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Analysis of antioxidant and anti-inflammatory effects of Mongolian wild
lingonberry and blueberry, and identification of their bioactive compounds

Hye Ju Lee', Batdorj Naranbulag’, Seung Jin Jeong', Chan Seo’, and Sang-Gil Lee'>*

'Department of Smart Green Technology Engineering, Pukyong National University
“Department of Food Science and Nutrition, Pukyong National University

Abstract The Mongolian lingonberry and blueberry are two essential food sources found in Mongolia. This study
investigated the antioxidant and anti-inflammatory effects of methanol extracts from Mongolian lingonberry (LBE) and
blueberry (BBE). Compared to the LBE, the BBE showed higher total phenolic, flavonoid, and anthocyanin contents, as
well as antioxidant capacities. The LBE and BBE inhibited the mRNA expression of pro-inflammatory genes, including
tumor necrosis factor-o (TNF-0), interleukin-1p (IL-1B), and cyclooxygenase (COX-2) in lipopolysaccharide-stimulated
RAW 264.7 macrophage cells. In addition, the LBE and BBE inhibited NADPH oxidase-2 (Nox2) mRNA expression,
indicating that they have cellular antioxidant capacities. Anthocyanin derivatives of the LBE and BBE were analyzed using
LC-QTOF/MS. Six anthocyanins were identified in the BBE, while one was detected in the LBE. Our findings
demonstrate that the anthocyanin-rich LBE and BBE could be used as functional food sources in Mongolia.
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%é"oﬂ/‘i X}ﬂb £ Elﬂ'ﬂ\ﬂ(Vacczmum Sectlon cyanococcus)e;
2] (Vaccinium vitis-idaea Ly= &3AFgEC] A +3}t
A7y Haety Hie FAZH,) caffeic acid, gallic acid,
flavonol, anthocyanin, proanthocyanidin 53} 7+& 3hiksle] 49 &
Fsgo] Hold e setEoe] FHsitka X th(Hokkanen
S, 2009; Kalt 5, 2001). Z23{u, &&2] o w2l Rl &3 &

2bel 9 g9 a3 gl F8 ZEEe 2 AEA IR
A2 53] o] FAX|R] gF2 ASolth. 1yuE B AFolA
= FFAA FosH AFEE ol EFdEel Faugle] &
e, PR ABAeId F To B4 9 F itsl |
FH= =431 LPSol| 2a] A=FE RAW 264.7 A EXFE ©]-&3}
o g9 a5 dSFo=N FZ op HElRFol ug F
B A0 o]ulx|3}alA} st
ME %
A8 M=

2 A7l AHE T
idaea 1)} BFW 2](Vaccinium Section cyanococcus)=

opA) W2l 2w 2] (Vaccinium vitis-
20193
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BF FHZA(Khuvsgul province)lX 8¥ S(EFulE)t 9
T2 2Fete] 54 Axs AES ARSSISITE Folin-
ciocalteau’s phenol reagent, Z-2¥(gallic acid), =€l (quercetin),
A E F(Na,CO,), F3YFPF(AICL), ascorbic acid,
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azobis-(2-Amidino
Propane), HCI (AAPH), Q1AM }EH(Sodium Phosphate)= Sigma-
Aldrich Co. (St. Louis, MO, USA)°IA F+1815.2.H, 2,2"-Azino-
Bis(3-ethylbenzothiazoline-6-sulfonic - acid)diammonium salt (ABTS),
Iron (IIl) chloride (FeCly), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ),
A Y (FeSO,) Roche (Roche, Basel, Switzerland)olA ¢
Sttt AIZAHE-E 9$ Dulbecco’s Modified Eagle’s Medium-
high glucose (DMEM), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
tetrazolium bromid (MTT), dimethyl sulfoxide (DMSO), lipopoly-
saccharide (LPS)= Sigma-Aldrich Co. (St. Louis, MO, USA)°l
A 4381992, fetal bovine serum (FBS), Dulbecco’s phosphate
buffered saline (DPBS)= welgene Inc. (Gyeongsangbuk-do,
Republic of Korea)ollA] Y43 Th  Penicillin-Streptomycin
Solution (PS) Cytiva-Hyclone Laboratories, Inc. (St. Logan,
UT, USA)elA] a3tk Trypan Blue Stain (0.4%)S Gibco
BRL Co. (Grand Island, NY, USA)o|A F38le] AL&-3FTh.
RNA %% <938 chloroform®} isopropanol> Daejung, co.
(Kyungki, Republic of Korea)ollA] +3le] ARE-sIATh AA7H
F A5 Z(real-time PCR)S $3F 3Z&}o] ™ (primer)= Macrogen
Co. (Seoul, Republic of Korea)ollA] #2511 9™, Western blotS-
$J8+ iINOS, COX2 ¥ secondary antibody:= SantaCruz Biotechnology
(PasoRobles, CA, USA)IA Y35 Th

H2| =&F2 M=

Al ARS-SE FAZRE H2ulE et BFHE Al 10.00g
5 80% W EL250mL)ol A F FZ7](Daihan Scientific,
Daegu, Gyeongbuk)E ©]-83} 12,000 rpmollA] 13 30% 59 o
Z3lsldtt. 2 5 Whatman #1 ©] 3] (Whatman, Maidstone,
United Kingdom)E ©|-8-3t FE2& 75t & ozx]o] 2y
1 AMES OAl FASBEL 250 mLe] 80% WEHE-S 7kl 3]
F4& vhEsle] FE315th 592 Rotary Vacuum Evaporator
(Eyela, Pte. Ltd.,, Singapore)® 719} &53te] €3] ARAIR
80% MIEHES ol&ste] Axd J2ule] FZ=(LBE) &7
FEEBBE)S —50°Coll HAsIHA Aol A8kt

A

& Hsd SiEE g 24

% dlsA 3l3tE & (total phenolic content, TPC)S Folin-
Ciocalteaw’s phenol A|¢FS o8-8t v o 2 279319 ch(Kaure}
Kapoor, 2002). A& 200 uLE deionized water (DIW) 2.6 mL<}
&3} % Folin-ciocalteau’s phenol reagent 200 pLE F7}5to] A2
oA 6E7r WEEAIZTE I F 7% Na,CO, &9 2mLE #7}3}
o] WHE & A2elx 90% 2t WRAIZ] H 8% (Shimadzu,
Kyoto, Japan)E ©]-&3}e] 750 nmol|A &3 =5 St &
sy sehEe] 2 gallic acid TS 0|83l mg gallic
acid equivalent (GAE)/g, dry weight (dw)2.2 YERJSITE

AT

& E2EL0|E B 24

% ZglHo|= %aK(total flavonoid content, TFC)S Zhishen

o] ¥Eg-Ao] 1M NaOH 50 uLE 71t ol nlo]aZEH ol
2]t (Thermo Fisher Scientific, Inc., Rockford, IL, USA)E ©]&
sted 510nmelA FFEE ST FEAH2H2 quercetin
(10, 30, 60, 100 pg/mLyS EFEADR ARgsle] 2Mdaslon &
ghH o= 3RS mg quercetin equivalent (QE)g, dwo.2 e}

& CtEAlofL! &2k 24

F UEA I FK(total anthocyanin content, TAC)S pH
differential method& ©]-&3t 4 3} th(Giusti®t Wrolstad,
2001). Al 200 pLell potassium chloride buffer (pH 1.0; 25
mM) 3,800 uLE Eo] 15% 7+ WHSAIZl ¥, sodium acetate
buffer (pH 4.5; 400 mM) 3,800 pL= F7}sle] 158 S wh-3A)
At FFE=AE ARt 510nmet 700 ol FHEE S
Aate] ofg 9} o] cyanidin-3-glucosideE 71F o2 AF=319IH)

Monomeric anthocyanin pigment (mg CGE/L)
=(AxMWxDFx1000)/(ex1)
*Calculation: cyanidin-3-glucoside equivalents
[MW=449.2 g/mol, ¢=26,900 L/cm-mol]
*A:(ASIO nm_A700 nm) pH 1.0_(A510 nm_A700 nm) pH 4.5
*MW=molecular weight of cyanidin-3-glucoside=449.2 g/mol
*DF=dilution factor
*e=the molar absorptivity=26,900 L/cm-mol

O

st 58 &4

FalE] ol BFE]e] & A1ksl 5 (total antioxidant capacity,
TAC)2 ABTS % DPPH itz &4 58 % ferric reducing
antioxidant power (FRAP) ¥AH-S o]8-3}] U3} o] 4

sttt

ABTS 2tC|g 27 &8 ZHH(ABTS radical scavenging
activity)

ABTS radical 22752 Re 59 WHE Hsto] A5t
(Re et al, 1999). PBSE ©]&3te AAPH 1.0mM3} ABTS 2.5
mM &9 100mLE AE g F, 80°C 25 408 &<
713ty ABTS 2l Z2-8 A4 AIZItE ABTS radical solution <
045pM PVDF HZE A#g ¥, 734mmollX FE= gkl
0.70£0.020] E %= PBS (pH 7.4)2 o]&ale] 3|4jste] Ao
ARSI AlR HE+= PBS SpLoll ABTS radical solution 245

= T3] 37°ColA 107 <t ¥F&AIZI ¥ microplate reader
£ o]83t 734 nmold FEEE ZH3I & ABTS Sz
271%S Abs (PBSHABTS £%)-Abs (A|Z+ABTS &0 2 A
Asgon, F Fi3t 5HL vitamin €2 EFEHE 0|83y
mg vitamin C equivalent (VCE)g, dwZ YERNATE

DPPH ZiC|d 27 s% ZHF(DPPH radical scavenging
activity)

DPPH 2}tz &ASS B3 5 I8 582 Bloise] W
< Zgsle] =431 thBlois, 1958). 100 pM2] DPPHZ 80% |
gh&o] Fof 0.1mMe] DPPH o]z &d-8 Axg &, 517nm
oA FEE el 0.70+£0.0200] FHEF 80% HIEES ©]&3td
343ttt A& 50 uLoll DPPH radical solution 2.95 mL& &3+
g, A2, el 3027 BESAIZ] F microplate readerS ©|
g3te] 517 nmollA =S 279315tk £ DPPH 2tz &7
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T2 Abs (PBS+DPPH £9)-Abs (A|E+DPPH &0 =2 Altst
Fom, F g8l 8L vitamin C5 ZFEZE o] 83} mg
vitamin C equivalent (VCE)/g, dw= YERNSITE.

Ferric reducing antioxidant power (FRAP assay) &4
3+ ¥ (reducing power) 58-S 5§ F IS} 582 Benzie
7 Strain®] WS AF WEPHII] YA THBenzie & Strain,
1996). FRAP A|9F& acetate buffer (300 mM, pH 3.6)¢} 10 mM
o] TPTZ, 20mM FeCl, &% S/FE 10:1:1:129] H[&EE &
Fsle] Az AE2E FRAP A9 37°C -3 Byt
st Atgstanh g 48 9l AR 6uLE 200 pLo
FRAP AJ%F} &3t 37°ColX 427k wh-g3h £ 593 nmoll A

FHEE S AT ES FAAIYHFS0,)S £
FEHZE A8l mM FeSO, equivalent (FSE)g, dwZ YER]
Atk

MIZHH2k(Cell Culture)

T S A7sl7] flell A3 RAW 2647 tiAl 2=
American Type Culture Collection (ATCC, Manassas, VA, USA)
oA FF wol A ARSI on, MEE 5% CO, 739
incubatorll A 10% FBSE *¥¢3F DMEMHIX| (1% PS $HH)E A
g3te] wjsieitt wiAE 2-3dnit) wAIEFH o AlE7L 80%
ol FA5AE ol At ket

M= 4ZEE EXE(MTT assay)

RAW 264.7 A3 it MEe] 54S ®7tst7] 918 MTT
assayS F3Y 3} tHCarmichael et al, 1987). RAW 264.7 A&
1x10* cells/well F=2 96-well plateo] 53+ ¥ 37°C, 5% CO,
M) incubatorol|l X 24417+ Bt Ml Mk Aol
serum free DMEMZ A28 MES T H(0-200 pygmL)E
Zlieh. A& A2l 2487 $, 7 welle] WiAIE AAT & MTT

Table 1. Primers for Real-Time PCR amplification of gene expression

&S mg/mL)y= 100 plA Fdske] 1A1ZE 307 Al v skl
o} o] MTT &L AASIAL ZF wellel DMSO 200 pL.E 3
7Fsle] formazan 242 838)|A1Z1 &, microplate readers ©]-8-3}
o] 560 nmelX FBEE SFsIh AE AEEL th2(0.1%
DMSO Ao A& A= thH]%=E JehUh AX 4E&
AY AFAES EYE 25, 50, 100 pg/mL 559 LBE ¥ BBEZS
d95 2 ksl A AE A AEsih

Z RNA & % cDNA &4

RAW 264.7 MEZE 12-well plated] 5x10° cells/well T=Z
F31aL 37°C, 5% CO, 8739] incubatoroll A 24A17F E<F w3
Atk 24217 &, wiAE A ASte] PBSE 23] AHSIAL MRS
T #2550, 100 pgmL)E 6A17F F9F A A3 & LPS
(100 ng/mL)$} A RS FEH(25, 50, 100 pyg/mL)Z 2 mLA FA|
Azlste] 3A12F AFAIZATE wiAE A AL ZF wellS PBSE
23] M3k & RiboEx total RNA solution (GeneAll Biotechnology,
co., Seoul, Republic of Korea)s AME-3l] HlYgE RAW 264.7
WM EZZRE F RNAE FZ33CH, RNA F58 ¢
Multiskan microplate reader®] Microvolume DropsE ©]-8-3}<
260/280 nm2] &-F== =731l cDNAE smart gene compact
cDNA synthesis kit (SJ Bioscience, Inc., Daejeon, Republic of
Korea) & ©|-83l%] cDNAE 3313tk cDNA 4 & thAl
X GFA ARIETIRIS] WE S ERIsH] $18F quantitative
real-time-PCRS 33ttt 34 FH2ke] primer G714 E-2
Table 13} 72t} Real-Time PCRE 93] cDNA, Primer %
SYBR Green PCR Master Mix (AppliedBiosystems, Foster City,
CA, USA)E E3H3 ¥ QuantStudio™ 1 Real-Time PCR
Instrument (Thermo Fisher Scientific, Inc., Rockford, IL, USA)
71715 ol&3dte] AAIZF B A4S 3192H Real-Time PCR
F3 27L a3 2ok 95°C2min (1 cycle); 95°C/5 sec,
60°C/20 sec (40 cycles); 95°C/10 min, 60°C/1 min, 95°C/15 sec.

-

Primer® F/R sequences (5' to 3' direction)
TNFea F 5'-GGC TGC CCC GAC TAC GT-3'
R 5'-ACT TTC TCC TGG TAT GAG ATA GCA AAT-3'
L1p F 5'-GTC ACA AGA AAC CAT GGC ACA T-3'
R 5'-GCC CAT CAG AGG CAA GGA-3'
NOS F 5'-AAT CTT GGA GCG AGT TGT GG-3'
R 5'-CAG GAA GTA GGT GAG GGC TTG-3'
F 5'-GCC TAC TAC AAG TGT TTC TTT TTG CA-3'
cox2 R 5'-CAT TTT GTT TGA TTG TTC ACA CCA T-3'
NOX2 F 5'-CCC TTT GGT ACA GCC AGT GAA GAT-3'
R 5'-CAA TCC CGG CTC CCA CTA ACA TCA-3'
SODI F 5'-GAG ACC TGG GCA ATG TGA T-3'
R 5'-GTT TAC TGC GCA ATC CCA CT-3'
Hmoxl F 5-CTC TCT TCT CTT GGG CCT CTA A-3'
R 5-TGT CAG GTA TCT CCC TCC ATT C-3'
GAPDIH F 5'-GGT GGT CTC CTC TGA CTT CAA CA-3'
R 5'-GTT GCT GTA GCC AAATTC GTT GT-3'

TNF-0, Tumor necrosis factor-a; IL-1B, Interleukin-1B; iNOS, inducible nitric oxide synthase; COX-2, Cyclooxygenases-2; NOX2, NADPH
oxidase 2; SOD1, Superoxide dismutase 1; Hmox1, Heme Oxygenase 1; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase
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3H$-227]3 #-ARE=  glyceraldehyde-3-phosphate  dehydrogenase
(GAPDH)E ARE-sl3om, A9l f=}F L& (gene expressions)
< Delta Ct methodE ©]-&-3}c] B Z3I3ATHRao et al, 2013).

ME L Eh 2

RAW 264.7 AIEZ 6-well plate (2x10° cells/well) ol &3}
37°C, 5% CO, 3749 incubatorllX] 24A17F &<t vkt &, uj
A& AAste] PBSE 23] AlHSlAL MRS = (25, 50, 100
pg/mL, Serum free DMEM, 2 mL)E A2|3to] 6A17F vl sl
o} Z ¥ LPS (100 ng/mL, Serum free DMEM)$} A 85 %
(25, 50, 100 pg/mL)E 3 mLA SAel 2g]ate] 24A17F 2F5A]
Ak 7} well& PBSZ 23] A& 3 thg PRO-EX™ CETi Lysis
Buffer (Trans Lab, Inc., Daejeon, Republic of Korea)ys Al-8-3}]
g dS FESAT FE D PSS Pierce™ BCA protein
assay kit (Thermo Fisher Scientific, Inc., Rockford, IL, USA)<}
bovine serum albumin (Sigma-Aldrich Co., St. Louis, MO,
USAYS ARgsle] st @ld 20 g 8% sodium dodecyl
sulfate (SDS)-polyacrylamide gel& ©]-§3te] HA7|d&s F
polyvinylidene fluoride (PVDF) membrane> 2 transferd}$i th.
PVDF membrane 1X General-Block solution, protein-free
(Trans Lab, Inc., Daejeon, Republic of Korea)oll =204 1A]7F
& HESAIA vSold TES blocking?h F- 12k FA|(NOS,
COX2, B-actinyS 1X General-Block solution, Protein-Free &<}l
27} 8]4d 3} (dilution 1:3000, 1:1000, 1:3000 respectively) 4°Cell
A 15 N7 WkeAIZIEk 2 3 Tween 20/TBS (TBS-T: 20 mM
Tris-HCI, 150 mM NaCl, and 0.1% Tween-20)Z 33] AJ2|3 %
22} A} 1AIZE W3-8 & tween 20/TBSE 33] A3 &
SmartGene middle femto ECL solution (SJ Bioscience, Inc.,
Daejeon, Republic of Korea)?} ¥HS-A|ZTh Tl wk&S Image
Quant LAS 500 (Luminescent Image Analyzer) (Bio-Rad,
Hercules, CA, USA) 7171& o]&-3t =433t

LC-MS/MSE 0|88t S=2I2t ofd HI2|e| H|2|e|l Z2tr '
ol &4

Nz AZwtE 2 I-ASFA BRI A=A 7] (liquid
chromatography-quadrupole time of flight mass spectrometry, LC-
QTOFMS) Al&=HS o]g3ste] HZw|glel EFuee] St
°olEE wAEATE A& 18k Acquity 1 Class (Waters)S]
HPLC®} maxis HD (Bruker) system2 AF8-3}$3, columne

Waters BEH (C18, 2.1 mmx100 mm, 1.7 ym)S ARt} ©l%
e A: water (0.1% formic acid) 2 B: acetonitrile (0.1%
formic acid)2 0.2 mL/min®] F&°S =2 02 min, 5% (B); 2-35
min, 20% (B); 35-36 min, 90% (B)2] 2702 F3slglon &
F A&7 B4 248 520nmE AAETE LC/QTOF-MS
B4 27L& electrospray ionization (ESDOIA] capillary, charging,
plate offset A2 4,500, 2,000 2 -500 VE, nebulizer 7}
0.8 bar A3 ZAL dry heater 2=+ 200°C, dry gas flow=
8.0 L/min®.2 A3t}

BE A8 33 niEste] FA4sion, A3 g Wik
HaH(meantSD)E UWEMIATE F2A AZFL Graphpad 9.0
(GraphPad Software Inc., La Jolla, CA, USA) & ©o]&3}3om,
A3} 7ol zo]i= one-way analysis of variance (ANOVA) %
Turkey’s test AFF 4 (p<0.05)2.2 H| 23}3] ).

HN

S= oK Hl2le] & HEdslEE, & E2E0ls ® & ¢
EAlOp &

TFe] oy FzulE] ¢ BEFue|e] F dE, T Fghiicol
= 9 F tEA oM 2 Table 23} AT HIH|E]e} EFH)|
ge F EYds TFHFS 47 146984244 mg gallic acid
equivalent (GAE)/g, 152.03£1.59 mg GAE/gS.Z UEltoH, 55
Hg7h JalglEnt fodor =2 F s FHs BT
ok & SThEol= el e Favlgst ERvErE 47
79.50+4.33 mg quercetin equivalent (QE)/g3} 81.17+2.89 mg QE/
g0 §AKF B HYTh et B QHEACR gl A%
EFW 2|7} 172.28+1.28 mg cyanidin-3-glucoside equivalent (CGE)/
g2 2 3395:1.93mg CGE/ge] & UEBAlOPd kg Bl gL
W B} oF su 22 TS RAFUL ol §F9] oM ¥
ZH 27} QEEAJold £lof] ThE FgEol=Ee] H|Fo| &F
W Bot 7] WEo R A7tE) F FEA oI ghke] Aole
29l opA B8] (Vaccinium myrtillus)et 8282 (Vaccinium
vitis-idaea L)°] A+ A9} H|S=gE A4S BT 2=9dl
o] o} E-FulE|(Vaccinium myrtillus)®] & UEAOPAL] g}fo]
Qeuelel ) ol ES AL AIaen, O Be Fwe

StEA OIS SHidhe AFE HFATH(Liu et al, 2020). ©]

Table 2. Comparison of total phenolic, flavonoid, and total anthocyanin amounts of Mongolian wild lingonberry extract (LBE) and

blueberry extract (BBE)
TPA (mg GAE/g) TFA (mg QE/g) TAA (mg CGE/g)
LBE 146.98+2.44 79.50+4.33 33.95+1.93
BBE 152.03+1.59 81.17+2.89 172.28+1.28

TPA, TFA, and TAA mean total phenolic amount, total flavonoid amount, and total anthocyanin amount, respectively. Values are mean+SD (n=3).

Data are presented as mean+SD of three independent experiments.

Table 3. Comparison of total antioxidant capacities (TAC) of Mongolian wild lingonberry extract (LBE) and blueberry extract (BBE)

ABTS (mg VCE/g) DPPH (mg VCE/g) FRAP (mM FSE/g)
LBE 93.01+1.68 48.3942.67 0.49+0.01
BBE 103.38+1.09 65.35+4.41 0.67+0.03

ABTS, DPPH, and FRAP mean ABTS radical scavenging capacity, DPPH radical scavenging capacity, and ferric reducing antioxidant power,
respectively. Values are mean+SD (n=3). Data are presented as mean+SD of three independent experiments.
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o gzHo=z, ANyt ok lowbush EF Wl 2| (Vaccinium
angustifolium Aiton)?} B8] (Vaccinium vitis-idaea 1)1 73-%-
garulge] Eejuse g B F ABEAlOPdY ko] {94
02 =58 IRISAH(Dudonné et al, 2015). o] 22 W]l
ME F3 wet F EdE 9 AEA P ] Zpolvt

_QI_ o
B o= ABTS ¥ DPPH radical &7]% 2 FRAP

(ferric-reducing antioxidant power) value 488 53 & Wzl
Z 3l 58S =S tK(Table 2). ABTS radical 227152
73%-, LBES} BBE7} 27} 93.01+1.68 mg vitamin C equivalent
(VCE)/g, 103.38+1.09 mg VCE/ge]$12™, DPPH radical 42715-<]
7L, 48394267 2B 3L 65354441 mg VCEge & eyttt
FRAP assay:= 3719 ferric tripyridyltriazine (Fe™*-TPTZ) ©] W&
pHOlA aFaksAlel] ofsf Sd=lo] 271e] A4 ferrous tripyridyl-

APIEFR] B HFA MRS A HollA thekst
2 ¥ wkgo] AP AE BIALS AT HE
Aol A&dE A FrleEldd AEH, W dF, Ay
59 99lo] Btk Agarwal et al, 1995). ¥ AjoHe &
opdl ®ulElet EFHE]7h LPS (100 ngmL)yE F3 A=
RAW 264.7 A A ZFolA F7H G354 AlelEFIRL 2 wiizf
=S| AAlo) wX= 3ol el #&tict. LBES} BBES
SE EE(25, 50, 100 pgmL) A ste] G54 Ale]EFRIS] 7H
4 RS 17| 918l mRNA & e RISt Fig. 1).
LPS Aol 28] AFS FE3 RAW 264.7 AEA TNF-q,
IL-1B, iNOS, & COX-22] mRNA #do] FolFoz 763
o} TNF-a, IL-1p, 2@ COX-2& LBE (Fig. 1(A)$+ BBE (Fig.
1(B)) A 2A F& o&FHoZ 7hA3IY o) INOSe WL
EF4)2] 100 ug/mL X2l M 27% Feldoz 7hAssi)
B =250 WE Zgds 9 AEAde] dEAI HF

FAARIAR] NF-kBe] o 2e] olgs A8l J9F A58

ek oz ol rfr
| Qe T

il

10 oX,

triazine (Fe*-TPTZ)7} A2 wf 593 nmollA §4=2 ZA 5} HS sl oH(Lee 5, 2014), 3] LPSA 2|7} ERK, INK

=
Gitsl 5HS SATE AFHOE, FRAP value 74 A golA] 2 serine/threonine-protein  kinase %<2 MAPK superfamily

= Uz &A% Agd AR 4go =z BBEVF M w2 a3 (MAPKs) @450l 98t 2axdg AAE 58 coxX2 s
£ Uehlls A& I F Uik 53], F dHEs o] 2 Z7A olEFEAr] prostaglandin222] A Fw31H, w2
EFMVE 6 52 5 dAks 58S Hole AS EIEe ZgHE 2 etEAoPdo] o]F AAIEE oy AFE T Tt
H, ol ¥ dE FFo] B35 ¢ B2 | =FA7](-OH)H BEct. 28|22 LBES BBE 3+ NF-kB2| AlZAdA 3o
WS g Bz Ax TE A IAE AgEe] 34| 29 o]F % MAPKs 23dd AAE Ak Aoz Azt
= A o AAAR Ao Ey At itst vEe SE=
Hol7] wlFo g Azt th(Paixao &, 2007). T3, LBE9} BBEE IAAHIE U]l LPS A=l ]3] ZAst=
sk ZEYAE FoFE Z0FE IRIFUTHEe. 2). ROS Z
== oM ZzZ[2[et EFHI2[e] M=ZLH st o SHE P Ao R g 43t ZEHAE AE AE, DNA 9 ©@d
gs S A7 O 34 2 R S 2, AES Fde
th 2] A 3 (macrophage)= tumor necrosis factor-a  (TNF-a), #do] Qo). wEA Aty &) XEE HEiA e A
interleukin-1 (IL-1), interleukin-6 (IL-6)} 7+ T}U3E Alo|E7}01 Wy x| o1 M Be ksl 34 @49 AE 2ol F

=1}

2 inducible nitric oxide synthase (iINOS)®} cyclooxygenase 2
(COX2)%t 2 A5/ viidAs WEdoe2A Y vkl
F8% S SR AXolth tlaAEe) BYs= <ls) 2o

23}THHwang 5, 2019). NADPH oxidase (NOX)E= H54 Ale]
BRI ogk 2k Al Fjsle AT dEiA Jow,
o]= nuclear factor erythroid-2-related factor 2 (NRF2) ZA}I1A}
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Fig. 1. Anti-inflammatory effects of LBE (A) and BBE (B) in LPS-stimulated RAW 264.7 macrophage cells. RAW 264.7 cells were plate
at a density of 5x10° cells/well and incubated for 24 h. Cultured cells were pre-treated with various concentrations of LBE and BBE for 6 h and
then stimulated with 100 ng/mL of LPS for 3 h. Different letters on the point indicate a significant difference (p<0.05) based on ANOVA with
Tukey’s post hoc analysis.
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Fig. 2. Anti-oxidant effects of LBE (A) and BBE (B) in LPS-stimulated RAW 264.7 macrophage cells. RAW 264.7 cells were plate at a
density of 5x10° cells/well and incubated for 24 h. Cultured cells were pre-treated with various concentrations of LBE and BBE for 6 h and then
stimulated with 100 ng/mL of LPS for 3 h (Different letters on the point indicate a significant difference (p<0.05) based on ANOVA with
Tukey’s post hoc analysis).
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Fig. 3. Protein levels of iNOS and COX2 was downregulated by LBE (A) and BBE (B) in LPS-stimulated RAW 264.7 macrophage cells.
The RAW 264.7 cells (1x10° cells/ well) were incubated 24 hr and were pre-treated with LBE and BBE for 6 hr and then stimulated with LPS (1
pg/mL) for 24 hr. The level of expression of INOS and COX2 was measured by Western blot. -actin was used as an internal control in a
densitometric analysis. Data are presented as mean+SD of three independent experiments (Different letters indicate a significant difference
(p<0.05) based on ANOVA with Tukey's post hoc analysis).
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Peak RT [M+H] (m/z) [MS/MS](m/z) Ion formula Identified Anthocyanin
1 8.6 465.1 303 C21H21012 Delphinidin-3-O-galactoside
2 9.5 465.1 303 C21H21012 Delphinidin-3-O-glucoside
3 10.9 435.1 303 C20H19011 Delphinidin-3-O-arabinoside
4 12.3 449.1 287 C21H21011 Cyanidin-3-O-galactoside/glucoside
5 13.5 479.1 317 C22H23012 Petunidin-3-O-galactoside/glucoside
6 17 493.1 331 C23H25012 Malvidin-3-O-galactoside/glucoside
Fig. 4. Analysis of antocyanin of Mongolian berry extracts using LC-QTOF/MS. UV (520 nm) and base peak chromatograms (BPC) of
LBE (A) and BBE (B).
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=, 2014).
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oA 6% stEd A7 SHERS VB Rud AT 4
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Fgolggon, A& A7HS EUE peak 1°] galactoside, peak 2
7} glucosideZ A 7= o] Fth. Peak 32 [M+H] (m/z) 435.19}
[MS/MS] (m/z) 303& ztom, o= delphinidin-3-O-arabinosideZ
BolE At} Peak 4, 5, 6 hexose (galactose®™== glucose)S BT
AR e AEAJOPAOZ peak 4= cyanidin-3-O-hexoside, peak
+ petunidin-3-O-hexoside, peak 62 malvidin-3-O-hexoside= 7}
7} i—.L?ll:v]m‘:]' = oK 2FHIEY A9 vE dTelA 24
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A< W cyanidin-3-O-galactoside®. 4§ 7}%] o] X tH(Hutabarat et al,,
2019; Wu & Prior, 2005).
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