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Protective Effects of Phellinus linteus and Curry-Added Cooked Mixed Grain
Rice Extracts on Oxidative Stress—-Induced LLC-PK1 Cell Damage
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ABSTRACT The aim of this study was to investigate the protective effects of methanolic extracts of cooked mixed
grain rice samples, including grain rice (sorghum, black bean, proso millet, and Job's tears) mixed with fermented
brown rice (GR), GR added with 0.5% water extract of Sanghwang mushroom (GRS) or 0.1% curry (GRK), and
traditional five grain mixed rice (TMR, Ohgokbap), on H,O,-induced oxidative injury in LLC-PK1 pig renal epithelial
cells. White rice (WR) was used as a positive control. Cells were first exposed to H,O, (250 uM) for 4 hr, followed
by treatment with 100 pg/mL of different GR extracts for 24 hr. H,O, significantly induced cell damage (P<0.05).
Cellular levels of reactive oxygen species (ROS), lipid peroxidation, and antioxidant enzymes, including catalase (CAT),
superoxide dismutase (SOD), and glutathione peroxidase (GSH-px), were measured. In addition, mRNA levels of anti-
oxidant enzymes were determined by RT-PCR assay. Mixed grain rice, particularly GRS and GRK, were able to
reduce cellular levels of ROS, decrease lipid peroxidation, and also increase mRNA expression of antioxidant enzymes
compared to other samples. These results suggest that mixed grain rice, specifically GRS and GRK, have strong pro-
tective effects against H,O»-induced oxidative injury in LLC-PK1 cells through inhibition of lipid peroxidation, reduction
of ROS levels, and elevation of antioxidant enzyme activities.
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.
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Table 1. The ingredient ratio of grain rice
. Ratio (%)
Ingredient )
WR GR GRS GRK TMR
Fermentation brown rice
Glutinous brown rice 40.0 40.0 400
Sorghum 30.0 30.0 30.0
Black bean (Seoritae) 100 10.0 10.0 10.0
Proso millet 8.0 8.0 8.0 10.0
Job's tears 10.0 10.0 10.0
Sanghwang extract 2.0 2.0 2.0
(Phellinus linteus) 0.5

Curry powder 0.1
White rice 100.0
Glutinous rice 60.0
Foxtail millet 10.0
Red bean 10.0

(Phaseolus angularis)

DWR: white rice, GR: grain rice, GRS: grain rice (added to
Sanghwang extract), GRK: grain rice (added to curry powder),
TMR: traditional mixed grain rice.

S dAY13). FFHE A5 HEE FEFES dimethyl
sulfoxide(DMSQ)ol| 3]4ys}le] A}-g-3}3 ).

M= HH

Ao AHgE A EFE= LLC-PK1 Al Z Dulbecco's
modified Eagle medium(DMEM, Gibco BRL, Paisley,
UK)ll 10%(v/v) fetal bovine serum(FBS, Gibco BRL)}
FAAE H7rek F 37°C, 5% CO29 w71 (Model 3154,
Forma Scientific Inc., Marietta, OH, USA)ol| A 8f %43}

o} M¥E= T75 AE w8 flask(Nunc, Rochester, NY,
USA)9 80% A% AgS w] A Eo] &8 9]5to] PBS®E
YA A A v, 0.05% trypsin—0.02% EDTA(Gibco

BRL)E Aglste] 37°Cell A 53 WA § A E2E AR st
Atk A wFE 2~3dell & A Aol

d&E 546171
e MTTHS Wdste 54 o}"E‘E‘r(12) “”1 LLC-PK1
AZZ 96 well plated] 1x10* cell/mL #F3 5 nj 7]
(37°C, 5% CO2)0NA 2417+ &<k x5k xﬂi% H2PA]
2Tt A7 ?’i}% T ANE FEES A8t HH°k7l°ﬂH
24A17F Rt WA BHITE 244 7F Wi o] & 4hsh
E fEsh] A8 AE AEES BaATE Al
2 484 = 250 uMe A3t A(H02)E ﬂﬂé}ﬂ
HjE7Io A 4AIZE Bk A STk ol B F wjepel
S A A ZF wellel B4 ¥ formazan A% o] DMSOE
A71sle] =<l & Microplate Reader(Model 680, Bio—
Rad, Hercules, CA, USA)E ©]&3}o] 490 nmoll A &3 =
& 24330,

ZEHAE
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X|&ursH(lipid peroxidation) &H

AdsE A4 Ao NE FEES A
$ 24X 7F SR o 250 uMe] H:025 A 2lste] 44
b WAskar, MR dfFde] 25% TCA(trichloroacetic
acid) 1 mL$} 0.67% TBA(thiobarbituric acid) 1 mLE
A7 ste] 95°Col Al 3083 7143ttt 2§ n-butanol
4 mLE H7}8ke] & 3 3,000 rpmoll A 3083 GAE
ShaL, s NS 532 nmellA FREE SAHAT. A 27
2F3}E-8 malondialdehyde(MDA)2] %o 2 #2kale] A4k
SHATH14A).

-
HAEE

M= LH reactive oxygen species(ROS) =& &H

M 37} confluence “FEI7F HH 96 well tissue culture
plated] 5x10* cells/wellZ seeding 3}4 2~4A]7F 37°C
ol A wjFet & Mzt F FAEE, 4hsd ~EHAE
wah7] 9134 250 uMe] HxOz5 A Elate] 4131 v 313t
th AbshE] 2Ed s 8 T AIRE TREE APt 24

AJZE ekt 5 80 uMe] DCFH-DA £9& 7} wellell ¢
3lo] 37°Coll A 308 FoF AujFst & FLUOstar OPTIMA
Fluorescence Plate Reader(BMG Labtech, Ortenberg,
Germany)E ©]83}o] 485 nm/535 nmoll A &3-S A H3}
ATt

=
=

st 4 i’c‘&'
M3 el & }Q a2+ superoxide dismutase(SOD),

catalase(CAT) U glutathione peroxidase(GSH-px)¢] &
S ST NEE A8 FEES AT F 2443
HIFAIZ] ohs 250 uMe] HoO0 5 A 38te] 4A17F whA]381aL,
ME BffdS A AT 3 0.1 M| PBS(pH 7.4)% 3H A3
3lo] AIEE 2t 2& A|3EE sonication 3F TRl 4
°C, 10,000 rpmell A ¢F 1587+ Y4 E 2] 319t} Bio-Rad
3te] 540 nmoﬂ/ﬂ Al e

AL A5G o) ake] Pabst ax

protein assay kitE ©]-&
o] Bepo =Aahd],
245 =43
SOD¥ pyrogallol®] #Hg AFsH&
3= Marklund®} Marklund(15)2] W
50 mM PBS(pH 8.2) 8.7 mLell A 5
mL9 3 mM pryogallol 948 %78} spectropho-
tometer(UV-2401PC, Shimadzu, Kyoto, Japan)E ©|&
sled 325 nmolA] SRS SASIY a4 &9 1 unit
2 Hkg9 F¢] pryogallol®] 4F8HE 50% S Alsh= 749
oko 2 AAFEIYTE CAT AL =AHL A5 4E 7]
A2 AFE-3}9 spectrophotometer® 240 nm 37l
AbstEaTt S E o] FHAdE SR EEA 54 84
A3l Nelsond} Kiesow(16)9] el 9j3to] 54
L84 o] w9l 183t 1 mge] v o] vkg
FAAZ sk E nmol 2 VFERAATE GSH-px
Lawrence$} Burk(17)2] WHel whe} 340 nmoll A
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NADPH®] 4tst2 Q1gh 53 % 7HA&S 5433 GSH-
px A 1 unit2 1593 1 unit® NADPH7} 4F3l& = a4
o] go= EATH
Xt 2 =H

Z70A 1" LLC-PK1 MXE )’ Z Trizol
reagent(Invitrogen Co., Carlsbad, CA, USA)E o]-&3&}]
total RNAE #3519tk #21%¥ RNAE A3 F oligo
dT primer$ AMV reverse transcriptase% 0|83} 2
g2 RNA°A ss cDNAE A3t & SOD, CATS} GSH-
px?] primer® WA 7 2™ house keeping2.® GAPDH
= FA9 AAIBE gL 2% mRNAZ 2% agarose gelll
719 stod dojx == #gsSith(18).
SAH X

27 7t AR 2EE 42 A9 A9Ee fodes A
4at7] g8l AR (ANOVA)S 33 & /X0.05 3
o] Duncan's multiple range testZ 2 /\] ster, o4

e FEERFAXE ZAEAT EE B £412 Sta-
tistic Analysis System(v9.1 SAS Institute Inc., Cary,

NC, USA) BEAZZ WS o] &3le] A4t}

Za Y o
Mty AE A QFt ME &4 BS 1t SH(cell
viability)

H.0:= ROS 5 stz thkat AT 52, d&, 95
Aot E )9 AXAAS FE3tH19). LLC-PK1 Al
Eo NEEA HH = FFS Loty 5t AR FE

g AEska 2417 wigFsk $of
Al AEES SAEITH
A1 2F 90% ©]/d<] LLC-PK
(A3} n)AF). H0z0 o3k
of ofal] Faw=A] gQlst7] $8te] MTT assay W2
27 HeOp Mt 18] 3L He0p A 8 9F 37
ES Mg 5 vasdth AR FEES 2
LLC-PK1 Alxe] A&t 3 250 uMe] H:0:5 44|
A2l 8ok, LLC-PK1 Al Xl Hx02(250 uM)E A €
o A= Aﬂi Ay Ego] 50 0% = A2tol Bl AE &
FRENSS Felg 5= IAJATHXK0.05). 23 A&

R R EE=1

MTT assay WHo=Z
2E A% 100 pg/mLol
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A E=A o] FH=pit
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ES *ﬂ_mﬂ ﬂﬂobr% 7%~ WR(54.0%), TMR(62.2%),
GR(66.7%) =22 Hy0p Helaoll nls| Al AEso] 57}

SFATHIX0.05). 53] GRS®F GRKIA Z}2} 79.1, 78.6%
2 7MY w2 AE AEES vER o] HaO0:00 o5 AkshH
2E 22 i AlE & ik 33y FEE] BE

A2 g8 4 AdAHFig. 1. Qi $(10)8 Aol A
IHAE HaCaT A I FAEAA =& AX AEES Y
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Fig. 1. Protective effects of extracts from cooked mixed grain
rice samples (100 pg/mL) against oxidative stress induced by
hydrogen peroxide (H,O,) in LLC-PKI1 cells. Mean values with
different letters (a-e) above the bars are significantly different
(P<0.05) according to Duncan's multiple range test. The present
data were expressed means+SD. Legend as shown in Table 1.

# LLC-PK1 Al¥29] 4313 ~Eg 2o i3k BE 537}
erl= A A0S 2 ) GRSY GRKY &7} o2

I FEE Hle) 9 FrtE Aew Bl

MIZ W X[ZopisE(MDA)S| &

AR S AL ABH 2EALE AT £
TAZ AA74tske] v A E Q] malonadehyde(MDA)
= triobarbituric acid reactive substance(TBARS)H &
2 =4 o}oq Zardt _7_%34 N s /\Egﬂ/\i kg R

=

S2E AAYSF T H02250 uM)ZE ASt~EH 25
3l At A E SATFORA it FEE
= 745{5]_@1:} 7@/\]—:[1-4 MDA xg
AL (. 23+O Ol nM/mg protein<l d] H]d}o] HyOp A2
2 1.25£0.11 nM/mg protein® 2 e} AAlto] H] &)
Sl o] Eokrh SE AL, 53] Al o go] 3
A= AA AL free radicale] FZA o3l 2Hitkst

&5l Al3Eere] | EHA FikstE o] FUHETH2D). B
Z kA WAre] #AFEtE] W hydroperoxideZ} Bo] AR
t}. MDA+ hydroperoxide?] & 2.3k Haj4HE 24 MDA
9] & A <] lipid peroxidation®] & 23t biomarker®
A ek 2 Ao A LLC-PK1 Ml Xl A2 FE5S A
23 & H.0.5 Az2esS W WR(1.02£0.17 nM/mg
protein), TMR(0.89+£0.05 nM/mg protein), GR(0.85%
0.03 nM/mg protein), GRK(0.74+0.09 nM/mg protein),
GRS(0.74+0.13 nM/mg protein) =22 Hy0p 2]l
H 3§94 (/X0.05) 8.2 7FAste] M aE & o A3
V‘}i@]r‘% Aol A=t FE2E A o JAHANSE
ok o AATH(Fig. 2). 72| tocopherol &2 A A 2o
A E}T%iﬁ}ﬂ watke] IAakslE AAshE Vs o 2 4
Al U] datsl &do) F AR dEA Aa(22), 7He
Zo] AFE A @ IASHMDA) AA oA 3o vl

A AL FER A

2beld 2Eg s BE g3 1677
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Fig. 2. Effects of extracts from cooked mixed grain rice sample
(100 pg/mL) on lipid peroxidation in LLC-PK1 cells exposed
to hydrogen peroxide (H,O,). Mean values with different letters
(a-d) above the bars are significantly different (P<0.05) accord-
ing to Duncan's multiple range test. The present data were ex-
pressed means+SD. MDA: malonadehyde. Legend as shown in
Table 1.

Ao 2 delA ArH20). Kwak 5(23)°] ATl =

ol wol

N
X

&5 flavonoid®} polyphenol

o] glo] A Fpaksl A G} = AoR Bt
cwEbA] Fanre ksl ays el ez 4bkslke)
H ofe] 74A] v EFEAAd A3 o] =58 = A
At

o 2 32 m Hy ©
Wrﬁﬂ%ﬁﬂwﬂt

M= L ROS 47 =

GRS F7hE o] 7HA wdd gkt dede] glom,
594 Oy, HoOg, -OHE ME =43 % o] Ut}
(2,24). kA ROS AAHS Eold NEE B3E F ¢l
th(24). LLC-PK1 AlXol A& FEES AAH28 F HO,
(250 pME A ~Ef 28 =3 v ROS F5& 54
FdoaN Fgu F2E| SR T 24 Y 52948 A
B3It B AFo|A LLC-PK1 M¥d A& 255 A

A F H0.5 AgsklS W, WR(230.3%), TMR
(204.8%), GR(193.2%), GRK(178.3%), GRS(176.6%) <=
O 7 HyOp Aol Hla] 723 (X0.05) 2.2 FHAadlo] Al
3 e 9 ROS A o] F=rit 55 Aol o ¢
AR5 & 7 AAHFig. 3). Kwak 5(23)8] A5l
ot 4, 717, &5 & flavonoid$} polyphenol 34
< Wol FF3ka L - free radical 2A %] A=
K

m (25)¢] Aol = FEHA

b

FEE AL 2A AL vluEZAQ L-ascorbic
acidit} vij¢ & ditstsS YEhl= A= B3l

250 uM9] HgOzi A2 gk LLC-PK1 A4 =itk 5
ZEo] gitsl §4:21 SOD, CAT ¥ GSH-pxe] &4l v
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Fig. 3. Effects of extracts from cooked mixed grain rice samples
(100 pg/mL) on cellular ROS levels in LLC-PK1 cells exposed
to hydrogen peroxide (H,O,). Mean values with different letters
(a-e) above the bars are significantly different (P<0.05) accord-
ing to Duncan's multiple range test. The present data were ex-
pressed means+SD. ROS: reactive oxygen species. Legend as
shown in Table 1.

A= P3FE Table 20 YeERTE LLC-PK1 Al 22 HyOz
= Ags9S W SOD, CAT9 GSH-px 9] &4 o] &4 3]
AE A SOD= dH4kst wWhol AAle] A HAl TA o A
B0l A% 0, & Ho002 ABA7= A4S Fostes &

2ol (26), Adwe] SOD 42 4.924+0.21 unit/mg pro—

tein, HoOy A 8] 1.4540.31 unit/mg protein®.2 e}
St 28U AR FEES A 47, WR(1.76+0.19
unit/mg protein), TMR(1.88+0.07 unit/mg protein), GR
(1.93£0.11 unit/mg protein), GRS(2.14£0.10 unit/mg
protein), GRK(2.24+0.13 unit/mg protein) =22 Hs0»
Aol Hdl 79 H(X0.05)e.2 F7HiY. CATE
SODE A3 A Ho0.8 &3 AtA4A= Adshes 28-S
Zwsl=d(26), Aol CAT &2 1.3240.35 umole/
mg protein/min®] oW, H,0, A&+ 0.49+0.15 n
mole/mg protein/min&. = YEHTH A5 FEES A
A3} WR(0.52+0.16 ymole/mg protein/min), TMR(0.68
+0.03 umole/mg protein/min), GR(0.75£0.09 pmole/mg
protein/min), GRS(0.88+0.12 pmole/mg protein/min),
GRK(0.92£0.13 pmole/mg protein/min) <=2 & Hy05 A
gl vlE] 794 (/X0.05)22 F718 Yk GSH-px&
Hy0:9F 393 glutathione & & 3-E] 4+3}8 glutathione ™

H "‘% Zuj A A A=A U] HakstA &4
ﬂ](Zl dat 9] GSH-px &4 1.824+0.14
unit/mg protein, HoOs *2]7+2 0.68+0.11 unit/mg pro-—
tein® 2 YEIRTH AR FEES A2e 23, WR(0.88
+0.20 unit/mg protein), TMR(1.17%+0.08 unit/mg pro-
tein), GR(1.23£0.06 unit/mg protein), GRS(1.40+0.13
unit/mg protein), GRK(1.4940.05 unit/mg protein) <=2
2 Hp0p Aol Hl3] 94 (<0.05) 8.5 F7 a3t
wab B o Fo A= LLC-PK1 Al Zol| Hy0.5 #2383
< o SOD, CAT ¥ GSH-px & 4itst 2459 &40
gojg oy A7t 70% E3HE GRS W] 100%= 4
F WRTE# T oy} o] 60% Este TMRTH U g3}
7} B £9th Kim 5(27)¢] & 3itsls 54 EA4dA &
3t F Wine F FAksts el wobzl vk

3
Psts s —;aom% A% wag g,
e

H X]’c?

oA 7] A=t AEe a¥9E o] gkl HoOxe
2] 3 LLC-PK1 Al Z2] SOD, CAT, GSH-px mRNA g
A& RT-PCRE ©o]-&3te] SA 33t Fig. 40 vEbd A
¥} o] AAtol HlEke] H,0p A2+l SOD(81.1%),
CAT(74.%), GSH-px(65.6%)2] mRNA W& o] & A5}
A5k ek GRS 3 GRKT2] SOD mRNA 232 H,0.
ﬂ\ﬂuoﬂ Hlgked 742t 16.8, 8.98) 7831, CAT mRNA
Z+7} 3.5, 3.68) S7F8Fsl o™, GSH-px mRNA ¥
2+2} 2.0, 3.4¥) Z718F9t). Abdel-Wahab 5 (28)¢]
A= ol ¥3+¥ p-coumaric acid’} PF-22 A7
z7 2] doxorubicin® & ABtAE g 2o 3o
SOD¢} CATE T7MZ &+ Sle Zew Husgla
Ceyhan 5(29)2 B-glucan®] v}-$-2= 3] F-F 29 electro—
magnetic radiation®. & F=¢ At3tAE | 2ol thal] SOD,
CAT, GSH-pxE 5714 & A& Ao 2 Husln, o
g Ad ot FEEo] Ho0.2 &% LLC-PK1 AlZ
Yell Al SOD, CAT, GSH-px2] mRNA #d =2 F71A|

T =
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o

z+zy 9

N et
N o et
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Table 2. Effects of extracts from cooked mixed grain rice samples on antioxidant enzyme activities in peroxide hydrogen (H,O,)

treated LLC-PK1 cells

H>0, (250 puM) + Extracts from cooked mixed grain rice (pg/mL)

Normal

Con WR? GR GRS GRK TMR
SOD" (unit/mg protein) 4924021 1.45+031° 1.76+0.19%  1.93+0.11° 2.14£0.10® 2.24+0.13° 1.88+0.07°
CAT (umole/mg protein /min)  1.32+0.35"  0.49+0.15° 0.52+0.16* 0.75+0.09° 0.88+0.12°  0.92+0.13° 0.68+0.03"*
GSH-px (unit/mg protein) 1.82+40.14"  0.6840.11° 0.88+0.20° 1.23+0.06° 1.40+0.13°  1.49+0.05° 1.17+0.08°

)SOD superoxide dismutase, CAT: catalase, GSH-px: glutathione peroxidase.

Legend as shown in Table 1.
3)All data were expressed means+SD.

“Mean values with different letters (a-e) in the same row are significantly different (P<0.05) according to Duncan's multiple

range test.
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as shown in Table 1.
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