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Anti-Inflammatory Activity of Ethanol Extracts from Hizikia fusiformis Fermented
with Lactic Acid Bacteria in LPS-Stimulated RAW264.7 Macrophages

Myeong Sook Kwon', Ok-Ju Mun', Min Joo Bae', Seul-Gi Lee!, Mihyang Kim',
Sang-Hyeon Lee?, Ki Hwan Yu®, Yuck Yong Kim®, and Chang-Suk Kong'

!Department of Food and Nutrition and ZMajor in Pharmaceutical Division of Bioindustry,
College of Medica] and Life Siences, Silla University
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ABSTRACT The anti-inflammatory effect of ethanol extracts from Hizikia fusiformis fermented with and without
lactic acid bacteria was compared in lipopolysaccharide (LPS)-stimulated RAW 264.7 mouse macrophages. The fermen-
tation was done using Weissella sp. SH-1 and Lactobacillus casei in a mixture of glucose and lactate source at 30°C
for 30 days. As a result, we confirmed that the fermentation of H. fissiformis with lactic acid bacteria inhibited LPS-stimu-
lated nitric oxide (NO) production and the expression of inducible nitric oxide synthase (iNOS), cyclooxygenase
(COX)-2, interleukin (IL)-6, tumor necrosis factor o, and IL-1p as important inflammatory factors. During a comparison
analysis, we found that L. casei fermented groups significantly suppressed NO production by regulating iNOS and
COX-2 expression. Also, the effective suppression of pro-inflammatory cytokine and LPS-induced activation of mi-
togen-activated protein kinase indicated that the fermentation using Weissella sp. SH-1 and L. casei may provide an
increment towards the extraction of active components, which are effective anti-inflammatory agents.
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2 550 o)A AEFE o8 AE ALL o)
Az e Bt &8s E(Hizikia fusiformis)2 5- skar k. ofo] Uigh tito 2 A f& HAES o &3 T
gupetoll A A8 o de] o] &H il & nintde] dF o 'R o R AlFE sl S8kt sk A7) o] Fol A
2 g-guteke] Aalel, waleh 9 AlFA RNk ol e} i I ATH5E-8). & HAES o] &% Las AEASS §
W T T gl FEEa JTH(1,2). At ow F2 RS A0 P FEAAES S 2t e Al
2t d o] Fr1E I veb Rt ofyel el A g 2 HaEa 9ltH9)
Q1 opm| At} Aol {7t FHSHA S e Ao A2 ThFS A ES} cytokine 5ol ¥ofsh= Ao 3}
A A AH3). HEe AT = WM 2L, S, Fo g f A=dd g YA o] vk F shtelrt
Giksl, FuAEF, U ~HE a7t e Ao B (10). YEWH-gol Fofste= gi2Alxze AA U Ax14 HY
3 ATH(1,3,4). &9 &4l e AFelME F2 o WS Fdsts HIAEZR ASmAEd S 298t =
T EE F8E o83 FEolu g7y B A Ae e 7] kel a3 4TS D). AHE dSus
a4 A 5o gHEe] o] &Ha oy, o5 W & Al @FHEES X138 cyclooxygenase-2(COX-2), in-
ZHol 23 vAstd 530ER 5o 84S a9 ducible nitric oxide synthase(iNOS), interleukin-6(IL~-
6), tumor necrosis factor-a(TNF-a), IL-139} &< cy-
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S % FEEI NO A4 H 954 A+
o]E7I1 9] W ul x| = g3} ME Y mitogen—acti-
vated protein kinase(MAPK)E £3+ |5¢d 7] Aol vl X
= %938kS lipopolysaccharide(LPS) & A}=3F vl-$-2 )
RAWZ264.7 macrophage cell =28 o]8-3}o] ZA}SIAT]

1:1

Mz 2 Ay

S (Hizikia fusiformis)< Ie}bA| 5
(Jeju, Korea)oll A ‘?Q st} AREEIl o, xES 2H|
Al 71572 471 (KMS-200, Koreamedi Co., Daegu, Ko—
rea)2 F3gt & LF3to] ARE HA7FA] 4°Cel Bkt

HadTEe A ERAERYYH Ay 2E AT
Weissella sp. SH-1 w(5)3} Lactobacillus caseiMediogen
Co., Jecheon, Korea)Z A}-&3}3it}.

o

£ 0|8¢ & LMo H=

90l Weissella sp. SH-13} L. casers 7+t
MRS °“iﬂﬂﬂ7<]g o]-&3to] 30°CollA BA| wj kst
= Yoo(16)¢} Park 5(5)2] W ol
%—‘:'r%} 10 goll 5%(w/v)el %7}

(2

o},
W Axaole. A%

2 ddH.0E #7138 &, 8292 2 glucose(1%, w/v)
9} %7]/\P°i lactate(0.5%, w/v)& 7tste] 121°C9] 7}t
& 2ol A 303t "éi"&}"i‘:} o 7]o] QA ujFet a
FE 0.05%°] == HFF 5 30°C wjd7]elA 3043t

HjgFete] £ Ha s XiLLOPS’iE‘r.

B2HS Az ol FFAIT o
1272 (FD8518, llshin BioBase, Gyeonggi,
Korea)& o83l 4% dlo] HaXk AXARE I
ok AxzAI 5 108 Z (w/v)e] ol gh-&-S H7Esk 3 80°Col
A AR 23] FEE FAEIYoH ITEFT]E o83t

of sFAA FEES A

MIZZHH

RAW264.7 A A E+= 10% fetal bovin serum(FBS,
Atlas biologicals, Fort Collins, Colorado, USA)¥} 1%
L-glutamine penicillin streptomycin solution(Sigma-

Aldrich Co., St. Louis, MO, USA)°] &% Dulbecco's
modified Eagle's medium(DMEM, Corning, Manassas,
VA, USA)E Mg o2 ko] 37°C, 5% COz X710l A Hi
3o,

MzZ=Ed

RAW264.7 2 Al 2ol tiek A58 3-(4,5-dimeth-
ylthiazol-2-y1)-2,5-diphenyltetrazolium bromide(MTT)
assayE ol&3te] S48t AEE 1x10° cells/wello]
HE% 96 well plateo] ¥538}aL 37°C, 5% CO. incubator
ol X 24417k wiFE F WEF JEE FEES 50, 100,
500 pg/mL == 7'4?40}04 24417t &3F w ettt 7
wellell WA S A AZ F MTT €44 1 mg/mLe] FE2
A7rste] g vk 2ol A 3AZE B ek for-
mazan crystal®] S FE=3 T 2 wello]l AAE
formazan crystall 100 pg/mL<] dimethyl sulfoxide
(Sigma-Aldrich Co.) &5 7}sto] ghdnt-goz AdH
BEF ol formazan crystals ¢33 £33 & ELISA
Reader(Multiskan GO, Thermo Scientific, Vantaa, Fin-
land)E& o] &3] 540 nmellA FFEE SH3I BES
(%)< 33t

Cell viability (%)=
e FFE-AaATe] FY=E

Nitric oxide(NO) &2 =X

RAW264.7 212 96 well platesol] 1x10° cells/
wellZ #5319 37°C, 5% CO; incubatoroll 4] 10% FBS<2}
1% L-glutamine penicillin streptomycin®] ¥-f%¥ DMEM
O 2 24413k FF gt dEdUeTt AAE RS
A2 aA g vh HE R oehg FEE AR LPS
(Sigma-Aldrich Co)E 1 pg/mLe| HE= A glsle] 37°C,
5% COgz incubatoroll A 24A17F &9 w3l ait). Al Zu] <
NS +=A3}] Griess reagent(Sigma—-Aldrich Co.)9}F 1:1
o] HlE R el 158 Fet Ao gkl § ELISA
Reader(Multiskan GO, Thermo Scientific)E ©]-&3}o]
540 nmoll A FF=E SA5S Y. A E NO9 =uM)
¥ sodium nitrite(NaNOg) &4 9] FFFHE 7|F o2 3}

o Atskaltt.

Reverse transcription—polymerase chain reaction(RT—
PCR)

A719F wdg 2ol vl RAW264.7 XA EE
phosphate buffered saline(PBS)2. & A& 3}lal Trizol
reagent(Invitrogen Co., Carlsbad, CA, USA)E o]-&3&}]
total RNAS 2|3t A=Fstalrh. 5%l RNAQ pg)et
Oligo-dT(Sigma-Aldrich Co.)& €%3}l4 70°CelA 5%
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b vk A A W23 v, RT buffer 5 ul,, M-MLV RT
1 uL, 10 mM dNTP 5 uL, DEPC water 1 L& #7}3}¢]
37°CAl A 1A% HESAlA cDNAE skl 4%
cDNA¢®] PCR Green buffer(5x) 5 uL, DNA polymerase
0.125 pL,, 10 mM dNTP 0.5 uL, DEPC water 17.375 puL
¢} A=4E primerE 718 2 M internal control® &
B-acting AF&3AtH(Table 1). Thermal Cycle(Bio-Rad
Laboratories, Hercules, CA, USA)S o]-§3}o] 95°Coll A
30%7} denaturation, 60°Cell 4] 4523} annealing, 72°C
o Al 1%t extension 3% A S 30W WHEslo] 354
71 F mpx]gto &2 72°Col|l A 577 extension ¥ T 4°C
oA FAsA SZ5 PCR A= 5L TAE buffer(Bio-
sesang, Gyeonggi, Korea)& 3| d = AL-83+ 1.5% aga-
rose geldl loading 3} 100 Vol 2083t A7 %A1
% ethidium bromide(EtBr, Amresco, Solon, OH, USA)
LA A] 30 B WHEAIZ T UV(Davinch-Chemi
imager™, CAS-400SM, Davinch-K, Seoul, Korea) 3}ol 4]
mRNA 23S &lshgitt.
Western blot0f| 2|gt THaix!l i A

A71et Fdeh oA e RAW264.7 QA A X5
PBSZ A% 3}aL RIPA buffer(Sigma-Aldrich Co.)& %7}
sto] A2 E 28kt 343k Al 13,000 rpmel| Al
10#3r A4 st s # 3 ot BCA Protein
Assay kit(Thermo Scientific, Rockford, IL, USA)S o]-&
st @il 25 AHEQleh 5 o] 920 ng)S
SDS-PAGE® S &3 #7]d-&stol #£23 F nitrocellu-
lose membrane® transfer & U<, 5% skim milkZ 14|
7t &<t blocking 3Fat 12k @A|(1:1,00008 & 1A%t ©]
A wk-S Al A tE. TBS-T buffer(Biosesang) = A& 3 & 2
2b A= 1:10,000 BlE&= A 3e] el A 1417 jES
A7 TBS-T buffer2 Al# st oA detecting
solution(Amersham™ ECL™ Western Blotting Detec—
tion Reagents, GE Healthcare, Buckinghamshire, UK)ell

HESA) 71 % o] x| 227 X] (Davinch-Chemi imager™,

rd
il

Table 1. Sequences of primes used for RT-PCR

CAS-400SM)E o]-&3ate] Tijd e Je s 4830t

SAH X

AE Ae FaExFW 3 meantstandard deviation,
SD)E #FAIE o1, SPSS'/WIN12.0(Statistical Pack-
age for Social Science, version 12.0, IBM, Armonk, NY,
USA) TAZZIHE o] &3t TAA F94& HESS
o A 7he] fodS A S deuR] EakEA
(one way analysis of variance, ANOVA)S E3f #4435}5)
a1, A% Duncan's multiple range testS 2 A 3}o]
X0.05 FEollA "8kl

nk3;

Zia} Ik,

=

4

M=z=Mdof 0/X|l= =1t

Akt Weissella sp. SH-13} L. caserE ©]-83lo] @&
FES JdEER FE3)] AxS FE2E9 RA
A

A 5= MTT assay= 215}

=

2E g %ol ofhE F5EE 22 50, 100, 500 ug/mL
$ER Ao ste] MEYEES 598 A3 RAW26LT 1
EEELEEER:

— Ei Y
Ae] SE/bA AE 5A4S BolA @of o] FRelA T
e

NO MM Xal St

LPSe= 1d3Ad o] A3k & 9ol EA|8k= W54A% RAW
264.77 22 AL E #}=3}9] procytokines S7HA
A NO9 22 d5u-g /i Ed & et A "|ok17). ©
g AP S SAR Bt fabr e TRl wE gak
Eo] ASvIANEZA] AME U NO Aol vA&= <
LPS f= 93] &43l% RAW264.7 Al oA &
SAtH(Fig. 1B). LPS A2l &3 NO9| Ade] A 3|
391 01 (83.844.3 uM), LPSell ¢]& NO9] AAH LS
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Gene Direction Sequence
COX-2 Forward 5'-AGA-AGG-AAA-TGG-CTG-CAG-AA-3'
: Reverse 5'-GCT-CGG-CTT-CCA-GTA-TTG-AG-3'
iNOS Forward 5'-TTC-CAG-AAT-CCC-TGG-ACA-AG-3'
Reverse 5'-TGG-TCA-AAC-TCT-TGG-GGT-TC-3'
L6 Forward 5'-AGT-TGC-CTT-CTT-GGG-ACT-GA-3'
Reverse 5'-CAG-AAT-TGC-CAT-TGC-ACA-AC-3'
TNF- Forward 5'-AGC-CCC-CAG-TCT-GTA-TCC-TT-3'
* Reverse 5'-CAT-TCG-AGG-CTC-CAG-TGA-AT-3'
IL-1p Forward 5'-GGG-CCT-CAA-AGG-AAA-GAA-TC-3'
Reverse 5'-TAC-CAG-TTG-GGG-AAC-TCT-GC-3'
B-Actin Forward 5'-CCA-CAG-CTG-AGA-GGG-AAA-TC-3'

Reverse

5'-AAG-GAA-GGC-TGG-AAA-AGA-GC-3'
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Fig. 1. Effects of ethanol extracts from fermented Hizikia fusiformis with/without lactic acid bacteria on intracellular cell viability
(A) and NO level (B) in LPS-stimulated RAW264.7 macrophages. The cells were pretreated with fermented H. fusiformis for 1
h and following by treating with LPS (1 pg/mL) for 24 h. The nitrite content of culture media was analyzed. Means with the
different letters (a-¢) above the bars are significantly different (P<0.05) in each bacteria treatment by Duncan's multiple range
test. No bacteria, fermented without lactic acid bacteria; Weissella sp. SH-1, fermented with Weissella sp. SH-1; L. casei, fermented

with L. casei. "P<0.05.

TR Aol o &= oJEAHoZ o4 (A Al
ol

Hao. ol A ad= FAketQl Weissella sp. SH-1
3 L. casers ©l&ste] HaET & FEE9 Al o

o A aHAl Yebstth. = 50, 100, 500 pg/mLe] A=
FEA NO A AEE gt A7 fibd FHFTS
V7 74.843.8 pM, 57.9+3.8 pM, 33.3+£2.2 pMe] &S,
Weissella sp. SH-1 H&2 247+ 52.44£9.5 uM, 30.2+
1.8 uM, 20.1+£2.0 yM9] L, L. casel FFa-2 212} 56.2
+3.1 uM, 29.846.1 uM, 13.7+5.2 pM2] #t& JeERAATH
T 23S vlwst A7l A= 500 pg/mlLY AE FE
ol A Weissella sp. SH-1 HEwR} L. caser &l A
NO A4 oAlso] 978 Ao A=}

iNOS, COX-2 ¥ IL-6 W&ol o|X|= =t

iNOS9} COX-2% pro-inflammatory agentel <] &
Axlo] WM HA Axe] 84 FEE T8 dsvs R 4F
g A3k dro] golate TS she Ao dHA
ATH18,19). A5/ HdAE NO9 22 dASuNEdS
INOS®} COX-29] frZel 93] FAHH17). FAkre] &
FE gElete] 2ast %o ks FEE NO A4 A
aieol gAY AWGE Loty Hste] LPS
2 2" AlEoA 2] INOS(Fig. 2)¢F COX-2(Fig. 3)¢] &
¥ HEE RT-PCR¥} western blot #2412 &3 &3}
th LPS Aol ¢]3) iINOSe] L@ @A atA F718Hd
o, ikt FASTAAME AP s=e uhet nlAIg Zfo]
7b QAR FhAdhE A S YEIAAL ik HEae] A
el oz INOSe| ¥d-2 g4 o2 AUt COX-2
o) gk S HESE AY Weissella sp. SH-1 & Xtk

FAbt FHESTH L caser FETol 23] COX-29
CHETT 23S e 47 INOS 2
A'sL Weissella sp. SH-1 &) L. casei FET-H.

U

=

12 n=
[‘_91.‘4
12
2
i)
¥ T
oo

oy =2 AL A F A}k COX-2 Td AAle2
% 50 png/mLAlA Weissella sp. SH-1 BEv3} L. casei
HFETHET No bacteriaZ} =AY, dax =25 A
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¢l 91=4] procytokine® ¥F<l IL-6, TNF-a,
IL-18+ in vitro 2 in vivo 73ollAd G538 24
B2 LPSS 22 ASATEZd 93] Aol 35 &=
Aoz dHA JrH20,21). Akt Weissella sp. SH-13}
L. caserg JE3t] Had X FEE2 IL-69 #dS
ooz TAaAAG(Fig. 4). TNF-a9} IL-1B89] wd &
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A5 WHgol #olEE MAPK A3 A9 FRE ex-
tracellular signal-regulated protein kinase(ERK), c-
Jun terminal kinase(JNK), p38 & 43 3714 4.
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T M= LPSE fad AlxddA 895 &4 o] MAPKS
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Fig. 2. Effects of ethanol extracts from fermented H. fissiformis with/without lactic acid bacteria on iNOS expression in LPS-stimulated
RAW264.7 macrophages. The expression levels of iNOS in mRNA and protein levels were determined using RT-PCR and western
blotting. Means with the different letters (a-¢) above the bars are significantly different (P<0.05) in each bacteria treatment by Duncan's
multiple range test. "P<0.05.
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Fig. 3. Effects of ethanol extracts from fermented H. fusiformis with/without lactic acid bacteria on COX-2 expression in LPS-
stimulated RAW264.7 macrophages. The expression levels of COX-2 in mRNA and protein levels were determined using RT-PCR
and western blotting. Means with the dlfferent letters (a-e) above the bars are significantly different (P<0.05) in each bacteria
treatment by Duncan's multiple range test. "P<0.05.
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Fig. 4. Effects of ethanol extracts from fermented H. fusiformis with/without lactic acid bacteria on IL-6 expression in LPS-stimulated
RAW264.7 macrophages. The expression levels of IL-6 in mRNA and protein levels were determined using RT-PCR and western
blotting. Means with the different letters (a-d) above the bars are significantly different (P<0.05) in each bacteria treatment by

Duncan's multiple range test.

H. fusiformis (ug/mL) - -
LPS (1 pg/mL) - +

No bacteria

Weissella sp. SH-1

"P<0.05.

50

100 500

L. casei
B-Actin
150
= m No bacteria
B O Weissella sp. SH-1
® OL. casei aga a a
S bbb ;8 a‘lbab .
S i It M
'g 100 T
%]
o
Q.
x
[
:
F 501
1S
g
s
E c
O i ﬂ ’l‘ ﬂ
LPS (1 pg/mL) - + + + +
H. fusiformis (ug/mL) - - 50 100 500

500

50

H. fusiformis (ug/mL) - - 100

LPS (1 pg/mL)

No bacteria
Weissella sp. SH-1
L. casei

B-Actin

150
m No bacteria

O Weissella sp. SH-1

a
OL. casei a a a
bab ab
1001 ¢ © m o
I
d
50 -

0 p
LPS (1 pg/mL) - + + +
H. fusiformis (ug/mL) - - 50 100

o
H
I o

IL-1B mRNA expression (/B-actin)

|

500

Fig. 5. Effects of ethanol extracts from fermented H. fusiformis with/without lactic acid bacteria on TNF-a and IL-1§ expression
in LPS-stimulated RAW264.7 macrophages. The expression levels of TNF-a and IL-1p in mRNA and protein levels were determined
using RT-PCR. Means with the different letters (a-e) are significantly different (P<0.05) in each bacteria treatment by Duncan's

multiple range test. *P<0.05.
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