CNU Journal of Agricultural Science

Vol. 42, No. 4, pp. 407-414, December 2015

DOI: http://dx.doi.org/10.7744/cnujas.2015.42.4.407

AL AT MEE] F=2E9 3—morpholinosydnonimine®]| gt

AIOTE| AS3A T 23y

oxl1 = 1 =12 = 3%
Z2F - HelF - oY - T
RIS AZHRTE U LOIMEBIARITA B S Al A A DS

Protective effects of Seoritae Chungkukjang added with green tea powder
against 3-morpholinosydnonimine-induced oxidative stress

Eun-Ju Cho', Hyun-Young Park/, Sang-Hyun Lee’, Hyun-Young Kim’*

'Department of Food Science and Nutrition, Pusan National University, Busan 609-735, Korea
ZDepartment of Integrative Plant Science, Chung-Ang University, Anseong 456-756, Korea,
jDepartment of Food Science, Gyeongnam National University of Science and Technology, Jinju 660-758, Korea

Received on 19 October 2015, revised on 23 November 2015, accepted on 21 December 2015

Abstract : To increase antioxidative activity of Chungkukjang, the protective effect of Seoritae Chungkukjang (SC) added
with green tea powder against oxidative stress was evaluated under the cellular system using LLC-PK; cells. The treatment
of 3-morpholinosydnonimine showed increase in lipid peroxidation, and decrease in endogenous anti-oxidant enzymes
activity and cell viability. The methanol extract of SC inhibited lipid peroxidation by 70.9%, and significantly increased
cell viability up to more than 33.2%. In addition, it enhanced superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) activities. Particularly, the addition of green tea in SC exerted protective effect against oxidative stress by
ONOO- through elevation in activities of SOD and GSH-Px, and inhibition of lipid peroxidation. More addition of green
tea showed stronger protective activity. These results suggest that the addition of green tea to SC leads to the increase
in the antioxidative effect of Chungkukjang through elevation in antioxidative enzyme activities and protection from lipid
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1998; Okubo et al,, 1998), E3F H=AF A X A gHE
O] A5 th7h FURE AREA Jleu, o il 7s
de TN 5= e AREA AEEE & 5 Sl Al

© $99 QFEAloR Ma7t ofg 7HA] 75/ UE
= Aog HE| T Qth(Francis, 1989; Mazza and
Miniati, 1993; Kim et al., 2005),

Ak 255 ok A 2 AEAY AlolA Y
%]+= reactive oxygen species(ROS)+= E4Jo] w9~ 735t
SHEA, BAEEY A7t A4Sl AR, StskEE ¢
gt QA= o3 AAE ¢ Qe Aew dPA QU
(Fridovich, 1978; Kodama, 1988), o]2{gt &AJAkao] £57
2+ superoxide anion(Oy ), hydrogen peroxide(HsOy),

l‘l

i

singlet oxygen('Os), hydroxyl radical(-OH), peroxyl
radical(ROO-) 0]
(RNS)ZA] nitric oxide(NO)+= HWH-&-AJo] Z11 ¥E717]7} o}
TR BE e SRR tAAIE, S5 5ol
e Oy o fA| HEESEo] HEg/do] - 2 Al
0l peroxynitrite(ONOO )E YA Radi et al,, 1991;
Malinski et al., 1993). 0|5 Skt ofF] 714 73]
Qolojy Hyldel Q9150 oste] yejoz MAE &=
e, o]=9] A} At EJAAE A AL ot
© A WolAIAl S| AUE B }5} Hol A A7) S+t
= Yo7 AsHH /\EEﬂ/\E HH Al 71 th(Cadenas and
Davies, 2000; Bokov et al., 2004), ESH ASHA AET
29 Z7he o, A Ae U dzsiolule} 2wy
Asto] Welab g w379 S Aslo] Hie
Aoz dHA QtHCavalea et al., 2001; Gibson and
Huang, 2005).

3—Morpholinosydnonimine(SIN—1)-& NOQ} (OPE=-ly
MAA AaA o 72 7 et =282 71X ONOO & AA

gk oy, vhgof| 23] P4 ONOO = E/gAka7t
ohle} 0,2 NOo| SJof Az ATE BAsto] At
pHOIA] B9 ST AL 2 ea Aol

B Aol BT BT 754 F0E 919 =
A5 Ak Aol 3RS A2 5L

oA SIN-1E Aefslo] Al SE AT 5 B
Su SA st Adielel NEdEES S
Mz=Adol tigt Hoans HESHI

QJt} IESE reactive nitrogen species

F

rﬂ
ot

408 STISIAT M42@ A4S, 2015, 12

II. Ailg % U

L 33 AE

Rod
3

3
at
o
ar“'

F i i=(500 g) 2t A 2]ei(500 g)& 22 4=Al5to]
:% H7¥sto] 15°CoflA] 48AI7E 59F HASHaL 4
CollAl 40 ¢t SARE & WZ AR, =4t
W Al °F—‘|j—77] = FHAgelA 12} 7}
AT BB FF) A 22t 7Hsdt A 247 =
Sloto] AMESFATE Ao ARGl Bacillus subtilis
/\] a5 Bacillus subtilis (KCCM 11315) 2 3=+ u]A}
ZAE o A BoFtrol ARE-SFTE -2 glucose 0,5%
Z7Fgt NBH[A|(Difco, nutrient broth : beef extract
.3%, peptone 0,5%)°l & 212t FHE3}o] 37 Cof|A] 24
IZh okt 5, 24 $ES 2A(EWE 600 nm = 0,8)3}
ZHoHoZ ALgSIITE AuloRst El(E-4E 600 nm
= 0.8) 279] 0,3%(v/w) 5} Yol tisl 22k 0.5%,
2.0%, 5.0%2] =AELS H7}5te] 40C incubatorof A
6047 HAAIZT

ok
=

N o
L

=

\"I of4 wjg

B B ﬁg: off rlr mx M
12
r

>~

£

2. Ng =X ¥ =

HI(100 & 52 AZAT F AR F25] 2009
methanol(MeOH) 2 12A|17}F E9F 2&31= AL & 39
\:I]—E'_t's]— ke ﬂ;{{/&] ;q_?—;_ lr‘%ﬂ% o -
~80Co] ol maksheA 4t 4gel AHgsiart

%
i’r“‘
2
O

i
>
[
o

3. Aok

LLC—PKi(porcine renal epithelial cell)-> ATCC(Solon,
Ohio, USA)O)|A], vjeF ¥J3} Dulbecco’s modified Eagal
medium(DMEM) 3} fetal bovine serum(FBS)=
Co. (Grand Island, NY, USA)o|A F£sle] AME3lHL
], SIN-1, 3—(4,5—dimethyl—2—thiazolyl)—2, 5—diphenyl—
2H tetrazolium bromide(MTT), glutathione peroxidase
kit, 7]E} AJ2FS Sigma Chemical Co,(St. Louis, MO,
U.S. AAF Al &2 ARES AL, vk 5% CO, incubator
£, SHAks &4 1 s =0 SIS L Al (Shimadzu
UV-2401, Kyoto, Japan)& ARE5FITH
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nmo| A L E=E 2459 H(Mosmann, 1983).
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mM)S A5t 1 & AEE sE2H(100, 250, 500
ug/ml) = 2| 2|5to] 24 A7t F3F BjFet &, viFE media
Z AAste, Az PRSE T W AHsIsIch AZE ice
Aol A 5% FoF A7] B85t & 10,000 X go|A] 2087k
QYL EIT AL A AFol AT, Superoide
dismutase(SOD)&4-2 EwingT}t Janero2] B (1995)2
o]&38 =43}t Glutathione peroxidase(GSH—Px)
22 commercial kitE AREst] SAal I 1
unit2 129 1 nmole?] NADPH7} AFS}E] = §49] oF o
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Fig, 12 A== NO2} O, 9] HEgof ofsf) AAE 4= Q=
ONOO £ 1 mM] SIN-12 Halsle] S8t & LLC-PK,
cells®] A &Hikel g A E Aot Controlw-o]
1,287 MDA nmole/mg protein® & normal-%] 0,203
MDA nmole/mg protein®| B]&}| §-2J& o2 Z7K84.2%) 3
O %719] MeOH F2B2 Ao v 4 antehr} 4.
o7 Z443) 500 ug/ml =04 0,323 MDA nmole/mg
protein®= 74,9% @438}t Aelele FEoE4Q A
A1AksE A &S Uy 100 pg/ml, 250 pg/ml, 500
ug/mlof A Z+zZF 0.709 MDA nmole/mg protein, 0,640
MDA nmole/mg protein, 0,473 MDA nmole/mg protein
£ YEHY controlof B]&l ZH2 44.9%, 50.3%, 63.3% LA
stk il = g2 olx foldel 4| x‘wﬂ i
S Bgla AEErhe T e AseS
o 500 ug/mlo = Aelelsh vigeeh o wEM
t}, Fig, 2= ONOO o] 9Jgt A|ZE=Aof gt A=t A7
=9 Heans el dito|t}, SIN-17F A5k +&
21,4%°] A2 &S UEHY normaltol| Hlsf 78.6% 7+
SO, MeOH 235& SEHZ Aelat 23 =2t
100 ug/miof|A 48.8%, 250 ug/mlof|Al 51,0%, 500 ug/ml
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Fig. 1. Effect of the MeOH extract from green tea, soybean, and Seoritac on TBARS generation in SIN-1-treated LLC-PK; cells.

Values are the mean + SD.

a~e

Means with the different letters are significantly different (P < 0.05) by Duncan’s multiple range test.
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Fig. 2. Protective effect of the MeOH extract from green tea, soybean, and Seoritae from SIN-1-induced oxidative stress in LLC-PK;

cells.

Values are the mean + SD.

a~d

Means with the different letters are significantly different (P < 0.05) by Duncan’s multiple range test.
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oAl 59.6%°] AEES HEHHLL AgfEl= 100 ug/ml,
250 ug/ml 500 ug/mlof| A 22}t 25.2%, 30.6%, 32.2%2)
*ﬂi AEES Holon, Hfe =7t SRkl weh A

g *7}3}(’[‘%% 500 ug/miofA| 31,8%2] HEE2
‘/}EH%iJ— % S50 Aot Blas) 52122 Atol= ¢l
ek, AlZAROIA =g AR Ateta] AEd 2o tigt
a4 3 559 A S

L Aelele] Baaut B e 202 bl
olg % Aefej7t thFret 2 g Fg} S Yehfe A
L phenolic compound®} AAF F1] MAQ] StEA|ol]
EH0] 58S oo A anE Yelle Aor 3
ZEtHKim et al., 2005). E3F, =x5= ONOO 2] 549
A St W S Lheh) Aol AR 1
SRt aketavts el Aol o AR,

Table 12 LLC—PK; AJ3Eo|A] SIN-12- 0]-83] ONOO™
B A 2B A FEAZE O, Ao SODEA
o et oS Holzeh, AlBH AEdlAn F 189
SODEAE jzof vlsl 21.9% 743 5.06 unit/mg
proteine YERATH Aze] A24H(SC)e MeOH F+&&

Table 1. Effect of Chungkukjang extract on SOD activity in
SIN-1-treated LLC-PK; cells.

2 A3t 27} 0y & 2A%H= SODZEAIL controlof H]
3] 27131 SC+= 100 ug/mlo A 5.08 unit/mg protein
(0.4%)& YEFH AT 250 pg/ml, 500 pg/mlof|A ZF2} 5,99
unit/mg protein(18.4%), 5.86 unit/mg protein(15,8%)
= UEith 5343471 F 0.5% sA TS A7k &
(SCGO.5)2 Fx=o&4 9] SOD 49 Z71& Ho 500
Ug/mlo A 596 unit/mg protein(17.8%)2 YERHIL, 2.0%
A7HEH(SCG2.0)-2 500 pg/mlofA 2421 S7H Hof
5.98 unit/mg protein(18.2%)< YEFHIL, 5.0% A7}t
(SCG5.0)9] WghE 5= A2 &, SOD & e =7t
Seol ol whel 2748} 500 ng/mlelH 2t 6,34 unit/mg
protein(25,3%)& UEHTE o7& Hol SC FojlA=
E3] SCG5.00] ONOO 2] AAef| Hojdt = = 0, =
H,0, % HZHA|7]= SODO| Be S7HZles ST
T AT H0.5 H:02 BB/SHA7] Atstasdl
GSH-PxZA-S normalwo] H|s] SIN-1%F 2 2|5t 159]
L0170 Z 7F4E|o] 57.13 nmol NADPH/min/mg protein
(54.7%)& JERHTE SIN-10 2 Agld AEHAS QHF

=

Table 2. Effect of Chungkukjang extract on GSH-Px activity in
SIN-1-treated LLC-PK; cells.

Treatment (ug/ml) SOD activity (unit/mg protein)

GSH-Px activity

Treatment (ug/mi) (nmol NADPH/min/mg protein)

Normal 648 + 0.28
SIN-1-treated control 5.06 + 047
SC 100 5.08 + 0.62°
250 5.99 + 0.60°
500 5.86 + 0.16°
SCGO.5 100 5.58 + 0.14°
250 5.82 + 0.45%
500 596 + 0.25°
SCG2.0 100 524 + 0.47
250 520 + 0.43
500 598 + 0.23°
SCG5.0 100 529 + 0.24
250 545 £ 0.17°
500 6.34 + 0.12°

Normal 104.46 + 7.48
SIN-1-treated control 57.13 £ 1047

SC 100 66.27 + 3.96°
250 72.19 + 12.10%

500 70.19 + 2.83¢

SCGO.5 100 66.41 + 7.72°
250 67.12 + 10.78°

500 7427 + 5.71°

SCG2.0 100 7427 + 9.89°
250 77.53 + 0.07*
500 79.47 + 11.38°

SCG5.0 100 79.86 + 2.77°
250 77.12 + 8.57%

500 85.69 + 5.71°

SC: Seoritae Cungkukjang

SCGO.5: Seoritae Cungkukjang added with green tea 0.5%
SCG2.0: Seoritae Cungkukjang added with green tea 2.0%
SCG5.0: Seoriitae Cungkukjang added with green tea 5.0%
Values are the mean = SD.

*~4 Means with the different letters are significantly different
(P < 0.05) by Duncan’s multiple range test.

SC: Seoritae Cungkukjang

SCGO.5: Seoritae Cungkukjang added with green tea 0.5%
SCG2.0: Seoritae Cungkukjang added with green tea 2.0%
SCG5.0: Seoritae Cungkukjang added with green tea 5.0%%
Values are the mean £+ SD.

"¢ Means with the different letters are significantly different
(P < 0.05) by Duncan’s multiple range test.
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AR 2 B=7ge] vghs FEERE ATt Z¥HTable 2),
SCO| A2 250 ug/mloA 72.19 nmol NADPH/min/mg
protein(26,4%) 2.2 Z719111, SCGO.5% 500 pg/mlof Al
74,27 nmol NADPH/min/mg protein(30.0%)2 e
th SCG 2.0 w=oEH 2 GSH-Px &4o] S714]
100 ug/ml, 250 pg/ml, 500 ug/mlo A Z+z; 74,27 nmol
NADPH/min/mg protein(30.0%), 77.53 nmol NADPH/
min/mg protein(35.7%), 79.47 nmol NADPH/min/mg
protein(39.1%) UFERJQITH T8t SCG5.02- 500 pg/mld|
A] 85.69 nmol NADPH/min/mg protein(49,7%) = GSH—Px
of BH4o] 8] 27k} SCG5.00] Ot Hi0,0) HOR
o) 2ap} 2 2SS HAT S AT

Table 39]|A4]+&= SIN-12.& ONOO 9] 9Jgt x| 1}pAiks}
of el Hgo] oAETHE Lehigict SIN-19F 2]
sto] A& apaksigl S8k 182 1,287 MDA nmole/mg
proteing YEFH O] normalw?] 6.38]2] X|AIAEE H
ek, Aeld) B0l Aee FERS Aeld 7, 405
Pt B Aol SEoEAel Adae ey
t} webA SCE= 500 pg/mlofA 0,374 MDA nmole/mg

Table 3. Effect of Chungkukjang extract on TBARS generation
in SIN-1-treated LLC-PK; cells.

protein© & controlo]] B|} 70.9% 7443) o At
ERfal, =215 F71et SCGO, 5+ 100 ug/mloflA] 0,704
MDA nmole/mg protein® 45.3% 7+A RO} 250 pg/ml
o]|A 0.550 MDA nmole/mg protein, 500 ug/mlof|A] 0,374
MDA nmole/mg protein® Z+Z} 57.3%, 70.9%2] A4S
Uelith ESF SCG2.02 500 pg/mloA 0.359 MDA
nmole/mg protein= 72.1%2] ZAa s YERHCH SCG5.0
oA 500 pg/mioflA Zh= A Zapikel7E oA o] 0,329
MDA nmole/mg protein® 2 74 4%2] ARAI}ALSH 7HA4AF
= UERY SCG5.00] ONOO ] =A4do] Yol A& a4t
stof| sl Asjart Eoe Tl o AT Shon
5 (2001)0] mH=w 215 9] 7+ A Hof| thet TBARS 3Hge
2 &1 44T A58 A RE veks FEE0] ARt
Akel Azt QIekal sheih, E3E, Shon 5:(2001)2 o
5 yEg 2EBNCGE 4E 424 230l 9410
2 A74o] ohet SIS st 9 2 bt
4% APl PALs E40] BE Aolek gen] o
JZAR ART A2 isoflavonedtero] WL o]
2] HJAF ZA | $H3-3t isoflavone$H mjFolgkal

f

c

Jo —m nﬁ

Table 4. Effect of Chungkukjang extract on cell viability in
SIN-1-treated LLC-PK; cells.

Treatment (ug/ml) TBARS (MDA nmole/mg protein)

Treatment (ug/ml) Cell viability (%)

Normal 0.203 £+ 0.021
SIN-1-treated control 1.287 + 0.012
SC 100 0.756 £ 0.004°
250 0.604 = 0.010°
500 0.374 + 0.015°
SCGO.5 100 0.704 £ 0.004°
250 0.550 + 0.004*
500 0.374 + 0.015
SCG2.0 100 0.629 + 0.019°
250 0.504 + 0.029°
500 0.359 + 0.012%
SCG5.0 100 0.629 + 0.016°
250 0.514 + 0.012°
500 0.329 + 0.006

Normal 100.0 + 3.8
SIN-1-treated control 214 = 1.1
SC 100 299 + 1.9c¢
250 32.0 + 4.8¢
500 33.2 £ 7.3bc
SCGO0.5 100 31.7 £ 2.5¢
250 35.0 £ 3.0b
500 38.6 £ 2.9ab
SCG2.0 100 31.9 + 1.0c
250 356 £ 1.3b
500 38.9 + 0.4ab
SCGs5.0 100 34.1 + 2.1bc
250 34.8 + 1.3b
500 417 £ 2.9a

SC: Seoritae Cungkukjang

SCGO.5: Seoritae Cungkukjang added with green tea 0.5%
SCG2.0: Seoritae Cungkukjang added with green tea 2.0%
SCG5.0: Seoritae Cungkukjang added with green tea 5.0%
Values are the mean = SD.

"¢ Means with the different letters are significantly different
(P < 0.05) by Duncan’s multiple range test.
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SC: Seoritae Cungkukjang

SCGO.5: Seoritae Cungkukjang added with green tea 0.5%
SCG2.0: Seoritae Cungkukjang added with green tea 2.0%
SCG5.0: Seoritae Cungkukjang added with green tea 5.0%
Values are the mean = SD.

** Means with the different letters are significantly different
(P < 0.05) by Duncan's multiple range test.
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H I35k ONOO 9] EAof 3] LLC-PK; A|E2] WZ
5 A E AIK(Table 4), SIN-19F 2|3} controlw-2
21,4%°] W& BEES Ve B89 MeOH F5+&
2] & AEEo] Z7HI SCE 500 ug/mlofA] 33.2%%
et} B3 87REe S oR o g Y2go| 2713
L], SCG0.5% 100 wgolA 31.7%, 250 pg/miolA
35.0%, 500 pg/mlofxl= 38.6%5 UERRlTh SCG2.0-2
500 pg/mloflA] Fof &S YER 38,9%5 YERT,
=7 Zoll A E3] SCG5.0- 500 ug/mlofA] 41.7%% 1}
Rl A FollAl 7MY 2 AlZAEES Uep st
LLC-PK; A|ZE A}£3] ONOO o] 03] S-&5 Aksla A
Ed|l2o] dfgt =4 MeOH F&52] BT AIE AmE
Ax}, Aeje) A=) Abska A Ao it BT g}
% :1 le“s:_ 2~ olgiotq 017]01] l.—_x}__ 147} ug EH 091;(4
o7 2 HoauE Yehloly, 53] 521 5.0% 37t
P wo] At 7P = AR e,

Adox= H=e) s} 7154 S4

7¥et Aleje] =4S Al&3H & LLC-PK; Aﬂig— l
oém SIN-1H-% A2 H/o] tigh B&

Mlsheo] tiFkoh 943t AefeE TXHEE, TXH
=22 %‘Pa SEH(0.5%, 2.0%, 5.0%) Gejsto] =
& 27 A|%3 $ ONOO °f &J3)| -4 AlSta AEHA
off e} Aefe] =gt =237 Aefe H=7ge] Ak
Ed|2o] izt A ETE vlwgt 2a}, =2FH7F AelE3
A} 2250 50D, GSH-Px9} 7+ ?‘SP/\@}MQ g4
7713, AHIAERE Aete] A EREEE ST
oW A5t AE Ao gt HE s YRGS
o, £3] 5215 5.0% W71 W] Eat P w2 AL
2 Uit wheba, =2 J17F Alefe] =72 ONOO o
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