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Inhibitory Effect of Mori Ramulus on Oxidative Stress
Induced by High Glucose in LLC-PK; Cells

Soo-young Jang., Hyeon-cheol Shin
Dept. of Internal Medicine, College of Oriental Medicine, Dae-Gu Haany University

ABSTRACT

Objectives : Recent etiological studies show that oxidative stress might play a major role in the diabetes and its
complications. Mori Ramulus (MR) has been known to have antioxidative, anti-inflammatory and antidiabetic effects. The
methanol extract of MR was tested for its effectiveness in LLC-PK; cells exposed to high glucose.

Methods : The cytoprotective effect of MR was evaluated by 3-(4.5-dimethylthiazol-2-y1)-2.5-diphenyltetrazolium bromide
(MTT) assay. The antioxidative effect was measured in terms of generation amount of - Os by 2'.7'-dichlorodihydrofluorescein
diacetate (DCFDA), NO by 4.5-diaminofluorescein (DAF-2), ONOO by dihydrorhodamine 123 (DHR 123) in the high glucose
~treated LLC-PK; cells. Western blotting was performed using anti-AGE, anti-RAGE. anti-MAPKs(ERK1/2, JNK, p38).
anti-PI3K, anti-Akt, and anti-NF-xB (p50, p65) respectively.

Results : MR extract reduced cell death and inhibited the generation of - Os, NO, ONOO™ in the high glucose-treated
LLC-PK; cells. MR inhibited the expression of AGE, RAGE, MAPKs, PI3K, and Akt by means of decreasing NF-kB activation.
MR also inhibited NF-kB activation itself.

Conclusions : These results indicate MR has cytoprotective, antioxidative, and anti-inflammatory effects. Therefore it is
suggested that MR might prevent and cure diabetes and its complications.
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25 fiteles Zlog odEA gl =
st AGEE | 293AHE 4284 (receptor for AGE,
RAGE)9} ZAgsl ROSE AAFF2 =M nuclear
factor kappa B(NF-xB)E #Al3lslo] A2E &
ARG,

NF-kBE WHEZH <l redox sensitive HAFIALZ
A A glom, &AstEe] AL-& e EE A
] ROS7} Helstx glgol HRFHAG! AAA
ol ArefollA] NF-kBE A EAUolA w2 sts
A2 EAEHIE Az AFel ojs &3ty
o A 24 fAAet 23t inducible nitric
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gt g3 9le Aoz el

B AT e ol d o T dxwt
I FS B AAle FE2EF AR AARE
vl 735 glucosedl] =EAZ] vp$-2 AAA T A E
oM FH FHEY AEA X3 &3} superoxide
anion radical( + O;), nitric oxide(NO), peroxynitrite
(ONOO) A4 oA, AGE., MAPKs, PI3K. Akte]
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Td 9 NFkBS 24 Sl vAL dge #3
to] frol3t 23S A1l Barshe vheleh
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iﬁi Mori Ramulus, MR) & ® 8ej e st 3
Sl oA el M FBa A st ARE-3)
At

2) Ak H 717]

Dulbecco's Modifide Eagle Medium Nutrient
Mixture F-12(DMEM/F12), fetal bovine serum
(FBS), streptomycin-penicillin 5] A Zrlok& A
k52 Gibco BRL(Grand Island, USA)elA,
dihydrorhodamine 123(DHR 123)3} 2.7-dichloro
dihydrofluorescein diacetate(D CFDA)= molecular
Probes(Eugene, OR, USA)elA], carboxy-PTIO
sodium salt= Calbiochem(EMD Biosciences Inc.,
USA)ellA,  4.5-diaminofluorescein(DAF-2)& Dai
ichi Pure Chemical Co.(Tokyo, Japan)el 4, sodium
dodesyl sulfate(SDS). acrylamide: Bio-Rad(Hercules,
USA)ol A, NP-40, CAPS, Tris base, ammonium
persulfate, ponceau, glycerol, protease inhibitors,
bovine serum albumin< Sigma Chemical Co.(St.
Louis, MO, USA)ol|A, 12} 8A1¢l AGEE Cosmo
Bio(Cosmo Bio, Japan)eil+l, phospho-JNK, phospho-p33,
phospho-AktE Cell Signaling Technology(Cell
Signaling, USA)el A, phospho-ERK, RAGE, Akt,
PI3K, phospho-PI3K, p50, p6d, B-actin, histone
H1=} 2%} 349l anti-mouse, anti-rabbit, anti-goat
[gG+= Santa Cruz Biotechnology(Santa Cruz, USA)

o A] F9)38193 2, sodium chloride, hydrogen peroxide,
ethanol, methanol @ 7]€} A|F& A FellM EF5F
= Tt ARSEislen, Ay AHEE 77
GENios(GENios-basic, Tecan, Austria), UV-VIS
spectrophotometer(UV-2401PC, Shimadzu Co., Japan)
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Mouse2] AIAAIT A 29 LLC-PK; % (renal
epithelial cells)= A&ty et 8 st wAl
o A EoFkel ARE-31od Tt

A —Ev— Hﬁ} Zd% 300 goll 3v <F2] 95% methanol
7heta 0T TR 24X 33w
Z3le] 2 dgith o
27T AA 2 A3 e oS FA 7t
S At AN A FE2E 2067 g(5F
2%)% Ao Aol o3t FE7 5]A 5] AL

FEAL Aoz

[¢]

LLC-PK; M=% 100 mm dish(Corning Co., New
York, USA)el| wjekatdet. o)Wl 5% fetal bovine
serum, Lglutamine(5.84 wg/ml)Z}+ L-sodium bicarbonate
(2.438 g/ml)E &3t DMEM/F12 #li x|l penicillin
-streptomycin(100 U/m)E& A7}sle] Ag-319]
37°C. 5% CO, incubatorell A ®jeFstelom, 246
1314 subcultureste] NlEZFE 3|8kt

3) MTT assay

28] ME 54 3 glucosee] 23t *4131/‘}11—‘?—
B e NE B3 &35 4z, Tada 5
PZoz 24t LLO-PK, AZE 96 well
plated] 1x10*/well2 A Fsked 2417+ wjoksin
serum free WA 2 WA E ¥ i FEES 5=
HE 7Bl A7 AARE gs e AE =
A& 24389 LLC-PK; A ZE 96 well plateel]
2x10"/wellZ A F3s}e] 24417 kst glucose

HEFE 5 mMo| HES 73t} 24X 7 o wfF
g & glucose®: HEFE 30 mM, i FEES
TEHE Jhete] 24A17F o wiFEt ¥ Ktk A E
B3 35 A3 SAA AT WAE AA
32 0.5 mg/ml MTT 485 M Eel| 7}5te] 44]2H
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MM EollM Zigol et AEA AH Bt

Z7} i ekst 3 solublization <Y (dimethyl sulfoxide
‘ethanol, 1:1)& 7}ske] 24A17F wiokgt 3, 595 nm
oﬂ;ﬂ H]—}JJ zj}_% &z}a}oﬂu],

4) -0,, NO ¥ ONOO &A% &4
LLC-PK; MZZ 96 well plates] 1x10*/well 2
F3 F o ok g us &tk FEES
TEHE AEste] 1A1ZF whoFst & glucosed 3
% %% 55 9 30 mMo| HEF 7lste] 2447k ¢
weFst & 7k 275 SAETh

-0, 27%< DCFDA assay”2 ZA3t9dh.

21449 DCFDAZ} esterase =& AMEHA 7195
3|5 ol n]¥PA<el DCFHE "opdesien,
DCFHE #AAkael o3 Absteo] 7hst 35
el = 2" 7-dichlorofluorescein(D CF) o] ®et. 96
well microplate?] WA & A A 2 welld free
media 200 w2} 50 mM phosphate buffer(pH 7.4)
2 343 0125 mM DCFDA 50 ul & #H7st &
371544 485 nme} #HEIHA 535 nmellA 5% 7F
Aoz 73] &Ash

Eo]A 4l NO9 indicatord] 4.5-diamino fluorescein
(DAF-2)& A8l 27H8] eofw] 7] Atele] NOE
FA5be, 490-495 nme] J7]3pA el A green®] ¥
F& W=t triazolofluoresceing Ak &%
o] Al7]& DAF-2¢l oJsl A" NO9 ool 9&
gttt NO 27%2 96 well microplates] iz &
AAsLZ 2 welld free media 150 ul &+ Dimethyl
sulfoxide 550 wl ol DAF-2 1 mgo] o} Ql= AL
50 mM phosphate buffer(pH 7.4)2 1:40001 = 3
Ag DAF-2 50 w¥ A7k & ¢47]9h4 485 nm
o} w23 535 nmoll A 3% AR 73] EA3)
Ao,

ONOO™ &A% Kooy 59 W™l 93 =
Ae9d=d 96 well microplate®] ¥WiAZ A Az
7+ welld free media 20 W<} 90 mM NaCl, 5 mM
KCl ¥ 100 pM diethylenetriaminepenta acetic acid
9} 10 uM DHR 123% &-#-3}= sodium phosphate

SN (pH 7.4) 180 W& 7}3ked 5EZF wHAg &

r-{u:



o17]92F 485 nme}l W& 535 nmell A FA 3
Aot

5) Western blot analysis

LLC-PK; MEE 100 mm dishell 2447 wliokgt
A FEEE REE A7 AxEsx
glucose® #F = 55 ¢ 30 mMe| HE=F 713}
o 24A17F ] wjekst 3 PBSZ M A3} scraper
2 22 LLC-PK; M Zd|A cytosol, nuclear T+
AL Fejste] 43R 2 HARFES] Sl e
< HEs 59 e A S sodium dodecyl
sulfate-polyacrylamide gel electrophoresis(SDS-PAGE)
2 EA)7] & nitrocellulose membraneel] w2
£& AoAA FU ©] membraned £ F
5% skim milkZ o] Atz o2 HE
H] 5] A antibody 2FS A7 74 =4 o
W] 12} antibodyE 2417 o] A3l ol
membranes 0.1% Tween 20 &3 TBSTZ 60
E7F A8 o2 23 antibodyE 2417 oA} Hb-g-
Al7]132, TBSTZ 6087+ A48 ok membraneel
ECL solutione HFAIAH A" 335 X-ray
filmell 7H4A] F{ et

6) A A

sl o] A Lowry 5 w3} Bradford
protein assay kitE AHE-3hed Aslgitt

7) B4 A7

Ay Ao BMe 7+ A ko] HFH 9}
B oAz FAR 7 APF ] FoA AA
2 student’s ~testS o] &3] EA A sHgi)

] A-”.u. =M =X

- o Jo

EE (25, 50. 100, 200. 400. 800. 1000
vg/nl) & X%il shale W Ao FxelA 10327,
97.11, 87.46, 71.68, 49.27, 35.68, 33.01%°] YE&&
wefe] 200 we/m7HAE M E A o] vl A
o2 etk (Fig. 1.

Hg - LHE

gl alre

% N T

11
MRGo/m) O 25 50 100 200 800 1000
Fig. 1. Cytotoxic effect of Mori Ramulus MR)

LLC-PK; cells.

Cells were exposed to MR(25, 50, 100, 200, 400,
800, 1000 we/ml). After 24 hr exposure, the cell
viability was evaluated by MTT assay. Each
value is the mean+S.D.

2. MZ 23 a1t

Glucose 30 mM= Aestsis o Alx P22
46.02% 3 2, &tk F2E 25, 50, 100, 200, 400,
800, 1000 wg/m=Z A8t Ao P&&o] Zh7}
49.27, 71.46, 75.87, 82.24, 65.38, 53.46, 31.94%= 1}
B 200 w/n7tAE BE oEA T TEE
glucosedl] &3t M EARE Assl= Zloz Yehyt
o}H(Fig. 2).

100

cell viability (% of control)
5 3

2

3

THIIT

Glucose (mM) 5.5 30 30 30 30 30 30 30 30
MR (pg/ml) 0 0 25 50 100 200 400 800 1000

Fig. 2. Cytoprotective effect of Mori Ramulus(MR)
on glucose-induced cell death in LLC-PK;
cells.

3

Cells were exposed to glucose(5.5, 30 mM) in
the presence and absence MR(25, 50, 100, 200,
400, 800, 1000 we/ml). After 24 hr exposure, the
cell viability was evaluated by MTT assay. Each
value is the mean+S.D.
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3. -0z, NO ¥ ONOO™ Mo D|x|= A&t

- 0, A Aol A 77.85+3.81 fluorescence/min
ol¥ Bl5}e] glucose el <Ja] 135.45+6.12 fluorescence
/min® 2 o] FrtE ot i FE2EE A
A2]gt A9l Fx Aoz FrAEe] 100 ug/nl
S Zol A 105.82%5.11 fluorescence/min, 200 wg/ml
FZolA 99.57£3.87 fluorescence/mino 2 24
Al ZF2H AT (Fig. 3).

NOE= AA Ml Zell M 56.4£2.77 fluorescence/min
old] wlsted glucose Aol sl 98.34+5.24 fluorescence
/mine® Aol F7MEG o Xtk FEES A
2|3t A9l Fx Aoz FrAEe] 100 ug/nl
oA 71.22+4.03 fluorescence/min, 200 we/ml
FZo A 7358+4.28 fluorescence/min® 2 -4
Al ZHAE ek (Fig. 4).

ONOO & &AM EAA 138.2947.11 fluorescence
/min¢ ¥ B]ske] glucose Aol &Jaf 266.68+10.27
fluorescence/min .2 AJA o] =7} g o} i =
255 AAT Aol vx AR iy
o] 50 wg/ml F=olA 231.24+10.89 fluorescence/min.
100 wg/m FxollA 189.45+7.33 fluorescence/min.
200 we/ml FEol A 162.2848.00 fluorescence/mino

2 FA A A2 (Fig. 5).
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Fig. 3. Effect of l\/lor| Ramulus(MR) on ROS generation
in LLC-PK; cells.

Cells were exposed to glucose(5.5, 30 mM) in the
presence and absence MR(25, 50, 100, 200 ug/ml).
The generation of ROS was measured by DCFH-DA
fluorescence probe. Results are mean+S.D.
a) Significantly different from the normal.
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b) Significantly different from the control(** p <

0.01).
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100 ok
. =T
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MR (ug/ml) 0 0 25 50 100 200
Fig. 4. Effect of Mori Ramulus(MR) on NO generation
in LLC-PK; cells.

Cells were exposed to glucose(5.5, 30 mM) in the
presence and absence MR(25, 50, 100, 200 ug/ml).
The generation of NO was measured by DAF-2
fluorescence probe. Results are mean+S.D.
a) Significantly different from the normal.
b) Significantly different from the control(** p <
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Fig. 5. Effect of Mori Ramulus(MR) on ONOO
generation in LLC-PK; cells.

Cells were exposed to glucose(5.5, 30 mM) in
the presence and absence MR(25, 50, 100, 200
wg/ml). The generation of ONOO was measured
by DHR 123 fluorescence probe. Results are
mean+S.D.

a) Significantly different from the normal.

b) Significantly different from the control(** p
<001 * p < 0.05).

4. AGE % RAGE CHHHA 2kof| 0|X|= A&
Western bloto.2 AGE sl o] u]x|&=

DR Ea%

of

of3ks AT A} ALl vlsted glucosed A



23 dxTolA FtEN e £ FEES A
A5t glucoses A AFFAME 50, 100
wg/ml FEAM FIA QA FaEE AgE B
ch(Fig. 6A).

RAGE <t &lo] w|X|= ks #ast 2

Arbitrary density of
AGE level (%)

100

50 ﬂ

Glucose () 5.5 30 30 30 30
MR (pg/ml) 0 0 25 50 100

Hg - LHE

3} A vlEted glucoseE 2|3 T 2Tl A

Z7tE o £ FE2ES AA2 L glucose s
g3 AL ME =5 oE2H oz S 9]

3
A aEE AE 2eoH(Fig 6B).
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Fig. 6. Effect of Mori Ramulus(MR) on AGE and RAGE expression in LLC-PK; cells.

Western blot was performed to detect AGE and RAGE protein level in cytosol fractions from LLC-PK;. Cells
were exposed to glucose(5.5, 30 mM) in the presence and absence MR(25, 50, 100 wg/ml). Results are mean+S.D.

a) Significantly different from the normal
b) Significantly different from the control(

*p <001 *p<005. A : AGE protein, B : RAGE protein.

5. MAPKsof| O|x|= Hgt out £tk FEES AAYBL glucosed A
by 222o] MAPKsel| 1]A)= oJske Axslel A& el A phospho-ERK, phospho-p38& 5% <
o}, MAPKs¢l phospho-ERK, phospho-JNK, phospho 207 Ho0A A 4% T, phospho-JNK
-p38e] Ld AEE W|uwste] AT A AT =50, 100 we/ml FEAM FIA UA FaEHE
of H|3te] glucosed AT dh2FdA F7HES 73&-& Boh(Fig. 7).
é—?&ﬂmm - F— p—aNK — —— — — ;@Dsa l — — —— —— I
ERK1/2 ----- JNK — p38 — —-———|
2%200 By ™ N §§ )
§£150 ég 150 b= é% 150 b)ss
23 100 ~ 2% 100 gg By
uitiin N B N IR ﬂl 1
Glucose (mM) 55 Glucose (ﬁM) 5.5 30 30 30 Glucose (mM) 5.5 30 30
MR (pg/mi) 0 100 MR (pg/ml) 0 50 100 MR (pg/ml) 0 50 100

Fig. 7. Effect of Morl Ramulus(MR) on MAPK expression in LLC-PK; cells.

Western blot was performed to detect MAPK protein level in nuclear fractions from LLC-PKi. Cells were
exposed to glucose (5.5, 30 mM) in the presence and absence MR(25, 50, 100 wg/ml). Results are mean+S.D.

a) Significantly different from the normal
b) Significantly different from the control(*
protein, C : phospho-p38 protein.

©p<00L *:p<005). A : phospho-ERK protein, B : phospho-JNK
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6. PI3K 2 Akt CHHZE okof| O|X[= A&k S A s glucoseS A3 ALl A= 5,
&tk 3ZEo] PI3K 2 Akt shila HHe) n) 100 we/nl oM F9A4 A AAsE AS
2= oS AEsleleh, AL B3l 1ucose B9 (Fig. 8.

|

S AT dxzzdA F7HEded &k F&

A)

p—PI3 kinase | = S - p—Akt |——-——_

]
PI3 KINASE | e i S—— — Akt l

300 180

160

b)s+ K
80
§ 80
bys+ s
ﬂ %

Glucose FmM) 55 30 30 30 Glucose (mM) 5.5
MR (ug/ml) 0O 25 50 100 MR (pg/m) 0 50 100

Fig. 8. Effect of Mori Ramulus(l\/IR) on phospho PI3 kinase and phospho Akt expresswn in LLC-PK; cells.

Western blot was performed to detect phospho PI3 kinase and phospho Akt protein level in nuclear fractions
from LLC-PK;. Cells were exposed to glucose(5.5, 30 mM) in the presence and absence MR(25, 50, 100 wug/ml).
Results are mean+S.D.

a) Significantly different from the normal.

b) Significantly different from the control(** : p ¢ 0.01). A : phospho PI3 kinase, B : phospho Akt.
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7. NF-xB EHHA Qkof| O|X|= A& 3 d2dolN FUHEd oY Hi FE2EE A
Zf% FZE°] ROS <44 AAbelzkal NF-xB 228} 2 glucoseS 28 A ZA pH)E =
o] BAo) mA= 3 HES] k] I oEq oz {4 A #AEA L, pbdE 50, 100
pd0, pts <& FEsIHTh. NF-kB9 subunitel ue/m FEAA F94 oA AAFHE ATE B
ph0, p65 AW oF& Aol Blsle] glucoseS A ‘ﬁ‘:}(Flg. 9).
A) PO | — - — — — B) p65| |
Histone H1 1 ‘ r ] Histone H1 [ 1 ‘ l I
o S
%g 250 I bss - %% 200
é@ 200 H 8% 150
T 2
£ o, s £8 100
§ 50 < 59 H H
Glucose (mM) D 30 30 30 D Glucose ?mM) 5.5 30
MR (ug/mi) 0 0 25 50 100 MR (pg/ml) 0 0 100

Fig. 9. Effect of Mori Ramulus(MR) on NF-kB expression in LLC-PK; cells.

Western blot was performed to detect NF-kB protein level in nuclear fractions from LLC-PK;. Cells were
exposed to glucose(5.5, 30 mM) in the presence and absence MR(25, 50, 100 wg/ml). Results are mean+S.D.

a) Significantly different from the normal.

b) Significantly different from the control(** : p < 0.01). A : p50 protein, B : p65 protein.
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v, o &

SikE FFH(Moraceae)oll &8h HHEFARL &
Y- Morus alba 1.)°) WitkE 7123 Aoz &
e FRHE 5o BFel ol ke HPm#Es
Tl A ORERERE )ROSR
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*'J ME fﬁﬂér B ezt 7] glom,
CHTRR T8 EeloE gAAeE
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R ADK, IR, B T EFoR iRiRel &4
E]-L om® NPdoze ¥y 24 FIs}
e Aoz BuHgg,

ZAoll= tannin, stachyose, raffinose, xylose.
mulberrin, morin, dehydromorin 52 A&e| g+
Ho] 913, 53] HAK| ¥ morin AR}
92 zgo] Hojud Aoz YA glont
I el "epgsl A% Y, &4 g AE
B uE g,

#d d7Ryz Pte e AAYA 24
3 usiga we Fehlos #dge
U3k Aol sl Rike Adiveiel s HEY &3
g Lii_ﬁl Zhang"*& Zdke) 1% % Ate
£ 53l AEA - FASAZA Y s A
*]5}31‘4 =3 3 gtreptozotocin®®  §2
LA Rl Ak A s
polyol pathwaydll Fejsls= &40 AL A3
o Fue A5 FE¥ Zoz B

ol Hfrt Fuu I Pl AL e}
d Aoz Jdse] & AFE Asad $A
%M methanol F&29] Az SA3 A B3
EHE SAEAE v 200 we/ 7t A= AE FA
o] mofalyly ME H3E &35 5 oEHOE
HEALS Aslete Ao eyt o] 24 i

T

i=°l' i

_,derﬂ_A?_.‘

Hg - LHE

£ 200 we/m7HA= F % glucosee] )&t *ﬂ:‘?—"}
o ds] NE B3 237} oles & 5 U
ol dt EAE Ejste] &AF Ao W3t @?ﬂ
M= £ =5 247 25, 50, 100, 200 we/ml
2, AGE, RAGE, MAPKs, PI3K % Akt, NF-xB
o] WX gl A3t Al M 25, 50, 100 we/nl
2 AAskH.

ROSE Atae] 3isbd Aoz Qs A==
ReZ -0y, hydrogen peroxide(H:0;), hydroxyl
radical( - OH) &ol ZgHch o]&EL HAFuks,
789, yA 2| A second messengerx]E A E
*]iﬂ% HAE st AFHd 24 EA4E
st d3 75 Xi?f}"ﬁ' ‘;FH % ol

N 15T I

= ez RuEgloen, ROSEC] 1@%«1 7é
o Bk opg) AF, AR S 53 2
© tloks

celle] 7154 A3
v & AT, -0
o pEAgeel das HaE A 24
Qo7 - OHS #HE AHE A ONOO

2A4 He} 2& o9& toxic speciess
thiolZ} lipide] Arz}, Az} < ‘4 nitrosation/
nitrationell Feidel, w3 mEZ=gole] FEF
AA), Al E2 = 9|, GSH 2, ADP ribosyl
transferase® A3 <lsk DNA €4 9 Ax
ol 4= 17, mitochondrial ATP synthase, aconitase
22 A xA 220 AsE doA HEAE
oy

B ATeM = £ FE2ER AXET LLC-PK,
M Ee HA glucoses A3t SAdAIAE 2 G4
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ol Millard ¥H5& %3} schiff
O

baseZ FAIT F Aujd= o] 7F9A <l amadori¥
o z7|FEAES AT 2y 18T A
7} A14HH amadori AHEe] HaH A i Al
dse] AGEZF AAHEH, o= dxdo] AT

pEA @3 A7 AZSA A2 A B
) kA ATl Az
wx A HERRAEE At 24

H] A Q1 Bﬁ‘}i dold. 53 AGEE A=
o] £A3tE RAGESH 23] ROSE AJAH
o 2N NF-xBE ZA3lsted A &448 f83
A g

B AgdME Ax Abst 2EIHAE st

+ AGE. RAGE7} %% glucose A2 F7}5
‘ii U Rtk FEES AR A9 v 9EA
o7 AAEHE A& HEs.

MAPK: f41ze] W&, Ao 34 9 23}

A 2 ZAse ol A E8 Al=o] AlER
o ol FE8AE A= o] AzE dor A
e AN Fo3 9 k. MAPKs family
2= extracelluar regulated kinase(ERK), c-jun
N-terminal kinase(JNK), p38 5o A=, °]
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