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Abstract

Objectives :

This research investigates the effect of the HBSBS on Alzheimer’s disease. Specifically, the effects of the HBSBS
extract on (1) the behavior (2) the infarction area of the hippocampus, and brain tissue injury in Alzheimer’s
disease mice induced with BA were investigated.

Methods :

The effects of the HBSBS extract suppressed the expression of IL-1B, IL-6, TNF-a and NOS-II mRNA in BV2
microglial cell line treated with LPS plus BA were investigated. The effects of the HBSBS extract on the behavior
of the memory deficit mice induced by scopolamine were investigated.

Results :

1. The HBSBS extract suppressed the expression of IL-183, IL-6, TNF-a and NOS-II mRNA in BV2 microglial
cell line treated with LPS plus BA.

2. The HBSBS extract suppressed the expression of BA protein production in BV2 microglial cell line treated with
LPS plus BA.

3. The HBSBS extract showed significantly inhibitory effect on the scopolamine-induced impairment of memory in
the experiment of Morris water maze.

4. The HBSBS group suppressed the over-expression of IL-183 protein, TNF-a protein significantly in the mice
with Alzheimer’s disease induced by BA.

5. The HBSBS group reduced the infarction area of hippocampus, and controlled the injury of brain tissue in the
mice with Alzheimer’s disease induced by BA.

6. The HBSBS group reduced tau protein, and GFAP in the brain tissue of the mice with AD induced by BA.

Conclusions :
These results suggest that the HBSBS group may be effective for the treatment of AD. Thus, HBSBS could be
considered among the future therapeutic drugs indicated for the treatment of AD.
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£ A2|$t BV-2 microglial cell lineol|A] 51t
& cytokine?! 1IL-1B, IL-6, TNF-a, Z1¥]iL
NOSII mRNA F4z wae Bsgion,
AD ¥ #7949 APP mRNA #3124 gl
BA protein AJ1HF APP S western blot
o% BAAL In vivo HPOE BAR fi
¥ AD WH A9 7o YTHEE S
o, BAR =¥ AD WH A HAMES
Aste] AFHES cytokine, AT (MDA),
acetylcholinesterase(AChE) ¢} CD68+2} CD11b+
o] WS WA, HxA ] s, 24
e WaE WZAAHOR au P
7} glial fibrillary acidic protein(GFAP)S ¥
g omh s AdE AolV]el Barshs wlel
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1. A% 2 3

1. M=

1) Alet 3 71|

1 3ol AFE-E Aok diethyl pyrocarbonate
(DEPO), chloroform, trichloroacetic acid, isopropanol,
Tris-HCl, KCl, MgCl,, percoll, 2375 &3
(ACK lysis solution), DMEM HlF9!, dulbecco’s
phosphate buffered saline(D-PBS), 2-isopropanol,
Aricept, antibiotics:= Sigmar} (USA) #1%-S A
£330, fetal bovine serum(FBS) < Hyclone
A} (Logan, USA) |3
RNase, 8|1l Deoxynucleotide triphosphate
(dNTP):= TaKaRas*KJapan) #1552, Moloey Murine
Leukemia Virus Reverse Transcriptase(M-MLV
RT)9} RNase inhibitor= Promega*HUSA) #l#
<, RNAzol’= Tel-TestAHUSA) #1%-<, Agarose

%, Tag. polymerase, DNase,



= FMCAHUSA) Al¥-5 ARE-aF31aL, B-amyloid
peptide (Calbiochem, USA), anti-mouse IgG-bead
(Dynal, USA), anti-IL-139} anti-TNF-o(Pharmingen,
USA), 12|l anti-CD44-PE(Pharmingen, USA),
anti-CD68+-FITC (Pharmingen, USA), anti-CD11b
+-FITC(Pharmingen, USA), anti-GFAP-FITC
(Pharmingen, USA), anti-mouse Ig HRP-conjugated
sceondary Ab(1:4000, Amersham, USA) ¢} ECL-
Hybond film (Amersham, USA), anti-mouse GFAP
mAb9} anti-mouse tau mAbT Santa-Cruz A}
(California, USA) #1¥%+, LSAB kitx= DAKO
Ab (Glostrup, Denmark) A2 AHE-sH3l o™,
9 AkES 55 9 dEe ARSIl

7171 spectrophotometer (shimazue, Japan),
A2 7](3rd #8t, Korea), Bio-freezer(sanyo,
Japan), AYF=7](HE, DWT-1800T, Korea),
et 7743 (Rotary evaporator, BUCHI B-480,
Switzerland), 54 7137]|(Freeze dryer, EYELA
FDU-540, Japen), histidin affinity columns
(Invitrogen. USA), Windows 1D main program
(AAB, USA), stereotaxic frame(Adamec, USA),
Cellection Pan anti-mouse IgG-bead(Dynal, USA),
brain matrix (ASI instruments, Warren, ML,
USA), Quantitative Real-Time RT-PCR (Applied
Biosystems, USA), ice-maker(H]X%}8}, Korea),
ELISA leader(Molecular devise, USA), CO,
incubator(Lepco, USA), Cytometry(BD, USA),
Microscope(Nikon, Japan), Cooling microtome
(Serotec. USA), VIDEOTRACK(animal and human
being behaviour analysis system, Viewpoint,
France) %! homogenizer(OMNI, USA) &2 A
& ARSI

pathogen-free) C57bl/6 (18~20 g) AF = 2.
AEHF] @ (Korea)Atell M &wwol 15 & 87}
2y F okl E ARl sES A 2
T AR (FA8A FR7E AR Co,
Korea)$} && T3] ¥wdtl &% 2:2C,
H5% 55+15%, 12 A7t (light-dark cycle)2] el
A1 T3 ASAR 5 Al ARgsior o
et FEAdEE9 €3] ACUC Institutional
Animal Care and Use Committee)®] %<1 (%

21" 5:DJUARB2009-040) < %-o}
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Aol W&t 72 vt Eth(Table I).
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Table |. Composition of HyungBangSaBaek-San.

(HBSBS)

Herbal Name Scientific Name Doset(g)
£ Rehmanniae Radix 11.25
*®% Poria 75
EE Alismatis Rhizoma 75
oy Gypsum Fibrosum 375
paiss Anemartena asphodeloiges Bunge — 3.75
A Ostericum koreanum 3.75
& Aralia continentalis Kitagawa 3.75
F7+ Neveta japoica Maximowicz 375
S Ledebouriela seseloides 3.75

Total amount 48.759

4) HBSBS &= =22
FIBAEHL 3% w5 (14625 g)oll S5 2,000

mE 7ksto] A9 FE7100A4 3 AR FEsto] o

= A& Y o] olE A T (rotary

vaccum evaporator) . &3], °l&

A 7127 (freeze dryer)E ©]&3at] &4 1x

FBLE I T 190 g2 W X

¢
N
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w7 3)4elo] ALgaigIT,

1) BV2 microglaial cell HiYF & A=
H =3

(1) Alazulek

2 AgelA AHEE BV-2 cell line primary
microglial cell®ll v-raf/v-myc oncogenes 7%
AA 2o AlEFoln dH, 2dlY 2 Vs
2 EXo| primary cell¥} ZT?. E4¥ BV-2
AEZ #E510] 10% FBSDMEM (Cellgro, USA)
9141 58] <k W8l 5% FBS-DMEM o)
A2 wA F4d F Hﬂoko}oﬂ‘:} 1% o3t
FBSt= BV-2 4|29 &gt 43 %o
0g RE A& o=

E ‘T“X1
1% FBS-DMEM Hj#]¢]
A QFY3IAIZ] BV-2 AIXEE in vitro E9E A}
g,

(2) wieF =71 3 HBSBS # ¢

FBGE AR Agdt7] A BV-2 microglial cell
S 24A 3 5<% serum-free DMEMO. 2 vl oFst
%10 pg/ml LPS(Sigma, USA)$} 25 uM synthetic
BA fragment, residues 25-35 (BA; Bachem
California, Torrance, CA), LPS9} BA 25 uM
of YT OE calpain protease inhibitor
MDL 28170 (35 uM, MDL 28170)= * &3,
6217+ mjaFalol Y.

2 BV2 microglial  cell line®llA]  pro-
inflammatory ~ cytokine ~ mRNA 25
of CH8t Real time quantitatve PCR
HA
1) °A2

BV2 microglial cell line 24 wells plate®]l

174 =SUZFUD st5lX H21d H25(20104 062)
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ACHEE ZH2E B3 5 1243 o) Sy
of &% A3 DMEMHA oA ujekgt $ Fipis
A Folv2 100 wg/ml¥} 50 wg/mle] L=
J7kskar LPS 10 pg/mligk BA 25 uME A
ato] 6A1ZF 5t FA] wiFste] pro-inflammatory
cytokine o] A WS FHE3ISATE

Q) FRA LA

@ RNA &

"4 BV2 microglial cell line<- 24 well plate
off 1x10° MEZ EF3FATh 7]l M
FE%& (100 pg/nl, 50 ug/ml)ﬁ %%Ble_ 143
_ﬁr_

of 7kt & 6 AlZF wiFstar 2,000 rpmell A 5
QAR siGitk FYUETORE calpain
protease inhibitor MDL 28170 (35 uM, MDL
2817005 Attt ddEe] F A Al
AL, o}7]ell RNAzol” 500 nl& Wi &3)2
w7kA] Zestitt o] & el chloroform
(CHCL) 50 nl& #7FeE § 15%3F oA E3ts)
itk olF Il 15 w3 WA F 13,000
rpmell Al 4 st $ oF 200 nle] 4

3]573}o] 2-propanol 200 ul9} EF &3 5 A
8] E51 dgolA 15 3 BA STk o)&
THA] 13,000 rpmellA] 941 F2]sk ¥ 80% EtOH
2 AlAstar 333%F vacuum pump®ll A 7133}
RNAE FE3lth. +E% RNAE DEPCE A
et 20 ule] FHol 59 heating block 75C
oA E8AE AZ1 F first strand cDNAEI

o AFgSTE

@ RT-PCR

17X} (reverse transcription) Whg- FH|¥
total RNA 3 1g& DNase I (10 U/ul) 2 U/tube
o] 37C heating blockellA] 3037k ¥k A|X1 &



75CellA 10 5<F W/gAI7]aL, ofe] 25 ul 10
mM dNTPs mix, 1 ul random sequence
hexanucleotides(25 pmole/25 ul), RNA inhibitor
241 1 pl RNase inhibitor (20 U/pl), 1 nl 100
mM DIT, 45 ul 5xRT buffer (250 mM Tris-HC],
pH 83, 375 mM KCl, 15 mM MgClL)E 7}+gt
%, 1 w9 M-MLV RT (200 U/u)E A 7}s)
il DEPC A2|¥ SirEA HF 797 20 ul
7 HEE Stk o] 20 ule W EFAS A
A2 #2000 rpmellA 533 AAFA s 3
7C heating blockelA] 603 &<t WH3-A1A first
-strand ¢cDNAE 43 v, 95C
< WSt M-MLV RTE B843t A2
Aol ¢k=¥l (DNAE polymerase chain reaction
(PCR)°l AME-3FTH.

r

oo mi

2
Y
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@ Real Time Quantitative RT-PCR

Real time quantitative PCR<> Applied Biosystems
7500 Fast Real-Time PCR system (Applied
Biosystems, USA)E ©]-§-at0] 3331t

pro-inflammatory cytokine 2! anti-proinflammatory
cytokine 82} TH L SYBR Green PCR Master
mix (ABI)E A}8-5}$1 1, internal standard & G3PDH
= AHE-8F AL, primer?] #FE 571200 nMo] ¥
A HH&-A1 71T}, Real time quantitative PCRE] Z71
2 pre-denaturation<> 2 mins at 50°C, 10 mins 9
4C, 712]31 40 cycles< 0.15 mins at 121C, 1 min
at 60C oA =3k th 7} -2 quantitative PCR
& o= o] Alikste] relative quantitative
RQE SH3I5T

y=x(1+e)n

(x=starting quantity, y=yield, n=number of
cycles, e=efficiency)

AHEE primere the ¥ 2T

mouse G3PDH

Forward Primer: 5" TGAAGCAGGCATCTGAGGG 3

Reverse Primer: 5 CGAAGGTGGAAGAGTGGGAG 3
mouse TNF-a

Forward Primer:’5 CTGTCTACTGAACTTCGGGGTGATCGGTCC 3
Reverse Primer: 5ATGAGATAGCAAATCGGCTGACGGTGTGGG 3
mouse L6

Forward Primer: 5" TCCAGTTGCCTTCTTGGGAC 3
Reverse Primer: 5° GTGTAATTAAGCCTCCGACTTG 3
mouse IL-18

Forward Primer: CAACCAACAAGTGATATTCTCCATG
Reverse Primer: GATCCACACTCTCCAGCTGCA

mouse NOS-II

Forward Primer: GGCAGCCTGTGAGACCTTTG

Reverse Primer: GCATTGGAAGTGAAGCGTTTC

3) BV2 microglial cell line HHQFARSOHLY
BA Y £H

BV2 microgliat| 275 A% 3Y4el| subculture
(1x10° cells/ml) 3}o] 96 well plate] 2x10° Al
ZE 7 wellel 25 F pHordd 4
DMEM HjFH O 2 overnight AIZT. FiBiiE A
i (100 pg/ml, 50 pg/ml)& sk 1AZF
LPS (10 pg/mh)&k BA 25 pM, 123l AT
ZTCE calpain protease inhibitor MDL 28170
(35 uM, MDL 28170)& A3t} 2447 &
DMEM i} oz 7} welle A% § A2
ekl 2} SRR AL (100 pg/ml, 50 pg/ml)E
A8kl 40 AZF FRF CO, A fE7]ol A Hl
opshey. Wi £EF A4 woFlS 2000 rpmel
A 5z AAtestel Addle Blasked BA
protein "8/J%-& ELISA (Code No. 27720, Mouse/
Rat Amyloid(3(1-40) High Specific Assay Kit-IBL,
USA) = S4sk3itt ZF wellell B2 €34 100
ul (17100 dilution)® 3}k % antibody
cytokine-biotined conjugated 100nlE A 2|3l
A Ao M WAF $- gA] AlFERIT 24
b wE AeA WAE $ 23] washing €5

gNow AHF thE antibody Avidin-HRP
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conjugated 100ulE A E|8tal 2417 A4
WAE 5 ohal AFslE o171 TMB 714

& 100uY EFERa haiela] 30w7F WA g
510011 9] stop &4 #|2|$F § ELISA leader
2 450 nmellA SFEE S

|\

4) APP activity =& 2! western blot

1) AlEA T 25

BV2 microglia cell line A% 394l subculture
(1x10° cells/ml) 3] 96 well platecl] 2x10° A3
S 7 wellell 258 - p-Hjoldd A3 DMEM
Bl ¥ O % overnight A1tk FABHE I (100
pg/ml, 50 pg/m)E A28kl 1A7F 3 LPS (10
uM)S} BA (2535) 25 uM, 283 PR
O F calpain protease inhibitor MDL 28170 (35

UM, MDL 28170) 2|3t} 24417t & DMEM
Ao ® 7F welld AIHF F A2 ke
I HBAE A (100 wg/ml, 50 pg/ml)S A5}
340 AZF ESE COp AT kst
F AZA lysateE Ao B-APP activityE 57
skl MEA lysateE 7] flete] 50 nlé

lysis $+%-8(Tris-HCl (200 mM; pH 8.0), 150

mM NaCl, 05%(v/v) Nonidet P-40, 0.1 mM

EGTA, 1TmM PMSF, 0.1mM DTT, 10 pg/ml

leupetin}s £33t & dZolA 3027 vjgFst

3 5%z dAEEEte] AEA lysateg: o

Bradford @470 whwla s eFslo] 50ug
zx% o}o:h;}

(2) APP2] immunoblotting 4]

A|3E lysate (50 1g)E 12% SDS-PAGE geloll
A3l PDVF membranel|] Z°]A1Zith 2% BSAR
217k blockingdh - anti-mouse APP N-terminal
Aelete] 4TelA overnightA Tt
712]3L anti-mouse Ig HRP-conjugated sceondary

antibody &

176 =AUZFAD st5lX H21d H25 (20104 062)
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Ab(1:4000, Amersham, Arlington Heights, IL) 2}
HES-A1Z1 ¥ ECL-Hybond film© % immunoblotting
ol 4 8lgick

Olr

5) AD HEj MF RE M= I 7|z £F
(1) HBSBS ¥ aricept 71
FIRE T 380 mg/kg(mpk)® 95 mpkE
AD el vid 1 13] 85 F<F B-FoIst
Stk aEja UL OR ADOl AREH:E
acethylcholinesterase inhibitorql  AriceptE& 3
mpk® 7 33 Fo ke,

(2) C57BL/6 A% <] hippocampus®l BA
4

BA (10 uM)E FHIstal C57bl/648= el 10%
chloral hydrate (0.1 ml)E E7FAkste] wh3 st
o] stereotaxic frame®l] 11735+ & AJF =] I|HF-
= Hsith

AD BH #F Rds w=7] flste] BA(10
uM)E  hippocampus®ll FHsh=H], 1 A=
bregma®l 4] caudal'd3F O % 1.2 mn, midline®l 4]
right 0.7 mm, 18]35 pial XA Zlo] 1.1
mnE microinjector?] injection speed 0.1 pl/min
9} total volume 0.5 ple o =Z F3Y3}Tt
BA Flo] &4 A IFE e H 2o
T, AT Aricept ol (3 mpk), bk
e 5ol (380 mpk, 95 mpk) o2 -5}
o 1% 13] 85 &5k A7-Fofskslth.

(3) AD We) 47 mdlo] 71ojg 74
AD HH A= 85 F AbEEHRE AT

oI5 A Morris water mazeol|4 15 13] HEb
5o Fds Al AAE 109 E g
TOR d}o EH T, FJUET (aricept), Fibh
FAs ol (380 mpk, 95 mpk) S W3}



4) B A2

4
T G e
7

=

THAFE water maze°1 'LP IS

VIDEOTRACK ©.2 52 =43} 1 videotrack
software® 243}t

ol-}i
~{Ol
O
= $
2
>
w)

6) AD HEH MFO| LAz 24

(1) Anti-CD14 ©3A = 85 <] microglial

cell 2]

857+ JHipEEEL 380 mpk FoITel 95
mpk o2 AFFolsl SR 49 )

=& 91 ¥E 7AW ths 23] D-PBSE AlA 6}
Atk braing 2> 270w Awst $ conical
tube(15 ml)ol ¥o] 1400 rpmellA] 5&3F AAF
2]3}, tubed] RPMI1640S 23 37C CO, Hf
F71oA 2A1%F FRE HjekE - 05% trypsin
-02% EDTAE H7Ft - 3027t A% st
o} wlF $ PBSE oF 23] 1500 rpmellxl €4
welste] AlHE § anti-CD14 HAFAE B
Aol 1ARE vekslitt. 33] QIAkekE ] A
A= AAHFE 9 cellection Pan anti-mouse
IgG-beadZ WAl WAEE T F A

release buffer® anti-CD14" A|3E4F 3 8}3ich

(2) microglial cellt] pro-inflammatory cytokine
A A

AT vlAlolRAIEE ice-cold FACS $H5&
H(0.05% BSA, 0.02% sodium azaide in PBS)2.
2 33] FAIsk, FACS €589 284 1o} &
ol Q1hkekE8H (2% paraformaldehyde)& %‘—
I EEE F el 1581 skt
% AEE jce-cold FACS ¢80 7 4=A3}a,

permeabilization ¢+5-8-°1(0.1% saponin, 0.05%
sodium azide) & HFolA 1581F WA $
FITC-anti-IL-13¢}  FITC-anti-TNF-aE  30-%3t
AZoflA wieFstsith wjeF ¥ permeabilization
SFgNoR 33 FAStL AEE FACS 95
AoR A2 F FAE IRV vlota
Zagol Ay e 1189 TNF-aff 2
HFS CellQuest ZEIHOE WAL

(3) A} SHMDASA)

TBAZL Suematsu &2 e ue}
clean test tube®l] =2 HAEN 200 uls ¥,
81% Sodium dodesyl sulfate(SDS) solution 225

£ 7Fslal 5 sec.’5Qt  vortex mixer® mixing
3tk 20% acetic acid 1.5 mlS 7}8kal “18]al
75 ul TFTE Yl 5 sec. 53t vortex mixer®
mixing ¢ttt 1.2% Thiobarbituric acid solu.<& 7}
7+l 1 mlA tubeel T}, clean dry marble
(F27E)=E coverst ¥, 307} water bathe]l4]
Btk 12 ALo)A 3023t coolingdt F-ol
3000 r.p.molA 2023 A EElEte] dEd
Aol ARgato] 532 nmolld FHEE =

o\
]
ilfed

o
o
uf

(4) AD ] 89| HAxE

AD i AFelA sldo] Aot HxAs
ZHA chopping¥F $- cell strainer (BD, Falcon)®ll
Y1 3 ml sylinge rubber® ¥ Z2S 2 T4
HAE FRds st gad FRde
0/50/70% percoll gradient (Sigma) 3 ml¥} A
X HFA 1 nlg gradientE THE T 2400
rpmel A 30&3F LA E ¥ F Microgliat-
& welste] 28] D-PBSE AlA it

9 fAE 24

7) AD e A% =z
240f 0jxl= B

o o
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1) HA=x#e 8" a7 54

AD FEHAHE v § el AR
WgFow FE do] I gl Sl HE A
of Aelddsrel ALF brain matrixs ©]&-3}
o 2 me FAZ AEF 2% TIC 4= 718
o] 2023 GAlgt TTC &of oJsto] =
A AAow gao]l i, s|de T 94
o] ¥ gr=tk 38 A719] 42 Brian] W
HPow stk s8] A7 AnE (4 /
Sh) + (4 / SB) + (& / SE) + (A4 / ST)°I
i, Av ARVl et §1d w4, ST 747
section(2 mm)&] 1A 2. BH(brain Hipocampus)
+ 9] hipocampus-#-2] HZo|H, riskel tf
st 31d A7)+ AA HA 9 percent® E#3HS
th. = BHY¥919 &8 WA(LV) (AT of area
at risk/ST of BH) x 100% A aF1tP.

o o

elE AD HH BF9] ¥E 10% formaldehyde
Lo At & Adste] 32+ Eo 8A%t
FAS o Eujsit. o]ZS microtomel E
A& Y59 Hematoxylin & Eosind & 4l
Alekar Fst o) Abel| A #zskeiT

oXx
e

o
o
i)
e
i
U
o
=
ria

.

T 2AEHEE 4 um FAE AE3FIL probe-on
plus slide (Fisher Scientific, USA)oll 2417 713
AlA) 18]l gkl (Deparaffinized) $- €<=
AlZ13L 0.01 M citrate buffer (pH 6.0)5 ©]-2-3]
microwave oven®l| 15i7F A A2kl =44
Wikstaae] 485 Ask] 918t 3% HOq0l
1037 A2k 7, 22U 2] el v 5o)4 oy

ATL oA 13 3% BHOoE BwAS 3

178 SAMZFAL &5 M21A M2& (20104 062)
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A7,

@ Tau protein

Primary mouse tau AbE 1:500.2.% 2] 4]a}e] 30
T3k slides 943k, 23] PBSTE AISFAT). TF
Al mouse IgG-secondary AbE 157+ 94 $-33]
Tris-buffered saline with 0.1% Tween 20 (TBST;
Dako, Carpinteria, CA)-g-<} ©. & A 3}31 3, HRP
= 153 94 F vl 23] Ak el
DABE 27+ G4 5 23] A8} 3L hematoxylen
O = 53 A 2 23] FAEF] permountE 535k

=
of ora] 0.2 AT,

@ GFAT

Primary mouse GFAT Ab(1:400) % 3]4]3s}°{ 30
w3k slided H43tL, 23] PBSTE FAISFITE. T
Al mouse post prymary Abg 817+ A4 $- 33
PBSTZ Al $ polymer-HRPZE 837t
th) 28] S=A8kG T 18] 3L DABR 53
23] $=A|3}L hematoxylen® 53 %344
&to] permount= T3 Hich v
A} 1] % (contrast fluoroseince microscope, Nikon,
Japan)£ AF-g-8o] x100 &2 w28kl th

)

T2
o
-

8 SH =4

BAZ

1. HBSBS2| HSHIAL &d 2N St



1) IL-18 mRNA £¢&10f| D|X|= A&

BV2 AlEFo)A IL-18 mRNA-HAF &
LPS+BAZ SA8tA71 dizdel uist A3
A FRQHCE FAsILh tlx2T9] R
ol 1 4 W A IL-18 mRNA 4
s K e S o i e 0.038+000401 1,
PiEfk 100 pg/ml, 50 pg/ml Foiit> zhzt
0.770£0.006 (p<0.001)3} 0.896+0.041 (RQ) u
ER o zsrel vl Az BEs oAt

#$oﬁrlo

2) IL-6 mRNA Zrsiof 0]x|= d&

BV2 AHEFoA IL-6 mRNARHA 2
LPS+BAR SRl dhzrel et A9l
AAYFRQHUEE At tlxw RQ
#tol 1 9 W W49 IL-6 mRNA Ak 2
o] AfgEEe g2 0.011£0.0030]91 2, FAT)
Z7 (MDL28170) 35 uMA > 0.330+0.086
(RQ)E ek OM, JBSEFH 100 pg/ml, 50
pg/ml T2 Z47b 0.572+0.087 (p<0.001)7}
0.722+0.069 (p<0.01) (RQ)Z ‘et F94 9l

o

it

A FA4 FH S AT
3) TNF-a XX} 2hsdof O|k|= Ast
BV2 A|EFo|A TNF-a mRNAFHAF 23

-

o M4 >

< LPS+BARE ESHAR dhzrol ofsh
9 )\h;HX%ak(RQ)%)\—oi H/ﬂ ].031;]. o B
RQ#e] 1 9w 47+ TNF-a mRNA
A e AR g 0.059+0.0470131 1,
kg xT (MDL28170) 35 uMAEl+S 0274
+0.024 (RQ)Z YeRstom, FEH 100 ©g/
ml, 50 pg/ml Folt2 ZH7F 0.597+0.073 (p<0.001)
7 0.936+0.150 (RQ)E YERYF 100 pg/ml o
T AR g W oAl E Bt

L 1o go g

2. HBSBS2| APP mRNA &0l O|x]|
= g

BV2 MEFo| APP mRNA#ZA 23
LPS+BAR SAJ3IAZ ool dist A3
FAAFRQ#OE FAEE tlxre] RQ
ghol 1 4 w A4Sl APP mRNA 734 2
o] A g2 0574+0.2250]0 31, %A
27 (MDL28170) 35 uMArelA= 0773
+0.032 (RQ)Z YERIL, A Ef 100 wg/ul,
50 pg/ml Folell A= 242} 0.849+0.035 (p<0.01)
9} 1.049+0.073 (RQ)E YFEF 100 pg/ml 5o

1o rlo

oA o8t AAE Bt
3. BA protein d&Zkof| O|X|= A&

Hj S Ho A BA protein S St
Av}, T2 0926+0.230 (pg/ml)ol3lar, vz
T2 27.7+154 (pg/ml) = el o2

(MDL28170) 35 uMAZ]TelAE 69439 (pg/
ml) % UFERE T RIBAIE EO%EL—S— 100 pg/ml
oA 119443 (pg/m) 2.2, 50 pg/mlelA= 14.8
54 (pg/mh)E thzrol Hlgte] FHAESGI oW
ol alsle.

4. B-APP2| immunoblotting £4

BV-2 microglial cell linel|A¢] B-APPE
Western blot &3 &3 A3}, LPsg
-APPTHS AE] @ thagel Wls 50 wg/mls}
100 pg/mle] SfpGEAE FoATE A A
Aol B-APP @ welo] A H I
(Fig. 1).
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HBESBS {ug'ml) MDL28170

BV2cells Contral 20 100 (35 i
GAPDH:{ '
p-APP(25-35): - + + + +
LPS (10 upM)

Fig. 1. Suppression effect of HBSBS extract on

the amyloid precursor protein (APP) in
BV-2 stimulated LPS plus BA co-treatment
by Western blot analysis.
BV2 cells were pretreated with various concentrations
of HBSBS extract (100 and 50 xg/mé) in the
presence or absence of lipopolysacchride (LPS;
10 uM) plus B-APP(25-35) fragment (25 pM), or
35 uM calpain protease inhibitor MDL 28170 plus
LPS plus B-APP(25-35) for 40 hr. Cell lysate (50
ugllane) were separated by SDS-polyacryamide
gel electrophoresis and then transferred PDVF
membranes. internal control (GAPDH).

5. BAZ REE AD WEf A
7|4 ZE A ot

7ol CHst

1) Step-through latency ZSXoA  LiE}
e 71 ZE A St

FpE A Folvs ATFol 87 F Step
-through latency & ¥H2s A3}, 447 7.2
+1.05 (sec)Z WEHGT, R 8374259
(sec.)©190aL, Aricept Ol 7.3+1.60 (sec)®
el vlate] oA Al FHAsESIEHp<0.001).
FBGE Al 380 mpk, 95 mpk FolTe 77}
13.7+1.79 (sec)¢} 42.65.00 (sec) & F5F thEoll
vjgto] o4 e AaE YERITHp<0.001)
(Fig. 2).

180 =UZFAD &t5lX H21d 2S5 (20104 06€)
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Stop-though latency (see)
=

0 el
BA(L40) - o+ -+ 4 -
uis centrol  Aricapt HBSBS HBSES
380mpk 95mpk

Fig. 2. Effects of HBSBS on the bA-induced
Alzheimer's mice of impairment of learning
and memory in the Step-through type
Morris water maze test.
C57BL/6 mice were orally administered of HBSBS
or Aricept. and the acquisition taining trial continued
once a day for 60 days. The Stop-VIDEOTRACKING
was initiated at 8 week after orally administered
of HBSBS extract (380 mpk and 95 mpk p.o)
the retention trial was carried out after day 7
after the acquisition training trial and injected
bA-induced mice. Data represent means*S.E
(N=10). Control, bA-induced alzheimer's mice;
Aricept (2 mpk , po; HBSBS extract (380 mpk
and 95 mpk po. Step-though latency each time
the animal enters an area, the entries counter
for this area is incremented by one. Statistically
significant value compared with bA -induced
Alzheimer's mice group (control) data by T test
(+*+p<0.001).

2 Distance movement-through
24 ¥ 259 245 s
FIFEAE TS B75F9 85 5 distance
movement-through latency s #zst A3, 44
AAE 1177£261 (em)E #EEHUT, AFH )
wel BAE H s tiFETS 90194199 (cm)©]
3L, 871t Aricept ol 12754341 (cm)®E
izl wlste] 7oA Al AAas dEkit
(p<0.01). FIFHE 1L 380 mpk Foli 2613
+46.0 (cm)(p<0.01)E WERISL, 95 mpk 7
T 596241174 (cm)= UrEPJr 380 mpk F¢
TRk Fo4 = FAE BATHFg. 3).
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Fig. 3. Effects of HBSBS on the bA-induced
Alzheimer's mice of spatial working memory
deficits in the distance movement-through
type Morris water maze test.
C57BL/6 mice were orally administered of HBSBS
or AriceptHCl and the acquisition training trial
continued once a day for 60 days. The Stop—
VIDEOTRACKING was initiated at 8 week after
orally administered of HBSBS extract (380 mpk
and 95 mpk p.o) the retention trial was carried
out after day 7 after the acquisition training
trial and injected bA-induced mice. Data represent
means+SE (N=10). Control, bA-induced Alzheimer's
mice; Aricept (2 mpk , pd; HBSBS extract (380
mpk and 95 mpk p.o). Lardist this is the total
distance (in cm) covered by the animal in large
movement, and Smidist this is total distance
covered by the animal in small movement. Data
(Lardist plus Smidist) represent meanst S.E
(N=10). Statistically ~significant value compared
with bA-induced Alzheimer's mice group (control)
data by T test (»+p<0.01).

6. BAZ F=El AD HE{ 4

A

[ |

AT x|A=

1) AD HHEf MFO| microglial celloilA Al

1) AZ IL-18 ¢ TNF-aHd A &3}

Microglial AlZulelA¢] IL-187 TNF-a
e B Ay, 1p9 AEY @ds
AR Hol M= 48405 (%)°la, Ulx
& 72865 (%)°1%11L, aricepte Foldh AT
Fro] 320453 (%)°l ATt FiBAEFIEL 380 mpk

=y oZi i

Fo] T2 49.0+4.9 (%), 95 mpk FoIT-S 55.35.0
(%)= thz=atell nlste] FoA Sl AE
EFATHp<0.01, p<0.05). TNF-a9] AlZY wha
e 4 AFAC] WA 35.0+6.4 (%)°1UL
o] 87330 (%)°1%1L, aricepts FoIgh

o] 41.2+45 (%)1L,  FIBIEIH
Fo 7 (380 mpk¥} 95 mpk)S 49.946.6, 69.3%5.5
%)% Weht tizael Blske o4 A #
A% JERATHp<0.001, p<0.01)(Fig. 4).

e
=
OFA]
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100 - OIL-1 beta positive cells
B TNF -zlpha positive cells

in brain (%)

Pro-inflamm ation eytokine positive cells

Nr control Aricept HBSBS HBSBS

380mpk 95mpk
Fig. 4. Intracellular staining of IL-1b and TNF-a
activity on the brain CD14*cells in bA-
alzheimer disease mouse model with or
without by the administration of HBSBS.
C57BL/6 mice were orally administered of HBSBS
extract (380 mpk and 95 mpk p.o) and Aricept (2
mpk, p.0 for 60 days. continued once a day for
60 days. IL-1b and TNF-a activity measured by
FACScalibur, number of CD14 positive cells in the
mouse brain of control and the groups were submitted
during the stereotaxic procedures to bA-induced
Alzheimer's disease model. Data represent means+
SE (N=10). Statistically significant value compared
with  bA-induced Alzheimer's mice group (control)
data by T test (+p<0.05, *p<0.01, *+p<0.001).

) AA IS (MDA) oA &3}

AD i 79 Hwl HZx2 oS MDA
G& wES Ad, Y AFY HzHAM=
244+12.1 (pg/mg brain tissue)°| 3L, t3T]
180.3+24.0 (pg/mg brain tissue)°]3liL, Aricept
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= FoIgh Fdhzro] 67.7488 (pg/mg brain
tissue) = UlZrel vlste] {4 Qe fAE
LRI AT ST 380 mpk FoIu-S- 89.6+12.8
(pg/mg brain tissue), 95 mpk FoI> 106.9+17.5
(pg/mg brain tissue) &% thzaro] Hlgto] -2
A e AAEE HERITHp<0.01, p<0.05)(Fig. 5).

250

Malondialdehyde value (peimgfhmin tissoe)

BAT-40) - + = s +

" Nr  comtrol Aricept HBSBS HBSBS

380mpk  95mpk
Fig. 5. Effect of HBSBS on the malondialdehyde
value in the brain tissue in bA-alzheimer

disease mouse model.

C57BL/6 mice were orally administered of HBSBS (380
mpk and 95 mpk po and Aricept 2 mpk, po for
60 days. Malondialdehyde (MDA) value were MDA
—TBA activity measured by spectrophotometry. Tissue
(mg) in the mouse brain of control and the groups
were submitted during the stereotaxic procedures to
bA-induced Alzheimer's disease model. Data represent
meanst SE (N=3). Statistically significant value
compared with bA-induced Alzheimer's mice group

(control) data by T test (p<0.06, »p<0.01, =+p<0.001).

(3) CD68"/CD11b" W&l MXES A A}

AD 3 A3 ] Rl W22 oA astrocyteA
39} microglial M3 &3 HAQ1 CD68+
7} CD11b+7} HdE s AESFE BEs A,
A4 AA Y HxAF CDe8+I CD11b+2] AL
FE 52424 (%)°13, BAE AFY 14011
Jot thxTe CDe8+3 CDI1b+9] AHEFE
482419 (%)= AAA F7HE UERHAL, ¥
Ao ZTQl Aricept oI 20.8+1.9 (%)= U

182 =UEFAD &t5lX H21d H25(2010E 06€)

ol njste] AAeHAl A frold e A
= UERItE FpE AR Tl 380 mpk T
oll9] CDe8+3 CDI1b+9] A= 302435
O % tjztel wste] fo4d QA TaE UE

T (p<0.001). S B Tl 95 mpk
Foftel A 2] CD68+¥}F CD11b+2] A= 43.0
572 iz # Aol 7k YA ok SkTh(Fig. 6).

“ Nr  contrel Aricept HBSBS HBSBS
380mpk  95mpk

Fig. 6. Effects of HBSBS on the percentage of

CD68+ and CD11b+ gated cells in bA-
alzheimer disease mouse model.
C57BL/6 mice were orally administered of HBSBS
(380 mpk and 95 mpk o0 and Aricept (2 mpk,
p0 for 60 days. After 8 weeks, mouse brain
cells (5x10° cell/ml) were isolated, and the brain
cells were washed twice and analyzed by flow
cytometer, number of CD14 positive cells in the
mouse brain of control and the groups were
submitted during the stereotaxic procedures to
bA-induced Alzheimer's disease model. At the end
of the experiment, the mice brain CD14 cells were
removed and bA-induced Alzheimer's disease model.
C570l/6 normal  (A), control CD68+ CD11b+ (B),
Aricept (2 mpk, po C) treated, and HBSBS extract
380 mpk (D) and 95 mpk (E), CDB8+ /CD11b+
cell population (%) were measured by analyzed
by flow cytometer (F). Statistically significant value
compared with bA -induced Alzheimer's mice group
(control) data by T test (=+p<0.001).

L=
Ao ojxl= 51}
1) siEaleol ol 5}

AD HH AF Hzx29 54 A7|5 #EE
A3, BAE Mol FIg tixdelA Fde A



717} 729435 (%)°IS}1L, aricept oIS 27.0
6.5 (%)% thxael vlate] 794 Q=
UFERH S 37(p<0.001), FIBSEFIH 380 mpk -
T2 39.6:2.0 (%)= thzrtel Hlske] f24d 3)
A Bas JER O (p<0.001) 95 mpk Fo
& 603+7.2 (%)E AaE YERITHFg. 7).

Posterior

Anterior

Fig. 7. Effects of HBSBS on the coronal section
of bA-induced Alzheimer's mice.
C57BL/6 mice were orally administered of HBSBS
extract (380 mpk and 95 mpk p.o) (380 mpk ,.D
po ) and Aricept (2 mpk, pod for 60 days. Normal
C57BL/6 mice was not treated (A). bA-induced
Alzheimer's mice (control, B); Aricept (2 mpk, po,
Q). Cerebral infarction is visualized by 23 5-triphenyl
—2H-tetrazolium chloride Normal tissues are stained
as strong red color. Infarcted area is not stained
as white color which localizies at cerebral cortices
and caudoputamen. Infarction is widely distributed
through 6-12 mm from frontal pole.

2) Z=A|EH0]| 0|X|= g1t

AD e A HzA o] s wEd A3,
4742 hippocampus$} entorhinal (EC) 1
3l fimbriaformix (FIFX)7} §3l0] Holi tj
T HZ2A0 A WRoE I JHvE 73
SHA] FAINE aricept FAJTHETI FBHE L
(380 mpk)& Foigh A2 A A 5
st 27 JeHE 253 UrhFig 8). 1L

hippocampus®] neuronal line®] 77>

Holal thxwte HxAe] dASAZet W SO
E O YEE FElEkA RAINE ariceptE Folgh
Fdzr Q33 7PEA 5317 hippocampus
9] neuronal lineE Ho|x vk 1|3 FEM
i 380 mpk Foirolli= 3]M|EkAl hippocampus
9] neuronal lineE Xo|il S§ltkFig. 9). 53t
hippocampus®]| astrocytes$} microglial A7}
453t neuronal line®] AF2HA| 1L o] 43}
H RS B vk 283 aricepts} FBAEM
it 380 mpk Foigh AT macrophaget
microglial A|3£7} hippocampus® H5-38H= Zlo]
AlE Zle & o Stk 1Elan L
Folrels thxtelA He SR Fied
stratum orion, stratum radiatum, oligodendrocytes
-like cells, astrocytes-like cell 6 HA|W, HH
H-2lellA AFFAIE pyramidal cell layer, neurons
183 dentate gyrus o 3&HE A& B F

AT

Fig. 8. Histological analysis of hippocampal lesions
of bA-induced Alzheimer's mice.
C57BL/6 mice were orally administered of HBSBS
extract (380 mpk and 95 mpk p.o) or Aricept.HCI
and the acquisition taining trial continued once a
day for 60 days. C57bl/6 normal (A), Control,
bA-induced Alzheimer's mice (B); Aricept (2 mpk,
p.o, C); HBSBS (380 mpk, D and 95 mpk, E), they
were sacrificed, brain was fixed in 10% buffered
formalin and embedded in paraffin. Paraffin sections
were stained with hematoxylinfeosin. The panels are
representative  photomicrographs of each of these
risk at bright microscope (Nikon, x40)
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Fig. 9. Histological analysis of the neuronal loss

of hippocampus of bA-induced Alzheimer's
mice.
C57BL/6 mice were orally administered of HBSBS
extract (380 mpk and 95 mpk p.o) or Aricept.HCI
and the acquisition taining trial continued once a
day for 60 days. C570l/6 normal (A), Control, bA
—induced Alzheimer's mice (B); Aricept (2 mpk,
0.0, C); HBSBS (380 mpk, D and 95 mpk, E)they
were sacrificed, brain was fixed in 10% buffered
formalin and embedded in paraffin. Paraffin sections
were stained with hematoxylin/eosin. The panels are
representative  photomicrographs of each of these
risk at bright microscope (Nikon,*100).
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