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Abstract The objectives of the present study were to investigate the protective effects of Angelica keiskei juice and
Oenanthe javanica juice against oxidative damage in LLC-PK, renal epithelial cells and to evaluate their free radical-
scavenging activities. Both A. keiskei juice and O. javanica juice showed a strong in vitro antioxidant activities such as
o, o-diphenyl-B-picrylhydrazyl (DPPH), nitric oxide (NO), O,", and -OH radical-scavenging activities. The LLC-PK, cells
showed significant lipid peroxidation and cell death due to oxidative stress when it was induced by 2, 2'-azobis (2-
amidinopropane) dihydrochloride (AAPH), sodium nitroprusside (SNP), pyrogallol, and 3-morpholinosydnonimine (SIN-1).
Treatment with both A4. keiskei juice and O. javanica juice significantly increased cell viability and inhibited lipid
peroxidation. These results suggest that A. keiskei juice and O. javanica juice are potential natural antioxidants.
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EE AR GHAGEAR) 2 7
) thEokEelA oF 1kt Fskon,
le Testel Agel Abgst
= B2 EolA 33 Al st
7](NJE-2004R, NUC Co., Daegu, Korea)
Az FEE Az 553 S0y

=52 22 9,000 pmellA] 3037E A4 EElete] dTs &

T, 4°CollM Byshax Abshi] &4 el ARt

LLC-PK, (porcine renal epithelial cell)= ATCC (Solon, OH,
USA)A o wgtom 3o Algw AJ2Fel Dulbecco’s
modified Eagle medium (DMEM)3} fetal bovine serum (FBS),
phosphate buffer saline (PBS), 3|44 &-2E 3] Eulo] 2 (penicillin-
streptomycin)y> Gibco (Gaithersburg, MD, USA)A F3te] A}
2313tk Yol EZEF HEZIEE(nitro blue tetrazolium, NBT),
2,2'-azobis (2-amino-propane) dihydrochloride (AAPH), sodium
nitroprruside (SNP), o, a-diphenyl-B-picrylhydrazyl (DPPH), I}
o] 22+ E(pyrogallol), T E.¥l(D-botin), 3-morpholinosyd nonimine
hydrochloride (SIN-1), thiobarbituric acid (TBA), Griess reagent,
tlolw|® AZAlo|=(dimethyl sulfoxide, DMSO), Egfo|EZZo}
M| E AHtrichloroacetic  acid, TCA), N-methyl-N"-nitro-N-nitro-
soguanidine (MNNG), FeSO,7H,0, EDTA, #+&14+s}E A~ (xanthine
oxidase) - Sigma-Aldrich Co. (St. Louis, MO, USA)ZFF
Fofstel Abgteict.
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DPPH 2}C|Z (radical) 275 &3

DPPH &tz 4758 oekgo] &31A1%1 60 uM DPPH &<
100 L2 33 100 pLE- vortexS o]-&38ke] 527F g3t 5 o
oA 1087 WA F 35 7] (microplate reader, Molecular
Devices, Sunnyvale, CA, USA)E ©]&3}o] 517 nmollA] 2 =5
=43t 3AES 55 Uil SHSE 100wl 718le] 5Yst
Al AR AEE H7FeA k2 tixd Blaste] {2
goZ 2AZFHE WES(%)E JERIATHRL).

DPPH #t]Z4-78] (radical scavenging activity) (%)
={ 1 _(A /Acomml)} X 1 00

experiments’

MSIEA(ID) (nitric oxide, NO) 2715 &H
olFArg el A5 ImM oFALkAFNaNO,) £ 1 mLo

HAGEsE AFE 1mLE 718l 0.1N YAHHCHSZ HEg-8- 9]
pHE 122 BAS vy ¥h&-&d9 HFHIE S/HTE 7Ist
o] 10mLE 3HTE ©] &84S 37°ColA 1AZF B A%
o2 BREAS 1mlA FHEke] 2% oFA| Elkacetic acid) 3 mL,
Griess A]9F(A:B=1:1, A: 1% A3d¥(sulfanilic acid) in 30% o}
MEAE B: 1% naphthylamine in 30% ©FAIEAN 04 mLE =}
2 7kl & EFer the AolA 1587 A1l $ 520nm
oM FHEE S5t sk opAAEE SA4sIh ofd
A 2SS Al TRV FEE gigk AE TS &

FE HE YERIATHR22).

ZIEIES0IR(0,) 25 &4

ZIbstEgol B &A% NBT i <5t
2331tk AlE 0.1 mLoll 0.1 mM PBS (pH 7.4) 0.6 mLE o]
Z E3slth. o1719)] 04mM xanthine 8§93 024 mM NBT
fAL 1118 £ &N 1 mLE H7FSIE 0.049 unit/mL FHE
slad 1mLe 718t EFSIATE olF 37°CAlA] 2027 W
AlZL F, IN E4F 1 mLE 7hste] 98-8 AAAZ] o 560 nm
N FHEE AU 2N ESO|R U AT

W ATH23).

Sl0|=ESAZIC|Z(OH) 25 X

sto|l=sAF T d 24T 42 Fenton WH3oll 23 AJAdE
Slo| =S AT 2-HSA| 2] B2~ (2-deoxyribose) S AFSIAIA T
Er) ¢ sleo] = (malondialdehyde, MDA)Z st} = Alg#
o T8 %% 02mLo] 10mM FeSO,7H,0-EDTA €< 2mL,
10mM 2-deoxyribose 02mL, 0.1M $HAFEZ=8 o8 (phosphate
buffer) (pH 74) 1mLE & &3 ¥, 10mM H,0, 02mLE
A7kstel & 4 &, 37°ColA 4AIZE WHAIZ] & o] Ejtale
2.8% TCA €9 1mL¥} 1.0% TBA € 1mLS zHzt H7tsied
1087 291 vg, vh3do] ¢hd3] 4ow 532nmolA F3%
£ SAATH24).

LLC-PK, MAM=2| ASIH Z4bof cist 2SS0t

LLC-PK, cell> 100 unitsmL®] FUdH-2EEnfo]ila 5%
o] FBS7} $+¥ DMEMS ©]43}4 37°C, 5% CO, ¥ld7]
(incubator, SANYO Co., Ltd., Osaka, Japan)ollA wjFslict. v
FE Axe dFAe 2-35] wiAE v FRA wjFdt £, 6-
79 7 PBSE 1A AIAE & 0.05% trypsin-0.02% EDTAZ -2}
H AEE FElste] daiREsiA JHE AEE wiAe ¥ o
qoZ Axrt ZaF FAEEE & £33ty 6-7dnith Al
e Aol ARgskATh At miE Al ZHzEe] passage
numberS 7]Z3}4] passage number’} 103 o]dd wiE ANZ&
AZE wjgate] AEeATH)).

LLC-PK, MZMEZ (cell viability)2} TBA-reactive substances
(TBARS) &3

A7} confluence “JEN7F =™ 96-well plated] welld 1x10°*
cellssmLZ seedingdle] 2A17F wFet & peroxyl FE]ZHLOO)),
ONOO, NO, 0,9 generator?] 1.0mM AAPH, 1.0mM SIN-1,
12mM SNP % 12mM Jo| 2228 A3t 244]7F v ks}
o] Ahsld ZEHAE FUSITE 2 F AEE sEHE AT
stod 24A17F vijFst H 1 mg/mLe] MTT &9 (solutionyS 2t well
o FYgsted 37°ColA 4AI7F <t Augst = AR Eepzt



At 2EH 2o gk A%

(formazan) 27 100 uL DMSO°l o] 540 nmol|A] &4 =
SABATH25). A x| s 2EH AR QIS Alx A H 9
2ksl HEAES] TBARS A== 7183 AlEE BFEAIA,
37°ColA ARt A7tiE 2 71F3 Al u-El 25%
TCA 1mL¥} TBA 1mL& F7Isle] 95°C & Aol 208-7F
7FEskiTh. 4000 pmoll A 3087 AR F FSAE 532

w53 Ere Hge nEEs
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+RFAARE BASINITH BE 5] 42 SARAIA| 28] (Statistic
Analysis System, v8.2 SAS Institute Inc., Cary, NC, USA) F7|
TS o] &3 TH

nmoi| 4]

Fog ghitsto] ALsATH?26).

A 24
2z 7+ AR2RE

ge 4

FBEE 4T A8 (TBARS)S MDAS]

AFEe] FIHE AR
7] flste] ZAHEY(ANOVAYE A3 § p<0.05 ol ©73A|
3 (Duncan’s multiple range test)yS AAISIH o™, 1 AF= B

Aoy o
M= 57T E0|UE| =52 2oy a7s

ARz 55 Evve] 559 $439%5S DPPH #HZ
2% WHEDOZ H7KsE A3, 100 uL/mLolA] Adzx =59

DPPH &Hd &AL

.

ZVz} 62.1% (YHHE), 64.8% (F718)2

et tHTable 1). 22yt AEE(50 uL/mLyelAE 5 285749
DPPH itz &75e] & Zfol7t gidlth. Evlve] =5<] DPPH
o)z ~A ZFE 100 uL/mLolA] 60.8%(F71%5)E Uduks =

Table 1. Antioxidant activity of common and organic Angelica keiskei and Oenanthe javanica DC juices determined by the different methods

Samples Conc. DPPH'sgavenging NO s'cgvenging 0O, sg:ayenging ‘OH §c§venging

(uL/mL) activity (%) activity (%) activity (%) activity (%)
Common 4. keiskei 50 48.8+2.1V 47.1+£1.1¢ 53.8+£2.8" 43.2+0.7°
Organic 4. keiskei 50 47.1£1.8° 50.8+£0.4° 51.4£2.4° 45.1+0.8°
Common 4. keiskei 100 62.1£2.0° 70.8+1.9* 75.1+1.4% 66.8+1.2°
Organic 4. keiskei 100 64.8+0.9* 69.3+0.7* 77.2+0.6" 69.9+1.6
Common O. javanica 50 38.2+0.7 21.8+0.4 46.8<1.1¢ 48.0+0.4°
Organic O. javanica 50 42.8+0.9¢ 34.6+0.6° 52.1+0.8° 48.4+0.4°
Common O. javanica 100 51.2+1.2° 59.5+1.2° 65.8+1.2° 68.5+1.6"
Organic O. javanica 100 60.8+0.8" 64.1+0.5 71.9+0.6 72.1£1.6*

YValues are mean£SD (#=3). ““Means with the different letters are significantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 1. Protective effect of Angelica keiskei (A, B) and Oenanthe javanica DC (C, D) juices on cell viability and TBARS generation of
LLC-PK, cells treated with AAPH. N, untreated control; AAPH, AAPH-treated control; CAK, AAPH+ common 4. keiskei; OAK,
AAPH-+organic 4. keiskei; COJ, AAPH + common O. javanica; O0J, AAPH+organic O. javanica. Values are mean+SD of 3 samples. “"Means
with the different letter on the bars are significantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 2. Protective effect of Angelica keiskei (A, B) and Oenanthe javanica DC (C, D) juices on cell viability and TBARS generation of
LLC-PK, cells treated with SNP. N, untreated control; SNP, SNP-treated control; CAK, SNP+common 4. keiskei; OAK, SNP+organic 4.
keiskei; COJ, SNP+common O. javanica; O0J, SNP+organic O. javanica. Values are mean=SD of 3 samples. “'Means with the different letter
on the bars are significantly different (p<0.05) by Duncan’s multiple range test.

HuE] 51.2%80} E=7 UrE]r"LDP(Table 1). NO&
o F438] whgal=t], 53] 0,9 A st A== ONOO
E 9y 7 AE EH@;#—E— do7m A 2tsk(lipid
peroxidation)E fri=sh= lo]l 2 & Sl=dl, HJew AYgH
NOZ&7| &5 Awjine] w2l NOoJ |3t Hdosle] e &
FE 7T 5 0113}(28) AXZ =29 NO 2A5E AvE 3
7, 100 pL/mLe] FEOAM f71% AHdE 55 693%, s
ARz Z5E 708%FA FASE 43S BRAtHTable 1). 7]
Ug=Fe] NO £274%S 249 44, #71% 5534 v =
Zoﬂ}q 1:1"—‘ L:l: v/]z;qo /\74 EJ,],_. ga_o_u:] _E_g] IOOLLL/
mLe] FEN f7)% Byl 55e 64 1%2 ks &0t
g HHF2 59.5%= YERTh 23sE20]2(0, )2 superoxide
dlsmutase (Sopyell <j&l 4A H,0,= ‘:313%5] Hhg-Ado] et
HE AAsAY NOgH wHE-ste] wkgAJo] 77dk ONOOE A

*é S7] wjiell MEY 2F 9 sl ZEFHAE o7|3TH29).
Table 12 A1XZ HF29 0, &AFTSE 100 pL/mLe] FZoA
715 AR 55 77.2%, QJ_HPi AR H5LE 75.1%2 Y
B, f71E & ‘/]"j/] =52 71.9%, diks Evde] 552
65.8%= UEIHTE stol=SAzt]Z(OoH)dl gk &A ad=
100 uL/mLe] 5ol A %ﬂi ARz 55L 69.9%, dits A
MZ 55 66.8%2] 2ATE BAX, §71%F EUMFA 552
72.1%, 4ibs EvuE %ﬁe 68.5%2] &A%
z 557 svjve] 559 BF 55 &9
A &35 YR tH(Table 1). ©)d9] Ax2 & o), 2% =
F3 Evue] %59e DPPH 22, NO, 0,7 271% 59| 4
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A

o
O

<
W
R

A ¥EEA ksl s} atshix|
037%1]%1 free radical initiator® AF-EITh o] A
F ekAEtt]Z(carbon radical)Zt ThA] ZAgtahed
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&2 AHE A3 Fig. 1A, C), AAPHTHS A 2|3t control9] Al
E AEES 6% oY, f7lE B diks Az 558 77t
TEEE XEe § ME AEEo] TR YR FsPor,
715 Adx 554 Evve] 558 AEg 2ollA= 100 ul/
mLolA 687, 67.7%2] AIE AEES B AAPH ©EX2l33
HlwE uwf oF 48] ZUISIESS & & AT AAPHE A g
LLC-PK, AlZEoA 2314 2Ef 22 fod A2 Fatslo) o
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Fig. 3. Protective effect of Angelica keiskei (A, B) and Oenanthe javanica DC (C, D) juices on cell viability and TBARS generation of
LLC-PK, cells treated with pyrogallol. N, untreated control; Pyrogallol, pyrogallol-treated control; CAK, pyrogallol+common A. keiskei;
OAK, pyrogallol+organic 4. keiskei; COJ, pyrogallol+common O. javanica; OOJ, pyrogallol+organic O. javanica. Values are meantSD of 3
samples. “"Means with the different letter on the bars are significantly different (p<0.05) by Duncan’s multiple range test.

o

AWz 53 SvvEl 559 /Y 235 MDAR A9
23 Fig. 1B, D), AAPHE AHE|sA] &2 2Ny MDA F
2|7} 0.196-0.201 nmole/mg protein? WFERL} AAPH THEA] )]
AAPH FA o) gl 48] A& =2 MDA X & Bt 2L
Ay f71F 9 diks Az 559 Evive] 552 4 s
HE A3 FAME MDA FX7 T gEFHo g id)
£ A%e BHEon, Az 559 49 100 uL/mLoAlA 2zt
0.440, 0.436 nmole/mg protein® 2 UEltom Enjye] HF<]
73-%- 100 uL/mLellA] Z}2}F 0339, 0.356 nmole/mg protein® 2 L}
Elv} AAPH ©5 Azl Hs| fo3eg st th(p<0.05).

SNPOI| 2|5t ASIH AEF A JHM S3t

SNPE NO A4 33HE2A] nitrosodium ions &-3=d| ©]
2 Qg SNP &Ho] 7iAlsdde] w29 uw NOZF AAETh34).
B AFdM s G4 dad o sld 2B 2 i 39E
AW r7) 98te] LLC-PK, AZol SNPEZ 2|2|3le] NOS #2
AAAM st ZEHAE 7HE & ol gigh AR 559 &
Hue] 550 B3 835 AEHEERE RISIITE SNP ©5
A HE AEEO] 26%Z Fasle] AHEE AE 2o 9
gk MEe] &3S IRIT 4 U, W AHx B5Y E0u

55 FEEE AP 2olHe HMZ AES] FE 9F
Hog sl on, 100 uL/mLolA Avks 2 f7lE Adz
=50l Z17F 668, 672%2] AEES HAXL, dibst e &

o
)
il

B3 Ak 2EH 2 N a9E eSS IR & A
(Fig. 2A, C). SNPE Az2|3F LLC-PK, AlEd]| 238}z ~Eg A~z

e A4 FkskEdd g A2 553 S0vE] 559 A

23S AmE A3KFig 2B, D), MDA X4 SNP F-42]
2 0.226 nmole/mg proteing] RFA SNPAZ|Z Aksld ~EF
25 A7 SNP @522 0.800 nmole/mg protein®Z -
ooz FrRsidnt. guksd 7% Az 559 49 100 ul/
mLell A ZHZF 0.418, 0.424 nmole/mg protein® 2 LEFET, Auk
T 2 f7lF EvveE 559 739 100 pL/mLolA ZHE 0397,
0.345 nmole/mg protein® 2 UEPHT} ©]2 3 f71% 2@ odut
T A% 5534 Evve] 554 #27F NOol 9§ LLC-PK|
Azl Ad EE aRHoR AAES & F Asdoh

Moz o

M

ojo|2ZE0| o8t MEHE AE-A JM S5t

o] 24EL FEHoA ikt wEA doju=d 0,
o] Aol H,0,0] HA|oIth35). Fo|24ES AM2lsk LLC-
PK, M| tigt Xz ZF3 Evue] 559 s a5
Ao E A, Be|E4E d5AEEY] A5 31.8%0] AESES
Hl vhd §7)F 2 diby AXx =53 Evjye] 558 7
7F R AT A7 Ax AT Tk EXHCE Tt
3kaL, dnks B R0 Az HEe] 49 100 pb/mL A2
Al 69.5, 73.1%2] AEES HoH, Uity 2 f7)F Evvt
g =559 79 100 uL/mL 24 58.7, 68.5%2] AYEES Ho
o2 A= 93 LLC-PK, AEQ] 4ka}a 2w~ /MA a3
7} UERtTHFig. 3). B3 dpo| 27k 93k LLC-PK, Al%Ee] A
A FaE QA g AXx 53 Evjye] 559 A
BHE AE AI(Fig 3), Hol24E dEATES MDA
X7} 0.765-0.778 nmole/mg protein® o] ZZAE T Z]wtol H]



522 =2 E 388X A 47 WA 4 F (2015)

120
(A)

100 a O 50 p/mL 100 pl/mL
g 80 b
2 L
E 60 d
8

40

e
) .
0 . ; .
N SIN-1 CAK OAK
120
(C) a [ 50 p/mL 100 pl/mL

100 | — H H
= 80 b
2 c
£ ef d
E e
8

40

T
N .
0 . , .
N SIN-1 coJ 00J

1.0
B
(B) a O 50 p/mL 100 pL/mL
0.8
E
[
B
2 06 b b
E
3 c c
E o4
a8
= d
0.2 ﬂ
0.0 - - +
N SIN-1 CAK OAK
1.0
(D)
a O 50 p/mL 100 ul/mL
0.8
E
[}
®
g 06 b b
E
L]
2 [
E o4 d
=}
= e
0.2 =
0.0
N SIN-1 coJ 00J

Fig. 4. Protective effect of Angelica keiskei (A, B) and Oenanthe javanica DC (C, D) juices on cell viability and TBARS generation of
LLC-PK1 cells treated with SIN-1. N, untreated control; SIN-1, SIN-1-treated control; CAK, SIN-1+ common A4. keiskei; OAK, SIN-
1+organic A. keiskei; COJ, SIN-1+ common O. javanica; O0J, SIN-1+organic O. javanica. Values are mean+SD of 3 samples. *'Means with the
different letter on the bars are significantly different (p<0.05) by Duncan's multiple range test.

3 40 A= FTekct zev gyt
I Evjve] 552 7 sEHE
7t Sel24E wEX ] B3]
2 f71% AXZ ZF 100 uL/mLelA 22t 0.436, 0.440 nmole/
mg protein® YERGOH, Uuks 2 f71% EXUE] 55 100 ul/
mLolA ZFZ} 0302, 0.285 nmole/mg protein® e} AA % =
3 Erldessed o XE it A a9E B FU
SIN-10f| ofst &5HE A=A JHM S3t

SIN-12 NO%} 0,5 AAslaL o2 #53] W3l ONOO
£ A3, ONOOE 7383 Al 52 2F)A (cytotoxic oxidants)
2 E8=7] Wil 54 a5 Vel Fo] WddAEEY
(pathogenic cellular damage)s} 7717157l (organ dysfunction)2]
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g x5 SvvE] 559 Be 835 AZEAEES 5
8 A HQITHFig. 4A, C). SIN-1 BEA2te ately ~Ew 2~
of o3t A &40 R AEE] 21%E Tag vhH Yiks Y
715 Az 553 Evve] 558 27 2R AEe ¢
AEEC] FE JEZHOE FUlele, dibs ® f7]E Aldx
=% 100 uL/mL AZA] 2+ 62.9, 70.8%% YERSSH, Uits
2 f7)1% ErvE] 55 100 ub/ml X2A] 22 624, 68.5%E
YEgTh ol 55F°] ONOO™| tigh AH2 2A5S T3l
ahstA 2B M G9E Hole ZA2E ALEETh SIN-19
st LLC-PK, Alxe] Ad FitstE Ao gt Az =&

F Bvjue] mF9 AAEHE AR, SIN-1 GEA e
MDA <=%]7} 0.800-0.802 nmole/mg protein® SIN-1 F-] ]z
vlsl] qul o] Srtsldith 2y frlE 2 dvks AMx =
3 EvUE 559 247 EEE AYd 2ok MDA £
7} SIN-1 TExjglte] Hl3| folxoz 7hadted f71% 2 o
Wby A%z 535 100 uL/mLell A Z-2F 0.401, 0.408 nmole/mg
protein® 2 UEREOH, 7% 2 duks E9uE] SF 100 pul/
mLolA ZHz} 0330, 0.396 nmole/mg protein® 2 e} A4 %
=53 Buiuel 559 SIN-19] 93 4818 2Eeds fAS
3l XA s QAENSS € 5 UATHFig. 4B, D).
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