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Abstract: In this study, we investigated the anti-inflamma-
tory effects of fermented Hizikia fusiformis extracts in lipo-
polysaccharide (LPS)-stimulated RAW 264.7 mouse mac-
rophages. The fermentation was performed using Lactobacil-
lus casei in mixture of carbon source at 30°C for 30 days. The
sample groups were prepared with/without L. casei group in
order to demonstrate the anti-inflammatory activity of fermen-
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ted H. fusiformis in regard to lactic acid bacteria. As a result,
we confirmed the inhibitory effect of H. fusiformis extracts on
LPS-stimulated NO production and expression of TNFa,
while it had no regulatory effect on the expression of iNOS,
COX-2, IL-1B and IL-6 as important inflammatory factors.
However, L. casei fermented group significantly suppressed
the expression of the above factors. In particular, the differ-
ence between the two groups in the matter of mRNA expres-
sion of iNOS, which is directly associated with NO produc-
tion, indicated that the fermentation with lactic acid bacteria
effectively suppressed NO production by regulating iNOS ex-
pression. Also, effective suppression of pro-inflammatory cy-
tokines showed that the fermentation using L. casei may pro-
vide an increment towards extraction of active ingredients that
are effective anti-inflammatory agents.

Keywords: Hizikia fusiformis, Lactobacillus casei, Inflamma-
tion, Fermentation

1. INTRODUCTION
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2. MATERIALS AND METHOD
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22. 28 FF
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Korea)5 A& o] AME3} AT L. caseit= Akt Aglb] =] Q1
MRS KA 2] (Difco, USA)ol| v 5}z, *Hat-E 80% gly-
cerol (Duchefa Biochemie, Netherlands)o vfjoFol-S & Es}
& -80°C deep freezer (NF-140SF, HFC, Japan)of| 4] A7] 2.3
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2.6. Nitric oxide (NO) A4 A%

RAW 264.74] £ & 96-well plateso]] 1x10° cells/well & £33}
of 24A17F F3F HjFEE ¥, AR E FEEE A5l on
NO B4 f+=317] 913l LPS (1 pg/mL)E A 2| 5}e] 244]
7F S vjeFslaTh AlE vj9Fol-S Griess reagent (Sigma-
Aldrich, St. Lousi, MO, USA)&} 1:12 &£3}3510] 155 5+ Al
Lof W23t &, ELISA Reader (Multiskan GO, Thermo Sci-
entific, Finland)E ©]-&3}¢] 540 nmof| 4] SF =2 =435}
t}h A E NOSYFS #F5219l sodium nitrate (NaNO,)E &
Fgolo gsto] A4tahelct.

2.7. Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)

4719 F U3 20 4] HjeFEt RAW 264.7 A| L& Trizol
reagent (Invitrogen Co., CA, USA)E 0]|-8&3}9] total RNAS
=, ST 22 E RNA (2 pgh= 37°C oA 1AZEE
oF G2} WSS AAte] cDNAZ FABHATh FAE
cDNA¢f COX-2, iNOS, IL-1B, IL-62} TNFo primerE &7}

Table 1. Sequences of primers used for RT-PCR

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-GGI-TC-3'
IL-1p Forward 5'-GGG-CCT-CAA-AGG-AAA-GAA-TC-3'
Reverse  5-TAC-CAG-TTG-GGG-AAC-TCT-GC-3'
L6 Forward 5'-AGT-TGC-CTT-CTT-GGG-ACT-GA-3'
Reverse  5'-CAG-AAT-TGC-CAT-TGC-ACA-AC-3'
TNFo Forward 5'-AGC-CCC-CAG-TCT-GTA-TCC-TT-3'
Reverse  5'-CAT-TCG-AGG-CTC-CAG-TGA-AT-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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519 2™ internal control2 B-actine AME-SFA T (Table 1).
T100 Thermal Cycler (Bio-Rad, CA, USA)E ©]-&3}o] 95°C
of| A 287} denaturation A] 7] ], 95°Coj| 4] 30% 7} Denatura-
tion, 60°Cof| 4] 4527} Annealing, 72°C o] A 137} Extension
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A 5E7F Extensiongt $-of 4°C o A F43}9ch PCR A&
2 TAE buffer (Biosesang, Korea)E As| A2 A3 1.5%
agarose gelZ ©]-&3}o] 1057 A 7] 9 =3t 3, Ethidium bro-
mide (EtBr, AMRESCO, USA) £-0o] T3] 305 £} o] A
3l & UV (Davinch-Chemi imager™, CAS-400SM, Wako Co.,
Osaka, Japan) 5}o]| A 2215} 4 ).

28. A4 =

A A= JidxEFHA}F (MeanxStandard deviation, SD)
2 FA5F 0™, SPSST/WIN 12.0 (Statistical Package for So-
cial Science, version 12.0) F7 Z=21H-& o|-&-5}o 5A 2
S8 ARSIt AL 2o4S Aot 9% o
A =] EAHE A (Oneway Analysis of Variance: ANOVA)S
E3) £4519 1L, AFE 22 Duncan's multiple range testE
AR Bko] p<0.05 550 4 22T,

3. RESULTS AND DISCUSSION
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o AR &L FEHES =54 (10, 100, 500 ug/mL)E
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Fig. 1. Effect of ethanol extracts from fermented H. fusiformis with/without L. casei on cell viability (a) and NO level (b) in LPS-
stimulated RAW 264.7 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 in the each sample are significantly

different (p<0.05) by Duncan's multiple range test. *p<0.01.
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Fig. 2. Effect of ethanol extracts from fermented H. fusiformis with/without L. casei on COX-2 and iNOS in LPS-stimulated RAW 264.7
macrophages. The cells were pre-treated with different concentration of the fermented H. fusiformis for 1 h followed by stimulated with LPS (1
peg/mL) for 24 h. “*Means with the different letters are significantly different in each gene (p<0.05) by Duncan's multiple range test.
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© Al WollAl @4 o] f-#] ¥ A7t iNOS= LPS2} pro-
inflammatory cytokineo] ¢]3}] W& o] Z7}3tt). iNOSY| ¢
5 NO7} 3 Z7hElof 9154 WS §ueiTh COXE
Z w7 E4< prostaglandins EH]E R}=3}= G 40|t}
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34. ¥BE F&F9] pro-inflammatory cytokine 2@ oj
u A= 9%

TNFa, IL-18 & IL-6= th3E2 2 H5A cytokine® &2 LPS
2§ AN A FrEshA A = o] Ty, 22 & &
AA71A GEHke& SR [17]. ©]& ¥ TNFos= endo-
toxin shockol] TAHE F Q3 A2 T 2% 9l
A4S fFtsto] gj @30 YQlo] Hl= Ao dH Al gl
o} [18]. & E o et &5 pro-inflammatory cytokine2]
77} Wo] v X F34E REPCRS Fafo] shalstat
(Fig. 3). L. casei BAZF2 IL-1p2} IL-6 &L ol 75}7]
oA TNFo (2§04 o0& ZFAA[F o JhH, L
casei & TNFa., IL—IBQ} [L-6Wd BE =x o=F o
2 Asfstal o, 500 ug/ml F=ol| A= L. casei T E
of| 1]l L. casei %3] TNFa, IL-1p2} IL-6 28 o] &3]
A E o] W EE of| g2 FE59] pro-inflammatory cytokine
A& Adols 2S Slsholrt.

4. CONCLUSION
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Fig. 3. Effect of ethanol extracts from fermented H. fusiformis with/without L. casei on TNFa, IL-1P and IL-6 in LPS-stimulated RAW 264.7
macrophages. The cells were pre-treated with different concentration of the fermented H. fusiformis for 1 h followed by stimulated with LPS (1
pg/mL) for 24 h. “*Means with the different letters are significantly different in each gene (p<0.05) by Duncan's multiple range test.
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