Korean J. Food Nutr. Vol. 36. No. 6, 535~542 (2023)
PR SIY Y|

https://doi.org/10.9799/ksfan.2023.36.6.535 FOOD AND NUTRITION

RAW264.7 CHAMIZO|A E0H{ 41} ChA|OF 28 FE5H9| &y
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Abstract

We investigated the anti-inflammatory effects of shiitake mushroom and kelp (SMK) mixture extracts in lipopolysaccharide
(LPS)-stimulated murine RAW 264.7 cells. Treatment of RAW 264.7 cells with LPS significantly increased NO (nitric oxide)
production, pro-inflammatory cytokines (tumor necrosis factor (TNF)-q, interferon (IFN)-y, interleukin (IL)-6, and IL-183), and
inflammation-related genes (COX-2 and inducible nitric oxide synthase (iNOS)). In cytotoxicity testing using RAW 264.7 cells, SMK
mixture extracts in the range of 1-16 pg/mL did not inhibit cell proliferation. However, SMK mixture extracts significantly inhibited
NO production in a dose-dependent manner (p<0.05). SMK treatment significantly decreased TNF-a, IL-6, IFN-y, and IL-10 levels
compared to the LPS group, and similarly, pro-inflammatory cytokine mRNA levels also decreased. SMK mixture extracts reduced
the mRNA expression of COX-2 and iNOS in RAW 264.7 cells compared to LPS (p<0.05). The above results show that SMK mixture
extracts suppressed the inflammatory response induced by LPS. In particular, the extracts were shown to regulate the inflammatory

response by suppressing the expression of inflammatory cytokines and inflammation-related enzymes.
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st BeElo] Yol TAlo] e A% UmolcHong 5
1989). £3], 317 WA (Shiitake Mushroom: Lentinus edodes)2-
BUT B R S0l /14e 540 e uA ol
ZJtHOh 5 2015). 3|RFQ YA|uWLaminaria japonica;
kelp, sea tangle)= =531 Bt} & 7HA|AL QUaL, AHu| &
o] FFsto] TRt HEE U= 21| AR=E Eol &&
Skal uek. thAleks Fgo] Wi WAl vl Z4, vkl
vle, 245 % 45 7714, Aoldfart 75 22
o] ghfo] thE sfixoll Hlste] &of U715/ AlE 4
A& g@ol LA UAtk(Shin 5 2011).

A1E ARl EIHA Y 71582 AR B E R
5(Qi 5 2013), gt S7HKim 5 2002; Han 5 2015),
7ot &3 9 B[R o8 TH(Cho & Bang 2004) 59
A7t HuEQIoh tpARbof ohRE d1ARS 84
AR 8% S2H2EHE 9 5 AT A5t &, AW
E89 Tt 54 o4 A3k F24 4 P4 € 9E w3
7} Q131 (Kang HJ 1994; Kim 5 2000) S30]5t 4o
Siol WO 48 W UG LAE 5 ot BHL
Q] Tth(Nakashima 5 1987; Haroun-Bouhedja 5 2000; Kim
2011). d¥tAo g S50 w2 AMESHE HAUERt
HAS et 20] 559 H7lsto] A3 4t
o] EUEAH(0h 5 2015), ThAJsk, B4, 2 H7He 7]
R4S} RaHa & Kang 2018), ThAJ5 7} w2717 2)
s 0 0 A BABRE SA(Ku 5 2007) o] Y.
FL Ba), oAl ule, A2 52 A0, 484, 24
o] FHHI, PATo] P LA LA UTkCho
1993), ol & ATAHE EHA Ao} B0
BN 99 9UF 4TS AT N|2ETARE BE
7] 915to] EHAla chAlnt E322 010 RAW2647 o)
Alzzo A 9] FAFTAEIE Aot FAT 71584 A 7
ol T35 FARSHY E3 Rt S5E AN Al S
71578 AR &EAS =olaA S
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1. XIZE =H|

2 Ao AMESE thAEkel B HALE 20239 3o &
AE FHE FEAAHNA Fofjsto] Tl 2 £
5to] 60 meshs B3 £ ARESIIAL AF A71R] -20T
of Hytstich thAntel #IHA & FEWL ohAnET
50 gt A BT 50 gofl 2 Lo 33} SFFE W AR
oAl 24A|7F 553t ¥ Whatman No. 2 ©]Z}X](Whatman,
Tokyo Roshi Kaisha, Ltd, Tokyo, Japan)Z o] #}3t & 65°Coj| 4]
&5, 52 A2 E Boto] EEISHATHKIm ST 2012;

Park 5 2018). ThA|UIRF EIHA & FEE2 $EAX 2T
< L& DPBS(Dulbecco’s Phosphate buffered saline,
Sigma-Aldrich Co., St. Louis, MO, USA)o]| 3]45}o] ofa}gt
. %ol AHgstict.

2. RAW 264.7 M= H{¥

A A|3E RAW 264.7+= American Type Culture Collection
(ATCC, Rockville, MD, USA)O]l A EFot ARESFAT. Al
HFS st viA]= Dulbecco’s Modified Eagle Medium
(DMEM, Sigma-Aldrich Co., St. Louis, MO, USA) &-%of| 10%
fetal bovine serum(FBS, Sigma-Aldrich Co., St. Louis, MO,
USA)Z 100 UmLEE 2] penicillin-streptomycin(PS, Welgene
Inc., Gyeongsan, Korea)S Z3}5la] ARR-SIQIT). B F7] ol A
HiFERA2 37T, 5% COQ1A AAISHA TH(Amrouche &
2006; Lee 5 2014).

3. MESHEY

AHE RAW 26475 well F 3x10° cells/mLE 96 well
plateo]] BJYSFAIL 2} well G AlEE 20 uL 4 H7}skal 37C,
5% CO, incubatorof| A 24417k B FAIH }. v F Sofl = MIT
(3-[4,5- dimethylthiazol 2-yll)-2,5diphenyl tertrazolium bromide)
QAL 50 tLA A7}k 4A17F incubationdt & MTT 8RS
A AT HS dimethyl sulfoxide(DMSO)E 150 LA B335+ &
Wallac Victor3 1420 Multilabel Counter(Perkin-Elmer, Wellesley,
MA, USA)E 540 nmolA FB=E SHsH3Th

4. Nitric oxide(NO) MM = =3

RAW 264.7 A|EZ2] NO AAATF =L Griess reagent
(Sigma-Aldrich Co., St. Louis, MO, USA)S AR5} Luna
automated cell counter(Logos Biosystems, Anyang, Korea)= Al
IO £E 24359tk 96-well plate®] Z+7+9] wellld 3x10°
cells/mL 5= 2 B33t & 24A]7F 89F & lipopolysaccharide
(LPS, Sigma-Aldrich Co., St. Louis, MO, USA)E 2 ng/mL %
Eojgl & 0.2 ym HE|(GVS Filteration Inc., Bloomer, WI,
USA)Z oISt A|55 0.1 mgmL =2 48A|7F A5}
T Griess &8 HiF 5ol 22 A3t &, Wallac
Victor3 1420 Multilabel Counter(Perkin-Elmer, Wellesley, MA,
USA)Z 550 nmollA] SFE(ODE EA5ItHLivak &
Schmittgen 2001).

5. MASA MOIETl0l B 5

Aol ol A @4 AlolE7tel Hulgke 24l
7] Y5} enzyme-linked immunosorbent assay kit(BioLegend,
San Diego, CA, USA)2] microplate©] anti-mouse TNF-a, IFN-
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Y, IL-6, IL-1B mAbE #5371 & 24A17F 2”513t Al 4§
ML 0.05% Tween 20 $H7-St phosphate buffered saline-
Tween(PBST) &9 0 2 AN&3}3L 10% FBSZ £ A1t}
PBST 8402 AH 2 24]7k0] X4k & ThA] PBST 80
2 AH7E & A 2ARA AlS7E A 2Jsto] Optical
density= Wallac Victor3 1420 Multilabel Counter (Perkin-
Elmer, Wellesley, MA, USA)E ©0]-85}0] 450 nmo]|A] =743}
Foh(Livak & Schmittgen 2001).

6. QST AIO|EFI2I mRNA 28 =X
RAW 264.75 well & 3x10° cel/mL2] %= & 96 well plate
HoF5}9i T 37C, CO, incubatorof| A] vjFS 24/\] 7+ A3
% WAL AAS G5 SR | pgml LPSS Eofat
T 02 um HEE o3 A|RE 4847 Bt @7}0}93‘4
(Livak & Schmittgen 2001; Song 5 2017). Real Time-
Quantitative Polymerase Chain Reaction(RT-qPCR) W'H-& v %]
A|A Z Trizol(Invitrogen, Carlsbad, CA, USA) &2 &-8-5}c]
RNA 2273 & NanoDrop ND-1000(NanoDrop Technologies
Inc., Wilmington, DE, USA) 1|3 B350 A& &-85}o] At
o|E7}91-& A3t NanoDrop ND-1000-2 u|gFe] A
o ehld SRS 2D 39 2Ho1e P 2P
A=A 1 1L0) HES DHYES} AR ZHE % 9
o8f, 220750 nme] A AMERS AGIIh Gyl
RNA<+= Superscript II reverse transcriptase(Invitrogen, Carlsbad,
CA, USA)Z GAANES-S 7% cDNAE $HJ3H3T}. cDNA
9} AtolEZFQl Z+ZF9] primer, SYBR green(Solis biodyne,
Tartu, Estonia) A|2F-& &%} & thermal cycler BioRad CFX-96
real time system(BioRad, Hercules, CA, USA) 7|7|& &85}
AolE7tel §44 wae Basterh

&

g +standard deviation(SD)E I
Al5}91 1L, RT-gPCR A2 f+standard error(SE)Z HA]
e A9 ditt SAAE= SPSS vI8 statistical
software package(SPSS Inc., Westlands, Hong Kong)E ©]-&5}
01 7] BAMELAL one-way analysis of variance(ANOVA)
2 3}% 3 Con &3} LPS #9] 894 7\:,4%1—‘2- Student #-test=
ASTIAL LPS 3} A& A 23] 52 Duncan's U5
AAHOE p valueZ} <0.054 o 94 TWHSI T

g H nF
1. ME 4Z8 53

Raw 264.7 HA|A| 2o A thA[ute} RUHA 3t FE&

EUHAT AL EREEEY] 3IE ant 537

(SMK)Z 0.5, 1, 2, 4, 8, 16 ng/mL s =E& 27k A3t &
Az AEE 574 23 93~100% & YETH SMKe| 5%
7} 1 pug/mLojl A 99.47+0.80%, 4 pg/mLO|A] 97.54+1.25%, 16
ug/mLof| A 93.27+4.53%= HBEES Ho|HA AE FAZ
FESHATE WEbA o] sk §9loA= Az =42 YEt
WA o HA A AFA AR AA|Z-Eo] A A A
o2 BYrhFig 1A). B3 LPSS SMK EEES SA|of A
23k -9, LPSTF A 2|5HH 72.10+2.80%2] L& HolA]
g SMK #&55 BEEE A253le W LPS Ao o3t
A EZ=/JS SMKO] 9Jsto] AAok= Ao = ER1% U ch(Fig.
1B). LPS A& 9J5}to] &4d3lE TLR4= NF-kBES {%5}
o] TNF-q, IL-6, IL-13 2 COX-29] AALE X3ty Bl
EATHLu 5 2008). wHebA] Al BES A9 2395 Bl
2 1,4, 16 ngmLe SMK 5= 95 FAF5 2 AH
TEE A5

A
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Fig. 1. Effect of shiitake mushroom and kelp mixture
extracts (SMK) on RAW 264.7 cell viability (A) and SMK
on LPS-induced RAW 264.7 cell (B). LPS: treated with
LPS (1 pg/mL). shiitake mushroom and kelp mixture extracts
(SMK): treated with various concentrations (1, 4, and 16 pg/mL)
of with LPS (1 ug/mL). ““Means with the different letters
on the bars are significantly different (»<0.05) by Duncun’s
multiple range tests.
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2. NO MMzF B4

Raw 246.7 A| 2] LPSE A 2|5 NO 84582
of vlwste] BAHORE FO5IA F7F5kAI(p<0.05)(Fig.
2), SMK 5= A z|o] oJsto] LPSo] 2J5te] Z71t NO A
868 T JEH 2R HAAZTH(p<0.05). o] A=
Raw 264.7 A|Z£of| 4] LPSo|| 9Joto] RH A5 thAvt &
FEE9 NO A4 A&} A--(Hwang 5 2017; Jung &
20199} AR A &3 IS Bk Lof2r|dozr
B iNOS] oJ5to] A== NO= WA AlA=oA 714
st 7] sH o2 JE Tth(Bogdan C 2001). NO2
RS F7H71E et =52 5 514l LPSE iNOS
ot MASA APl EFRRIE E4SHAIA NO S S7HIH
TH(Korhonen 5 2005). & 15 A3}of|A] LPS A o] 2Js}o]
NO Ad&o] S715 AL ol H ASA AIERIS &4
S ZIHA S7HAE = e B R LPSE Rigt & thAJut
oF BUHA £ FEFESMK)O] AHFH At|E7RRII
U)X JFS H1A 5

3. MAHSH AO|ETFIRI 2HIE =H

LPSA o] osto] thAlA|LoA HAZHS Sh= o]
A9 #H|E A=sto] Y& E <= pro-inflammatory AFO] &
7FQ1 TNF-q, IL-1B , TFN-y % [L-69] EH|g |3} Z3}= Fig,
30 HoFlth TNF-a= E5A% 7MY $a3 24 <l
A2 A Alxo] g 2etabyol 8% 24 A8 Ste
o b B Al 542 7P =t tiAlA| o] LPS

4 a
= b
s i e
=z
5° ;
T 20
S
B s
S d
Q 10 4
=
21 e
0 /. . . .
LPS (1 ug/ml) - o & £ +
SMK(ug/ml) - 0 1 4 16

Fig. 2. Effect of shiitake mushroom and kelp mixture
extracts (SMK) on NO production in LPS-induced RAW
264.7 cell. LPS: treated with LPS (1 ug/mL). shiitake
mushroom and kelp mixture extracts (SMK): treated with
various concentrations (1, 4, and 16 pg/mL) of with LPS
(1 ug/mL). **Means with the different letters on the bars are
significantly different (»<0.05) by Duncun's multiple range
tests.

£ A3t oA LPSE A oHA] &2 ol Bsto] {95t
Al = HH(p<0.05)(Fig. 3). SMK =8 *]2]o] °|5}o] LPS
o oJste] F7FeE TNF-a9] g2 5k JEXH R HAA|
ATH4 pg/mL: 333.47+9.54 pg/mL, 16 pg/mL: 312.58+9.05
pg/mL)(p<0.05)(Fig. 3A). 12|31 LPS(122.32+10.35 pg/mL)=
LPS WA 2]£(59.35+2.12 pg/mL)°] H]3}| [FN-y9] TF2 5
7N Z THp<0.05)(Fig. 3B). SMK 42} 16 pg/mL 504 LPSO]
ofsto] Z7HE IFN-y AYSA APIEZIR] 52 5k 9&F
07 ZAANFHY(Fig 3B). tAAM|EE= LPS S lipoteichoic
acido]] o3k AF=Fof oJsto] B4t HA HARES S
SERgol 83 IS ghh(Liu 5 2019). 2
AU oR AA 52 Y 528 &4d 220 A5
NRAA}F &, TNF-a} IL-65°] THEo| A WA £F, T

T WS FETTHYi 5 2017).

LPSE= th£H(Con)ol| H|Ske] IL-6 & IL-1B8 5=5 25t
A Z7FAH THp<0.05)(Fig. 4). SMK:= 48} 16 pg/mL %0
A LPSO] 9J5to] Z71E IL-6 Al EFIR 452 Bk o9&
Ao & ZFAAZATHFIg 4A). B3 SMKE LPSE gZo] &
TH AN EAA IL-1B9] BH|FE v EH o= TAa
A ZATh(Fig. 4B). WEhAl, SMK= LPSE - o &4 3o A
IL-69} IL-1B9] 55 HAA7|= 25 Eth Hwang 5
(2017)2] A-ollA= LPS A of oJ3 RAW264.7 T4 A 3L
oflA AFHHA ARCIEZF] TNF-a X5 F716tl 1L, IL-67}
IL-1B $22] GA| 2t HIs) {1 S7FH B AL, of
2% FEFE T HAEY 25 FAAK FolA TNF-a2t
IL-6 =7F §22AQ AAE H It Kang 5(2014)9] A+
olME LPSE AF HrH tHAANZA APito] F71E
IL-6, IL-132} TNF-a 2|5 ThA[H} B2 ofjghE 550 9
Sto] frold o ® WEQltt. Hwang 5:(2022) Aol A= ¢4
TNF-a2] 7% RAW 264.7 A A 3L0f| LPSE A5 = &
AR AR RIHA FEES 1 ugnl =2 AP A
TNF-a 5%=7F 65% AAISHA AL shlet. o] F A oot #
IHAC] FEF BT ARt B AT B o R 2
Aol A 9] ThAmtel MAlS] EF+EE SMK+ LPSE
TH Ao AFHHSOlA HASH ARETIRIS] 5k

£ darde S84

m ~
olN
i
o
lo 4
4!
B of

=
U

4. MAEM AIO|EFI2! mRNA 5

B AT A}t A A oA TNF-a9} IL-6 & AFSA A
o] E7}917} iNOS®} COX-29] mRNA ¥ Axk= LPS A ]
0] At Con ol ¥]w3to] F-212Q1 7} L=l
A chp<0.05)(Fig. 4). LPSS} SMKE 37 2§ uf, TNF-a
9] mRNA ¥d HE+= LPS AP E T LPS+16 ng/mL 0]
62.1% ATt SMKY] 57t #2545 FAS a7t
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Fig. 3. Effect of shiitake mushroom and kelp mixture extracts (SMK) on pro-inflammatory cytokines TNF-a, IFN-y, IL-6
and IL-18 expression level in LPS-induced RAW 264.7 cell. LPS: treated with LPS (I pg/mL). shiitake mushroom and
kelp mixture extracts (SMK): treated with various concentrations (1, 4, and 16 pg/mL) of with LPS (1 pg/mL). **Means
with the different letters on the bars are significantly different (»<0.05) by Duncun’s multiple range tests.

sk & og FAE T EF IL-62] mRNA TE 2
= TNF-a9} H]523HA] LPS A2 T} LPS+16 ng/ml o]
80.2% A4ttt G5 49 INOSS mRNA ¥ 4
22 LPS AFFLETF LPS+6 pg/mL 0] 60.1% 7HAst9
t}. g2 wAEAQ COX-29) mRNA & $EZ7H=
LPS A 2]-HE ) LPS+16 ng/mL 0] 53.9% AA5HHT ¥
Z9] e XHESI= 2 HAF ARl NF-xB EAsH=
iINOS @ COX-29] AL WjAsl=t], COX-2= A A2
A o9 ko o] x|k gZukS A] wHelo] FASH 27}
2 AE ATSE dovn 23E& EAAITHChen 5
2017; Huang 5 2020).

Hwang 5:2022)9] AtollAl& LPSE REAIZ A2
of A1 TNF-a mRNA 2H&2 LPS A 2| oA 5.88 71519
oy A AR BIHA FEE0] 18HIE HIT,
IL-6 mRNA 28-S LPS 2] Zof| A 48] Z7}5t4.01) &9

A ZARSE B WA F&F0] 2.8H15 R, IL-18 mRNA

E-2 LPS Aol A 16.68) S7FFA o A4l A ARGE
RIHA FEE0] 12818 Bt 7 oA HAAIR]
AP EFIRIE IL-1B3t}. o] A¥f= AA AP A
9] vlety]l D27t ASUHEE LEES Aofol= Ao Bl
Sttt Lee JY(2011) 104 ThAJute] M/ SH3E9)
FhZE BF =, NO+ PGE29] A A&y}, iNOSLH
COX-2 mRNA & A, deid Id AA| 8}, TNF-q,
interleukin- 183, interleukin-62] AJA] AA 2= H T
RN E AU S2 v|dS A5y} HEH s

= A 5ot ARETHL Sttt oA 2550 FES &
A FY 75 5 T U o E AY Al methylene
chloride 50| OHOj &, T894, @794 2t =
Al YLD ogtE 280 5 A 237t =4 vEht
Th(Kang JY 2008). T A5HHe2 thfgh A7) 42 =

shol AFASHE sto] W, o, T, 24, AERA
3 5& oA "th(Hotamisligil GS 2017). TNF-0+= A&
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Fig. 4. Effect of shiitake mushroom and kelp mixture extracts (SMK) on mRNA expression of TNF-a, IL-6, iNOS and
COX-2 in LPS-induced RAW 264.7 cell. LPS: treated with LPS (1 pg/mL). shiitake mushroom and kelp mixture extracts
(SMK): treated with various concentrations (1, 4, and 16 pg/mL) of with LPS (1 pg/mL). The mRNA expression levels
were calculated based on 18S rRNA, which was used as a control(no treatment fold ratio=1). **Means with the different
letters on the bars are significantly different (»p<0.05) by Duncun’s multiple range tests.

o4 BT U, WG L G5 WS, SF00] ol B vhet BuEslel B FHEOMOY B9F AN B4
o 27 oE W TNFa9] 557t e i Azol @ 8] 9i9) AAHITE RAW 2647 THAAES ol g:3lo] A
o o] FHL ‘

APt A}, SMKE 1~16 pg/mL oAl
™ NO A4 I IL-1B9} IL-62] AL Eslo] Y Afo|E7l AN ZAA AZE 241 AA51A] %rrh Raw 264.7 Th4]
A MANZ sh= FFHSY FEFZ SXAtH(Hemandez 5 AlZO] LPS T AT LPS A 5] 952 Con o] H]

2020). & A4 SMKO] F=7F 2275 A A5/ Aol 15k NO A4l 5715t 2t SMKE 1, 4, 16 pgml 5%
E7IRIQI TNF-a2} IL-6 mRNA ' 74 9 53 a4l H BP0 R AYFS W NO o] FofstA Zasteint.
iNOS?} COX-29] mRNA & 74 2 THIH5S s AASd AIE7FQI(TNF-a, IFN-y, IL-6, IL-1B) #H]FE
= e A A S & Sl Aol Hold LPS o] H|wsto] SMKE A5l o Fol4o % Ha
FAEF 71548 2R 7S ik St 2™, TNF-a, IL-69] mRNA "UHPEE HASHIT. A
238 G491 iNOSeH COX-29] mRNA H&42 % LPS A

Ref gl AHE 23t Fof| vlste] §-oHQl TAE Hoh ol AuE

Sl thAmtel A0 ERFEES RAW 264.7 T A A

2 AFolA= et 249 Bt 752 FXsks A ZoA FFEHES JASHA L, E5] HAFA Aol EFRI
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By g=3e 5§49 iNoSe COX-29] 2d-S A5t
HA hAJutet B A O] EgEE0] FHME-S 2H3}

E AYE HolFqn
ZAe| =

o] =2 20229 SAhetw o] YO R ShadtH]
A YE ol 95 A+191(202201850001).
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