W) Food Sci. Preserv., 31(3), 462-473 (2024)
PISSN: 3022-5477, eISSN: 3022-5485

Check for
Updates

Food Science and Preservation
https://doi.org/10.11002/fsp.2024.31.3.462

Research Article

Anti-inflammatory effect of beluga lentil extract in RAW 264.7

macrophages

RAW 264.7 CHAMIZOIA H2T} HE FE=9

o

ol

t

ooll

Hyeon-Ji Song™, Syng-Ook Lee®*

SR

ﬁ OPEN ACCESS

Citation: Song HJ, Lee SO.
Anti-inflammatory effect of beluga
lentil extract in RAW 264.7
macrophages. Food Sci. Preserv.,
31(3), 462-473 (2024)

Received: April 18, 2024
Revised: May 11, 2024
Accepted: May 13, 2024

TThese authors contributed
equally to this study.

*Corresponding author
Syng-Ook Lee

Tel: +82-53-580-5570
E-mail: synglee@kmu.ac.kr

Copyright © 2024 The Korean
Society of Food Preservation.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/license
s/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

Department of Food Science and Technology, Keimyung University, Daegu 42601, Korea
AE L 4=t )

Abstract The anti-inflammatory effect of beluga lentil extract (BLE) and its underlying mechanisms
were investigated in lipopolysaccharide (LPS)-treated RAW 264.7 cells. Treatment with BLE
significantly decreased nitric oxide (NO) production and protein and mRNA expressions of inducible
NO synthase (iNOS) in LPS-treated RAW 264.7 cells. Down-regulation of this inflammatory gene
expression was not associated with NF-xB/MAPK signaling pathways, and further mechanistic studies
demonstrated that BLE decreased LPS-induced iNOS expression through upregulation of the nuclear
factor erythroid 2-related factor 2 (Nrf2)-mediated heme oxygenase-1 (HO-1) expression. These
results suggest that beluga lentil represent a potential source of natural anti-inflammatory agents,
and further studies will be necessary to determine its anti-inflammatory effects in vivo.

Keywords beluga lentil, anti-inflammation, RAW 264.7 cells, heme oxygenase-1, nuclear factor
erythroid 2-related factor 2

T Aol o vt 24 &3 4 A 5ol diFdste] dofuk o] BaRkge
FAB] 3 Lok W9l 28RS0 thKim 5, 2012). 952 283l

Zto] u} T}*é(acute)oﬂii’—} 9t (chronic) @50 % Us &+ 9o, E3| T G350zt &8
© AEARD 9SS TEly tiAAE o, EF AR 59 a2 FHshe £40] 3le
242 WS W, BUAS, Pl BEY © O3 TS 2% w4 924 4ne SUR
(Gramlich®} Petras, 2007; Jangd} Lee, 2023). 0|83t FZHM-3o|A F235F 9T-S $35}= AlX

il EH’5]"ﬂini(macrophage)olD% AN EZE 2 AY
kg Fgshs AANERA JRERE Y3 o|BAE AAST FFANE AT 7dd v
e e AAY MEATESZ fieste H8E AtH(Guo &, 2008; Yun &, 2008).

M| interferon-y(IFN-y), interleukin-6(IL-6), interleukin-1B(IL-1B), tumor necrosis factor-a

(TNF-a)2t 2 934 AlEZRIT I8E34d HsAE ZHEs Alzdr el
lipopolysaccharides(LPS) 52| A=of & 0724 EAIStEn, o] Ak TZHN/\ﬂEEh inducible

nitric oxide synthase(iNOS)2} 7+ §49] &S E3| nitric oxide(NO)2} 22 thoFst g= 7 A
E5S A5 DchJangd} Lee, 2023). NOS©|| 2J5) L-arginine Q. 25E A== NO= HAHA QI
FEoAAM= 73l Alte] AAY XS AAlshs A= SHARE HEet 49 NO7HAEE Al A5
WSS ol 22T A7 &4, FAA ¥o] 5F F¥ths 2o dEA AUt
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NOS Eget tafet 9574 Alo|E7RIE2 4538t 8
HotA Aol Qo] o5 AlEZIRIC g A5
= &S0l 49 AR oY % ARARA FEEIL 9
A7 e FESAE A LHz0|EA HA

T4 FASANSAIDs)E WHAH, o]& BF FFHg9 5
8 "i7RA|Q] prostaglandin®] /g JATFO =N FAF &
&2 Uetll= AAlelt. 12y FASAIE VI B85
o 99, A3 9 AGES 52 2O EN QA kHA
HolA A QFaL Qlof, 1 ARgo] AR A= }17]o]
AH o R FA-go] 2 HAZZHH FATAE s

At A7t AP=E 3 Qltk(Cerella 5, 2010; Hink2} Munzel,
2006; Jangd} Lee, 2023).

MA st AZAEo R A dA(lentil, Lens esculenta)
= QIoflAo] F¥K(Fabaceae) AlE2 W& 2 Hole
£ 7|ZoA = & AR, 2 S5, oo}, ofxe)rt &
9] AHoJA F2 HFot= AFE 5 stuolth. ALY FR/R+=
T1¥(green), ZH Z|(French), F|E(masoor dal red), HF7}
(beluga) 5 ThFsHH, E50f wheh Xote] Mz} 329] Azo]
T+Z tH(Thavarajah 5, 2009). DE-2 100g A% 7|5 353 Kcal
o IS 7HIH 215 uvE, HE, F7]do] ghE o=
o= dA qlon, A¥t F vlwsto] 2| ghgo] ZoH
Al AR ool Eot AlF A, FEAEHE Ast 9 @92
FASHE O 88 FrhlLeest Lee, 2016), A2 Fhol AL
754 %ol A ZeloldA T, $7)4, WerofulieAl
50 9o 430] Feko] 2 02 FeAEA 754 4
=9 87F S7FtAl Hk(Sung, 2015). ]| phytic
acid, saponin, flavanol, polyphenol 5 $-8A48ES tlgf gt
fotal Slof RHgASo|u Ad Ao 3yt okl &
] Qth(Agil 5, 2013; Johnson 5, 2013).

ALo] T o g3} At Zajoflxf= BE7F Aido] Al
X W glutathione(GSH) =¥} tHHEA Q] catalase(CAT)L}
glutathione reductase(GR)2| TAIS §49] &84S Z7HA
O8N ASGHAEHAREE A|EE SHHOE HF5}
A< At THLee} Lee, 2016). E3L F5E AY
Ed¥E ookE o 9 A &4 AFolA R,
g, gE, A F BE7} ddo] w2 Eduls ok E A
3 @42 Uetlls 22E ZRlEo] 7|54 2EA dF7}
A 9] 4lA 3-go] Zeld AR A idHTHLee} Lee,
2016). o|AE AF7} ALY A§ HAE BT 2o} gFiks}
24 59 Ay ol et A7 45 APH vk glov, o
S Ago izt Bt Ao 9 A Ead Bf Qlrt
2HA] 2 A oA HE Y FE2ES oot A5 7
£l LPS] 9] EdskE RAW 264.7 Al oA FAZS &
%)

e }glll'
rnfjn il

1o
-

Ny

T

13

=
2 B9l 3, oloh BAH 7AW FESLR ShAc
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2. Mg 2 giH

2.1. A%

Dulbecco’s modifies Eagle’s medium(DMEM) high glucose,
fetal bovine serum (FBS)Z} antibiotics(penicillin/streptomycin)
& Gibco BRL(Grand Island, NY, USA)ZX¥E Lufjs}9ich
LPS&} lipoteichoic acid(LTA)+= Sigma-Aldrich Co. Ltd.(St
Louis, MO, USA)ZXE| Fuj5}% 0™, 3-(3,4-dimethyl-thiazolyl-
2)-2,5-diphenyl tetrazolium bromide(MTT) A|2F2 Amresco
(Solon, OH, USA)ZH¥ Lu5}t}t. Western blotting 4]
o] AF85l enhanced chemiluminescence(ECL) detection kit=
ATTO(WSE-7120s, Tokyo, Japan)Z5-& L5941, Hybond-p
PVDF transfer membrane+ Bio-Rad(Hercules, CA, USA)Z
g sttt iNOS, NF-kB p65, MAP kinases(p44/42,
SAPK/INK, p38), HO-1, GAPDH %A|2} anti-rabbit IgG=
Cell Signaling(Danver, MA, USA)ZX.E 105} 1, Nrf2 &
#|+= Santa Cruz Biotechnology(Santa Cruz, CA, USA)O|A]
w5}3TE. RNA F&5& 9Joto] ARESE Trizol A]2F2 Invitrogen
(Carlsbad, CA, USA)ALOA] PCR primer+= Bioneer(Dagjeon,
Korea)AF= 5] Fufjstglon, 1 gro] £48 AloF 9 {7]&
W= 25 Sigma-Aldrich Co.2H-E FLufsl3itt.

2.2, Ag FH

2 AYo] AFgE "7t AYL Zirsun Idaho Heirloom
Beans(Twin Falls, ID, USA)o|A] FLufjsto] AHo] ARSI
o W37} A9e A @ T 2ol 0.2% HClol BHE
80%(w/v) methanol 108[ZF 7}5t0] 24A]7F 59t A& v
53] 38] W= st} 2231910}, 329 o3| (Whatman No,
3, England)E ARESFo] oi}slo] 55°CO)|A] rotary vacuum
evaporator(UNI TRAP UT-1000, Eyela Co., Tokyo, Japan)=
A 55T Fof 487 FEAXS. FE2ES BT A
2 20°Colq BRSHEA ALgahr.

2.3 ME HSf

RAW264.7 TFQ-A AN LZE Skt A|E2F 28 (KCLB,
Seoul, Korea)of| A HoFdto} AMR-313 T RAW264.7 A3 Hj
%L 10% FBSE} 1% antibiotics7} A7}l DMEM H{X|E 0]
8510 37°C incubator(5% CO,)0l|A] vjoFatglom, A7} bl
FHA] 80% HE HS wf cell lifterS 0]-83to] AZE wo]
W & AHEF125 xg)sto] AEE 3]skt

2.4. RAW 264.7 HEL} 3T3-L1 A[EHES ZZHISf

ABFAEZQ 3T3-L1 AEZL 1x10° cells/well2 E36}1
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100% E = (confluency) -JEIollA 48417 WA & £3H5
E517] 918 1 pmol/L dexamethasone, 5 mg/mL insulin, 0.5
mmol/L IBMX®} 10% FBS2} 1% antibiotics7} 235 DMEM
£ ARE51e] 5% CO,, 37°C incubatorof| 4] 48A17F B9t H315
FEoldtt 83} 4 & 20ttt 10% FBS, Sug/mL insulin
o 7he WA 2 RASHOH, 623 U] RAW 2647 A EES
transwell insert(8.0 pm pore membrane)o]] 3.5x10° cells/well
E 2okl #3le 3T3-L1 AGA|Ze} 2447 59 A i
Fataict

2.5 ME ¥Z5 5T

RAW 264.7 A|32of| gt F559] AlZ 5/d2 Jangd} Lee
(2023)9] "ol wElt MTT assays ©]-8sto] S5kl
RAW 264.7 A 3x10° cells/wellZ 48-well plateo]] £33}
11, 24A17F B9k HjYF & DMSO0] 591 WEy} de 2252
HLHE (A7 HA AE & LPSE 100 ng/mL 5E2 X
Sto] 20A17F BiQFskGiE:. 7L & MTT €9(2.5 mg/mL) 20 uL
2 71 wello] Aeloka A7t 5e 37} wiegsiaek. wiof 52
T A5AS AASIL ZF wello] DMSO(250 pL)E 37Fsto] A
A= formazan 24-& &3)A17] & microplate spectrophotometer
(Epoch, Biotek Instruments Co., Winooski, VT, USA)= 550
nmo| A FFEE SAoIqh o) Al FEES ARE A
SlaA] Qe el 100% HERE e Az 4
Aol AE BEE(%)= ot

Jeain] )

NE AT FHE
CES DR

Lo

Cell viability (%) =

* 100

2.6. Nitric oxide(NO) 44 x| &4 =&

NO AAZF =4 Griess Reagent System(Promega Co.,
Madison, WI, USA)Q] ¥Ho] @&} RAW 264.7 A ZE(3x10°
cells/wellyZ 48-well plateo] HEF5}0] 2447k vjFSH & W=
7Y FE5E2 5EE A WA AT o LPS(100
ng/mL)E A5t 2447 viFSIAT M A4S 50 uLE
96-well plateo] Fo}al, 7] B Griess A|2FS 9o 10
24 BREAIR] & 540 nmof| A FFEE S7F6I3H Nitrite]
SEUM)E NaNOE ARESte] 92 EFE IA(standard curve)
< ol-&sto] AFEsoiTh

2.7. Western blotS E35F FHE B3 24
Z74¥g A7 A7t 5H AEZE PBSE 23] A2t

100 pL9 lysis buffers H7}sto] 308 5ot &3 Al

12,000 xg, 4°Coj|A] 1587 YAl a]sto] Alxd; R 52

[e]
Aottt @A 5= bovine serum albumin(BSA)S I

MM 2 o o
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35t Bio-Rad protein assay kit(Hercules, CA, USA)E AR5
of oIt 4°CollA] 12,000 xgC & 1587t Y4l = 2]oto]
P2 ASHY idS HHRt T 8-10% running geld} 5%
stacking gel-2 0]-&5}2] 100 VoJlA] 80E-7t SDS-polyacrylamide
gel A7|d52 AAGIT A7F5os et chlEe
100 VoA 6027t transferstth. Thalalo] o]%= membrane
2 59 skim milk® blocking 319t 13} &#9] wrel Ar =
A5t 9ste] 5% BSA £90] 1:1,0000.2 345}] 244]
7F B9t 4°Col| A H1-3-A]7] & PBST(phosphate buffered saline
with Tween 20)=2 33] A|& s3It} Al&sto] 23 FAE 5%
BSA £90]| 1:4,0000.2 3]A3}o] 447t kg & thA] PBST
2 33] A A5}9t) ©]F membrane©] ECL detection kit2] 2t
ARF NS THESET, X-ray film(CP-G plus, Agfa
Healthcare Ltd, New Orleans, LA, USA)o| &A}sl3itt.

2.8. Quantitative real-time PCREIS 0/£5f mRNA
g3 4

Total RNAE 8]9St RAW 264.7 QAN oA A& AT
7 AEE AZY WAS AR PBSE £ W AH & 3
TRI reagentE AREolo] 2|ttt £2]3F RNA 300 uLet
1-bromo-3-chloropropane 60 pLE &§sto] AL20]A 158
HARE 3 AAEE](12,000 xg, 104, 4°C)5taL, A=< tube]

AZT Bastqit}. of7]of 2-propanol 150 uLE 75kl
Aol 387 WAIgH & AR (12,000 xg, 104, 4°C)%F &
FTAZ AASHA. IAEA 70% ethanolZ H7Isto] o]5
LR (12,000 xg, 5&, 4°C) & AFHS AASHL RNA
pelletS 57 Zof AAAZ] The, AZE RNA pellet diethyl
pyrocarbonate(DEPC) 2|5 DWE #7510 60°C 4230f A
1027 ¥kgsto] JHES BiAZ 2% total RNA=
microplate spectrophotometerE ©]-&510] 260/280 nmO|A| &
4 &Se2 24519tk E2]E total RNA 1 pg/ule} oligo(dt)
primer 1 pLg &5t & 537} 12 L HA 3 F DEPC
1 pL, 5X reaction buffer 4 pL, 10 mM dNTP mix 2 pL,
RNAase inhibitor(20 unit/pL) 0.5 pL, reverse transcriptase
0.5 pLE T35l 42°CoflA] 6047t HESAIZ] & 70°Cof|A] 55 A
2|5}to] cDNAE 34513t} Quantitative real-time PCR(gPCR)
<2 ¢DNA 2 uL, SYBR Green I dye 5 puL, DEPC 2.5 uLg
A7Ysto] Z4Z9] primer 0.5 uLE 7Fstal 27] WA 95°C 30
%, WAL 95°C 5%, annealing2 60°C 3022 319 40 cycle
APt of 7o) AHEH primers JangT} Lee(2023)9] A+
oA AMSH At Zrt

z

Nrf29] 913} Az 9 ke Az o gelsl] 919
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HAFFAHHS HASIIT HiYE A= phosphate buffered
saline(PBS)Z A% & A ZE 4% ZEYCF|EZ 158 5
A2oA AR 1FE AE= PBSE 33] AlAstL A
HEAJAIQA 0.3% Triton X-1002} 5% normal goat serum, 1X
PBS, 1% BSAE ARgsto] YAlof|A 1A]7F B2t blocking T}
< SPokSint o] PBSE 33] AlASHIL Nif2 34(1:500)
o} 4°CoflA] 2447t 53t BES F TRA] PBSE 33] A &star
fluorescein(FITC)7} AgHE 22} 3A|(1:2,000)2F A0l A] 24|
7t &<t WEGAIFTE RS £ A|ZE= PBSE 33] AjF & 9
HZ2EXS 3l Fluoroshield mounting medium with DAPI
(Abcam, Cambridge, UK) 8917} 37 Zeto|=Zelro] 23
AlA Zeiss Axioskop 50 G| (Carl Zeiss, Jena, Germany)
2 olgsto] olulNE A

2.10. EAx2/

RE doJHE X4 39 ¥hEste] By} 3 QA (mean:
SEM)E UEtiglon, th2ata} A7t SAH §94 &
A& Y3fA+= Sigma Plot 10.0(version 10.0, Inc., San Jose,
CA, USAYS ol83le] tiest® AAJ3HAT. ol §oj2te
(pvalueyo] 0.05 TRl A9 FAHOR HF Ao W
stsi.

3.z 3 I

3.1. YEIF HE ESE(BLEO| LPSH s 2EE NO
Y4 Y HE YES0 OjF= I

9 WE4el LPSE: dlAAEs] BHEE 5
S TRt 9% Wl 21 A4S e, 55
FEa) AHE NOE A F4 A7l Aow 2UA

30 RCsp :564.25 pg/mL

*

25 [ ek

No production (uM)
o

LPS (100 ng/mL) - + + + + +
BLE(mg/mL) O 0 0.1 0.2 0.4 06

AchJangy} Lee, 2023; KimZ} Son, 2014). £ AlFojAL=
BLES] NO A/ A a3H5 doti 7] Isto] LPS7t A==
RAW 264.7 A4 Zo] BLEE 0.1-0.6 mg/mLY] S L& A
23t & NO Asff &/ SRIst3Irt RAW 264.7 A4 3Lo]
LPSE A3t 23}, LPS A7 Aof| Bls| NO /=] 27.20
+0.67 uME °F 5H|7}1g S715Hl o, BLE A2 skof of&
Hog NO J4dFo] Fasta] 21 &2 0.6 mg/mLoj|A]
NO Aeo] 9.60£0.19 pME 892l 7HAE B rh(Fig.
1A). Lee 52017y AR 3=&50] | mg/mLoA] 47.30%
9] NO Aef&< Hlom, Kim¥} Kim(2016)2 opAlo[H]
FE50] 2 mgmLe] oA 40.5%2] NO A& Ert
I Busteitt ol Ae} HlnE 1 0.6 mg/mL FEoA
54.25%9] Ae&S B9 BLEZ} A& o2 43k NO A5
B2 7 Ao ERIFSIH BH, tiF o EYE(Kimy}
Son, 2014), H&570] &= (Seo 5, 2023) X olFE &
E(Jang?} Lee, 2023)°] H|3j4= BLE7} FAFHAY A&
o0& %2 NO A& Hole= ASE Ueyth

B3, BLEZ} A| X BEE0| nX|= JFS gRIgh 47, &
< FEOIA 80% o] M JEEE HYoH IskE 7
5 AZ PEE0] T7HE e = EUtHFig. 1B). mEhA
LPSo] oJ5 =¥ BLES] NO B4 Ao A= A& BE&
I Aol Rom SAS YA g2 0.6 mg/mLE X1
s A4t o A FPsiit

3.2. BLEZ} iINOSS EE 2 mRNA Ef&0f O/x/=
gz

NOx= NOS9| 93} L-arginine® 21 E IJAEH, NOS=
endothelial NOS(eNOS), neuronal NOS(nNOS) ¥ iNOS9] 3
7k o] AA = ZA3H(Lee 5, 2007). eNOSL} nNOSE AF

(B)

120
<100/
> 80
60 |
40!
20|
0

%

Cell viability

LPS (100 ng/mL) - + + + + +

BLE(mg/mL) 0 0 0.1 02 0.4 06

Fig. 1. Effects of BLE on NO production (A) and cell viability (B) in LPS-treated RAW 264.7 cells. Cells were pre-incubated with
indicated concentrations of beluga lentil extract (BLE) for 1 h and then treated with lipopolysaccharide (LPS; 100 ng/mL) for 24 h.

sl

Results were presented mean+SEM (n>3). "p<0.05, “"p<0.01,

https://www.ekosfop.or.kr

p<0.01, and *p<0.001 vs. LPS control.
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Az} Aol EAste] FAA Be)7lsZ 24s= wHd
o, iNOS= tHAA|ZA A LPS T &9 A=0& Qlsf A4
A8 717 g AR A 55 A4t dSut
8= FAok= 20 LA tAA|RfA INOSS| 2 ¢
2 ALE Prlole 9% AR E ARRE I Qltk(JangT Lee,
2023). LPSf| 9Jsf| Z715F NO2| A3 #H4A1%X] BLEY] 83}
7F INOSQ] & Ao 9Jgt ARIA] Lot 7] ste] western
blot¥} real-time PCRE $33}9itt. BLES =¥ =2 A Zst
A3}, LPS thRto] I3 iNOSQ] THld] o] fojdoz
ZrA5F O W (Fig. 2A), iNOS2] mRNA ¥4 ESF BLE #E]
of os fFoJH o2 FAsHth(Fig. 2B). °|ZFE NO2| 4
A A= AA 20049 iINOS FE A O] 93t AdS &

T % A9

o

3.3. BLEV} &5 22 REAF 230 Ojx/= F3f
/ol thAAIEER] RAW 264.7 A| 2O Al= TNF-a, COX-2,
IL-1B, 16 B2 954 AolEsIS] o] Frlohe
Ao AdHA Qltk(Jangy}t Lee, 2023). COX-2+= arachidonic
acidZ prostaglandin® 2 3HAS EAA 7= G4AEA A4
WS 0k Aol SO Theet 9% 3 Aol ofs] B
of Qe ohzt 2% K el Wz Walo] ZR3
s k= Ao E YEA QUth(Jang¥} Lee, 2023). TNF-0=
72 34 9580 Boleln Wl ES U}, L6k
SALE ZRE o] AlZAA EH7} Ea HASo) S8
3t 7152 Bt Stk IL-1p+= T-cell®] 2/d3keF NK Al
o] Y= E 2HSte 5 ol7 WY L5 ATE] 3
= AP|EZRICE, 32 AFEHY 27| dA o] ddFo] F

LPS (100 ng/mL)
0 02 04 06

BLE (mg/mL) 0
iNOS |
GAPDH | s |

Ol

ZRITHT A SIEK(Van 5, 2009). kbR 954 Alo] =7t
Q1] A4} WS Polus] 95} FF A PCR(GPCR)
BAWE o] g9 COX-2, IL6, IL-1p S84 B LPS
w s AE4 1 wdsel 2 %oz ZvbsigoL
BLES 049} 0.6 mgmL9] 558 ARt AmIAE 24 £
AApe) weo] BE FOH0E FAS HIsickFie.
3). ¥ TNF-9] 29 BLE Helo] uet 84 wdago) 2
o|% 1ol giokk(Fig. 3B). oI Fale] BLEZ} LPse] <)
ok RAW 264.7 JAAZAH NOZ EFT ¥ 9
24 AlEZIlY] WS EUHOZ A A B

o]
AT

4> o

3.4. Lipoteichoic acid(LTA) & 3T3-L1 X84 E Z=Z
Hgtof ool L E NO 8E & INOS 25 X =2

LPS ©]9] &% 9423 Helo] 8] FEHE NO B4
of BLES] Aajante Atk LTAL 13 34 Azl
dEsz VAR FAow QT AESIN Fat ATL
Q. RAW 264.7 T4 320] LTAS A 23t 23, LTA A
Zoj H|s] NO AJAlFFo] 13.60+0.26 yMZE 2F 168715 &7}
s}9lo1t, BLE He] o] JEA 02 NO Aol dast
o] F3 HEQ 0.6 mg/mLAJA NO AJAlaFo] 1.31+0.30 pMZ
Qo|g0= ZHARTkFig. 4A). T3 Fig. 2Bo] 4 LTAZ} 3]
5 AE]A BLEE LE SEolA 80% ol4o] AX HE2S
HojFo] AlZ E4o] gl =N NO 4ol Aashs 2
2 gIsolnt

o AgzAo] ojef Ao|E71lS Hulgo A AAH LS

(B)

700
600
500
400
300
200
100
0
BLE(mg/mL) 0 0 04 06

expression
(INOS/GAPDH)

Relative mRNA

LPS (100 ng/mL)

Fig. 2. Effects of BLE on protein (A) and mRNA expressions (B) of iNOS in LPS-treated RAW 264.7 cells. (A) and (B), Cells (3x10°
cells/well) were pre-incubated with indicated concentrations of beluga lentil extract (BLE) for 1 h and then treated with
lipopolysaccharide (LPS; 100 ng/mL) (100 ng/mL) for 24 h (protein expression) or 18 h (mRNA expression). Whole cell lysates were

analyzed by western blot analysis, and GAPDH was used as a loading control. Results were presented as meantSEM (n>3).

vs. LPS control.
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p<0.005
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(A)
COX-2
T 3500
< 2 3000
%_55 2500 |
wn —
g § 2 2000
95 1500
—_ QO -~
2 °%g 1000
& 500
0
BLE(mg/mL) 0 0 04 06
LPS
(C)
_ IL-6
T 16000 |
<
Z <% 14000 |
229
g $ £ 12000
T &S 8000}
¢ S 4000
@ 500 |
0
BLE(mg/mL) 0 O 04 06
LPS

(B)

TNF-a
70
60
50
40
30
20
10
0
BLE(mg/mL) 0 0 04 06

LPS

Relative mRNA
expression

(Target gene/GAPDH)

(D)

IL-1B

I

"]
U
o
o

2000

1500
1000
500

0
BLE (mg/mL) 0 0 04 06

LPS

Relative mRNA
expression
(Target gene/GAPDH)

Fig. 3. Effect of BLE on mRNA expression of inflammation-related genes in LPS-treated RAW 264.7 cells. Cells (3x10° cells/well)
were pre-incubated with indicated concentrations beluga lentil extract (BLE) for 1 h and then treated with lipopolysaccharide (LPS;
100 ng/mL) for 18 h. Results were presented as mean+SEM (n>3). “p<0.001 vs. LPS control.

5 P G 9 AT o} T2 At
43 9 PSS fdote 20F I#A Qltk(Chawla 5,
2011). Kim 5(2014)2 3T3-L1 XA Z9} RAW 264.7 A&
o] T Al NO9t TNF-a9t 22 @34 Alo|E7IRIS] &
7} 3715t AR Aol whet Hlgkol] 9fgt AFuheo] o
A AeY] a3 Y910 2R3ttt Aol ERIstgit. o]
23t A7E Edj2 2319 3T3-L1 A9 xe ZSujko =
el F=E NO A4S BRls] 2 A3, BLEZ} A2 XA
%2 FTEHY RO NO A2 55.50+5.86 pME 5
7kl o, BLES 0.6 mg/mLE A2s}3lE o] NO ABd%o]
22.08+3.62 pME 7FAskE AE RISHGICHFig. 40).

271503 LTA A8 TE 3T3-L1 AWA|Ze} ZEHjoFo.
2 iNOS9| Tl A3} mRNA Hado] & Zog Z7]5190

I

https://www.ekosfop.or.kr

L, BLEE A3t A Zo A= o5 EdHo| fodo= 3
A3 Ao SRIEITE 94 LPSE A2|5tAe o] Auje}
op27FA| 2 BLEZ} LTA T+ 3T3-L1 AWAZ FEujdo=z
Frd iINOS 9o Hd: aiao g JA53len ol
B9 A1 i NO A4S A5t =S SRIskthFig. 5).
Lee(2017y= LTA &0 98} S-¥ 2o Salix paraplesia
C.K. Schneid.?} Caragana jubata(Pall)) Poir.9] 3&52 A
2519 o INOSS] T d Wdo] Rojdog THAHE Il
5}9lom, o]i= BLE7} LTAC] 98] f=H thRoA iNOS
o] il drdo] fo]¥ o2 Trashe ATl FASE AFE
UERYIQIT}. E3h Kim S(2014) RAW 264.7 A&} 3T3-L1
o] TGS 5l A= F=et R0l esculeting A
St9= o INOSQ] Tl ddo] fojH 0w TAES gRlst
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Fig. 4. Effects of BLE on NO production and cell viability in LTA-treated and co-cultured RAW 264.7 cells. (A) and (B), Cells were
pre-incubated with indicated concentrations of beluga lentil extract (BLE) for 1 h and then treated with lipoteichoic acid (LTA) (10
pg/mL) for 24 h. (C), RAW 264.7 cells were co-cultured with differentiated 3T3-L1 adipocytes for 48 h. The values represent
mean+SEM (n>3). "p<0.05, “p<0.01, and *p<0.001 vs. LTA or co-culture control.

o, o] g BLEZ} 3T3-L1 AMAIE 35 k] o)
=8 INOSS] T Zuoh R4 A%S eI,

3.5. BLEZ} NF-xB % MAP kinase SIS ZZ0f
Ojil= o5t

- OO

LPSE tf&A22 EH O] Toll-like receptor 4TLR-4)E A=
sto] M W HAF 849 nuclear factor-kappa B(NF-kB)2]
& FElth NF-«kBE A|2ZZ0] A inhibitor kappa B(IkB)
o Asto] 2 Felz A, AFUGol o] I
B kinase7} QLASElo] IkB7} Bel5w 92 NEBE o) o
O o]=3}0] TNF-q, IL-6, IL-1p 59| YZA Alo|E7}ela}
AZ uiAf AR A HES 2 A HJangT} Lee, 2023).
MAP kinases(mitogen-activated protein kinases)+= NF-kBE
A A FSHE2 285k &2 sk o Bojsh= A

o8 A gon, Azl 49, BY, AEd A Ao £}
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lof oJgt Al §hg-o] 24 83 9 Fth(Johnson
3} Lapadat, 2002). T3t 95 z}-=o| 7}5AH p38, INK1/2
4 ERK1/29] gt A5 A H=o| Qs A|E ol A &93}
sjo] Alz] e Wtst Afo|EAfel SARe) HAF BBHE
Z 3ttt (Johnson} Lapadat, 2002). @ehA] BLEZ} NF-«xB2}t
MAP kinases &/g°] oJm gt FFS nA=A] Lotd7] fjst
o] western blot]S E5}o] SHQI5}9IT Fig. 6094 & 4= %
o] LPS #2o] oJsf NF-kB2} MAP kinases”} & 3KQ14t}
=ou BLEE &7 Agstiaol® 75t olE Tl
o] Z43jol W57t §ch. TebH NE-BMAP kinases A1
S 7 E+& BLEY] o3t 4% oA 2ot #Ho] gleZ & &
Sl

=2

4 ofn

3.6. BLEZ} HO-1 EHE 2 mRNA /310 O/xf= Z3f

HO-1& heme< ferrous iron, biliverdin & carbon monoxide
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Fig. 5. Effects of BLE on protein and mRNA expressions of iNOS in LTA-treated and co-cultured RAW 264.7 cells. (A) and (B),
Cells (3x10° cells/well) were pre-incubated with indicated concentrations of beluga lentil extract (BLE) for 1 h and then treated with
lipopolysaccharide (LPS; 100 ng/mL) for 24 h (protein expression) or 18 h (mRNA expression). (C), RAW 264.7 cells were co-cultured
with differentiated 3T3-L1 adipocytes for 48 h. Whole cell lysates were analyzed by western blot analysis, and GAPDH was used
as a loading control. Results were presented as meantSEM (n>3). “p<0.001 vs. LTA or co-cultured control.

(A)
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p-p65 |
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Fig. 6. Effects of BLE on NF-kB and MAPKSs signaling pathways in LPS-treated RAW 264.7 cells. (A) and (B), Cells (3x10° cells/well)
were pre-incubated with indicated concentrations beluga lentil extract (BLE) for 1 h and then treated with lipopolysaccharide (LPS;
100 ng/mL) for 4 h or 30 min. Whole cell lysates were analyzed by western blot analysis, and GAPDH was used as a loading control.

(CO)E A7) 1L, biliverdine THA] L@ 4] 2J3] bilirubin
02 gEth(Jangd Lee, 2023). HO-19] 9J3] B4H COx=
S GHAA A7) &85 Ao AT £ FAEAE
Ate] 71%50] 9lo, bilirubin &8 &3 Al Fu Y WL

https://www.ekosfop.or.kr

ol AT 93-S UA2A7IE Ao HIEHth(Jangt
Lee, 2023).
FES &S U= gl 7H] WAUS oA 2 =+

[e]
S 9l HO-12 Al &Aoo zRE Ax yf Ad 3l &
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WASZ Hoolk= o] 7129 sfUE B Ag-S o i oY
2t 455 AR LA lom, TFAR/AA R,
FAAIZE, THZE, HTHAE 53 22 oot 954 Ax
=9 243} w3t @ s S AU EH XFHoE o
S JANZ 5= e AoE LA Qlof FAFTA T
= 9t 8% dFSHY BoE oAXI QUrk(Ryter,
2022). 9], LPSE A3t RAW 264.7 A|ZLoj|A HO-12 NO
9] BT} iNOS FAA HEE AT 2N AFHeS A
k= Aog A Qloh ESE HO-12 AEHAY 38 3 ¢
SHSOIM FEET FE NZE EHIste 7Mool A&
oz ¥/ 4% AmAEC] HO-19] Hds FE=35t1, °lF
SlA FAS aE Hehdth B E T QJth(Ryter, 2022).
u}ghd BLEQ] &% 37} Nif2/HO-1 AlZAg7d 2ol
o] SI=AE ERIgt 23}, BLEQ] A2]of wa} HO-1 T2}
mRNA ¥do] §-9%02 JF715He &Rl o (Fig. 7), ©]
Z3E 55f BLEO]| 9J3F NO A4 2Alolli= HO-1 282 &5t
iNOS I ZH47h AEo] SE AT 4 A

3.7. BLEZ} N2 2420 O/x/= FF

HO-1 Tl A2 Nif2 9J&4 0% 2 Y& =t], Keapl
ofsf Mz oA ujZ/gs} e = EASHA Nif27} AtehA =
=of 9J3f] Keaplo] dfj2|=|HA] H W2 0o]55}1l antioxidant
response element(ARE)?} Zglslo] HO-19] @& 243t
(Jang¥} Lee, 2023). 94 BLE(0.6 mg/mL)S A|7FEE A2
sjof Nif29] WS RS AT, Nif2 Bl SEe PSS
HeITE T 4, 6, 8AONA Z/FBHSITHFig. 8A). TP Nif2
el o] 71 E9aH 271t 6412k Agislol BLES

(A)

LPS (100 ng/mL)
BLE(mg/mL) O 0 02 04 06
HO-1 |

GAPDH | S S — |

SR Aol o, o] wf A dFFEC 2= sulforaphane
(SFN)= AR&-skSiTh LPSo] 9Jsff f = Ao BLEE XA
23t A3}, Nrf2 Biid ddo] 5k JEH o= F7l6llor,
o]& 53l BLEZ} Nif22] 'Id J71H& 53 HO-19] 2 57}
£ FET 740l AU UL 4+ USItH(Fig. 8B).
BLE Aol 9J3t Nif29] 310 29] o]5(Z/J3}) o5 AL
5t7] floto] WY FFAMHE HAIZE A, BLE A2 Ao
Az ol EASHE Nrf2(FITC; 254)7} BLE A|¢] & Nrf2 ¢
wj29] 8 ) o[E(FITCS} DAPI F4l9] 2 B 4 9)
Ath(Fig. 8C). o] surforaphane(SFN)2 Nrf29] & Y o]5&
PAsiole P4 tE2AE A8E ok BLEZ Nif
HO-1 A2°] Z4E Bajo] iNOSS| Wag eixjet & glem,
o) 313 NOS| A4S A7 UG RRE D Py
2 Ut 28 AN GAAE BN S 2
EE(Woo 5, 2018)7} oj5g] F&&(Jang} Lee, 2023) 5 T
AT AE R FEEC] Nif2 243KE 55t] HO-1 Hds
FEFo RN FAT AUE UEls A0 HiEd glom,
ol BLES] ei% 713 A A9IE & 4 sick
T 3 A 208 9E £52 W 2E phytochemical
AE ZENAGS FYcte] dE9 F EFHERSY T 7=
Ello|ER I5HEY TS AE7IE 47 37-64 ng/gd} 5.3-
28.1 pg/gC 8 HUSATHZang 5, 2015). LUt W27} &
29 phytochemical 3}tE 24 X Fgo] ALt AF+= 53
g 2jo] gof B Husl REet Aoly, M s B A
749 el Aso] m2w W) A 2280 2 Fo)
W SeET & Eeheiols S gl The 3(ed,
green, and French)®] 98] #2231} v]ma) 2 jol} g A

=

(o]

KK *

Relative mRNA
expression
(HO-1/GAPDH)

L (o]

N

0
BLE(mg/mL) 0 0 04 06

LPS (100 ng/mL)

Fig. 7. Effects of BLE on protein and mRNA expressions of HO-1 in LPS-treated RAW 264.7 cells. (A) and (B), Cells (3x10° cells/well)
were pre-incubated with indicated concentrations of beluga lentil extract (BLE) for 1 h and then treated with lipopolysaccharide (LPS;
100 ng/mL) for 24 h (protein expression) or 18 h (mRNA expression). Whole cell lysates were analyzed by western blot analysis,
and GAPDH was used as a loading control. Results were presented as meantSEM (n>3). "p<0.05 and “p<0.01 vs. LPS control.
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Fig. 8. Effects of BLE on activation of Nrf2 in LPS-treated RAW 264.7 cells. (A), Cells were treated with 0.6 mg/mL of beluga lentil
extract (BLE) for 1 h and then treated with lipopolysaccharide (LPS; 100 ng/mL) for the indicated time periods. (B), Cells were
pre-treated with indicated concentrations of BLE for 1 h and then treated with LPS (100 ng/mL) for 6 h. Whole cell lysates were analyzed
by western blot analysis, and GAPDH was used as a loading control. (C), Nrf2 localization was detected by immunocytochemistry.

Sulforaphane (SFN; 10 uM) was used as a positive control.

O H(Jung 5, 2022; Lee?} Lee, 2016), H,0,2}
H Az BEE o SPEH AFoME
2 2&50] AR AlE HE BAE YERf9ith(data
not shown). o5 ZAWE Fd¢ & wf, I WL
phytochemical S}RHE 24 Al T F59 WL FARE
O R A=A, FFo weh FAtst 849 AJol& Hel A
(Lee®t Lee, 2016)5 12 W A2 B 429 o+ 74
EZE oA E T webA] BV AE 250 AR R T8
TAdF A FAS =EL FRAsH] ARE F7HARl AL
28 Zlow AYZE.

N
N

R
W
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4. Qo

2 Ao MRl 49 22BELEY JIF A5
NO 84 29l A FEs oot B Bt 7|0 75
17} ST LPS, LTA 2 44| 5] oJs) 245}

© RAW 2647 ShAIAIEAH BLEE SA40] gl = 9]
A 15 NO 44 A3} A3E BT 0|9t 7] BLE A
@jo] wet iNOS mRNA 2 g 29] o] ol A3
B2 SAIsgon, ol BLEC] o3 NO 44 o4 it
AR} 2201419 INOS W AR RE 7]9lsHe AY
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< AARRITE 271808 BLEE NO 9ol 2/43Hs ti4A]
oA F7kote thdet A3 AIEFI FHAHCOX-2,
IL-18 2 IL-6)9] mRNA I& E3 §o8 07 A5t= Ao
2 Uehgth. BLEY 9% avel #eid 24 7|0 #et
F7HAQl AG-E STt A, fﬂu% Sl EHii 71421 NF-k
B/MAP kinases A% 2= AitAdo] Qe Ao YERGE
th. B9, BLE A 2]o] w2} Nif2 Lﬂé i) P 4 2435}
7F FE 53 HO-19] Hdlo] fo98 0= F7ksh= A& I
O 24 Nif27} HO-19] &L Z71A]7]7] 5t AAF Q2 A
A8 7F5790] o2 Esklth wetA, & A4S B3 4
%‘Hi el FAA FAS 2 EA BLES &-& 7Hs4

T = A%oH, FF TS WIoE FAT At
ASo7] gk F71EQ1 A7 2ed ZAow gZHr

et mlo
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