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Abstract

Effect of the neuroprotetion and anti-Alzheimer’s
disease in CT99-induced Neuro 2A cells by
Ikgiansintang water extract

Yeon-kyu Hwang , So-Yeon Lee, Hyeon-Deok Yoon, Oh-Chul Shin,
Chang-Gook Park, Chi-Sang Park
Department of Oriental Medicine Graduate school of Daegu Haany University

Alzheimer’s disease(AD) is a geriatric dementia that is widespread in old age. In the
near future AD will be the biggest problem in public health service.

It has been widely believed that AP peptide devided from APP causes apoptotic
neurotoxicity in AD brain. However, recent evidence suggests that CT99 may be an
important factor causing neurotoxicity in AD. Mouse Neuro 2A cells expressed with
CT99 exhibited remarkable apoptotic cell damage.

We invesgated the protective effects of Ikgiansintang water extract(IGA). Findings from
our experiment have shown that IGA inhibits the activities of CT99, which has
neurotoxicities and apoptotic activities in cell line. In addition treatment of IGA(50ug/m¢
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for 24 hours) partially prevented CT99-induced cytotoxicity in Neuro 2A cells.

As the result of this study, In IGA group, the apoptosis in the nervous system is
inhibited, the repair against the degerneration of Neuro 2A cells by CT99 expression is
promoted. Base on these findings, IGA may be beneficial for the treatment of AD.
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in, APP)25 € Z2] YL amyloid B pr-
otein(AB)o] o 2o} H¥ glucosed]
HEZ o) amino toxicity® =8| AR A
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Table 1. Prescription of ikgiansintang
Herbs Pharmacological Name Dose(g)
B Angelicae Gigantis Radix from China 4.0
tk ¥  Poria 4.0
:M¥  Rehanniae Radix 3.2
LS Liriopis Tuber 3.2
M~ Zizyphi Spinosae Semen 3.2
EEM%)  Polygalae Radix 3.2
AN 2 Ginseng Radix 3.2
ElEx) Astragali Radix 3.2
K¥E  Arisaematis Rhizoma 3.2
Yr ¥ Phyllostachys Folium 3.2
H = Glycyrrhizae Radix from Vietnam 1.6
# W Coptidis Rhizoma 1.6
A B Zingiberis Rhizoma Recens 4.0
NOB Jujubae Fructus from Korea 4.0
Total amount 44.8
2) RE I #3 USA)9l A, MeOH¥ Merck(Germany)ol
Aol AHEE Al%kF RPMI WA, fetal A T3k AEAT
bovian serum(FBS), penicillin/streptomy- 2 EERAl AH8E 771 A CO2Z

cin, trypsin, lipofectine Gibco BRL C-
0.(USA)N A, MTT(3-[45-dimethiozol-2-
y-12,5-diphenytetrazoliumbromide), 1.1--
diphenyl-2-picrylhydrazyl{DPPH), sodiu-
m nitrite™ Sigma Co.(USA)e| A, N’ N--
dimethyl formamide® Amresco Co.(US-
A A, H2DCFDA(2',7'-dichlorodihydr-

ofluorescein)= Molecular Probes Co.(-

incubator(VS-9108 MS)+ Vision scient-
ific Co.(Korea), phase-constrast micros-
Olympus Co.(Japan)$} GEMINI
avoidance system Co.(USA), confocal m-

copet

icroscope™ Leica Microsystems Heide-
Iberg GmbH Co.(Germany), evaporator<
Elyla Co.(Japan), ELISA(enzyme-linke

d immunosorbent assay) readerv= B-
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io-Red Co.(USA), Fluorescan Ascent FL
€ Thermo Lab system Co.(Finland)$]
AEFE AL AT

pCT99 EEHE oldAZl M=F2

Ago] ALE3F Neuro 2A AEFE A
sty dATFA AZF YA L, F
)0 ZRE B wol Ad wMFAA 5%
FBS7} 59 RPMI ¥lA o) penicillin/st-
reptomycing #7438k cell cultured di-
sholl vjFstHA pCT99e EFH2ul=g
E Ay A8 AXEF FE37] 98
FAoldE Syt FAolY & 103
AEZE 6-well plated] EF8l3L 37Tl A
L2k wlokEte 0% = =LA F§ o
S WEd AR pCTI9 2ugd} serum free
medium(SFM) 10048 E3d3sta wrsd
BZ lipofectin 104£%} SFM 100 &%
st 45E T AN T A7) By
A%t BE THA] 38t 1583 9EAIRA
ot MEXE PBSE 23] AF33 SFM 15
met W EFAE £ g 6AT F
T 37T, 5% CO2 incubatordll A %] &1
5% RPMI Wiz & H7tsto 2w wjged
t} o] & N EE 6-well plated] thA] A
vl oFal A G-418 450ug/mE selectiond
257 AAlsta 9Y cloneg AAsA &

4go) ALE3rt.

e

2) M= MEE &

AT (NOR), WHZT-(CTI9), BEZEmM
HBT(IGALZ FE3te 103HEFZ 9-
6-well plates) £F3 3 37C incubatorel
Al ER WG te GREWBETS

]

PS
(=]

15, 50ug/mt FEE A2 s 6A17 Foll
MTT(3-[4,5-dimethiozol-2y-12,5-dipheny
tetrazolium bromide) &< 20 & #H7+st
o 3AIZHEQH ¥ Yel th& DMSO 50 E
H7tetm A4 308 oA weg AA
g Aol ¥gEs JEE ELISA
reader?) A570/A630nmelM FFE=E F
AR 471 AEZL FE 48-well p-
latedoll 0.4% tryphan blue 44 A7t
3le] 58% hematocytometero] ¥ 33}
dye uptake® A ETE ZAISAT.

3) MMz MEZ

peroxynitrite

AT (NOR), CT99 ¥AE olgaz
ZT(CTY9), HETA RELEWE +F
¢ AP aremmpTIGALs 7
st} 103 X2 6-welld] £F3t3 3}
9 g g BREMBE TS 15 50
ve/ml BEE A3t peroxynitrited] Al
T AEEE AR A8 FIFEAQ
DHR123& A}-8-3vt. DHR1237} At} s
® 33522 rhodamineo] H+&dH ©] %
<9 DHRI23& NOd| 9|3} Atst=#] o
Y peroxynitrited] <j8] 24ttt dojvtr]
W&o} rhodamine®} FAHE A& g
o2 CT99el &% A EZuW9 peroxynitrite
9 BAAEE AL & At HE %
%23 #v| 3 (488nm/525nm) o2 #E 3}
3 %3 =3 ¥} microplate reader®

492nm/535nmel A A SRk,

4) M ZU nitrotyrosine dax FH

A A (NOR), HERT(CTY9), 4xsaLm
BE(IGA)CE TE3AS 1A ETE 4~
well chamber slideo] EF38t3, 315 w)



CT99 28 &F NEFUM SETWSS ABES X XM

i 107

fol

S}, RS L I TS 5
A 2] dto] nitrotyrosined] AEU AAE
=357 S8 AEE A2 4 10% ne-
utral-buffered formaling€ %oz 3083t
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ok A &< antinitrotyrosine antib-
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&A1) FITC-conjugated antibody2 14]
b wbgAIA Fx2AE E9 % (492nm/535nm)
o2 BEIATt.
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G oS BREWIET S S0ug/ml FTER
Aelstder. Axe mEZ=gol whHd
g ZAs87] 3 A5 gAY 10pe/
me JC-1o] T o] 3ol dojt A
o2 yeguyeAe FFE 37CHA 108

olEZ2 2ol 24de

U F2E @En)Adoz BEEAUIL, A¥me
4S5 &A37] 98 150nM TMRE(tetra-

methylrhodamine ethylester)& 104414
o g3t 303 37TCANA mF3a A

T2 dv 74 (488nm/590nm) .2 =
At

ol
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6) MZL ROI(Reactive Oxygen Int-
ermediates)2| &M

AT (NOR), WiZT(CTI9), LEKELH
We(IGA)e 2 T2t SFEEWHTS

S0ug/mb =2 At 103 ELF2 6--
well platedl] 533 37T incubatord A
SHERF ¥t F 99.9%9] o ¥ &3
gt 10uM DCFDA$} 6U/esterase® &3§3}

o N’ N-dimethyl formamideol -&3j€
H2DCFDA(2’,7' -dichlorodihydrofluoresc-
eing FF¥ L7t 50uMeo] HEEF 37T
A 1587 wierstth. A8-49 DCFDA7Y
esterase T Atstd JteRAHE o
vl & F4¢l DCFHZE gotAdEssln DC-
FHE 24440 o Absieo] 7Fg 3
3& JveldE 2, 7-dichlorofluorescein-
(DCF)eol €4 o] u3d F3& 234
# 1] 7 (excitation 488nm/emission 530nm,
200mW)& o] &3ate] FA5 U

7) M= ROS(Reactive Oxygen S-

pecies)2 &3

A4T(NOR), hET(CTI9), 4L m
BTIGALE Tt GRLEMbT >
15, 50ug/md FEE A sty 103N EFZ
6-well platedl #5381 37T incubatoro
A sEY elgE F 99.9%9] o §&o
288 1256mM DCFDA¢ 33 FF<
£33t 600U/ml esterase® -20T ol stock
solution®. 2 AHZ&Row, AFA 10uM
DCFDAS} 6U/esterase® E#3sted N',-
N-dimethy!l formamide®] &3¥ H2DCF-
DA(2' 7' -dichlorodihydrofluorescein) & #|
ZF ¥57F 50uMeo] HEE 22THA 20%
ot & AP ArEstyl AR o
2o B#sldch. 2849 DCFDA7L es-
terase & A3 A e ESE Wol B F
#4<l DCFHE & otAddsts¥ DCFH
B AL o8 st Ad e

Yetdl&= 2’ 7-dichlorofluorescein(DCF)©|
HEd, o AR FFE  fluorescan

ascent FL(exciltation 485nm/emission 5-
30nm)& ol &3t FAFHAH.
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lysis buffer(50mM Tris-HC! pH 7.5,
19%(v/v) Triton X-100, 150 mM Na(Cl,
10% (v/v) glycerol, 2mM dithiothreitol,
10 mM MgCI2)2 At FEd 30ug
&€ 10% polyacrylamide SDS gels(SDS-
-PAGE)Z #%% ¥ Immobilon-P mem-
brane] &Zth “H Ao YHS s}
71 918 enhanced chemilumenescence(E-
CL)E ZAAA FQlgt=H, antibodyE
AR oz dxarA el APP, Bel-X, AK-
T, tubuline.2 ¥XX3x1 PBSZ A3
O blotting &S Hrhete REurge
AAG F o]x3A ] Horseradish Pe-
roxidase-conjugate anti-goat IgG(HRP)
A& FA3stx ECL blotting reagent®
383 wWlgslal chemiluminescencee 30-
secol A 2083t X-ray filmo) =&A1A &
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# @ apoptotic body”t E83tn A E7]

7b A9l AEE FFS RHY. GFP(gr-

ofeh MZM 22

A AN FFEvPes 2R
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Fig 1) Protective effects of IGA on the
CT99-induced apoptosis
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IGA 15/ me 1GA 50u8/mt

NOR(normal); CT99(Neuro 2A cells
induced to CT99 for 24hrs); IGA15ug/
md(CTI9+IGA15ug/me); IGAS0ue/m(CTY
9+IGAS0ug/me). Representive images fr
om three independent experiments are
shown.
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CT99 &8 4B NEFUHM BREK

gXI0N & 109

3 o AR dANHENE Lol 2
BEFo] AT dxadM ZHzt 97.0-
+2.0, 25.0£3.0% 2 Uehd uwbd LR
BT 15pg/mb FEONA 470202 Ve
WA 50ug/mé EEANM 77.0:1.0%2 #9
4 A HebH(Fig. 2).

Fig 2) Survival ratio on the CT93-induced
apoptosis by IGA
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Quantitative data on the proportion
of CT99-GFP positive cells are provid
ed on the histogram. Significantly diffe
rent between the groups(*p<0.05). Rep
resentive images from three independe

nt experiments are shown.
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£ peroxynitrite®r A o] A3 T3
W Z+z} 0.85+0.02, 2350010129,

MR TANANE 15ug/m FEAA 1.~

35+0.062 YERI 50ug/mt FEA 1.-

21£0.022 H4 JA YEbw o (Fig. 4)
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Fig 3) Effect of IGA on the CT99-induced
peroxynitrite production.

NOR CT89

1GA 15m/mt IGA 50u/mt

NOR(normal); CT99(Neuro Z2A cells
induced to CT99 for 24hrs); IGAlbug/
me(CTI9+IGA151g/me); IGAS0ue/m(CTY
9+IGAS0ug/me). Representive images fr
om three independent experiments are
shown. llumination and image acquisiti
on conditions are given under material
and methods.

Fig 4) Production of peroxynitrite by re-
lative intensity of DHR fluorescene

ro
2

N
=3

2

DHR Fluorescene
(Relative Intensity)

=]
n

NOR CT99 1 508/m
1GA

Quantitative analysis of the of the D
HR fluorescence intensity after each tr
eatment. Representive images from thr
ee independent experiments are shown.
Illumination and image acquisition con
ditions are given under material and

methods. Data are means+S.D(n=6).
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4, CT99 o] MAAMEL nitroty-
rosineoll o|x|= ¥ &t

FgEAE Sa"e wdol dd

BuUA] ggtoy thZF L nitrotyrosines)

A& Ueidle 83 @y Zv}
st ow, [RLMB TS S0ug/m FE0
A HmAYGe wdoel AA ZasAT
(Fig. 5)

Fig 5) Effect of IGA on the CT99-induced
nitrotyrosine formation

NOR CT99

1GA{50m/mt)

NOR(normal); CT99(Neuro 2A cells
induced to CT99 for 24hrs); IGA50ug/
mé(CTI9+IGAS0ug/me). Representive co
nfocal micrographs of nitrotyrosine-der
ived fluorescence. Representive images
from three independent experiments ar
e shown.

5. CT99 @sio] MZME o=
Ezlot ZHelol ojxEs P
BTl HHA AAYel B

A EALZE dojr}y]
3 FHoz mEZ=gol B9
%-?:'—:1"9_1 2 g Bo] A
Tl A= 50ug/
Efﬂ o] Frtete
BES BEAHFig. 6).

Fig 6) Effect of IGA on the mitochondrial
transmembrane potential(A¥m)

CT99 IG A(504 / mt)

A¥m was assessed with the signal
from J-aggregate JC-1 fluorescence, a
s described in materials and methods.
Neuro 2A cells as Normal; CT99-indu
ced; CT99-induced+IGA(50ug/ml).

6. CT99 dsio] AMAMEZL TMRE
MMol o|x= A&
AT E TMREO 23 A3

of Z3tA Bl uk EHZ—'MW% o

b w33 HUHA 7ol A4dFE

TMRE®S] f9o] Zaz o 31*“534401 4

23 BEEMIBET-E 15 S0ug/ml F

T HAYPo] Frkete AIFE BN

HFig. 7). =3 HIA= A4 5‘01]*1

9702022 JYElRy iz

2001081, BELHWET

oA 41.0+1.008 ‘iebyt

ZoA 7701002 HoA

th(Fig. 8)
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Fig 7) Effect of IGA on TMRE fluoresence
by mitochondrial transmembrane potenti-
al(A¥m)

1GA 15/ mE

IGA 50 /me

TMRE fluoresence was monitored to
confirm the changes in A¥m. AYm wa
s assessed with the signal from J-agg
regate JC-1 fluorescence, as described
in materials and methods. NOR(norma
1); CT99(Neuro 2A cells induced to C
T99 for 24hrs); IGA15ug/m(CTI9+IGA
15ug/mb); IGAS0ug/mi (CTIO+IGASOug/
mé).

Fig 8) Relative intensity of TMRE fluores-

ence on CT99-induced neuro 2A cells

200 ,
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®
o

o

TRMRE Fluoresence
(Relative intensity)

Nk o
o O

fow)

NOR CT99 15 me
IGA

A¥m was assessed based on the T

MRE fluoresence as described under

material and methods. Quantitative ana
lysis of the TMRE fluorescence intens
ity after treatment with CT99 inductio
n in the absence or presence of IGA.
Representive images from three indepe
ndent experiments are shown. Illumina
tion and image acquisition conditions a
re given under material and methods.
Statistically significant value compared
with CT99 control group. data by t-te
st(*p<0.05).

7. CT99e| &&o| MAMEZ2| ROI

2ol oxE G

olton SEELEMBTS 50ue/m F=ol
A g wEo] AAFHE Ao Y
el tH(Fig. 9).

Fig 9) Protective effect of IGA on CT99-
-induced intracellular ROl accumulation

IGA(504/ ™)

Intracellular peroxide levels were det
ermined based on the DCF fluorescenc
e, as described in material and method
s. NOR(normal); CT99(Neuro 2A cells
induced to CT99 for 24hrs); IGAS0ug/
ml(CTI9+IGAS0ug/mb).
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8. CT992| &ado] AMAM =2l ROS
wdol ojxl= He

Pzl =agPe] BRI 9

% YEzTEe sA8Fe] I A YJERe
o BERELEHWIRETE 15ug/mA S48

o] tha ZAFaF1, E3] S0ug/molA =
ZAgFo] Fo] YAaHE HOoZ e
tHFig. 10).

Fig 10) Effects of IGA on the CT99 induce-
d intracellular ROS accumulation

NOR CT99

IGA 1548/ mt

IGA 5008/ me

NOR(normal); CT99(Neuro 2A cells
induced to CT99 for 24hrs); IGA15ug/
m(CTI9+IGA15ug/m); IGAS0ug/mL(CTI
9+IGA50ug/mi). Those images show D
CF-derived fluorescence in each group.
INlumination and image acquisition con
ditions are given under material and
methods. Photographs are representativ
e of three independent experiments.

9. CT99 wio| AMZMEe| chul
waiof o|xle o

AT+ Bel-X, AKT, tubulin @
Aol ZslA EHIH=H, HERFE ¥
=)

A

ol dAHANLH, BEEMH TS 15, 50u
/ol EEOA R uls dwy 4y
o] F7+at A tH(Fig. 11).

o]

Fig 11) Effects of IGA on the induction of
apoptosis in CT99-induced neuro 2A cells

NOR CT99
15 50m/mt

e | e AR O ——

soix | IR oo e S

i % " I‘ l‘l’

AKT

wouin| W NS SN A—

NOR(normal); CT99(Neuro 2A cells
induced to CT99 for 24hrs); IGA15¢g/
n(CTI9+IGA15ug/mé); IGAS0ue/m(CTI
9+1GA50ug/me). They harvested for We
stern blot analysis. Effects of IGA on
the levels of APP, Bcl-X and AKT. T
ubulin levels measured to ensure equal
amounts of protein loading. Representa
tive blots from three independent expe
riments are shown. Representive imag
es from three independent experiments

are shown.
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Ao 2 A B-amyloid peptide(AB)7}
A E Hrol At AANE FAd%e A
JH, A7l AEEAE dERAZ " F o
AB= ADS ¥y 7] &
T3 A

APE 21¥ chromosome®] single gene
ol encode® amyloid precursor protei-
n(APP) family2%¥ F#eHsed, APPE
noH
AB sequence® XT3 7P FHI APP
< 3t & amino acid®] ol uhel
dHo] AT T EAFY olFERol=
Al g el A7 f-secretaset} V-se-
cretaseo| 93] A A ABZF A HE
b, 254 oprlxit 2717 g REQ o}
o] 222 $H3
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I3l ABSF cEe ©i Aol =47
daiAE @A 77 AS P FoA U
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