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The Effects of Lycium Chinense Milie on the H.O.-treated LLC-PK; Cell’s Redox Status
and NF-xB Signaling
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Dept. of Internal Medicine, College of Oriental Medicine, Daegu Haany University

ABSTRACT

Objectives : This study was aimed to verify the cytoprotective function. antioxidative effect and inflammation genes
inhibitory effects of Lycium chinense Milie. Therefore the generation of superoxide anion radical (- O,), peroxynitrite
(ONOO), nitric oxide (NO) and prostaglandin E; (PGE;) was investigated in the renal epithelial cells of mouse. Effects of
Lycium chinense Milie on the expression of inflammation-related proteins, IKK-a, p-IKK-aB, p-IkB-a. NF-xB (p50, p6b),
COX-2 and iNOS, were examined by western blotting.

Methods : For this study, the fluorescent probes were used, namely dihydrorhodamine 123 (DHR 123),
4,5-diaminofluorescein (DAF-2) and 2',7-dichlorodihydrofluorescein diacetate (DCFDA). Western blotting was performed using
anti-IKK-a, anti-phospho IKK-aB, anti-phospho IkB-a, anti-NF-xB (p50, p65), anti-COX-2 and anti-INOS, respectively.

Results : Lycium chinense Milie reduced H>Os-induced cell death dose-dependently. It inhibited the generation of - O,
ONOO, NO and PGE; in the H;Ostreated renal epithelial cells of mouse in vitro. Lycium chinense Milie inhibited the
expression of IKK-a, p-IKK-af, p-IkB-a, COX-2 and iNOS genes by means of decreasing activation of NF-kB.

Conclusions : According to above results, Lycium chinense Milie recommended to be applied in treatment for the
inflammatory process and inflammation-related diseases.
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BB (Lyeium chinense Milier)= o) 73k o) 8t
o &I ofA| el A FS) k] AHE-ER

2) Aok " 717

Dulbecco’s Modifide Eagle Medium Nutrient
Mixture F-12 (DMEM/F12), fetal bovine serum
(FBS), streptomycin-penicillin 5¢] 4| Zu] k& A]
k52 Gibco BRL (Grand Island, USA)elA,
dihydrorhodamine 123 (DHR 123)3} 2'.7-dichloro
dihydrofluorescein diacetate (DCFDA)E molecular
Probes (Eugene, OR, USA)elA], carboxy-PTIO
sodium salt= Calbiochem (EMD Biosciences Inc.,
USA)ell A, 4.5-diaminofluorescein (DAF-2)& Dai
ichi Pure Chemical Co. (Tokyo, Japan)ell*, sodium
dodesyl sulfate (SDS), acrylamidex= Bio-Rad
(Hercules, USA)ellA], NP-40, CAPS, Tris base,
ammonium persulfate, ponceau, glycerol, protease
inhibitors, bovine serum albumin< Sigma Chemical
Co. (St. Louis, MO, USA)olA, 12} 3Alal TKK-
a, TKK-B, p-IKK-aB. IxB-a, p-IkB-ax= Cell
Signaling Technology (Cell Signaling, USA)el| A,
pd0, p6d, INOS, COX-2, VCAM-1, B-actin, histone
H1z} 22} 8FA¢l anti-mouse, anti-rabbit, anti-goat
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IgG= Santa Cruz Biotechnology (Santa Cruz,
USA)olAl F98t9 2, sodium chloride, hydrogen
peroxide, ethanol, methanol % 7]} AJeF-2 A]Zd
M EFES s AREEsi e, Ade A
3t 7]7]%= GENios (GENios-basic, Tecan, Austria),
UV-VIS spectrophotometer (UV-2401PC, Shimadzu
Co.. Japan)7} Qlc}.
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LLC-PK; M %= 100 & dish (Corning Co., New
York, USA)ell wioFsted o, oju| 5% fetal bovine
serum, L-glutamine (5.84 we/m)3} L-sodium
bicarbonate (2.438 g/ml)& &3 DMEM/F12 =)
Alell penicillin-streptomycin (100 U/ml)S A 7}s}
of ARE-8} Y, 37°C, 5% CO, incubatorell A wi oF
stgdom, 299 1314 subculturedt] A EZFZS
#| 893 e.
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HEKS NE SAS 243994, LLC-PK A=
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SA Al wiAE AASL 05 mg/m MTT £
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3ot
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mME Ag3ted HA7F wieksla A ZF A5 E
ZA 3k

c 0, 2A%L DCFDA assay”’® =439}
21449 DCFDAZ} esterase == A 7hp&
&5 wrol w3s}Ael DCFHE "olddstsw,
DCFH= &A4akaol o8 Abshelo] 7hst o3&
yelfl = 2.7-dichlorofluorescein (DCF)e] %t}
96 well microplate®] ®WAE AAstT 2+ welld
free media 200 w ¢} 50 mM phosphate buffer (pH
7T4H)Z 843 0125 mM DCFDA 50 w & #7}3t
% of7]53 485 nmet WEIHE 535 nmel A 5E
HH o2 73] SA .

Eo]# ¢l NO9 indicatore! 4.5-diamino fluorescein
(DAF-2)& 279] ofm]x7] Atele] NOE EA 3}
o, 490-495 nm®| AA7]FFNM green®] 3}FE W



Z3}= triazolofluoresceins A5 i A7)
= DAF-2¢] 93l ZAH NOS ofell o|&st.
NO 2A%2 96 well microplate®] " A= A A3}
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sulfoxide 550 well DAF-2 1 mge] o} & A&
50 mM phosphate buffer (pH 7.4) 1:400M) & 3]
A3 DAF-2 50 w¥ A7kt 3 71344 485 nm
o} 2ok 535 nmell M 3% A0 E 73] &3}
A,

ONOO™ 275 Kooy 59 wgle] o =
Astgd=d 96 well microplate?] wWiAZS A A
7+ well% free media 20 w9} 90 mM NaCl, 5 mM
KCl % 100 puM diethylenetriaminepenta acetic
acide} 10 uM DHR 123& 343l=  sodium
phosphate $+= (pH 7.4) 180 wE 7}3ted 58&7¢
A8 & of7]3bA 485 nmet W& 535 nmell
A FA s
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6) Western blot analysis
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stod QAQizte] sl WS dAsileh T #
o] whiAS godium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE)2 A7 %
nitrocellulose membranes] T AEE Ho]A|A F
9k ©] membranes £/ ¥ 5% skim milkE
o] AgslA] ok B8] v E-o]H antibody
AgE Asly 24 24 bl A e] 13} antibodyE
2A17E oA AHElEdeh. o] membranes 0.1%
Tween 20& &3 TBSTE 60#7F A1 33 oL 2

7S - MY

2} antibody S 24 7F oA ¥F--A17] 2, TBSTE 60
7+ A48 o2 membranee]l ECL solutions ®F
SAIA B " §3E Xoray filmel 73AZ
7) = Ak
Sl o] ke Lowry 59 "%} Bradford
protein assay kitZ ARE-shed AeFsieic)
) A A

/254 AR AL 7 AgE 7he FFA| s}
-Iﬂ—?"x}i EAS T 2 AYRF 7] o4 AA
< student’s t-testE o] &3le] EA sl

m. 2 =

I wEKe MZ =4 =3

WEKE F=4 (25 50. 100, 200, 400. 800,
1000 we/m)2 A= W A7 FEelA
116,03, 121.27. 120.69. 112.43, 106.57. 89.05. 85.78%
o] AEES veho] 400 w/n7AAE HA4e] S
T ALE YEgth(Fig. 1.

2. wE&Ke ME 25 a1t

H,0; 100 mM& A3t s o Az A&
5821%9R ok, WEK FEE& 25 50, 100, 200,
400, 800, 1000 we/m= A2 gF A Sel] APZEo]
z+zt 62.03, 69.06, 73.12. 76.74. 72.71. 53.90. 50.81%
2 Ueh} 400 we/n 721 H0.0) &3 Al ZAE
Al et Aoz velgteh(Fig. 2).

| ZOllAl -0z, NO % ONOO™ 4dof|

-0 e A4 /‘ﬂi‘)ﬂ/ﬂ 113.52+7.28 fluorescence/min
oldl mIsked H,0, AHelel s 172.68+10.21
fluorescence/min .2 A o] F7}slgl ot M ik
FEE5 A A9 T 8oz Fas
of 200 wg/ml oA 142.22+10.28 fluorescence/min,
400 we/ml F oA 139.74+9.13 fluorescence/min.o-
2 54 AA FasAck(Fig. 3A).
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NOE AAF M EoA 68.31£5.89 fluorescence/min
olel  wlgted  H,0, Aol o 117.28+8.21
fluorescence/min o2 XA o] Z7}skq] o1} MiE &
FE2ES AT Aol T JEHoE FHAd
o] 200 we/ml oA 103.98+7.05 fluorescence/min,
400 we/ml FEolA 97.2547.23 fluorescence/mine

2 fro4 Al skl (Fig. 3B).

NF-xB Signalingell o|xl= &

[eZ =13

ONOO = AAH ZellA] 180.68+7.77 fluorescence/min
oldl mlsked  Hp0p Aol osf 320531271
fluorescence/min e AJA o] Z7}3ke] o} HiE ik
FZES AT Al FE JEXHCE FHAd
o] 200 wg/ml 5ol A 275.88+16.23 fluorescence/min,
400 we/ml oA 251.22+13.01 fluorescence/min
22 A4 A FAsH(Fig. 30).
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Fig. 1. Cytotoxic effect of Lycium chinense Milier in LLC-PK; cells.

Cells were exposed to Lycium chinense Milier (25, 50, 100, 200, 400, 800, 1000 wg/ml). After 24-hr exposure, the
cell viability was evaluated by MTT assay. Each value is the mean=S.D.
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Fig. 2. Cytoprotective effect of Lycium chinense Milier on H:0.-induced cell death in LLC-PK; cells.

Cells were exposed to H.0, (100 mM) in the presence and absence Lycium chinense Milier (25, 50, 100, 200,
400, 800, 1000 wg/ml). After Shr exposure, the cell viability was evaluated by MTT assay. Each value is the

mean+S.D.
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Fig. 3. Effect of Lycium chinense Milier on ROS, NO and ONOO™ generation in LLC-PK; cells.

Cells were exposed to Hy0, (100 mM) in the presence and absence Lycium chinense Milier (50, 100,
200, 400 wg/ml). Results are mean+S.D. a) Significantly different from the normal. b) Significantly
different from the control (* p < 0.05, ** p < 0.01). A : The generation of ROS was measured by
DCFH-DA fluorescence probe. B : The generation of NO was measured by DAF-2 fluorescence
probe. C : The generation of ONOO™ was measured by DHR 123 fluorescence probe.

4. PGE, ‘B0l D|Xl= Zg o vltel H0-8 A3 ATl Ae 349.2115.79
PGE; A4 Aol A 234.58+9.82 pg/mi pg/mZ o3 Frletglet WEK FE2E
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Fig. 4. Effect of Lycium chinense Milier on PGE; level in LLC-PK; cells.

Aaetsie(Fig. 4).

Cells were exposed to H:0, (100 mM) in the presence and absence Lycium chinense Milier (50, 100, 200, 400 wg
/ml). Results are meantS.D. a) Significantly different from the normal. b) Significantly different from the

control (** p < 0.01).

5. IKK-a, p-IKK-aB % phospho IkB-adfl O|Xl=
01%|:
NF-kB 243}l Fodst= A 34LA QA [KK-
adl p-IKK-aBell mA]%= oJ3k& A=t Azt At

ol Blgte] H:0.5 AHEldt s 2LelA F718H
ou iR FEES AES AL A

3 AE 2vh(Fig. 5A-B).

Phospho [kB-a¥ H:0.5 A 2|8t djz2ollA] =
7Feted QlAbEbE Aot WER FEES
A2 gt AT e Aastes As Rk (Fig
5C).
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Fig. 5. Effect of Lycium chinense Milier on IKK-a, p-IKK-aB and p-IkB-a expression.

Western blot was performed to detect IKK-a, p-IKK-af and p-IkB-a protein level in cytosol fractions from
LLC-PK,. Cells were exposed to Ho0, (100 mM) in the presence and absence Lycium chinense Milier (50, 100,
200, 400 wg/ml). Results are mean+S.D. a) Significantly different from the normal. b) Significantly different
from the control (* p < 0.05 ** p € 0.01). A : IKK-a protein, B : p-IKK-af protein, C : p-IxB-a protein.
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Fig. 6. Effect of Lycium chinense Milier on NF-kB expression.
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Western blot was performed to detect NF-xB protein level in nuclear fractions from LLC-PKi Cells were
exposed to H0. (100 mM) in the presence and absence Lycium chinense Milier (50, 100, 200, 400 wg/ml).
Results are meantS.D. a) Significantly different from the normal. b) Significantly different from the control (*
p <005 ** p < 001). A : p50 protein, B : p65 protein.
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Fig. 7. Effect of Lycium chinense Milier on COX-2 and iNOS expression.

Western blot was performed to detect COX-2 and iNOS protein level in cytosol fractions from LLC-PKi. Cells
were exposed to H20; (100 mM) in the presence and absence Lycium chinense Milier (50, 100, 200, 400 wg/ml).
Results are mean+S.D. a) Significantly different from the normal. b) Significantly different from the control (**

©p < 0.01).
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A : COX-2 protein, B : INOS protein.
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Tk A HA L Eal YA HG B2 superoxide
dismutase, catalase, glutathione peroxidase =¢] Al
E HellA AA" ROSE AlAs] A3 A=A
Hol 7|10z 28311t #=3 ROSE ol & W
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ROSE §Zuhs, 18s 2 TAHZ oA A2
AzAG JAE sty AHHow 22 &4
< st I 7)5E AR 53] -0,
o} HoOoe 3714 AZEAAM fr3ll E8o =%
o o} A EE Az 2A4 e EAHE F

% ukgAdo] ¥ o8 ROST FAAG.

NOE d¢=z4, A4Ad, g5y, dd7)5
59 98 = Aoz dEA g9loern o8 2
2|3} Ao A nitric oxide synthase (NOS)ell 2]
s A TEv NOZF 22 ojeE A
™ shockell o3 HA, FFuS-o] FLEH
ZA &4 59 fals 2HE Jepe, =3 NO
E AANAM A" - 0,9 ukEle HS Ax
A o] 748 ONOO ¢ 2 o] x4 <l radical A4
& JoFitty Bywe] g,

ONOO &= A4, =t 2 DNA9| Abshe} Y E
23 HAE Fo I3 JFZ AEY o)sh A
I 23 A& ¥ guanylate cyclase®] A}=. tyrosine
9] YE=Z3} 9o = lysine, arginine, histidine 2
ofu|:=Ake] W3, thiol, thioether ¥l opg}
peptide, A ] methionine 2F7] A3} 2 A A 7}
AbSE frzoll gt MlE FAlel] Fefio) =3 m|
EZ=gold] 3F oA, AlET J=Z oA,
glutathione®] 127, ADP ribosyl transferase®] 2F
A3tz g DNA &4 2 Az oyA u7,
mitochondrial ATP synthase. aconitase %2 4| E
A 2] A e doA NEAE fusey g
g,

2 ATdAE wER FEES AAE

[SaEial

e



LLC-PK; AlZo H,00% F93ke] EAAS 9 &
AR AAE F=3 23 - 0., NO. ONOO 9
Aol FE Ao E AA .

NF-xBE= & W] tZ44l redox sensitive A
ARIZLE oA glem 1% B Al AEHA
o ¥kg-3ted COX-2, iNOS, acute-phase proteins,
immunoreceptors, A EAHZEA) Thelst 9241 cytokine
B9 e 2 F349 98¢ . NF-
kB A EA el p502t p652] heterodimers}
& Al kB 53 I 284 ez 243}
o}7} ROS, LPS. cytokine & &4 Ap5l 9
8 IkB kinase7} &4 3}5 o] kB7} &3l =" NF-
kBE 43E § o2 o] F3le] COX-2 iNOS

o O e3 [
5o dzuse §EI 444 TEE FA

71E Aoz dA Y CoX-29 A% 74E
Tk AH ] pathogenesiset A prostaglandin
< FAFE AN B3 sy w3 o
el > A Awe] AS I o] Folskn
T 2yET 9y, INOSE Fele] NO Al 9
8 wEE Y DNA <48 42A carcinogenesisE
oloy

oo A A wel AE e AR
Tk obet f8 AT TS T S
o] kel gith. o|9} o] NF-xBe| &Ad3lel o
| o3t fAdAp e w3} oF FU s 59 7
ofg] 7hA] WAl Aol A7) 9le AL
odeld oot =3 NF-kBe| $Adsle] shels}
AzALA el [KK-a, p-IKK-aB p-IxB-aol
53] IkB-at &% A=<l 98 &43t9 KK
2802 [kB-a2] 3243} 369 serinee] Q1AH}
o] prostaglandin 2 =3 HaEd® nE
oo S FEES 247142 prostaglandin
FAE A o= COX-29 A4 ¥ 34 &
AR 2t Zlolth. COXE COX-13 COX-2
2 FEEEY, gorst AzedA 474 o2 iy
733 Yepidh COX-12 $] 2 2147159 4],
8470 340l P23 prostaglanding A8}
COX-2% F=olvt <7t d5ubs F9jolA

2

rﬂ o > rr e orle

7S - MY

AP wheby C0X-201 23 prostaglanding]
_]
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rlo

oo

olo & Ao COX-20 el AE Hel
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B-a&® H,0, Aol o3 Z7ke Ao] gk %
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FZEo] ROS 74A AAFelxtel NF-kBe g4
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p65 F& AR vk Hy,0, Aol s 3 <]
p50, p6d Al FFe] Frbstl ot HiFK FEE
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