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Abstract: Blueberry juice possesses rich-procyanidins and -
anthocyanidin, comprised a group of with numerous health
benefits such as protection against coronary heart disease,
detoxification, and obesity. Blueberry (Vaccinium virgatum)
Juice extracts were analyzed and separated by an HPLC method
for the purpose of the separation and quantification in poly-
phenolic groups. In specific HPLC conditions, a binary mob-
ile phase consisting of formic acid: water (10:90, v/v, solvent
A) and formic acid: water: acetonitrile (10:60:30, v/v/v, solv-
ent B) was utilized and it is detected at 546 nm wavelength.
The phenolic contents of the extracts are determined using
Folin-Ciocalteu phenol reagent. In order to test anti-inflam-
mation activity assay, after producing nitric oxide (NO) in lip-
opolysaccharide activated RAW 264.7 cells, at concentration
of 20-500 pg/mL it reduced to NO production at a dose-dep-
endent manner. Importantly, cytotoxicity assay with up to 500
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pg/mL of the extract from blueberry juice showed ~100% cell
viability for RAW264.7 cell line. Therefore, Korean blue-
berry juice might have potential as anti-oxidant and anti-
inflammation agents.
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1. INTRODUCTION

o5}l 1520 E2ls (polyphench 2 0] 4}
WA o2 71 $ole AR RE A S K EslE B
ojt} [1]. 38H4 o = WAl q12jof =4F7] (hydroxyl group)E
S B ol 7H S EEMN AN B 5
Hatof sl Brojstz wjA Y Sl Tzttt [2]. EeHs2
Z X - 0] E (flavonoid), ¥ (tannin)¥} Zo| HEFE 118
271 o) 7HAl = #HlE A Qi}%é ‘je“s o 3] s
YA 9 &2 (oligomer) & \:IEI‘E‘tﬂ ol off &
ol 9) S5 B ol o, % 5
Zz2of o= g0 9= S22 28 (phlorotannin)
cheFet A Y] ZAe 7HAI AL glof s EYjHlEolta &9
o} [4,5]. o] ¥ % A8 7He gt ]l Al SOl A AAETL
A epeFahAl L= o] glom, AA7FA] 80007] o] o] &
7} OT—E:]X% 0]]:}- [ ] 71—2 _LI‘O] o 7]—331’3]— ‘31—/\]—3'):]— A HEO] %"«
H3ln E3] 7} 2E| 0] = (carotinoid) ¥ Z2}H -o]| =9}
2o asiarEe] feo] wobn A Ak [6). 3l
R EA R AEO R e C, 358, B3
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£, 7t2 o] & Foln o]e} Zhe ghikst B2 AFshA
$AFS of upat mut o} 2} lipopolysaccharide (LPS)& &%
% 2= uk-3- A o A B4 AFA % (reactive oxygen species, ROS)
O] 24 of Tojstr, WS §k-5-A o A pro-inflammatory 2+/J
AS] ZdZ Adfisto] JAAE o A o2 HE KT g

thal e A Sl [7.8]. &7l 2= 2@} (Ericaceae) 4t
UFLFE 2 (Vaccinium)of) 2531 TR 4224 ejiter
ol &= slo| XA W 2] (Vaccinium corymbosum)ZEo| T -5 7|
) 3 )iz 3Ha10] EAlo] ol Fol Lk Al Al 8
7H171 Qo] A A 0.2 743 o] Al El Bl c 9]
23]2)0) 4% Ao 7)%4 249 eHEAloR (antho-
cyanin) A5} 712 ) 0] = 427} chek w65 o] Slo]
A8k A7} o) FlojLha A ERY) 2 Tl o] 285
of oje] T o] HlEF] S Akgo ] QLA Ee] $412
| A 5L N EAFB A} (apoptosis)E fr=RFhAL & A Atk
[9]. EFHE] Sofl FrE HsR7 el AT
‘HepG2' 9] 44735 AL, YA ZS Y AIZAEALE e
Mool RuEon, JAHEEE (resveratrol)©| basic fib-
roblast growth factor (bFGH)ol| &]af] A=+ A -7-oFA| 3 (fib-
roblast)o]| A cyclooxygenase-2 (COX-2)@} prostaglandin E,
(PGE,) 2] A4S o} nitric oxide (NO) A& 74| 7] H,
HT-29 ot Al22 o] 4] 2 o] 574 Ao a7} 3=l
A A ATk [10,11]. T3+ EFH] 2] o] T A2l QHEA|o}
Ho] &4 o F 2N Ede J5kal 5, 7|v], =27
chergt v A gS A7, RFEAlOP I} §H &R 1|
2]of 5% T2 otE A oY (oligomeric proanthocyanidins,
OPC)e: 75t ahakel 2180 2 7] Rof wrel g 2314 7]n),
olu 37 9lehi Zo] B nE e (12,13 o] g% B
glofl thgt 2o A5 FFeHA W&t A ikt
A, FAAE, o5 Ao et A R s

Y Aol it s A= AHE A7 A gl ot

ehi 2 Aol A FUAF SR e 5ole] HB B Y
% Bejvse) ghopol G2 A9E Anel 4F S B 5

o o
aj3o] 483 5 Uk FUF AN HYE 24 AL 7]
2 ARR FEATA T

is)

2. MATERIALS AND METHOD

21. @20 459 Az

2 4G AL BTl GO A7)

QIEF EoLF ol N TSR O, Y T
o

ik

EFH 2 A5 &7 g Y& 100 g& #<57] (Hurom HE-
DBF04, Korea)& 25 3 10,625 gol| 4] 7H2-7F QAR 25111
A5 WS Z|5}o] o] 1} (Sartorius 0.45 um) 3t FAAZ 9
o AHg-5Fith HPLC 418 Al 2+ 5548 &S YA
712 spaate] 1 g Hat 5 0.1% FARS L33 80% etha-
nol 50 mLE 29 7}sto] AA|8hear, AAE Al&o] thA)
80% methanol 50 mL-& 7}3}lo] =&319th E4E JAES

&) &= = syringe filter (0.45 pm)E AR§-5Fo] o }a}al,
Col| Al ZFSF &551o] ethanole A8l 4 o= FA|Z{Th
SRE T Y2 5352 petroleum ether 25 mLE- 7}slo] H|=
A3ES AASHL tA FE B5S 5000t 5549
ZtA T 0] D.W. (distilled water)2} formic acidE A&3}¢]
pH 22 A3} 00, HPLC 242 9]3) syringe filter (0.45

um)=2 o 73t F 4°Coj A K Eato] A& Tt

)
3

22. E24|E ¥ F 9= HFSA

T EdHE TS S45H7] 219 Sluis 5 [14]9] RS ¥
& 5}o] AR F o, A HH.C 2 M Folin-Ciocalteu phe-
nol A]9F (Sigma-Aldrich, USA)S 108} 3]43}o] EFH|E]
FE 5} 2% Na,CO; =898 (2:98, wiv)S 212 1:1:1 v| &2
AlolA talo A 502 &<k BH-§-& Al Z Tt} UV-spectropho-
tometerE ©]-8-5F0] 750 nm o) A FF =S S48
71% B 2= aallic acidE AME-319] GAE 9] 9o 2 A

shelt.
23. 852 ZF99 HPLC 84

EFHE FEE 524 % Y tEAoPd 2442 HPLC
(SPD-20A, SIMADZU Co., Japan) ©]-&38}o] BA13}¢it}.
Column-2 C,s column (PRONTOSIL, 4.6x250 mm)<S A5}
Hom, &= 30°C, 45 -2 546 nmof| A FEsH T
o]FA)F 21l A= HCOOH:H,0 (10:90, v/v), o] 5Ar &1 B=
HCOOH:H,O:acetonitrile (10:60:30, v/v/v)S AF&-81911, &
42 1.0 mL/min, A| & F2Q]7F-2 20 uLo] T} QFE Al opd 2
A FAJE-L2 cyanidin-3, 5-di-O-glucoside, cyanidin-3-O-galac-
toside, cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, delph-
inidin, cyanidin, pelargonidin, malvidin 2] 8% Sigma-Ald-
rich2 58 F¢35}4 12 HPLC chromatogramo] 4] retention
time2] B 2 HA] 3} 9t}

2.4. A X vjj ¥

RAW264.7 M| EE= FhaA| 25 28 o) 4] £oF Wokom,
Dulbecco's Modified Eagle's Medium (DMEM) Hjj ] o] 10%
fecal bovine serum (FBS)Z} 1% streptomycin/penicilling %
7¥sto] 37°C Lo A 5% CO, e = ufeFatgl o, Al
7} uhek W e] 0% YE7IA Akek Aejol A ATy vjoke
akgich.

2.5. MTT assayo] QJ§ A Z QY ZE& 27F

HEEFE 96 well plateo] Z+2F 1x10* cells/well & A 235} 1L
240 Fol thoFstalch, S E MR A RS A5k 24 h vjop
S fjeFo] Et Al 2o MTT stock-8-9 (5 mg/mL)< vl ul
A Fajo] HFA o= 1/10 A F7}sto] 37°Co|A 4 h &
QFFS ATk HhS 5 ojoF AFElS A ASFR Zk2be] well
o] DMSO 200 pLE 3 7}5}o] Al Zof| A A = MTT-forma-
zan B A A E &3 A]7] & ELISA reader= 570 nmoj| A &%
=8 2439
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Table 1. Total polyphenol contents of blueberry juice extracts

Sample Concentration Total polyphenol
(mg/mL) (GAE* mg/mL)
0.5 0.098+0.81
0.25 0.085+1.13
Blueberry 0.1 0.069+1.56
0.05 0.052+0.98
0.025 0.032+0.56

*GAE: gallic acid equivalent.
*Sample dry weight basis.

2.6. NO assay°] 2% 4343 53

RAW264.7-& 1x10* cells/well-2 96 well plateo]] 7 Z3}11 24
h Fk vt & A2 & F=" = A5kl 1 h 5 LPS 200
ng= A 2] & 18 h v QFshar v o] S Al Zui & 45 50
uLE- 3} 96 well plate = 271 T}. Griess reagent (1% sulfa-
nilamide in 5% phosphoric acid and 0.1% N-(1-naphthy1) ethy-
lene-diamine(dihydrochloride in distilled water) 50 uLE &3t
5}a1 10 min 5-9F WH3-A| 71 3 ELISA reader= 540 nmoj| A]
FFEE S5 NOY| H H 2 FAHE < nitrite S NO
2873 9] indicator= A}-8-5}] Park [15] 5] AJAIgH ¥ of wh
o 2359t

2.7. AAE
BE A2 Al WA 3 SAA skl o, Ao
oel] @oj il gE9 BttEEHAE Yehlch o2t
A Ao o] BAISH oA AT rtest AHEBIG L

o) —

;‘ o] [e)
p<0.05 o] 5}l 739 o] shrhar A48t

3. RESULTS AND DISCUSSION

3.1. ERHE 599 FEY s HF E4E

EFH| 2 250 EelHE e 24T A 5
ZFZ9l 0.5 mg/mL-2 gallic acid equivalent (GAE) 0.098 mg/
mLo| = 0.25 mg/mL-S gallic acid 0.085 mg/mL, 0.1
mg/mL-2 gallic acid 0.069 mg/mLo]| 3| 3} oo, A& At
+= Table 19]] YEF )1t} Jeong 5 [16]9] Aol A= & FH
2] 80% W ghE =529 & & Tdol tannic acid 7| £ 02
9.028 mg/go]2tar s}3l=dl & AF oA AHESIAE gallic
acid 0.098 mg/mLE 1 mg/mL 7| &0 2 HoFS o] E2H) g
ZFZo8 0.5 mg/mL-2 5 mg/mLof| st 22 v w & F-ALgE
ABfela o 5 9o, A\ E B0 e 4E UAHE v
e A% 242 oA A28 1ok olrk. Hwang 5 (1712
Sz T |t EFH]| 2] 9] 70% oflgh-E FEEA F 1
¥ 5 ol 2+ 110.0 mg/gy} 27.4 mg/g © = UERG T B
T oo e AT ML of BRuele] 2ax
Aol whet 5 Felso] Bepel B Aol 7} 9128
Sel 4= 9tk Jeong 5 (1812 2242 21] o] LobAl o]
E B35 A GAE/g 7|5 50.15 mg/mLe] &2 5 3

selshgiir, olo] Annch vnA B Eelsl T
UE = ol doll Bt ez x3tE o] Qe S==74t
(chlorogenic acid) W £ 0. & FA =}, & A § o] A AL8-3F &
Zouis BAYe 222 dojo) 23 Wy Zwoly
oke o) 22u2) Ao} AEolo] 4E Vo nR 23
EFH Y = g stAY n e A s B
W olgstel & Beluls Bere thi AN Bat oot

o A7}t

32. E5H| 2 4F9 2 HPLCE ol 4% A& Y& 23}

71& £ 8% cyanidin-3, 5-di-O-glucoside, cyanidin-3-O-gal-
actoside, cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, del-
phinidin, cyanidin, pelargonidin, malvidin& HPLC £4]3t 2
I Fig. 13} Table 20f YEF LTt A A7} 13.28, 14.38,
15.09, 15.85, 16.76, 20.08, 24.83, 31.48 H-oJ| 4| Z}-Z+ cyanidin-
3,5-di-O-glucoside, cyanidin-3-galactoside, cyanidin-3-gluco-
side, cyanidin-3-O-rutinoside, delphinidin, cyanidin, pelargo-
nidin, malvidino] 7% %) 9lt. & 229] 5= vju] A%
4g olgste] BARINS 1T, BN 4% -
45839916x — 3530684, y=47181376.3x — 5776396.5, y=
42425078x — 384566.5, y=45839916 - 3530684, y=
97621784x — 2787021, y =110721222.8571x — 15591528, y =
36397028.5714x — 5508022, y = 94087548.2857x — 24907803.5
ojglom, AlZ=ZF (RHL ZHZF 0.9842, 0.9939, 0.9885,
0.9983, 0.9995, 0.9836, 0.9930, 0.95300|c}. o]¢} 72 HA
A& ol gsto] EFHE] 2EE Fll AREE Y FFS A
Atstglon, 2 AddoA £ FEE0 4ES g
ZA 1} delphinidin, cyanidin, pelargonidin, malvidin 7] €] 9]
S}tEd A gol 2 FE < cyanidin-3, 5-di-O-gluco-
side, cyanidin-3-O-galactoside, cyanidin-3-O-glucoside, cyan-
idin-3-O-rutinoside”} Y= Ao 2 FolEQlom, Ay Ayl

+= Table 20f LR it

3.3. MTT assay N| X A E& £33}

EFH Y& 57 & 25sto] 212F 20 pg/mL, 100 pg/mL,
250 pg/mL, 500 pg/mL, 1000 pg/mL 5% 5 ] o] A] A Z =4
< HAbstonh A F% AAo A 4h AT F A5
= LA ghorow, Ag A k= Fig. 20 e Sl o] ek
T2 A3t o)e B2 A= EFH Y& 23 o] 3=
Zols JEQ dAHSE S| HT-29 AL 2] MTT assay
£ E3 N ZAYEE 27 A 50 uM, 100 uM, 200 pM 5=
of| A 48A]7F FQF HT-29 A3 o] F-A0] A = d A+ 4
Ao} FAFstet [11]. = AAAEE 2442 defstAY o &
Al zol| A o] 2= A F Q7F QIrkar AbR F o

3.4.NO assay 95597 23

Nitric oxide (NO)+= L-arginine¢] L-citrulline © 2 ¥ &5} += I}
A Zof A &=t nitric oxide synthase7} o3}, o}q] =
9} Wh-g-3lo] HHEAI Q1 nitrosamine YA s 2 o]t}
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Fig. 1. HPLC analysis results of standard reagents (a) and of blueberry juice extracts (b): 1, Cyanidin-3,5-di-o-glucoside; 2, Cyanidin-3-o-

galactoside; 3, Cyanidin-3-o-glucoside; 4, Cyanidin-3-o-rutinoside; 5, Delphinidin; 6, Cyanidin 7, Pelargonidin; 8, Malvidin.

Table 2. HPLC quantitative analysis results of blueberry juice extracts

Peak No. Compound name Structure Retention Time (min) Area Content (mg/g)
1 Cyanidin-3,5-di-O-glucoside 13.191 20394 0.135
2 Cyanidin-3-O-galactoside 14.475 476679 0.133
3 Cyanidin-3-O-glucoside 15.169 44788 0.092
4 Cyanidin-3-O-rutinoside 15.892 115979 0.079
5 Delphinidin 16.865 13145 0.029
6 Cyanidin 20.193 33355 0.141
7 Pelargonidin 25.234 20660 0.152
8 Malvidin 31.499 368670 0.269

[19]. o] &4 LPSE g5o] F=¥d dF vhgA oA A4
=] w, superoxide (0,)2} BH-§-5ko] Zet 5/ AFSHA| Q1 per-
oxynitrite (ONOO)E A A 3t} [18]. INOS+=

ol A= A A ot ofe] 7HA] Ab=9f ofsto] = 4
o, iNOS7} @ = H T A|ZF Yol t&F2] NOE H=9]
W=t o] # 3k tf o] NO= Ap7} 4katsto] 24-9] A 43}t
29 Y4ela $217]0) Fe= 220 A8ste] %
EEA 242 LERUIT [15]. 2 A3 o413 NO T Ay
A BHYSLE nitte (NO; & 27510 24 NO2| oS 714
Aoz ARstelon ATHs Fig 3o L glch 2242
5ol RAW 2647 Al EF0] Aele ¥ A2 24l
LPS 200 ng A 23+ uf, 224 2] 20 pg + LPS 200 ngel]
A= NO Aol A9 ZashA] ¢hotal EF 42 500 pg +
LPS 200 ng sample™} E-FH] 2] 1 mg + LPS 200 ngof| A= NO
Ay o] oF7k A | Qlet. o] 9F 22 A= A Aol A of

i)

N
W
ok
>

—

Atold 2], otz Yol EFHE, EHAYE, a9 3
Ae S v LS f ¥l 272 2F5%= 200 pg/mLojlAf
LPSE 1 pg/mL9| 5= 2 A 2] 32 ] RAW 264.7 A o] f
gENO A o] oA e = A& S A ket f-AFsket [20].
B o Lo A 712 0] Aol e ethanol 3242 AHE
SHA] ¢Fal EFH 2 E AH5sto] A AntE FR7] diwol
T Eejdls o o] Wol v Ao A 2 5=
o A NOAo] AAH Ao 2 HohEth 23 a4 8 o] &
3t 2% W olu microwave W 5 & WHS
7120 AT Avtel vws) & Qe oty BuE

4. CONCLUSION

& AFolM = FHolA BiteEs EFH ] 29 754
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Fig. 2. Cell viability of RAW264.7 cells of Blueberry juice extracts.
RAW264.7 cells were treated with blueberry juice extracts (20-
1000 pg/mL) for 48 h. *p<0.05.

250

Nitric oxide prodution of control(%)
N\

Fig. 3. Nitric oxide production of Blueberry juice extracts. RAW
264.7 cells were treated with LPS alone (200 ng/mL), or with LPS
(200 ng/mL) and blueberry juice extracts (20-1000 pg/mL) for 48 h.
*p<0.05.

S 2] Sl HPLC 24 5ol A4 s 05
W5 Eeo)E L T0m, PUF B7HE ) RAW

1m

267. 4 A EZ0|| A 4 NO 7+ &1HE
A A3} cyanidin-3,5-di-O-glucoside, cyanidin-3-galactoside,
cyanidin-3-glucoside, cyanidin-3-O-rutinoside, delphinidin, cy-
anidin, pelargonidin, malvidino] &= ¢ith. E&H| 2] 9]
& ¥ TS =FH Y 259 0.5 mg/mLo] gallic acid
0.098 mg/mLo]| dF= ™, 0.25 mg/mL- gallic acid 0.085 mg/
mLo] 3§, 0.1 mg/mL-2 gallic acid 0.069 mg/mLo]| 3| F ==
Ao 2 ZALE I TE MTT assay & o]-&5}o] A ZEAS =

AFEE A3} 20~1000 pg/mL o] A3 A A 5= 9o 4] 48 h 7|
T A EZEA 2 UEA] goten, 9 Bt e = F
2] 2 20~1000 pg/mL + LPS 200 ng ¥ =4 9o A H=
LA L2 NO Aol Ao st
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