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Abstract

In order to examine the functionality of broccoli sprout (Brassica oleracea, BS), solvent extracts were prepared and their
anti-oxidative and immunomodulating activities were compared with those of broccoli (B). EtOH extracts (E) were potently
higher than hot-water extracts (HW) in the antioxidant contents and radical scavenging activity. In particular, the total
polyphenolic contents in addition to ABTS and DPPH radical scavenging activity were significantly higher in EtOH extract
of broccoli sprout (BS-E; 9.15 mg GAE/g, 4.52 mg AEAC/g, and 1.14 mg AEAC/g) compared with that of broccoli (B-E;
7.83 mg GAE/g, 3.63 mg AEAC/g, and 0.97 mg/AEAC/g). Whereas, total flavonoid content was significantly higher in
B-E (1.60 mg QE/g) than BS-E (1.43 mg QE/g). Anti-inflammatory activity was investigated using LPS-induced cell line
model at a concentration of 10~100 pg/mL, in which all solvent extracts of both broccoli sprouts and broccoli were not
toxic to RAW 264.7 cell lines. In anti-inflammatory activity of broccoli sprouts, EtOH extracts also showed significantly
more potent activity than hot-water extracts in all sample concentrations tested. In addition, BS-E (100 pg/mL) inhibited
nitric oxide (NO) and IL-6 production to 60.9% and 68.9% compared with the LPS inflammation group (without extracts),
whereas B-E inhibited 49.6% and 54.9%. On the other hand, in immunostimulating activity by splenocytes and macrophages,
hot-water extract showed significantly higher activity than EtOH extract. Especially, BS-HW stimulated the splenocyte
proliferation (1.2-fold against saline group) and IFN-y production (264.39 pg/mL) at 100 pg/mL, and the production of
IL-6 (1.33-fold), IL-12 (1.09-fold) and TNF-a (1.49-fold) from macrophages was also significantly enhanced over broccoli.
In conclusion, broccoli sprouts showed more potent anti-oxidative, anti-inflammatory and immunostimulating activity than
broccoli, suggesting the possibility of using broccoli sprouts as functional food materials.
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o2 A A Ark(Steinmetz & Potter 1996). o]L} A ZZLof
= ol ax(seed sprout) @] 7|5 del thgt ¥Alo] S718HA
Al Broprfj o] tigh aHgFo] Frtskal, thgsHA o]8-F
I k= HollA RaFo] At it AEL =AY &
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7L & Aoz A A Arthlee & Park 2005; Kwon 5 2008;
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Dinkova-Kostova 5 2006; Herr & Buchler 2010), in vitrool| A]
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Grinder(Bazzatra, Gyeonggi-do, Korea)& o|-835}o] A =7]
2 B 5AAET nege A% v 87 Sea
o] Y31 95% FHL sul(wiv) F7FeE & R A48t
of 2A17F F2F A2(50~60T, 53)staL, ool R Ko}
3 T AUEO.000xg 5T, 30 minE B A5
Axsto] FYFEEGSHE 2ANAT £,
=2 A&l 208(wiv)e] FF45 A7}l decoction
22 A(90~95T, 33)t & oS ol F= &
R R e L WER - REL oY
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295 EAAET F 5YW &) F2PYoR HYslo] 2

FARL Ao 715k A AR F F EddlE 9t
B9 g At s 2 A% AR HEFT A
A g g uijFEE 100 ulof 2% Na,COs 1 mLe} 50%
Folin-Ciocalteu A]2F(Sigma-Aldrich) 100 uLE Z7}3] HF-3-A
71 & 750 nm(Nanoquant Infinite M200 Pro, Tecan, Ménnedorf,
Switzerland)of| A &4 51 F th(Marinova 5 2005). &A1
gallic acidE ©o|-&3tHem, AFE FEE ¢5Y mg gallic
acid equivalent(GAE, dry basis)2 YEFRITE E, Tk gHALSH
AEY F EFEko|Ex &1 FE= 100 uLof| 80% ofgt
2, 10% AIING;); - 9 HO & 1 M potassium acetate 8202 27}
sto] HESAIZ] & S EE 415 nmoj| A 578 8}3 3 (Stankovie
MS 2011), FFEAZ querceting ARE-31o] FETAS ZHA]

3t & 22 E 259 mg quercetin equivalent(QE)Z LEFH X
ok g, B2 EE R H2EE §ijSEE] IS g
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(Choi 5 2006)3} Sigma-Aldrich®] DPPH #}t]ZH(Goupy 5
20038 §ulREET WSAA el FAE WSS 734
nm&} 517 nm= &A31g =], EF2E2Z ZE L-ascorbic acid
£ AH&ste] AFAS AL, kst 842 AR g
mg ascorbic acid equivalent antioxidant capacity(AEAC)Z L}E}
Wtk

4 B2Z3| MM BUEE
LPSE R}=HES RAW 264.7 0@ EH/&W] EF(Korean Cell
Line Bank, Seoul, Korea)= FZH3-2 X5t A5 24l
o|-gsl HeZdy &Y Hegy =Y ¥4
%}’“2 HAESIA viFEt RAW 264.7 AN ZE A
EZ(1x10%mL) 2 3]4)3te] 96 well plate Z}F wello] 200
uL‘—‘I B30, 12A17F viekste] viFAS WAL Af=&
DMEM HiA| & 715t & 58 A8 ¥4 5s=3FFs=
102} 100 pg/mL)E # 2)3}e] 3087F vjekstch th& o & LPS
2 Auhat BE( EL 10 pgml)2 Az sto] 2447k kS
23] d2uree sl & ikl ok 96 well plateo]
slsat g YR TR vjokee] J2ET Aol E7tel IL-6
+= BD Biosciences(San Diego, CA, USA)A} H| <ol utzt
ELISAH© 2 Hajaha, E o2 293 9=E7 1kl nitric
oxide(NO)= ZA|| St Griesse A|FS AMR3sHaL, ZF #2532
O AFFALZRE I & 4SSt o]t 24 Y A4t
AAsS FEFEHLE Ul g, 559 RAW
2647 MZo] tiet 54 o F 4 AT FE2E = AR
o N|ZFE viRl & EZ-cytox &L o] &3] Al HE
&5 S48, saline 273} vlwste] 540 gle FE2
%] 2] 3% thIshiyama 5 1996).
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L 3(KUIACUC-2017-53) 7ol ko] Zayst3ict.

20| plolgy

1) HIEME SAgy

IR Th$ A8 ATSET F 842 AAstel nge =
A Aol s 4ATE 8WAT] k]
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%3t BAAAE A7) = FAESE £ 9] ascorbic acid, B-
carotene, rutin, selenium, glutathione, quercetin®} sulforaphane
B9 Fol ot YAE F4oIA o Perarg, DY oA
A ZYLHE Fa Tl 715k Agw 2 oy wdt
oA 59 fEH0] & FOE HIET YekKim & Kim
2015). o]2|gt 4tet B4 & 53], FYAAReRE g
sulforaphane-& B 22|t} B @ ofo] Lol Ao
Z H3 5o} UtkSok 5 2003). & AFoM= H2EE A
2] FYBE YRoN} Bio] HEFentt FUHLAS I
Q1317] $lstel WA GujRE Rl et AAS B 2%
Stk & Ealuis SehE Pl name AR =
AZEZE(BS-E)°] gd 9.15 mg gallic acid equivalent(GAE)2
2 foMos g Be YL B WY, MBI HaS
2] FHFEEB-B)2 oliths W2 7.83 mg GAR/gS UE
WAL (P<0.05, Fig. 1), EFFE2EL FHFSEEY ¥
szoz waze AT BRI G99l ol B
O]A] YFUTH6.37~6.53 mg GAE/g). T, ThE TR3 At 4
2 F SHEE0|E I A fole ETHEEY @
3] F2 £F0 7 YEGTE B-Eo|A g 1.60 mg quercetin
equivalent(QE)Z 71} =2 SR o|E FF2 B o,
BS-E(1.43 mg QE/g)9t 923l ZpolE R thp<0.05). B
FEEL FAFEEEY ¥ 0.82(BS-HW)2} 1.08 mg QE/g
(BHW) FFE Uehfglon, o5& Bk FAo2 §
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Fig. 1. Antioxidative component content of solvent ex-
tract from broccoli sprout and broccoli. Results are pre-
sented as meantstandard deviation of three independent
experiments. B-E & B-HW : EtOH and hot-water from
broccoli; BS-E & BS-HW : EtOH and hot-water extract from
broccoli sprout. Content : total polyphenol (mg gallic acid
equivalent (GAE)/extract g), total flavonoid (mg quercetin
equivalent (QE)/extract g). Value with different letter (small;
total flavonoid, capital; total polyphenol) within the same
antioxidative component means a significant difference at
p<0.05.
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KoS:O00f 9J3l] FEA2] ABTS ol 2 #ttjzds AT &
Algo] o3 M= A=S S5 Fig 2014 Hol=
AAY ZE A2e 9384 AolE e $=H(p<0.05),
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City(AEAC)E Hof 7HF 43 84S Usifla, g s
+= B-E7} 3.63 mg AEAC/g2] ABTS &tz &4 50| E9lF
st F42E2RTHE odom @
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m ABTS radical
5 | = DPPH radical

Activity (mg AEAC/g extract)
w
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Fig. 2. Antioxidant activity of solvent extract from broc-
coli sprout and broccoli. Results are presented as mean+
standard deviation of three independent experiments. Solvent
extracts refer to Fig. 1. Activity : ABTS and DPPH radical
scavenging (mg ascorbic acid equivalent antioxidant capacity
(AEAC)/extract g). Value with different letter (small; DPPH,
capital; ABTS) within the same radical means a significant
difference at p<0.05.

grobu| At} FHARSE HIERI(Kim 5 1997), F2 H4tE}
H|E}71 3} isothiocyanate(Song MR 2001), ®]'8-& rutin(Kim
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EdvE ¥ St ol FFo] BEEZHHO fFoFo=
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FESLY, &4 we 247 0] 54 BUS B
Hghe] 2w BT o|$hN7) 3, Bae] RHHE F7HAA
HANES FYRE R o] To] Sol(BFeTIHY) A
A} BES I BHHY RO FRHY AF, IY ©
A 59 F7Hs 42 Ba, W, $5 5 9505 54
©2 vpehA "rkKim 5 2017). Tt o] Hg FR A
@FUG-L A ETA] BoHo|AT, Kk FueIe B
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oBIAIR FHs Aol ot @Eukgel 276l AeixA st
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HEs AU 28 YA AL 930 Hers] Fast
THCao 5 2015). £ AT M BREe] A gohFEE

F9Z BHL AR 9dotel @3Nl YEAoR B
of S SJAMERAW 2647 0hS2 SJAHEFIE 54

2l lipopolysaccharide 2 A}=3lo] GFH2-& Fbdly, o]
2R 7222 g% XA nitric oxide(NO) X 1L-6 AY
4 Ao wA= BEED A4 SHiFEEe] NS dE
StRTh WA, A Az tiet A=) APe=E 25
fste] AlZE 102 100 pg/mLo| HFF== A2 F EZ-
cytox AleFg o]gsto] NEof m|R= EAS HES 23,
HaEd A2HET oy, HeEeo §miFEE o= A
&= RAW 2647 AN 250 F/4S HolR] gol S5 &
AU BE AEsEs HFEE 103 100 pg/mLofA
35 cHFig. 3). LPS S =-RAW 264.7 A|Z2F 4529
o] /1 NOx= inducible nitric oxide syntheses(iNOS)of £]5}¢]
L-arginine ©. 2 F €] t}F o 2 4] F of(Korhonen 5 2002) Al
F AL AL TAIE F4E oAste] 2a @z
S5 SR 71 Wolo] R AL ST s Ao B
A EIL QIthWang 5 2002). 22y #=3HiNOS dof wt
2 NO AN Z7k 1 AHe] B4 el ofaf 29 AIZ
9] &3S oF7] gkt Hanisch UK 2002). w2kA NO AJAke] =
A BEgt GE5EHE 2ET gyste, & dAtolA NO
Aol tigt B2 g A% fujFEEY JAansE AR
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Fig. 3. Macrophage (RAW 264.7 cell line) viability of
solvent extract from broccoli sprout and broccoli. Results
are presented as meantstandard deviation of three inde-
pendent experiments. Solvent extracts refer to Fig. 1. Cell
viability : viability of solvent extract treated-RAW 264.7
cell viability of saline treated-cell. " p<0.05; significant dif-
ference between saline group and each sample group.
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A, FAFEEL 100 ugmLe] =4 LPS A 2(10.0
uM)Z} v] 2 5Fe] 60.9%(BS-E, 3.91 uM)Q} 49.6%(B-E, 5.04
uM) 2] A5 UElY o] BS-E7} 2oz 943t 24
< HQl ¥HEE<0.001), @FEEY 4%, 7.90 uM(BS-HW)
I} 7.18 uM(B-HW) 9] NO & Ko NO A4t AA50]
A2 vlg) Ades ¥ Aoz SIErkFig
4A). T2 o 2= LPS FE=-RAW 264.7 A3 G524
interleukin-6(IL-6) 2] AJ4te]] m|X|= HE2FE] M4 FE5E9)
S AESFHE, L6 AHAAT AH-EHA mFEA
F08 7158 S A AlETieloR guy e
MY AE 3, O B AIE T ALE, BRYHAIE, 44
BN Z, fRZAAANE oA B, HAur-gT oA &
7] 45HHE Tl Boists A dF5A A&7l
THTanaka 5 2016). 272 AL, LPS F# 2 salinew-2
0.1 pg/mLe] 422l ¥bH LPS A 2|Fol|A+= 13.23 pg/mL2]
IL-67} AtE] o] 5HHE9 F=7F ERlEgien, A= A
gioA= B2 A FAFEE2 BS-EZF 100 ng/mL
9] oA 4.12 pg/mL AYAKLPS thZ72] 68.9% A=
g oot GAZ BHS RAW, SO HEFe 24
FZE(B-E)9] 50.3% JAlsS UetUthFig. 4B). @45
220 Ao0)t BS-HW7} 7.12 pg/mL, B-HWE 7.64 pg/mL
o] Jiro 2 NOgH 7R =2 FEFEEHE B2 116
A TS AT = U TEbA ol A2 HE
LPSe] 9]3] AFHHSo] = RAW 264.7 N ZF Hdlof A
B3y Ao BeEEgd % F495 245 vE
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Fig. 4. Anti-inflammatory activity of solvent extract from broccoli sprout and broccoli in LPS-induced RAW 264.7 cell.

Results are presented as meantstandard deviation of three independent experiments. Solvent extracts refer to Fig. 1.
* p<0.05; ™ p<0.01; " p<0.001; significant difference between LPS-stimulated group used as inflammation-induced control

and each sample group.
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Fig. 5. Splenocyte mitogenic activity of solvent extract from broccoli sprout and broccoli. Results are presented as mean +
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treated-splenocyte/cell number of saline treated-cell. ~ p<0.05; ** p<0.01; ™" p<0.001; significant difference between saline
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