt vistltt. HiAE Al Ak HjA]
2 A% MTT €A (FZF%%: 0.5 mg/mL)S Z welld]
100 LA Az ste] 37ColA 4A1ZF B9t WHSAIFT
MTT7} 23 HjA1E AAsH A4E formazang 0]
7] 918 100 £L9) dimethyl sulfoxide(DMSO)2.& 10&
B A0 WA, S8E S-S 6l 540 nmo

,5-diphenyl-tetrazoliumbro
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Al microplate reader(Versamax, Molecular Devices,
Sunnyvale, CA, USA)E °©]-&sto] S5t A 2E A
2l5tA] kol HiARE T A2ttt wjwsto] Al
HEES %2 YeEPfch

24. NO ¥4 =&

A= NO $HES Nitric Oxide Assay Kit(Thermofisher,
Waltham, MA, USA)E °l&sto] S35t A2 6
well plated] 1x10° cells/well® B33 & 12417k 8%
St 3AIZE 59 AIEE FEEE AAYE £, LPS(1
pg/ml) from Escherichia coli O55:B5(Sigma aldrich,
St. Louis, MA, USA)E Azlsto] 2041t Higstelt. H
¥ F AZXAY mannualo] @t AEE AFPsto] SF=
£ 5745k Standard?] FE¥ FFEE BETAS oE
sto] HjZ9] NO sL& A5tk

2.5. PGE%} Z5& AfO|E7fOl Y45 F&

NO g 475U == A5t LPSE At
T HAE YHED st A5HE Eesta Ao ARt
7] A7}A -70Co| H5tIeh. PGE 2t APIEZIR] 5%
+ enzyme-linked immunosorbent assay(ELISA) kit
(R&D Systems, Minneapolis, MN, USA)E o]&s}o] &
BrE 5451 Standardy 558 SHEE EEIAS
o|gsto] HjXY] At|EZIR] FEE ZAA ST

2.6. Western blotting assay

Al&9} LPSE A3t & phosphate buffered saline
(PBOE AZEE Aottt RIPA buffer(50 mM
Tris-HCl, pH 8.0, 150 mM NaCl, 1% NP-40, 0.5%
Nadeoxycholate and 0.1% SDS)E MXEZE &3A1Z1 &
12,000 x g, 4CollA 2087t YAE sttt H4l&2 st
of AL AZHL2 BCA protein assay kit(Thermofisher,
Waltham, MA, USA)E °]&sto] il 55 45t
ot @9 20 pg& 10% SDS-PAGEZ TS Ha|s)
3 BEE odWd2 PVDF membranel 2 &7 o2 A
294 blocking buffer(Biorad, Hercules, CA, USA)E
o]-gsto] 587t blocking stAHh. 12} FAE 1:1,000-
1:3,0000.2 3]A3}lo] 4Tof|A overnight A7 3 TBS-T
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(10 mM Tris, 100 mM NaCl, 0.1% Tween20) &40 =
membranes 1024 33] &5ttt 22 A= 1:2,500
o= Aot oA 242F ¥REAIZI & TBS-TE
membranes 1024 33] A&ttt Membrane2] T
2 W&l ECL detection kit(Thermofisher, Waltham,
MA, USA)E A3t & image reader(Microchemi 4.2,
DNR, Neve Yamin, IS)& ©]-&5}o] chiid] it 3o ol

A

2.7. &A=/

H= AN 33 ol AAlsteleon, Addyt=
T+ EFH(mean+SD)E YEHH IS BAZ £4
SPSS 20(SPSS Inc, Chicago, IL, USA)E AR5t one-
way ANOVA, Duncan’s multiple testo] 2J3] &4 &

p<0.05 F#EAA FodE HSIAH.

flo oft

3.z ¥ 1%

31. RL S YHFE S0 o5t MESES Haf
FANE B g HEES PAS a9E gRlst
7] 91 RAW264.7 Al2Eo] =4< mAA] Y= =5 2
Aot7] Al MTT assays 3ottt RAW264.7 AE
Fof Akt B dulF TaES w2E(100, 200,
300, 400, 500, 700, 1,000, 2,000 xg/mL)Z A3t A3}
AR B3Rl FHls EaE 1,000 pg/ml ofetY] Fk
oA 99.05% o9 AlEAYEE&S YE™, 2,000 pg/mL
oMMz 89.13%= MEPEEC] A4S Felstiltt. o
2hA RAW264.7 AR Bt ti2to] HIs) Nx=d<
UERA] e fAkt Bl s s 1,000 pg/mL
ojstz MAsto] AT RIS FRIsHrHFig. 1).

0]

3.2. Ri7 S ST Ea=9 NOZ PGE, Y
H =2

LPsol e T3HY SAAEE NOY 954 Alol=
Z WAAAE fedte] SIS A

=
=
oA o)

oA AW 229 &4, FAAF Hol, A7

13, o} 7HA] fafede BAdstel 4o
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Cell viability (%)
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Fig. 1. Cytotoxicity of fermented cabbage by a mixed culture
of lactic acid bacteria on RAW264.7 cells. RAW264.7 cells
were incubated for 24 h with various concentrations of
fermented cabbage. Cell viability was determined using MTT
assay. All data represent meanstSD of triplicate data.

BT APz 583 4TS dHjung 5, 2010).
RAW264.7°11A4 LPSol| 93 F=H NO Aol oist 74t
o G S FaEe JA 8IE griess A4S
o]&3ta] =439t RAW264.7 AlZEof viAT X3t
gzl Hlgl] LPSE @ A d oA NO9| A/do]
12.51 uMOlA] 122.65 pMZ FEH| F7FotATt. f4E
E3iF o TRES 5300, 400, 500 pg/mL)
& A5t 23k, NO 440l dA|=|o] 100.51, 81.7, 51.01

pME ZAsIon srdg 77k 18.04, 33.38, 58.40%

o] A &S YeEMH(Fig. 2(A)). E3H A EghuieF
A. B.
120
100
s :
z =
g 60 §
§ 40 S
20
0
500 (ug/mL)

LPS (1 pg/mL)

[©)

S HEET} LPS A7t Al FE&] §FS vl ]
£ gRlsh] sl Y 2U2E AF F AE A

= A3} AE g2go] 1A dgkor NO A
A BI7F A ZPEE Ao sl et o] ofd
< ZUstih(Fig. 2(B)).

Arachidonic acid2%-E A== prostaglandin ¥
S-S fEok= 593 QAR 11 5 PGE,+= prostaglandin
endoperoxide synthase &40 COX-29] 2} /=

= 9% TR ASHIE HIAR olF E AFA
AR EZIRIS] S sttt HrstA BAE PGE:Cl
o3 55, YIS do7|H gt 454 A= FUtt
THHarris 5, 2002; Jang &, 2006). RAW264.7°14
LPSol 9Jsff =¥ PGE; Aol tgt f4kdt B &
HjS B EO] A 7= ELISAE o]&3to] &Holstqitt.
RAW264.7 Al2Zof vzt |25t tizto] ws) LPSE &
= A FoA= PGEY A4l 150.61 pg/mLofA
2,425.72 pg/mLE F45HA S7Fotith. ikt B3]
F FujS HEES 5EHE(300, 400, 500 pg/mL)E A
23t 2 PGE;9] 4ol Ao 2,220.89, 1,781.15,
1,409.26 pg/mLi Aot om SLEER Z17F 8.43, 26.56,
41.90%9] AA&Z Uetdlth(Fig. 3).

o] 2 ANE B4 Akt Bl dHiS HaE
o] LPS] 9Jsff frH T3t NO2 PGE, B8 Aot
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Fig. 2. Effects of fermented cabbage by a mixed culture of lactic acid on the NO production (A) and cell viability (B) in
LPS-stimulated RAW264.7 cells. Cells were pretreated for 3 h with indicated concentrations of fermented cabbage and stimulated
for 20 h with LPS (1 ug/mL). (A) NO production was determined by Griess reagent reaction. (B) Cell viability was determined using
MTT assay. The values are meanszSD of triplicate data. p{0.05 compared with only LPS-treated cells.
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Fig. 3. Effects of fermented cabbage by a mixed culture of
lactic acid bacteria on production of PGE; in LPS—stimulated
RAW264.7 cells. Cells were pretreated for 3 h with indicated
concentrations of fermented cabbage and stimulated for 24 h
with LPS (1 wg/mL). PGE, production was determined by
ELISA. The values are means#SD of triplicate data. ‘p¢0.05
compared with only LPS-treated cells.
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3ol S7VE L, AA| S} T2 HINZAA o] 5L £H]
sto] oheFet ASHe= izl NO2F PGE; 84
Tgith O F IL-15E 4559l 27 55+
22 Az AeS ASA7IH NOY e fk
(Baek 5, 2012). TNF-¢= T2 G354 Alo]EFIQIS
33t NO, PGE.9] A8 frraty d5uhe 2719
HOR S35 AQloto] ¥ 5 9 T FAol Hofst
ot 4#A AthKielian 5, 2004; Levine 5, 1990;
Zhang 5, 1992). RAW264.7°I14 LPSl 9J& =%
[L-14% TNF-@ 23730 tigt Rt Bt gl i
9 94 83} ELISAE ol-&stof gRlstqint. IL-18=
RAW264.7 A|Zo] vfA|gt A 2jst ti=tof| H]s] LPSE o
= fﬂ 2gk Fol A& 40.91 pg/mLolA 380.07 pg/mLE
AolA S7Fotutt. At B FHls HEES 5
5% (300, 400, 500 pg/mL)Z A3t A3}, 1L-189] A
Aol A=} 350.63, 290.27, 190.99 pg/mLE 43}
gon =¥z 747} 10.11, 25.58, 51.03%] AA &S
e THFig. 4(A)).
TNF-a= RAW264.7 AZo] #ixqt A3t o Z7o
Hlo] LPSE @5 AZgh oA+ 100.07 pg/mLoilA]
1,561.12 pg/mL2 FZ4sHA| S7Fot3et. fAE B3l
F ufi3 HaES (300, 400, 500 pg/mL)E A
S 23}, TNF-¢9] 4740l 9dA=o] 1,306.60, 923.19,

562.37 pg/mLE ZAstgon w=rEa Z7 16.30,

|||[
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Fig. 4. Effects of fermented cabbage by a mixed culture of lactic acid bacteria on production of pro-inflammatory cytokines in
LPS-stimulated RAW264.7 cells. Cells were pretreated for 3 h with indicated concentrations of fermented cabbage and stimulated
for 24 h with LPS (1 ug/mL). Production of (A) IL-18 and (B) TNF-a were determined by ELISA. The values are meanstSD of

triplicate data. 'p¢0.05 compared with only LPS-treated cells.
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40.87, 64.04%2] AA&Z YetdtHFig. 4(B)). Choi
(20202 37] 9 F&E0] LPSo| 95 d5ukSo] ="
&M 2o A NO 2 PGE#4t ofdet 34 Ao EFQI
(IL-18, IL-6, TNF-@)9] B AHAA FES

ettty B usiltt. wetA] o2jst 2352 SN &
S Fufs graEo] 1L-18, TNF-o¢ B4 4] av}
7} Qe UEiE ACE NO% PGE, &2 i
ApEgk ofyet A3 ARIEFIRIY] BAE I

oln

g

2 4AE o As2 vt
3.4. M7 ZEHY FHFE YzE9 COX-2 & INOS

23 ox =2

NO A4l #olst= NO synthase(NOS) %, iNOSE
AN zof 2Fgsto] LPS, TNF-e 5ol 9 €4435k=H,
L-arginine 2 25 E NOE AJAHMoncada 5, 1991).
COX-2=  HFFHNA acid23 g
prostaglandins(PGs)& A5t TNF-e, 1L-189} 22
A5 APIEZRRIY A8e F7HIXIEHLiuet Malik,
20006). LPS Aol 9Jgt ASuAJARY] B4 F7tol| o
Sh= iNOS9F COX-29] & THFS NO9 A&7}

arachidonic

LPS

A 0 0 300
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St ZA0E A|EZE A3t T western blotZ ©]
tod ERlsteict. COX-29) -, HiARE A3t o]
LPS ©E=A 23 Fo A= 16.78H) Eo] Z7151%,
B s BHEE(300, 400, 500 pg/mL)E
A2 Fol A=, 23, 48, 67%2] Tadhe AL RIS
thFig. 5(A)). iNOSQ] 7%, B ARt A 23t o] B3]
LPS ©=A o 95 Z7te iNOSE Akt B3 &
Hj5 aES AEgt 23, 300, 400 pg/mLoAE & ¥
S7F YepA] QEEAIRE 500 pg/mLolAE 36.15% A
S} HFig. 5(B)). Lee 52 ¥E FEE Ao 93] LPS
2 P33 §w3 RAW264.7 AlEo] NO% PGE,2
o, o] iNOS COX-29] TazxHo]
B3I HLee 5, 2015). WEbA SAME &
S FEfs waEo] NO, PGE9F 22 GZuj7lA}
o] HAE Frols G YHS 2cto] IS

HO w-0o=Z=2
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Fig. 5. Effects of fermented cabbage by a mixed culture of lactic acid bacteria on protein expression COX-2 and iNOS in
LPS-stimulated RAW264.7 cells. Cells were pretreated for 3 h with indicated concentrations of fermented cabbage and stimulated
for 24 h with LPS (1 ug/mL). Protein expression of (A) COX-2 and (B) iINOS were determined by western blot. For quantification,
the expression data were normalized to the B-actin signal. The values are meanszSD of triplicate data. 'p¢0.05 compared with only

LPS-treated cells.
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B2 ZA sk LPSeF 22 RA=o] o8 AFHH-sol
QRIS [4Be [KKe/Bol 95 914k} 9 ubiquitination
Elo] #5151, 1kBY} E2H NK-¢B= &/d2}=|of 3 <t
o= o]t} AFALAY FAE FETHSurth 5,
2001). NF-¢B9] 843} 9 & U o]F A= FFH
Ao QdojA Z83 342 ZLQSIEE QA B3]
FHiF FaEo] LPS A2 o] 93t NF-,Bo /43 4 @
Y o5 AT & A=A western blot& o]-8sto] &
QIstdet. HiAIRE A2t ol vl LPS A 2jo] &Jgt NK-
kB Tl & 1f o]F 9F 27.968) J7FFAAT FAkE
EohlF S HFTE(300, 400, 500 pg/ml) A=sh
T2 LPS T AP tjH] dOo= o3 NK-4B Tuld
Fol 7k 24.43, 41.55, 54.99%= FATH= A
AcHFig. 6(A). EIF [«kBO] E34E AT A3t wiATE
Aggt ol s LPS Ao o3t Al=d uf kB °F
0.481= ZHAstIANE LPS B A2 iy fANE &%
vk oFufS T EE (300, 400, 500 pg/mL) A&t +
Azdo] &Ask= kB @¥d <ol 70.36, 154.75,
188.51%% S7Fl= A& ZASHAHFig. 6(B)). Lee &
(20152 ¥a F&= Aol 98 LPSE d5s< e
Sk RAW264.7 AlZoA NO%F PGEERE oyt A4

o]

09, ofo

i

LPS
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o 3 INOS % COX-29] W& 7HaAlA @5urjeld
o @54 AolEslle] AN SANYORA FENS
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-

= [. plantarum® L. acidophilus EZHWIFE
A z3t S WaEo] LPSl| oJsf feH RAW264.7
ASHHEol WA= Fgl tste] 2AMSHSITH
?13il NO, PGE; ¥ B354 AIEZIIS] M= 5748
23t AT sEAEH R FaAHS stk &
o, fARE S Suls BRES NO2 PGE9F 22
A 7HQIA] AAgoll Tofsl= iINOSSE COX-29] o
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Fig. 6. Effects of fermented cabbage by a mixed culture of lactic acid bacteria on NF-xB signaling activation in LPS-stimulated
RAW264.7 cells. Cells were pretreated for 3 h with indicated concentrations of fermented cabbage and stimulated for 1 h with
LPS (1 ug/mL). NF-kB signaling activation were determined by western blot. For quantification, the expression data were normalized
to the B-actin and Lamin B1 signal. The values are meanszSD of triplicate data. "p¢0.05 compared with only LPS-treated cells.
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