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Antioxidative Effects of Common and Organic Kale Juices
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ABSTRACT The objective of the present study was to investigate the protective and free radical scavenging effects
of conventionally and organically cultivated kale juices against oxidative damage in LLC-PK, cells. The DPPH, NO,
0., and -OH radical scavenging activities of organically cultivated kale were higher than those of conventionally
cultivated kale juice. Oxidative damage induced by AAPH (2,2'-azobis(2-amidinopropane) dihydrochloride), SNP
(sodium nitroprusside), pyrogallol, and SIN-1 (3-morpholinosydnonimine) led to loss of cell viability and increased
lipid peroxidation in LLC-PK; cells, whereas treatment with vegetable juices, especially organically cultivated kale
juices, significantly increased cell viability and inhibited lipid peroxidation in a dose-dependent manner (P<0.05). These
results suggest that organically cultivated kale juices have protective roles against oxidative stress induced by free

radicals.
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gk AFolgt & 4 th(11.12). A A&
FAQ 77} o] &H L o 53 AY, /Lﬁi, g, vy,
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A A (Brassica oleracea var. Acephala)< ¢
Zrha 4 ARSI Brassica) EL2A 41 A
fra 2 ol Fhe] &35k 7159 yrEhel A A nj = o
(13). 2] 93 Ao w=2d Ado= HwA s, =
gRol=, F229 A4, vEl C, B-carotene, ben-
zyl isothiocyanate®} phenylethyl isothiocyanate 5©¢] &
o] 450l glo] ¢F ou}t, 3ot W F=dMo] g3}t Yt
3 Buy 3 9drk(14,15).
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2 AFNAM = AY ZAFHe kst a5 golr izt
Aerye dest frls 92 dibs Ad 259 F8e
gz 2AaZYE HrFe o, LLC-PKy AFAI A EE o]
&3 As A ~Ef A AdadE SAsH

e 2
A=

2 A AFSE fU]E B dibs A YR A9
A Al Ao R A qutE A FeYste] AEelith B2
T EE 33 AL vy FRTFE A AL Foll 557
(NJE-2004R, NUC Co., Daegu, Korea)Z w}&sle] A3

o AF8IIE. FhAE e 25 el 4°C, 9,000 rpmel A
3027 422 So] Ae FFAL 4°Col A mbate] A
Hol AHgasleh

4

2

Alo o AEE
LLC-PKi(porcine renal epithelial cell) ATCC(Solon,
OH, USA)CA & wrotom Ao AREH A<kl
Dulbecco's modified Eagle medium(DMEM)¥} fetal bo-
vine serum(FBS), phosphate buffer saline(PBS), ethyl-
ene diamine tetraacetate(EDTA), penicillin-strepto-
mycin< Gibco(Gaithersburg, MD, USA)l A *+{33lf AL
£33tk 1,1-Diphenyl-2-picrylhydrazyl(DPPH), 2,2'-
azobis(2—-aminopropane) dihydrochloride(AAPH), phe-
nazine methosulfate, 3-(4,5-dimethyl-2-thiazoly)-2,
5-diphenyl-2H tetrazolium bromide(MTT), sodium ni-
troprruside(SNP), trichloroacetic acid(TCA), pyrogallol,
D-biotin, L-histidine, HCl(monohydrate), D-glucose—
6-phosphate(mono sodium salt), NADP(sodium salt),
3-morpholinosydnonimine hydrochloride(SIN-1), N-
methyl-N'-nitro-N-nitrosoguanidine(MNNG), dimethyl
sulfoxide(DMSO), thiobarbituric acid(TBA), Griess re—
agent, nitro blue tetrazolium(NBT) &< Sigma-Aldrich
Co.(St. Louis, MO, USA)Z 5 Fuljslo] ALg-s}T).
2715 U Yiks AY HAZA| HMES SH
DPPH radical £7% &%: DPPH radical &%
ethanolol] €3A1%1 60 uM DPPH &9 100 uL$} 25
100 uL= vortexZ ©o]-&3}o] 527 &3 5 ool A
1023t WA £ microplate reader(Jasco, Tokyo, Japan)
£ °o]-&3te] 517 nmollA 3 EE SAEAT. TAES
ZZd QA S/F5E 100 uL 7rske] sdskAl Al sttt
155 #H7FskA &2 iz 3 vty fEedzd &4
AHE WES(%)Z YERHATH19).
Nitric oxide(NO) &A% &A: o}dAitA 2 ~A
1 mM NaNO; € 1 mLel 5= A5 1 mLE 7}
0.1 N HCIZ ukg-gole] pHE 1.282 RAg b3 ukg
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o] HFRIE FHTE 78t 10 mL= 33itt. o] 945
37°CellA 1AIZE &t HH-EAIZ] b Hhg8S 1 mLA # 3
o] 2% acetic acid 3 mL, Griess A 2F(A:B=1:1, A: 1%
sulfanilic acid in 30% acetic acid, B: 1% naphthylamine
in 30% acetic acid) 0.4 mLZ 2# & 7}eta & £3
Thg Aol A 15%7F WHgA1 7 F 520 nmell A &3
SA3t] JFESE ob @A S SA3 T ol H A
T AR FHEI AY R uiE AR HL A9
L A& HERAATH20).

Superoxide anion(0Qy) =A% =4 Superoxide anion
radical 22752 NBT $wuid] ofste] S48t} Al
& 0.1 mLel 0.1 mM PBS(pH 7.4) 0.6 mLE Yol & &3
3tk o37]9l 0.4 mM xanthine &3} 0.24 mM NBT
SNE 1112 e &9 1 mLE #7Fska 0.049 U/mL
xanthine oxidase 1 mLE& 7}8}o] E3}3l8lt). o] & 37°C
ol A 20%-7F WHEA1Z1 $ 1 N HCl 1 mLE 7}ate] whg-&
AAAZ TS 560 nmoll A FHEE =489} Super-
oxide anion radical 272 A28 M7l FH 7
o] FFE ztolE WEE(%)E YERNATHZD).

Hydroxyl radical (:OH) 27% &7: Hydroxyl radi-
cal 2% 542 Fenton ¥l 2]3] A ¥ hydroxyl
radical®] 2-deoxyriboseE 2F8}A|# malondialdehyde 2
LT Agde wEE ZAFd 0.2 mLel 10 mM
FeSO,-7H.0-EDTA €< 2 mL, 10 mM 2-deoxyribose
0.2 mL, 0.1 M phosphate buffer(pH 7.4) 1 mLE & =3}
gk % 10 mM HyO, 0.2 mLE 3H7lste] & 412 o8 37°C
o Al 4AIZE WEEAIZL - o] E3tole] 2.8% TCA &9 1
mL9} 1.0% TBA & 1 mL& 27 F7kete] 1087 2
o ¥h&-dlo] ¢bd3] A oW 532 nmoll A FBEE SA5H

SAtH22).
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A Eujok: LLC-PK; cell2 100 units/mL9¥ penicillin-
streptomycin® 5%<] FBS7} $Hf-¥ DMEM& ©]-§-5}¢f
37°C, 5% CO. incubator(Forma, Marietta, OH, USA)°l A
stk Mg Axs A5 2~338 refeeding 3}
3L v 6~7¢7 PBS®E 1z MFE F 0.05% tryp-
sin-0.02% EDTA® §-2tgl A|XE wEsta A4l §
A A AES iAol ga vsle s A7 ZaF 24k
HEE & T35t 6~7duth Al gstHA A3 A}
&atdvh. Al Al Z+2He] passage numberE 7|53t
o] passage number”} 103] o]dd W= AMZL AEE )
&ate] AF3SITH23).

LLC-PK1 cell viability2} TBA-reactive substances
(TBARS) &74: A|Z7} confluence A EI7} 5% 96-well
plated] welld 1x10* cells/mL% seedingd}e] 24 7F 1l
%3+ 3 peroxyl radical(LOO), ONOO™, NO, Oz 9] gen-
erator?] 1.0 mM AAPH, 1.0 mM SIN-1, 1.2 mM SNP
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3 1.2 mM pyrogallol& A 2]akar 24A17F vl Fsto] 2hs}A] k5ol NO 42A% < Table 19 YetlSdh 57153 o
ZEY2E FHst 1 F ARE sEEE APt Wy AY FHANe T 9FEZH NO £2A5S Red
24 A1 7F vkt ¥ 1 mg/mLe] MTT solutions Z+ welloll 53] f71% Ad FEFNS NO &2A%°] 100 uL/mLY &
FUske] 37°CAA 427 St At F BAPE for-  ZellA 78.3%%12H, 50 ul/mLe] FEol A= 58.2%%2 1}
mazan 2745 100 uL DMSO®| ¢ 540 nmol|A] &3 %= et dibs A ZHFHe 100 pL/mLe] FE=olA
& SASATHC. 72.4%, 50 uL/mLe] FRAAE 49.5%% 71 AL AF
AN FEo] AbslA ~EG AR QA3 AE XA arE HE Hol NO &75Ho| ks AY AF ARG ] 973131
/321 TBARS A4 A%E 7143 Alag WgAA 3 TH/X0.05).
7°CollA AFSA AT AZHE R 7] A3 A8 w35 25% Superoxide anion(O2)3} hydroxyl radical(-OH)

TCA 1 mLe} TBA 1 mLE H7}ste] 95°C &4 oA 20 2% A 0y AAE wEeAdo] vlud oFslA| Tk super-
B7F 714319t 4,000 rpmell A 30%-7F Lﬂv‘f—ﬂ 3k & oxide dismutase(SOD)ell ]3] A HyO2 3= o] HH-g-

NS 532 nmoll A FFEE S A dtetE o] sk -OHE AAdsHAY NO9} ¥-g-3lo] dh-g-2do] 7
(TBARS)< malondialdehye(MDA)2] %o & 2hakste] 7 3k ONOO & A A dArt o]AH 0, & & F3 &4
AbFSATH25). AR AFEAE I ER 08 A &2AT T 3

EEAL By FEHo g ¥y Ao 4ksly ~E A
S 2 =1

A 4= A& Aoz Azt Table 1914 Hi= vls}
|

gz 2 Als25E 92 A3 A9 f94& 4 2ol f7]E AY FFNL 100 pL/mLe] FXoA Oy A
A4at7] 9l8te] AR (ANOVA)S 33 & /X0.05 3 Aol 85.1%% duks AL AFHe 72.9%KH T} EA
o4l Duncan's multiple range testZ AA)stF ow 1 4 EFoH(<0.05).

e HHEEsAE FAEGEEY. ZE 54 B4 ‘OH+= Ahas 2ozt Sl A 7h8 wkg Aol a Q1A
Statistic Analysis System(ver. 8.2, SAS Institute Inc, A A Bafol] Alzbsl =418 oF7)38lH, Fenton ¥l 2] 3]
Cary, NC, USA) SAIZZ & o] 8313 Hh 02 ¢ HoOp 258 A H™ &g 4% ONOO 9 3l
o o AHE7%E et ol H & -OHoﬂ g f71%s %

Zot o oF Auks A FFNo] A2A%5S AR 100 pL/mLel A

718 AY ZFFAL 68.9%°]3 dibs AL FHdL

s ¥ dits AY zFMe| Fitst St 46.2%2] 2~AGE HolW(/X0.05), 217 X 9FEHQ

DPPH 2}t] 23} nitric oxide(NO) £#% 374: DPPH ‘OH 27§ YeEAth(Table 1). %A 2 DPPH
radical 27 /S A 89 FeElgdd 275 Ho|v &+ oz, NO, Oz &71%53 37 el & o /75 A4
A& FAFYEE Wrtete ot 17l 2 diks AY AEAS AdtEs AY AFFHRY FEduEs LA E
ZEH o] gatst &S dolr ] 93 DPPH radical 47 a7t 9 5 Aom yERTH
A ¥5S vawste] Table 1o YERNRAT 715 AL 2 Kim 5(26)] A7l ol fF7]& opAllo dvtdi &
FaL 100 pL/mLoll A f71s AY 254 DPPH &7 o] Untokj Ktk i%b"—’ 71 A1Ye] carotene, H]EFFI
50l 51.5%= Uity AY FEH9 46.8%KHTt -5 A Bi, HIEFR By, Ltolobal, HIERR] Co] 52 dRks AlYR
o2 e TH/X0.05). o 20~70%7t S7VeFA AL 24, 2, HEH, 9 7714

NOE= Aba epe 2} v 5458] wb-g-8h=dl 53] Oy 9 T F71s Adol oF 17.9% v =okoh Ayl o
Agste] BAE ONOO = o8] 7HA] Al 545 o7 = él‘\f el Apol7t 71 AL FAtsEE w9 Ao
lipid peroxidations f%=&h= ¥<lo] & 4= it} T 39 A7y = o)

o2 AAE NO 2AFE Aoz NOd 93t 5A4oz
HFH BReads 7IdE ¢ dn #f71s 2 drks Al

Table 1. Antioxidant effects of common and organic kale juices by using different in vitro methods

Conc. Materials DPPH scavenging NO scavenging O, scavenging *OH scavenging
(uL/mL) activity (%) activity (%) activity (%) activity (%)
50 Common kale 31.8+1.5¢ 49.542.1° 61.0+0.8° 28.6+1.6°
Organic kale 38.9+1.1° 58.241.9° 64.8+1.6" 32.841.8°
100 Common kale 46.8+1.0° 72.446.8° 72.9+1.2° 46.2+0.2°
Organic kale 51.5%1.9° 78.3+1.2° 85.141.2° 68.942.1°

Values are mean+SD.
“Means with the different superscripts are significantly different (P<0.05) by Duncan's multiple range test.
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2 A HF AEEY SAHL cell
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Free radical initiator2 A}M8-¥ AAPH¥ hydrophilic
azo compounds % SFUZEA T2 g4 o] 2oy Ael
ol W3} glo] dhiExx oz wWAjo] Hu} o]gA WwAH
AAPHE F carbon radical?®} 242 #3354 o] car-
bon radical T2 carbon radical®} thA] Agtsle] oA
Al Fx2E H3VE AT gRES 4o gt
peroxy radical& A/d3FA =W ©] peroxy radical A3
o] &L st AA ) il dn A4 ol 4bkshA A~
Ef2g F= 8oz 285 frh24). AAPHE A2
& LLC-PK, Aol gk AlY ZFHe] 4bsha ~Ed s
M EIE cell viability2 A9 E A3}E Fig. 19l Ve
ATtk AAPHRHS *12] 8k control?] Al AEELS 16.1%%
ou f71F H gt AY FAFdAA AE ASES
e EHo R FFoen, 53 frlE Ad AFAS
8] gk Toll A= 100 pL/mLel A 85.6%2] AXE A&
1. control¥} Bl w oF 80%714 S 713kS

oN
o I

=

e
(T o |
off o
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AAPHE A8 LLC-PK; Aol A 4FshA ~Eg 2R
fridel A HIrstES 5435kl MDA o g $Hbato]
Fig. 1o YERATH AAPH A 2|2 4FsA] ~Ef 25
A 7] control2] MDA k2 untreated controlil H]
a4 A% =9tk 28y frlE 2 ks AY AEAS
A7k ol A= MDA FA7F s oEA o7 FHAsto]
100 pL/mLelA Z+z} 0.254 nmole/mg protein, 0.288
nmole/mg protein® & WEIY controla-ol] W&l #2] %<l
Aol BGITHAX0.05). 53] #71% AL AFde ALl
T2 A @ IAEE AA o] A9 untreated controlit I} H
et FEOE AAHAD ity AY FFAET o A
HASES AT

SNPell 23 itshd 2Ed X A& SNP(sodium
nitroprruside)= NO AA 3}3+&E 2 A neuroprotective
agent® ZH8-3}m 3l atherogenesis® U2l smooth

Fakst 2y 671

(A) 120 m 50 uyL/mL = 100 pL/mL
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Fig. 1. Protective effect of kale juices on cell viability (A) and
TBARS generation (B) of LLC-PK; cells treated with AAPH.
N, normal; C, AAPH-treated control; CK, common kale; OK,
organic kale. Values are mean+SD. “"Means with the different
letters above the bars are significantly different (P<0.05) by
Duncan's multiple range test.

muscle cell9] = Aoz dEA Y SNP+=
nitrosodium ions $HF3F=] o] & 213 SNP £ o] 7}A]
Fdell =EE u) NO7F A"t LLC-PK; A3l SNP=
Agste] NOE FHAIAA 4tstd 2Eg2E 7hgk § o]
o sk AY &AF N HTa¥E cell viability= <213}
o] Fig. 29| YeFHA Tt SNPYHS X €)%+ control& A X
EE0] 25.5%% THAste] AbshA AE 2ol o A
o] £AS olst 4= g, vk AY FAF NS 23
TAA = AE AEEC] T EH SR FFEgion 100
ul/mLell A f71% 3 ks Adrol 242t 80.0%, 68.9%
o] AEES B NOY &AE &3 Akshd ~Eg 2~ A
345 YeRdAT

SNPE A et LLC-PK, Al¥e] 4tstd ~Eg -~z f
H @ 3ak3lES untreated controlie 0.220 nmole/
mg protein¢! ¥FA SNP X2 & Al3}24 AEYAE {34
71 controli2 0.798 nmole/mg protein® & fFojzx oz
Z7VSITE f7lE 2 Ak A ZAFAS A 1ol A
= MDA £X]7} controlitd} #2921 x}o]& Holy Fi=
oEH o7 ZAste] 100 pL/mLelA Z+2F 0.289, 0.320
nmole/mg protein® & YEFFTH/X0.05). °]& Sl #7]
T 2 drks AY ZFEA9 A 7F NOo| &% LLC-PK,
Aol AN IS ES a9 o R JAElGlaL, o] Table
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Fig. 2. Protective effect of kale juices on cell viability (A) and
TBARS generation (B) of LLC-PK, cells treated with SNP. N,
normal; C, SNP-treated control; CK, common kale; OK, organic
kale. Values are mean+SD. “*Means with the different letters
above the bars are significantly different (P<0.05) by Duncan's
multiple range test.

18] Aol - NO 2715
a7 o sk
Pyrogallole] 93 A31A 2~Ed 2 AHEFH: Pyr-
ogallol& 0y ¢ AAA o1 Hy0:9] HF-Alolt}. Pyrogal—
lol& A2 g LLC-PK; Mol gt Al ZFHe] Bea
7= Fig. 3o YeERNAT). Cell viability® A H py-
rogallol¥tS 2]k control®] A% 30.2%9] AEES 1

Ashs} o] )% AY Azole)

9 7 % Avks AT Aol Aeld At Al
I AEg] BL oFEH o2 2789 1, 100 pl/mL # g

Al 80.4%, 72.8%°] AHEE&S Ko pyrogallole]l ©]g LLC-
PK; AlZ9] 43t ~Ef 2 AAazst vebdoh £33
Oz el 9% LLC-PK; Al AA#Hitsts A py-
212] 3+ controliolA MDA X7} 0.769
nmole/mg protein® & untreated controls=ol Bl 48] &
% F7Fel ey Rl 3 dRbs AYES Mg
o A= MDA X7} controlsol] H]&| Fojd o2 i
&}o] 100 pL/mLel A Z+2 0.232, 0.276 nmole/mg pro-
tein®. = yeht A 3kst Al sS Bl FATHIXK0.05).
Table 1] Aol A 7715 AL ﬁz""«] 07 27% &%
7F Ak AY AFAEc ¥ s3d Ader 22 A3ds
HER AT

SIN-1e] ©]3 A3bd ~Ef 2 AQEFH: ONOO = A

rogallol9F&

W 50 pL/mL

(A) 120 B 100 pL/mL

80 -

60 -

Cell viability (%)
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N C CK OK
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Fig. 3. Protective effect of kale juices on cell viability (A) and
TBARS generation (B) of LLC-PK; cells treated with pyrogallol.
N, normal; C, pyrogallol-treated control; CK, common kale; OK,
organic kale. Values are mean+SD. “*Means with the different
letters above the bars are significantly different (P<0.05) by
Duncan's multiple range test.

Al Well A NO&E Oy 9 §Fg-ol oz Ad4d + der, o]
pathogenic cellular damage®} organ dysfunction®] %
3 Feor gy gtk SIN-1& NOgH 0. & A st
o] 52 #4738 Wh-g3te] ONOO & ¥AdstH, o= 49
cytotoxic oxidants® 3% 7] witol] =4 aE YER
Al @t} LLC-PK; Al Xol SIN-1(3-morpholinosydnoni-
mine)< A 2lste] ONOO™° &8 4Fsha ~EH =5 3
A7 5 olo] g3 AY FFAe BIAIE Fig. 40 et
WAtk SIN-19H8 * 2] 8k control AFs}4d 2~E g 2o 2
S AlE Ego R AES 20.7%2 HAast vbA f71E
2 duks AY FAEFAE AP F AEEo] FE EHL
2 F7Fske] 100 pL/mL A& Al Z+2F 85.5%, 71.4%= 1
Elt} ONOO ™ tigh A2 AAGE &3l Akt ~Ez
2 NAE}E BeolE Aoz Alg®T. ONOO o o]
LLC-PKi Ml32e] A AkstE A &S SIN-17FS A2
3l controli2 MDA 427} 0.806 nmole/mg protein &
untreated controlll ¥l 48] o] Skl 18y
7% 2 dvks A A5 Agatel A MDA #to] con-
trolstoll H]&f Fold o & 7H4dar, 100 uL/mLolA Zhzt
0.308, 0.376 nmole/mg protein® & E}TH/X0.05).
A ZFHS ONOO o &3t 2315 ~Eg g sjxgte
24 AdirstE Aol AAHJ L, F7]s AL 25

fo rr

&
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Fig. 4. Protective effect of kale juices on cell viability (A) and
TBARS generation (B) of LLC-PK; cells treated with SIN-1.
N, normal; C, SIN-1-treated control, CK, common kale; OK,
organic kale. Values are mean+SD. “"Means with the different
letters above the bars are significantly different (P<0.05) by
Duncan's multiple range test.
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