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Abstract

The aim of this study is to investigate the antioxidant and intracellular anti-inflammatory efficacy of blueberry
leaf extracted with hot water (BLW), 70% ethanol (BLE), and 70% acetone (BLA) in RAW 264.7 macrophages.
In order to evaluate the anti-inflammatory effect of blueberry leaf extracts, RAW 264.7 macrophages were stimulated
with lipopolysaccharide (LPS) to induce the production of inflaimmation-related factors, which were measure by
Western blotting and real-time PCR methods. i-NOS, COX-2 protein, and mRNA expression showed
concentration-dependent decrease. The decreases in the mRNA expression levels of interleukin-18 (IL-1(3),
interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), and prostaglandin E; (PGE,) were concentration-dependent.
Further, the antioxidant effects of blueberry leaf on total polyphenol contents, electron donating ability and ABTS"
radical scavenging activity were evaluated. The total polyphenol contents of BLW, BLE, and BLA were 217.04+2.98,
156.724£3.90, and 182.88+3.02 mg TAE/g, respectively, while the electron donating abilities at 1,000 ng/mL of
BLW, BLE, and BLA were 81.7, 79.6, and 79.3%, respectively. The ABTS" radical scavenging activity was fond
to be concentration dependent. The nitric oxide (NO) production inhibition activities at 50 j1g/mL of BLW, BLE,
and BLA were 35.1, 42.4 and 42.7%, respectively. In conclusion, the antioxidant and anti-inflammatory test results
indicate that blueberry leaf extracts (BLW, BLE, and BLA) can be used as potential anti-inflammatory agents.
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tetrazolium(NBT) ‘52 Sigma-Aldrich Co.(St. Louis, MO,
USA) A T3t
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Fig. 1. The procedure for water and organic solvent extraction of
blueberry (Vaccinium ashei) leaf.

BHE FY A
A =% Ao ARgE A2k pdimethylaminobenzaldehyde,

sodium nitrite, griess reagent, RIPA lysis and extraction
buffer, lipopolysaccharide, protease inhibitor 5+ Sigma-
Aldrich Co.oll4 T-9iste] AH&-8t9ITh PGE, 545 A%
ELISA kiti= R&D systems Inc.(Minneapolis, MN, USA)oi| 4]

A3FH 2, western blotZ 93 i-NOS, COX-2 %
secondary antibody+= Santa Cruz Biotechnology(Paso Robles,
CA, USA)ol|lA #1313
Mz 5S4 S0 M3E MEZF A Alef

AE ABEE 34 AH8E AEFE macrophage
celRAW 264.7)2 American Type Culture Collection
(Manassas, VA, USA)°A +9iste] ARG-8lSAt. Al 32 vl <
< 93 dulbecco’s modified eagle medium(DMEM), fetal
bovine serum(FBS)-> GE Healthcare Life Sciences(Logan,
UT, USA)ollA FYdste] AHE-3l o™, 0.25% trypsin-EDTA,
0.4% trypan blue stain< Gibco BRL Co.(Grand Island, NY,
USA)9l A Fdsle] AL-8-319) a1, 3-[4,5-dimethylthiazol-2-y1]-
2,5-diphenyl-tetrazolium bromid (MTT)< Sigma-Aldrich Co.
oA Fske] AR,

Aol A2 717]

B Ago] AFEH 7]7]E UV/VIS spectrophotometer
(Hitachi, Tokyo, Japan), polarization microscope(Olympus
BX 51, Tokyo, Japan), western imaging system(CAS-400SM,
Davinch-K, Seoul, Korea), rotary vacuum evaporator(EYELA,
Tokyo,
Gimpo, Korea), microscope(Olympus, Tokyo, Japan), CO,

Japan), centrifige(Hitachi), freeze drier(Ilshin,
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incubator(Hanbaek Scientific Co., Bucheon, Korea), pH
meter(Metrohm, Herisau Switzerland), BOD Incubator
(Hanbaek Scientific Co.), autoclave(Hanbaek Scientific Co.),
ELISA reader(Molecular Devices, San Jose, CA, USA)Z A}
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ABTS cation radical scavenging activity &¢l
ABTS' radicals ©]-8-g g4tslz] %2 ABTS' radical
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T8 U, ¥Hg- 2o A E superoxide anion radical
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Mouse 2l THAIHI Q] RAW 264.78 3kt Al Z5 23]
(KCLB)°| A 74331 10 % fetal bovine serum(FBS)<}
1% penicillin-streptomycin®] % 7}l DMEM H|A] & A}
AT MEE 37C 2 5% CO0A] vl L3HA
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A Z3 MIT €9 002 mL F71ste] 4A]7F v eket & nlj<k
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St vl F & =, Aol DMEM HjA] 2 3|4 gk BLW %
BLE, BLAE 10, 25, 50 T 25, 50, 100 pg/mLZ 1 A3t
St HEe T, 1 pgmle] LPSE A7lsted 24413 A=A
Zit}. vjA] & A|AS}aL phosphate buffered saline(PBS)Z 2
3] AlAsla, @A S RIPA buffer® FE3 & 94 22
S AA pellets AABHATE L 0], Brad-ford 411
o7 A S A 25131, bovine serum albumin(BSA) thH]
1 pg/mLe] A S 10% SDS-PAGEIA 77| F 3}
el #2ld 2l -2 PVDF membrane©] %1 ©f
& 41204 membrane 5% Skim milk(sol. TBST)Z 2417k
52t blockingdt Th 10&w}c} tris buffered saline with
tween 20(TBST) & 33] AlH &ttt 12} 4= 1:1,0000.2
3| M she] A2 A 2417 F<F incubation Al Z T 1 &
TBSTZ 10%-3t 33] A2 3+ & membranes Horseradish
peroxidase(HRP)7} 323 7}2te] 22} A& 1:1,0000.=
gjMate] 143 F3F WH-SAIZ T 108 vt TBSTE 33]
A #skgith. Davinch Western™ imaging system(Seoul,
Korea)= ©]83}o] protein T FS =% sl3ich

PGE.&2H|2 &34

1 pgml s =] LPSE 952 =g Al E ufdie] 2
T4S 3t PGE9] ELISA kit(R&D systems Inc.
Minneapolis, MN, USA)Z Al-&3lo] =331

cDNA gtA

100 mm dishel] 1x10° cells/well T+ A F2 3131 2443F
&<t vi¥e & DMEM HiA| 2 35|48k A| 2(BLW, BLE,
BLA)Z 1A]7H5¢t 37T, 5% CO; incubatorol| A] lj%F&k &,
1 pgmLe] LPSE F7}ste] 24A13F A=A1Z o B =
A A F trizol lysis buffers 2H2te] dish o 1 mLA 55
o AZE lysiseh § FoA 53 FF WA5A T Trizol
bufferE Lysate®ll 1 mL % chloroform 0.2-0.5 mLE #7135
o] oF 15% B2t 2SI vortexing 3l 3L THA] -2 A
5w3F A SR AAER7IE o8&t 4TelA
12,000-15,000 rpm &2 1583+ A A8l 459 04 mLE
A} tube = 57947 isopropyl alcohol 400 L} 1112 24 2F
Al AolE 5 olA 51083 FATE g B} T
SHAl YAl E-2lE 3lal tube?] HFEO] )= RNA pellet2
gRlgt & FEAE A At Th 70% ethanolZ RNA pellet
< washing 3|51 F-2 ethanolS €% ¥ RNase free water
of RNA pellets 5] F%Uth cDNAZ S| GHALe} S22
TOPscript'™ RT DryMIX(Enzynomics, Daejeon, Korea)Z
o|-gate] AlPatqitt.

Real-time PCR
SYBR Green PCR Master Mix(Applied Biosystems, Foster
City, CA, USA)Z A}&-3}o] cDNA%} TOPreal™ qPCR 2X

T2 FAGRFE A A25H AT (2018)

PreMIX(Enzynomics), primer(Table 1)E % 31 ABI step one
plus(Applied biosystem, Foster City, CA, USA) 7]7]& ©]&
ste] AAIZE A 7F F49S 3kal StepOne Software(Applied
Biosystems) S Al-&-3te] 95Tl 4] 283t denaturer] 7] &
95Tl A 10%, 60°CoIA 15%, 72TCollA 2053t ¥Hg-3l=
2= d-E 403 vHES AytE £3589

Table 1. Sequences of PCR primers used for quantitative
real-time PCR

Gen Primer Sequence
NOS Sense 5 " -ACATCGACCCGTCCACAGTAT-3
Antisense 5 " -CAGAGGGGTAGGCTTGTCTC-3 '
Sense 5 " .-TCCCTAAAGGAAAAGTGGGACC-3 ’
X2 Antisense 5 " -GAGCGCATTAACCTCAGGACC-3
L1 Sense 5 '/-GCACTACAGGCTCCGAGATGAA - 3,’
Antisense 5 -GTGGTTGCTTGGTTCICCTTGT - 3
L6 Sense 5 " -CTTGGGACTGATGCTGGTGACA-3 ’
Antisense 5 " -GCCTCCGACTTGTGAAGTGGTA-3
INEa Sense 5 " -CCGCTCGTTGCCAATAGTGATG-3
Antisense 5 " -CATGCCGTTGGCCAGGAGGG-3 ’
GAPDH Sense 5,’ -TGACCACAGTCCATGCCATC-3 /,
Antisense 5 " -GACGGACACATTGGGGGTAG-3
SAHANE

e AYE 33 yHEsle] S4siela, O Adbe Btk
FEAAE Ve o A% 4.8 SpSS T2 T3S
o]-gsto] Z+ M2l 73] 72/ (p<0.05, *p<0.01)H =
8l F-4HEA (analysis of variance, ANOVA) ¥ Turkey test
v g AAEHA T

I+

o
ol

25 o

Z Zeln = sigE ae
Hydroxyl”] & 2t phenol’d 3HHe< @4 g2l 11
S Z3ste] Axt ghol| ofste] gitksl, get, 3
T U el Uehlle Zler A slen 58
AT EYls 1 S50] 2 Ao® deA
FEgh AT ofe), AlE ) B4 vl W e

Table 2. Polyphenol contents of blueberry (Vaccinium ashe) leaf

Solvent type of extract Polyphenol contents (mg TAF/g)”

Water extract 217.04+2.98
70% Ethanol extract 156.72+3.90
70% Acetone extract 182.88+3.02

"TAE standards for tannic acid equivalents.
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Fig. 2. Electron donating ability of blueberry (Vaccinium ashei) leaf
extracts.

I BLW, blueberry leaf extracted with water; [l BLE, blueberry leaf extracted with
70% ethanol, I BLA, blueberry leaf extracted with 70% acetone; Butylated
hydroxyanisole.

Data are presented as meantSD of three independent experiments. Values with different
small letters represent statistical differences at p<0.03.
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Fig. 3. ABTS+ radical scavenging activity of blueberry (Vaccinium
ashei) leaf extracts.

I BLW, blueberry leaf extracted with water; [l BLE, blueberry leaf extracted with
70% ethanol; I BLA, blueberry leaf extracted with 70% acetone; | L-ascorbic acid.
Data are presented as meantSD of three independent experiments. Values with different
small letters represent statistical differences at p<0.05.
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Fig. 4. Superoxide anion radical scavenging activity of blueberry
(Vaccinium ashei) leaf extracts.

I BLW, blueberry leaf extracted with water; [lll BLE, blueberry leaf extracted with
70% ethanol; W BLA, blueberry leaf extracted with 70% acetone; | Epigallocatechin
gallate.

Data are presented as meantSD of three independent experiments. Values with different
small letters represent statistical differences at p<0.05.
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Fig. 5. Cell viability of RAW 264.7 Macrophage cells treated with
blueberry (Vaccinium ashei) leaf extracts.

I BLW, blueberry leaf extracted with water; [l BLE, blueberry leaf extracted with
70% ethanol; B BLA, blueberry leaf extracted with 70% acetone.

Raw 264.7 cells were treated with 5, 10, 25, 50, 100, 200 ug/mL of BLW, BLE
and BLA dissolved in DMEM media, and the cells were further incubated for 24 h.
Data are presented as meantSD of three independent experiments(Significant as compared
to control. *p<0.05, **p<0.01). “C”, control : untreated group other than DMEM.
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W<SIth BLW 217.04 mg/g, BLEE 156.72 mg/g, BLA®
182.88 mg/gS- & BLW > BLA > BLE <02 Z2|5%
o] w2 Aoz et Tk Algo duljEE 54,
Holzl, $-Fat, S oo FejvE dEe4y) vlwe)
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Fig. 6. Inhibition of nitric oxide by blueberry leaf (Vaccinium ashei)
extracts in RAW264.7 macrophage cells.

I BLW, blucberry leaf extracted with water; [l BLE, blueberry leaf extracted with
70% ethanol; W BLA, blueberry leaf extracted with 70% acetone.

RAW 264.7 cells were treated with 5, 10, 25, 50 pg/mL of BLW, BLE and BLA
dissolved in DMEM media for 1 h prior to the addition of LPS (1 pg/mL), and the
cells were further incubated for 24 h. Data are presented as meantSD of three independent
experiments (Significant as compared to control. *p<0.05, **p<0.01). “N”, normal :
LPS not induced group, “C”, control : LPS induced group.
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Fig. 7. Inhibition rate of i-NOS, COX-2 protein expressions in RAW 264.7 macrophage cells by blueberry (Vaccinium ashei) leaf extracts.

Data are presented as mean+SD of three independent experiments (Significant as compared to control. *p<0.05, **p<0.01).“N”, normal : LPS not induced group, “C”, control
. LPS induced group. A) BLW, blueberry leaf extracted with water; B) BLE, blueberry leaf extracted with 70% ethanol; C) BLA, blueberry leaf extracted with 70% acetone.
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2ol Yepldtt A =9 1,000 pg/mLelA BLW2
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ABTS" radical scavenging activity assay
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Fig. 8. Inhibition of PGE2 by blueberry (Vaccinium ashei) leaf 70%

acetone extract in RAW 264.7 macrophage cells.

RAW 264.7 cells were treated with 25, 50, 100 pg/mL of BLA dissolved in DMEM
media for 1 h prior to the addtion of LPS (1 pig/fmL), and the cells were futher incubated
for 24 h. Data are presented as meantSD of three independent experiments (Significant
as compared to control. *p<0.03, **p<0.01).“N”, normal : LPS not induced group, “C”,
control : LPS induced group.
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Fig. 9. Inhibition of inflammatory gene mRNA expressions in RAW 264.7 macrophage cells by blueberry (Vaccinium ashei) leaf acetone
extracts.

Raw 264.7 cells were treated with 25, 50, 100 pg/mL of BLA dissolved in DMEM media for 1 h prior to the addition of LPS (1 pig/mL), and the cells were further incubated
for 24 h. Data are presented as meantSD of three independent experiments (Significant as compared to control. *p<0.05, **p<0.01).“N”, normal : LPS not induced group,“C”,
control : LPS induced group. A) i-NOS, B) COX-2, C) IL-13, D) IL6, E) TNF-a.
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