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AT L7z —%

ATF6 Activating transcription factor 6

ATP Adenosine triphosphate

Bax Bcl-2-associated X protein

Bcl-2 B-cell leukemia/lymphoma 2 protein
BDNF Brain-derived neurotrophic factor

CAl Cornu ammonis 1

CA2 Cornu ammonis 2

CHOP C/EBP homologous protein

BC-NMR Carbon nuclear magnetic resonance
CREB CAMP response element binding protein
CRTC2 (TORC2) | CREB-regulated transcription coactivator 2
db/db mice Diabetes mice

DCFH-DA 2',7'-Dichlorodihydrofluorescin diacetate
DEPT Distortionless enhancement by polarization transfer
DHE Dihydroethidium

DMSO Dimethyl sulfoxide

DPPH 1,1-dipheny-2-picrylhydrazyl

d-ROMs Diacron-reactive oxygen metabolites
ECs 50% effective concentration

El Electron ionization

ER stress Endoplasmic reticulum stress

FAB Fast atom bombardment

FBS Fetal bovine serum

GPx Glutathione peroxidase

GRP78 Glucose-regulated protein 78

HE Hematoxylin and eosin

'H-'H cosy Correlation spectroscopy

H/I Hypoxia/ischemia

HMBC Heteronuclear multiple bond correlation
HMQC Heteronuclear multiple quantum correlation
'H-NMR Proton nuclear magnetic resonance

H,0, Hydrogen peroxide

HPLC High performance liquid chromatography
HS Horse serum

HSP70 Heat-shock protein 70

HSQC Heteronuclear single-quantum correlation
1Cs 50% inhibitory concentration
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Gl FRER N

IRE1 Inositol requiring 1

LC/MS Liquid chromatography/mass spectrometry

LEM Water-soluble extract of Lentinus edodes mycelia

MAK Water-soluble extract of Ganoderma lucidum mycelia

MCAO/Re Middle cerebral artery occlusion/reperfusion

MPLC Medium pressure liquid chromatography

MTT 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide

NGF Nerve growth factor

(073 Superoxide anion

PBS Phosphate-buffered saline

PERK PRKR-like endoplasmic reticulum kinase

RNOS Reactive nitrogen oxide species

ROS Reactive oxygen species

SOD Superoxide dismutase

STZ Streptozotocin

TLC Thin-layer chromatography

TTC 2,3,5-triphenyltetrazolium chloride
Terminal deoxynucleotidyl transferase- mediated deoxyuridine

TUNEL . e .
triphosphate-biotin nick end labelling

U.CARR Unit CARR (1 CARR U =0.08 mg H,0,/dL)

UCP-2 Uncoupling protein-2

UPR Unfolded protein response

VvC Vitamin C

VE Vitamin E



http://lsd.pharm.kyoto-u.ac.jp/weblsd/c/begin/thin-layer%20chromatography�

=
Sam D HD



/A
[

A D ER

i
i

(]

IR DN EIE

MEGE (MR 1, AARADREFEROF 4% 5o
KIETHD Y, it

% AL ‘Bl-xv) &

(kD AETEEEFR ORI LY, 20

BEBITHML TR, BRPREER 2 & PBERERNRE N &R ENBIREIT

HEXDFPRHOEBEENE L TS Y, MRS
M8 385 L CTA U 2 H i MK i & B

Jid . R R

& I DRSS

HE L V) i 2%

Wr S CTAC2BMMEMLERENH Y . BEORERITIEE
b ) 1

immﬁﬁ%—{:

Uy,
< BT i

(&= ) HHE%ODHUJE_ -
Joi A A o A o

08 PR b
Fig.1 Cerebrovascular disease
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@ I schemic Brain Injury Mechanism

Ischemic Decreased Oxygen and ATP
coreregion :  cerebral blood flow depletion

— Necrosis —

I schemic
brain injury

|schemic

penumbral region : Reperfusion ——

@ Overview
Chapter 2
Chapter 1 M echanistic analyses
Inhibitory effect Antioxidant The ER stress participation
. ini hebrain inj
Do these have protective effects’?i (LEM, MAK) 'ni:lngkr):‘iczf ctiiaebe;;nn;incj;g?ry

Chapter 3
Fractionation

What isthe

Chapter 4 .
Neur oprotective effect / active compound?

Doesit have neur opr otective
effects both in vitro and in vivo ?

Fig. 2 Ischemic brain injury mechanism reported and overview of the experiment
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MEBNZ ERFEESNTND, —F, LEM ° MAK [E—EDE:H & H1 k03
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mENLZELTND ZENRETH D, 2o OMHmITIL, EARERS M
Z .\ BSRIRIC X B EE M 53 RSO SRR D B S A e E S TR DRy D3
Fiv, TNODEERIRD DR A IR EWFHNEEE R T LB BILD,

IHNETIC, MAK & LEM ([ZIZBRRZRAEBIEMENIH 502 & 72 5 TW D D3,
ZOHFTHmANHDIITIROUEREHE RO 5N TRV | 2 b6 DIEHZ L
B L7mE A, DPPH 7V —F U LiEEREIX MAK & LEM TRIEETH D
HLOD, A—NR—=FF L FT =4 (O7) {HERIL LEM IZH~ MAK 73 15
fERRWNZ & Do T,
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T LEM LY & HIFELEEDS RV MAK OISR #EERIC O\ TR LT,
w1 EX~ Y20 H/ EEICRT 5 LEM OFEER 9

HEE R R IR A (LEM) X, HEFF (Lentinumedodes) DB A%
WFEX EVEHIRIE CTH DT A LR LT KNS 70 2 BT S B L, —
EMFRE RS, FIRERBEERTNIIEE M & BRI - BESEEBR L72 b D T,
AL & LT T 40 4R W RN S 5,

Preparation Method of LEM

/ L EM (Water-soluble extract of Lentinus edodes mycelia) \

Extracted with
hot water Freeze-dry _

Implantation of mycelia fi =~
Implantation of mycelia
culture

Bagasse and Solid culture For about 3.5 months LEM
defatted-rice bran medium (myceliain exuberant state) (powder state)

LEM (ZBE9 2 LRI SEI3 0% < . ZNE TITH Y 4 VA ER 33 Bl
e > 3“’\ S FREEM 3 O Sk a RAEBIEMEAH SN EN TS, %
7o FREFEIZ T 2 2RI OV TI T TIZEIRMFZE A T T Y . LEM @
AN HRAIME TR S B 00, BT ARRE DG L THEDITH D Z L H
HENTWD, £72. LEM 13T P AMEFEEE T L Th 5 LR FELE
7 v N OFEFEICRT DR E R L, EOERETFIZIZT U —F P LiE
RIZEDH by P 7 OfFEERCITEERZEET 5 2 L mE S
TW5 ¥, Iz T, LEM 1213 SOD BHEMERS T ¥ VB ERE, LR E ek
MHIRE R & OFIRMEIER © Ve 45 Z LM ShTRBY ., LEM O%E
AEFTEME DI A J1 = X LD 72 BT HIEBILIER O F 5 HEL I 1, IR
Rom ML, BREE (LT K 2 iR B e & OATEEER I T 2 TP - deERh
BRSNS Y,

Z 2 TH LHEITIE, B~ U AORBIMEMES £ 7 /BT D8RR LA
PRI 5 LEM OMfRiERNR 27 i+ 5 Z LI LTz,



FBRDOFIEZ Schemel 128 L7z, IEH~ D A & LT C57BLI6 Kwl REEME~
U A% AW, AT, RBILEMREE T L & U CTERER R (. (H/)
fEEET VA AW, ERIORT X OIS, HILE L, FREBIROFREERIC X
DO MTZIRT S, S5, EBFEAR (8% O,/ 92% N Kfgs%, 35.5C
T 30 REAR) I8V MEIMEFORFE R ZIRAEL FFEL L%, &
Ry ZEICL o THRILA b L RIC K 2 FERES 273 L,
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Schemel Experimental Protocol

[Animal model]

/

[Time schedule]

~

C57BL/6J Kwl, mice

Hypoxia/ischemia (H/I) (7w, &

J 1w Acclimatization

( Control group: CE-2 standard
forage (powder)
LEM group: CE-2 contained
0.5% or 1% LEM

2w Freefeeding

\.

Before H/I

1P

@ Reduction of
cerebral blood flow

H/I treatment

24 hr

Double-ligated ﬁ*Rigm carotid artery —[Total plasma oxidalivestr&]
[ Neurological manifestaiion] "I ROMS IS
@ systemic hypoxia < ~Neurological o8 Ater H/l
Low oxygen gas: 8% O,/ 92% N, > conditign D
Treatment time: 30 min Isolated i
Temperature: 35.5°C=+0.2°C solat l tissue
@ Recover in room air Reperfusion M ¥ ¥
Oxidative stress damage (1nfarct volume ] (Oxidative stress|( Cell death ]
+ TTC staining + DHE staining * HE staining
= TUNEL staining
- Cleaved Caspase-3 staining



LEM % 05%F 7213 1% (wiw) TIRA LIBREEZ 14 HfE. B HICER
W FER, EE OMEEEIO A% 5 2 72 Control BEO~ v ADKRER L UHE
BEEHENT WA A—F —JIAEEITRO bR o7 (Tables1 & 2),
KIZZ, 0.5%, 1% LEM & 5-HEOVEKEH 2D o LEM HEEIX, £hZh
%9 0.75 35 X OY 1.5 g/kg body weight/day T - 7=,

Tablel Influenceof Mice Body Weight during LEM Intake
Body weight (Q)
CGroup - control 0.5% LEM 1% LEM
Day
1 2049+0.68 2049+104 20.71+0.79
4 21.00+041 21.27+137 21.40+0.78
8 2152+0.33 2166+178 21.75+0.95
11 2238+0.39 2225+169 22.65+0.89
15 23.20+041 229%+144 2331+101
Table2 Influence of Feed Intake during LEM Intake
Feed intake (Q)
Group Control 0.5% LEM group 1% LEM group
Day (LEM contend) (LEM contend)
1 298+0.05 291+0.03(1455+0.15mg) 3.18+ 0.09 (31.80 £ 0.90 mg)
3 315+002 315+0.05(15.75+£0.25mg) 3.21+0.01(32.10£ 0.10 mg)
6 309+015 322+0.02(16.10£0.10mg) 3.19+ 0.16 (31.90 + 1.60 mg)
9 314+010 3.32+0.16(16.60+0.80mg) 3.41+0.13(34.10+ 1.30 mg)
11 314+009 345+0.17(17.25+£0.85mg) 3.54+ 0.04(35.40 £ 0.40 mg)
14 317+021 350+0.29(17.50+1.45mg) 3.30+ 0.53(33.00 £ 5.30 mg)

72 ARV LEM oRGEIT. BMERICHN STV S LEM OFF
YR B O#EPAN (0.3~2.7 gkg body weight/day) Tdh-7=, —J7. ik
B R ExSRE LIEAFsEIcs T 2858 (§) 25~60 mg/kg body weight/day) %k
HMEZHTZ D03, BH . EREBWICFEWRGE1TO 85813, & o 105&%
ALETHILND, BARBTHLEEALND,



Fro. ARRBENE N~ T ZADERNEREA B L AT 5 LEM O R 4 i
He R dxy RBEZEEE Lz d-ROMs 7 A MZ XD HIE L,
Control F£Cid, H/I ALERT (56.75+ 8.34 U.CARR) Tk, H/I AL 24 Kefii#
DERNEREA N L AFERAREIZH A L7- (109.00 + 16.79 U.CARR), — /7, 0.5%,
1% LEM WifED H/I ALERT OB A b L A B, Control #F & 22372 0> 7273,
H/I ALE 24 BFH1#2 D 1% LEM FEOBER{L A b L AL, Control FE L D & A EIC
Wb (77.00£7.00U.CARR) L7z, F7o7 —ZITRIBRWD, BLEFIRFETH
% Sham BEIZIW TR, #ELFIT 24 RSB 1T D RNER (LA b L A FE D
KITFBD BN 72> 7= (Fig. 3),

Control 05% LEM 1% LEM

Fig. 3 Effects of chronic intake of LEM on total plasma oxidative stress in the
mice before H/I (open bar) and 24 hr after H/I (dotted bar) determined by
d-ROMs test. The data are represented as means = S.D. from 4-7 mice in each
group. ** P < 0.01 compared with each before H/I, paired t-test. T P < 0.05
compared with the control group, one-way analysis of variance followed by Tukey's

test.
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(PRS2 AN .12 K 2 MBI 2595 LEM ORFEZDRIZ DOV T, HII ALiE 24
REI %12 Table 12 (FEBRDO RS p. 84) (278 L2 /R O DI BTN » THRRRIEIR
Ze Rl U7z, HI ALE 24 I 12 31T % Control #£ (7.60 £ 1.95) DO#FREIR
A2 aT7iE, JERNEL B SR h o7 Sham BE (18.00+£0) & H_THEID
KN L7z, Zhuizxt L, 0.5% LEM (11.20 +£2.77) 35 J U8 1% LEM (15.00 + 2.45)
FETIE. Control #f & b LT H/l ALE T K 2 FRER O AL 2N B IS &
7= (Fig.4),

N
o
1

=
ol
T

Neurological Score
|_\
(@)
_|

o o,

Sham Control

Fig. 4 Effectsof chronicintake of LEM on neurological score determined in the
mice 24 hr after H/I. The neurologica evauations consisted of the five tests,
spontaneous activity for 3 min, symmetry in the movement of left forelimb and hind
limb, floor walking, response to vibrissae touch, and response to side stroking. The
score for each mouse was the sum of all five individual test scores (Table 12). The
maximum neurological score of a normal mouse with no deficit is 18. The data are
represented as means + S.D. from 4-7 mice in each group. * P < 0.05 compared with

the control group, Kruskal-Wallis test followed by the Mann-Whitney U test.

1



WAZ, HIALE 24 BE% O % TTC Yeta U, FRIERLIARE 2 @ U7 fb 52,
Sham #E D I I TFEZE I T RERR S 72> 7203 Control £ (31.94 £ 9.10%) Tl
HI L& Z L0 A EER DBV, #RER RS KOV O IR HEFH I FEIE R DS TR S 4L
72, 05%LEM (15.88+8.37%) 3} LN 1% LEM (9.98 + 6.45%) HEDFEZEH D
TERIE, BB R X OBRERIRD —E5 DA H v, Control #E L ik L CTH
Bl Lz (Fig.5).,

(A)

H/I
Control 0.5% LEM 1% LEM

Sham

a1
o
1

S
||
—

N W
o O
] ]

Infarct Volume (%)
5
||

o
I

Control ~ 0:5% 1%
LEM LEM

Fig. 5 Effects of chronic intake of LEM on infarction volume in the mice brain
determined in the mice 24 hr after H/I by TTC staining. (A) Representative data
of triphenyltetrazolium chloride (TTC) staining from the mice of sham operated,
control H/1, H/I with chronic ingestion of LEM. Scale bar =1 mm. (B) The data are
represented as means (% of control) + S.D. from 4-7 mice in each group. * P < 0.05,
** P < 0.01 compared with the control group, one-way analysis of variance followed

by Tukey’s test.
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HIALE L K - TEER SN FEEIZB T D O EAICKTT 5 LEM D%
FRRAL SRR D720, ~ U AWrRE D DHE 21T > 72, € O
. Control #£TId H/N ALEIZ K> THEFS CAL. CA2 BFds JU UK BB A Ik
FEFIC 240 DHE BRI AR S L7z 23, LEM $EEGH Tl ia s 7
B2 Lz (Fig.6),

Fio, REBEEMEMIZE ST R b— 223525 LEM O R 2 detalc
£ 0 T L7z,

F9. HINLEIZ L - THH S IGHIaREE 2045 LEM OfRiER R %

Yutt |2 L0t Lz, & OfE 5. Control B Tl H/I AL&E I X - THfEkE CAL,
CA2 2735 J UK B B MR P I IR Y (o S VT 2 9 2 SEMIIA A 25
bz, UL, Control # & i L, 0.5% LEM B KT8 1% LEM #EIZ
BWTIE, BB AEIC sl S e (Fg. 7).

S 52, AR OMIESEIZxTT D LEM O%hHE% TUNEL Y&1C X 0 §Em
L7, ZOfEE, Control B TIX H/ ALEIZ LV #ER CAL, CA2 Bfls L OVKNK
BB AT B 3B\ T4 D TUNEL BEPEMAEATRD DLz, Zav s b
L. LEM B£TI3 TUNEL BtEflasns A I1cidd Lz (Fig. 8),

- TR = AT B D ANR—FRDOIEELDFEE L L T, Cleaved
Caspase-3 DAY 21TV, BEMIaZeZHE L7z, Cleaved Caspase-3 [514:
HEREIZ, TUNEL BBPEMIBR O A0 S 1EIE—F L, TUNEL Y ftR L [FEEIC
LEM #£Cid Control £ & bhie L, BEtEfllasss A Bz L7e (Fig. 9),
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(A) i

Sham Control 0.5% LEM 1% LEM

CAl CA2 Cortex
3r - - [ sham
O control
kk
s . EJ 0.5% LEM

Relative Fluorescence I ntensity
for Oxidized DHE

2 F - - 1% LEM
1} Imi i ; o |
0 I . :. :.

Fig. 6 Effectsof chronicintake of LEM on thelevel of superoxide production in
the mice brain tissue determined 24 hr after H/l by DHE staining. (A)
Representative data of DHE staining in the hippocampus, the hippocampal CA1 and
CAZ2, and the somatosensory area of the cortex area from the mice of sham operated,
control H/I, H/I with chronic LEM ingestion. Scale bar = 50 zm. (B) The values of
fluorescence intensity of each group are represented as means + S.D. (n = 4-7) relative
to those of their respective sham groups. * P < 0.05, ** P < 0.01 compared with
the respective sham group. " p<o001 compared with the respective control group,
one-way analysis of variance followed by Tukey’s test.
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(A)

Hippocampus

CAL [t

Sham

CA2

Cortex |

(B)

100
~ 80
>
£ 60
8
(@) 40
o)
O 2
0

CAl

H/I
Control 0.5%LEM 1% LEM
F | B
48
7
£ !_‘-.:*,: 1 ; .-.."‘:.5_'...:
“50 um
CA2 Cortex
i i O Control
0.5% LEM

11% LEM

Fig. 7 Effects of chronic LEM ingestion on the number of cell deaths in the

hippocampal CA1 and CA2, and the somatosensory area of the cortex area of the

mice brain determined 24 hr after H/l by HE staining.

of HE staining in the hippocampus, the hippocampal CA1 and CA2, and the

somatosensory area of the cortex area from the mice of sham operated, control H/I,

H/I with chronic LEM ingestion. Scale bars = 500 and 50 zm.

(B) The data are

represented as means + S.D. from 4 mice in each group. * P < 0.05, ** P < 0.01

compared with the respective control group, one-way anaysis of variance followed by

Tukey’'stest.
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(A)

CAl

CA2 -

Cortex .:

(B)

Tukey’'stest.

TUNEL Positive Célls (%)

3

operated, control H/I, H/l with chronic LEM ingestion. Scale bar = 50 zm.

H/I
Sham Control 05%LEM 1% LEM

3

S v, iR

S 3 1 . S
’ A’ . it

> 5 LE ] ‘
< gLl
..-,\g'.'“‘, ~
e

CAl CA2 Cortex
i I I O Control
T T i B 0.5% LEM

1% LEM

Fig. 8 Effectsof chronicintake of LEM on the number of TUNEL positive cells
in the hippocampal CA1 and CA2, and the somatosensory area of the cortex area
in the mice brain determined 24 hr after H/l by TUNEL staining. (A)
Representative data of TUNEL staining in the hippocampus, CAl, CA2 of the

hippocampus, and the somatosensory area of the cortex from the mice of sham

(B) The

data are represented as means + S.D. from 4 mice in each group. ** P < 0.01

compared with the respective control group, one-way anaysis of variance followed by
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(A) Hl
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(B)
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YRS E 0.5% LEM
° 80} : -
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@5 eof
00O
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Fig. 9 Effects of chronic intake of LEM on the number of cleaved caspase-3
positive cells in the hippocampal CA1 and CA2, and the somatosensory area of
the cortex in the mice brain determined 24 hr after H/I by immunostaining of
cleaved caspase-3. (A) Representative data of cleaved caspase-3 immunostaining in
the hippocampus, the hippocampal CA1 and CA2, and the somatosensory area of the
cortex from the mice of sham operated, control H/I, H/I with chronic LEM ingestion.
Scale bar = 50 um. (B) The data are represented as means £ S.D. from 4 mice in
each group. * P < 0.05, ** P < 0.01 compared with the respective control group,
one-way analysis of variance followed by Tukey’s test.
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HOH ;RS - 2 BUERIBE T A~ XD H/l FEEICHT 5 MAK ORN{EEE
A

PFEPRIG X, M MRS O fERIK D —>Th 0 | INEIEOFRIER & HLIH
FHEE EHESEDLIEBMONTND, KT, IEwHE S 2 BBEIRF L, AAR
OFERIFTEEILOK 95% % HHTEY | BLA b L AZFHES D IEHCR R
ﬁ@ﬁ%@\%P%%E_Mméﬁéﬁf%%ﬁémfmémm

TNL, FEFIIRFHRAHEME L2 B T TG EN, ZNET
K%ﬁ%%%%&Lfﬁﬁﬁﬁ%%“sﬁ@%@%wﬁ8%<@ﬁ%ﬁ%éo
ELW AT R LT DEEH AR Y (MAK) 12, LEM (ZH~_T
PR ALTEMED TR < | T2, IEHE ~ U A28 1T L M MR EH 12k U IR
ERBRD LN Z ERMEENTND D, S5IC, 2BERFET L~ T A

IR LT EFIHIR AR L, A v R ) AP A SR ET D 2 E AL
kﬁof“ém%itWﬁ@k@%%ﬁbf“é:k%%%#mﬁofﬁb\
ZMVT RV Fyr (STZ) ICX o TRHE L 1AERIGEET LT v MCE
WC, ER U7 R h L RAZER L, RIMEINREAZE/ FEE (MCAO/Re)
WUEIC & 5 IR 2 B I S5 P, UL, 2 BERIBET L~ 7 A
(23T D M MM IR L6 D MAK O IMERFE D RISV T 23Tl Zauy,

Preparation Method of MAK

/ M A K (Water -soluble extract of Ganoderma lucidum mycelia) \

ﬁ

=28 Extracted with i
~—+|  hot water Freeze-dry _

Implantation of mycelia |
ALl LRIV S
culture

Bagasse and Solid culture For abut 3.5 months MAK
defatted-rice bran medium (myceliain exuberant state) (powder statty

ZZTH L E, R 2 H/CIE, AR -2 BUBE IR E T L~ U A D HI BEFEICB T
% MAK OINEREERICOWCHHMIT 2 2 L 2 B & Lz,

EERDFIEA Scheme 2 (2~ L7z, AENE - 2 BBERIFET L~ A &L LT
KK-AYTalcl 2t~ o A (KK-A < 7 Z) Z e, HIEEE T L OFERIT
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%1 HIOER~T AL D HI BT UAER L Rk FH CIiT-o7-, 7272 L.
KK-A'~ T 205513, HILEIC X DFREENERLL TETRIEL LD
O, AREER AN A T ARIRNOIRE Z 36.0CICHERF L, ARFRFHIZ 20 /3 & L
7o

Scheme?2 Experimental Protocol

[Animal model]

-

[Time schedule)

~

KK-AY/TaJcl, mice

Hypoxialischemia (H/I) Tw, &)

1w Acclimatization

1w Oral administration | Control group: Distilled water

MAK group: MAK 1 g/kg

Before H/I

® Reduction of P
H/I treatment
cerebral blood flow A h [ Total plasma oxidative stress ]
Double-ligated ﬁ Right carotid artery 240 - d-ROMs test
- [ Neurological manifestation ]

[Balanceand motor coordination ]
* Rota-Rod test

= Neurological score After H/I

@ Systemic hypoxia < | schemic
Low oxygen gas: 8% O,/ 92% N, condition
Treatment time: 20 min 2
Temperature: 36°C +0.2°C

[@Rewver in room air N Reperfusion

KOxidative stress S damage /
+ Cleaved Caspase-3 staining
B 28R

v U ADOEKER LOEBEREICXT 5 MAK OFELRIE Lz, MAK 1 gkg
body weight/day %z 1 ¥ [#4E H AR 5 L7z fE S, MAK #EdH 5 W Tk zHRE L
7= Control O~ 7 ZAR£H CTRE (Table 3) B LUHERE (Table 4) ITHERZ
TR b7z,

Isolated tissue

v v v
[Infarct volume][Oxidativestr%][ Cell death ]
+ DHE staining

= TTC staining = HE staining

» TUNEL staining

Table3 Influence of Mice Body Weight during MAK Intake
Body weight (g)
Group 1 Day 4 Day 7 Day
H/I 37.16 £1.28 37.78 £ 1.56 38.38+ 1.46
MAK+ H/I 37.00+£1.32 37.31+£1.34 37.57+141
Control-Sham 37.27 £ 1.66 37.52+1.64 38.00 £ 1.65
MAK-Sham 36.88 £ 1.02 37.46+1.14 37.97+1.25
Table4 Influence of Feed Intake during MAK Intake
Feed intake ()
Group 1 Day 4 Day 7 Day
H/I 5.99 £ 0.80 6.37 £ 0.65 6.29 + 0.57
MAK+H/I 5.98 £ 0.68 6.05 + 0.65 5.84 £ 0.63
Control-Sham 5.93+£0.70 6.03 £ 0.52 6.40 + 0.66
MAK-Sham 6.18 + 0.66 6.17 £ 0.62 6.06 + 0.92
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e MUHRRRE 1T BEA LT & 2 PTEMES IR L% 3R DTEMEDM 975 & T b
PR EPERE SRR O PE A DS IN$ 5 00 S H i, BRI LA b LA
HERERIPIR LR Y E MBS TS LB bR TS 0, 22T KEEFRIM
L~ 7 A DEANEEEA R LRI T D MAK OZR % e Re~rA
XU NBEZREL LIEAHNBRIEA L AEEZ d-ROMs 7 A2 M2 LW HIEL
72o MAK % 25U 7z Sham B Tlix, (KR ALRHTIL Control # & O TAIFFR
DB N o To A AREERAMZRITEAER LA b L R ERGREISMH Sz

(Fig. 10A) . H/1 4L {E #% T, /K # 5-> Control £ Tl H/ AL {E (T (128.33 + 23.94
U.CARR) (T~ H/IALE 24 IffH]#%  (168.29 + 27.46 U.CARR) DKL A
NURAERFEICH K L, Zhucxt LT, MAK B0 H/I AL ERiiL Control
B O TEIT Do 7203, HII ALE 24 FEf# % (136.29 + 36.31 U.CARR) Tl
Control # X v FEIZHEA L7= (Fig. 10B)

(A) Sham (B) H/I
250 O sefore H 250 rr OBefore H/l
M After H sk B After H/I
200 - 200 = +t
x nd
EE 150 T T T 2(: 150 |-
O 100 p= O 100
> >
50 - 50 b=
» 0 )
Control MAK Control
Hypoxia (H) Hypoxia/l schemia (H/I)

Fig. 10 Effects of chronicintake of MAK on total plasma oxidative stressin the
mice before H/l and 24 hr after H/I determined by d-ROMs test. The data are
represented as means + S.D. from 8-21 mice in each group. *** P < 0.001
compared with each before H/I, paired t-test. ' P < 0.01 compared with the control

group, one-way analysis of variance followed by Tukey’s test.
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HLE |2 12 MBSk 95 MAK OPRFERN T % HINALE 24 [ # 12 Table
12 (EBROESH p. 84) 127 L= ADOHEB T DU TR 2 21l L 7=,
ZDOFER, Control-Sham #£, MAK-Sham #£Cid, #RJEROE(LIZBIE S
oz, ZAUSKE LT, HI ALEIZ X 0 IEROEAL3FRD Hiiz a3, HI AL
& 24 #2237 5 Control Ok G/ (853 £ 5.06) &Lk L. MAK x5
fE (15.25+2.46) TIIMRIEROE(LRNE R ICHH 7z (Fig. 11),

20 Tt
o 18 F
(% 15 E ook
] 12 |
S 9
(@]
3 6T
Z 3k

O -

Control-Sham MAK-Sham Control MAK

Fig. 11 Effects of chronic intake of MAK (1 g/kg, p.o.) with neurological score
determined in the mice 24 hr after H/I. The neurological evaluations consisted of
five tests (Table 12). The score for each mouse was the sum of all five individual
test scores. The maximum neurological score of a normal mouse with no deficit is 18.
The data are represented as means + S.D. from 8-21 mice in each group. * P < 0.05,
**% P < 0,001 compared with sham group, " P < 0.01 compared with the control

group, Kruskal-Wallis test followed by the Mann-Whitney U test.
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F7o, MPEF ISR 5 MAK OPREDIRIZOUV T, Rota-Rod 7 2 F 2 iz
H/l ALE FiTZ OIEERERE 2 HIE L7z, £ DREE. Control & MAK OZ £
Sham #£ & O T, KEERAMTRIZ OEEREREIC A LITFE O b v d - 72 (Fig.
12A), —J7. HNALiET% D Control #35 KON MAK B & © 1T 24 IR¢fH]#4 0 iEEhH
BEDME T L7223, Control & (72.35 + 70.66) & b~ MAK % 5-#f (190.77 + 67.53)
TIE, H/IAE R oEEEEEE O T 23882 (il S iz (Fig. 12B).,

(A) sham (B) H/I
[ BeforeH [ BeforeH/
300 — M After H _ E After HI
— t
L/')/ - -
o> 250 - -|- -|- =
£
T 200 | -
LL
O 150 |- o
o
;“3 100 |- =
()
E s0f -
= )
0 - M - ° M ‘L
Control MAK Control MAK
Hypoxia (H) Hypoxia/l schemia (H/I)

Fig. 12 Effects of chronic intake of MAK assessed for balance and motor
coor dination assessed in the mice before H/I and 24 hr after H/I.  Sham group (A)
and H/I group (B). The data are represented as means + S.D. from 8-21 mice in each
group. *** P < 0.001 compared with before H/I, paired t-test. ' P < 0.05 compared

with the control group, one-way analysis of variance followed by Tukey’s test.
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WIZ, HINALE 24 ReRH2 ICHEH L7k TTC Yufa L, FEZEBLRRE 2 JHIE L
7o ft B, Sham BEDPIZ IIFHIEILHERE S /o 7o, —J7, K& 5- L 7= Control
FECIE, HINALEIC L VA EEROBVE ., MR, 3 X OVEIS 7 &R I R 2E
BB SNz, ZHUCH LT, MAK % 1 BB S LZEEHICB T D 2RO
TERITEE O — 53 Z D HRBD B v, K 5-HE (30.90 + 14.72%) & bhig L T,
MAK 5.7 (8.65+11.27%) TIIWZERNSFEICHA L7z (Fig. 13),

(A)

Control MAK
f g1
Sham | RESE
v | 8 ’ N
1rﬁm
(B)
= 50 ~
S
cor |
S 30 -
S Tt
> 20
5]
5 10 |
E oL :
Control MAK
H/I

Fig. 13 Effects of chronic intake of MAK on infarction volume in the mice
brain determined in the mice 24 hr after H/l by TTC staining. (A)
Representative data of triphenyltetrazolium chloride (TTC) staining from the mice of
sham operated, control H/I, H/l with chronic ingestion of MAK (1 g/kg, p.o.). Scale
bar = 1 mm. (B) The data are represented as means (% of control) + S.D. from
16-20 mice in each group. " P < 0.001 compared with the control group, one-way

analysis of variance followed by Tukey’s test.
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H/LEZ > TREFE SNBSS D O FEAEICKT T 5 MAK D52 4
FARRA L RN 2 7212~ v ZEIRE) & DHE i L7z, £ Difii .
Control BT H/IALEIZ X - Tk CAL, CA2 BF35 J VKM B B R M i i By

(225D DHE BRI G8 D 7223, MAK BECIE MRS A B8
4 L7z (Fig. 14),

F o, IRERFEMEIMIZ X ¥ CAL, CA2, KIMEEIZKITST R h—v 2R
[ZX9 5 MAK O RAZFIEYEIZ LV FHE L7z, £, HIAEIZ L - T
JE S VT IGHIAREE (262 MAK OPRENEM 2 HE il X - THGES L 7o
2. Control BEDUEE CAL, CA2 BfIs J UK BB AR MR BF IC IR Mg et S 4
T EH T HMIENZEEE O H=DIZx LT, MAK 58Tl Control #f
L L, oM A EIZHEA Lz (Fig. 15),

RN T, HIALELS & o TREFE S 40 2 IdHiIE ORI SEIZ 642 MAK 4]
R Z I3 5 72 TUNEL Yl L 0 3l L7z, ZDO#E%. Control #£ Tl
HNALE L & 0 T2 7 F fEIk O CAL H I ONKIM BB AR TR B IS 258 D
TUNEL FGHEMIEATED Dz, MAK & 5-8E CIEB s s A &
L7= (Fig. 16),

S HIZ, HIAEIZ L > THRE SN OT R F— A Z2RHET 5
A=V RIEMLOFRIE L LT, Cleaved Caspase-3 D5 yuta 17\, Btk
Mg A HIE L=, £ OfEE, Cleaved Caspase-3 [th#lifiiZ, TUNEL [5 LA
fid & FERLD 34T &7 L, TUNEL et ofE R & [FEEIZ, Control Bf & bb#Z L C
MAK B CIIB Mg A =SB Lz (Fig. 17),
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for Oxidized DHE
(SN
T

Fig. 14 Effectsof chronic intake of MAK on the level of superoxide production
in the mice brain tissue determined 24 hr after H/l by DHE staining. (A)
Representative data of DHE staining in the hippocampus, the hippocampal CA1 and
CAZ2, and the somatosensory area of the cortex area from the mice of sham operated,
control H/I, H/I with chronic MAK (1 g/kg, p.0.) ingestion. Scale bar = 50 ym. (B)
The values of fluorescence intensity of each group are represented as means = S.D. (n
= 3-5) relative to those of their respective sham groups. ** P < 0.01, *** P <
0.001 compared with control-sham group, T P < 0.05, " P < 0.01 compared with the

respective control group, one-way analysis of variance followed by Tukey’s test.
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(A) ca1

Cortex
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CA2

Sham

MAK

Control

H/I

MAK

50 xm

(B)
CAl CA2 Cortex
100 = -
[ control

80 ] MAK

40 -

Cell Death (%)

20 -

Fig. 15 Effects of chronic intake of MAK on the number of cell deathsin the
hippocampal CA1 and CA2, and the somatosensory area of the cortex area of the
mice brain determined 24 hr after H/l by HE staining. (A) Representative data
of HE staining in the hippocampus, the hippocampal CAl1 and CA2, and the
somatosensory area of the cortex area from the mice of sham operated, control H/I,
H/1 with chronic MAK (1 g/kg, p.o.) ingestion. Scale bar =50 #m. (B) The data are
represented as means + S.D. from 5 mice in each group. " P < 0.01 compared with

the respective control group, one-way analysis of variance followed by Tukey’s test.
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(A) CAl CA2 Cortex
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Sham
MAK
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Fig. 16 Effects of chronic intake of MAK on the number of TUNEL positive
cellsin the hippocampal CA1 and CA2, and the somatosensory area of the cortex
area in the mice brain determined 24 hr after H/l by TUNEL staining. (A)
Representative data of TUNEL staining in the hippocampus, CAl and CA2 of the
hippocampus, and the somatosensory area of the cortex area from the mice of sham
operated, control H/I, H/I with chronic MAK (1 g/kg, p.0.) ingestion. Scale bar = 50
um. (B) The data are represented as means + S.D. from 5 mice in each group. "p<
0.01 compared with the respective control group, one-way analysis of variance

followed by Tukey’s test.
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Fig. 17 Effects of chronic intake of MAK on the number of cleaved caspase-3
positive cells in the hippocampal CA1 and CA2, and the somatosensory area of
the cortex in the mice brain determined 24 hr after H/I by immunostaining of
cleaved caspase-3. (A) Representative data of cleaved caspase-3 immunostaining in
the hippocampus, the hippocampal CA1 and CA2, and the somatosensory area of the
cortex area from the mice of sham operated, control H/I, H/l with chronic MAK (1
g/kg, p.o.) ingestion. Scale bar = 50 um. (B) The data are represented as means +
S.D. from 5 mice in each group. " P < 0.05, " P < 0.01 compared with the respective

control group, one-way analysis of variance followed by Tukey’s test.
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F3E  AEO/PEBIUEE

AREETIE, BILMERMFEF IS LT, BmWHIRRIGTE M 2 A 5 ER R T
% LEM & MAK OAZIPEIC OV TRRET L7,

A IER~ U RO HIN EFICKT S LEM O MR#EEH
IE% (C57BL/B)) ~ 7 AIZH T, LEM O EHEEUL, HI ALEIZ XD
RNER{E A | L R EEOHER ARk O BN R ZE B D ¥R & s L7z,
S BT, MRk T OTEMERERTEOPEAR 20 L, LT AR h— 2%
P U7z, BLEOFERN D, LEM [XIEE ~ 7 A1) 2 K 3 ik 1 5
TN L TIREDIR 2R T Z LR 6T o T,

52 8 IR - 2 BUEIRIE T L~ U AD HI FEEICHT 5 MAK OM{E#
1EH
AEG - 2 ROBEIR (KK-AY) ~ 7 AZBW T, MAK OfH#513, HI
WUEZ X DRI LA b L RO ROMIRAEIR | EEh AR T 2 S L
IFEZE BARFE 2 D ST, S BT, IdMEA% COTEM R DOPEA 2K T
SELHLLEBIC, TR =Rz Lz, U EORKERID, MAK I3
T+ 2 BUBE PRI~ v AT BT B AKER SR MM i b ek L RS R A R
ZEDBHIB N T,

REOFERN G, FUBLIER %249 2 @R At o BIHETUX, HI L@
(2 E D BEFIZRT L TTRIH D WIIREICEN TH D Z E DY LN 2T,
LU, SH B BRI K 2 IMRGEIE A 0 = X 2 L b OTEMEA
RIZOWNWTIE, FaICBH LRI ST,

AWFGE CTILE R R Y O IREREVE R A 1 = X A OffhT & ST b /ER % 45
e LIDIEMARERERRE T 22 L b HADO—DE LTS, 22T, MAK ®
PUERRLIEMEDS LEM K0 W2 L n . UBEOIFSEIX MAK ITB L TIRETT %
ZEE L, 2 ET MAK O H/I BEFICKT 5 MREERSESL, 8 3 ET

29



MAK FOEN SR - FlETHZ Ll L,

30



HomE N - 2 BUERBETS LT R0 H/l BEEICHT S MAK
DIREIER A T = X b DOFRET

R M RN S DR B 1 R 1 3 7 1L TR IS K3 2 b A b L A &R
KELTT A b— AR A, SIEMEBBERK 1, MR-, MR R
Tl ENEHEC ST 5, £, B A N L 2O &L S N8 PR O B
L, MEFZ B S Y, 2o—RIZ/Mal (ER) X ML AREET 5
ZEMHEINTND, ER A LRI, KBEESCBREA ML ARSIV
B BRI XML R b LA BN S ERE T L H D ), Fi,
EIE ER A2 N L 2 ARRREZ B 726 L 2 RIS 2 1T S5 2 L nb %),
AR 2 BUREIR I~ © A CTREIMAEMMIE E DB LT 5 A =X A2, ER A F LA
PN E 7 e 2 R P TATREME AR SIS 30, E DREMIZR A B = X AT BUE
FTHLNITR > TRV, £72, MAK (&, B - 2 BUBERIF~ 7 212817
% HI BEEICRH L CTREDRZ R LR, TOEAA =X LIZOWTHAL
T T2 5 TR,

Z 2 TAETIE, B2 2 RBERIE O R i MEME S O (LI ER 2 kL
ANEETHEWMEL, TOFEMRA D =XLDIOWTHNTIT DL EHIT
MAK |2 X 2 REEH O —DIZ ER A b L AN TG L TV D 1 E D& it
T5HZ &l L7 (Fig 18),

Affect relativefactors

Apoptosis factors

Oxidative -
stress = | Neuroprotectivefactors |=——> S(.:e.m.lc
brain injur)
Obe;ty Inflammation factors

\?
ER stress .

Shue=

Fig. 18 ER stress augmentation of the ischemia brain injury associated with

etc.

comorbid type 2 diabetes and accompanying obesity mice. MAK will be effected at

an earlier time point in the development of the oxidative stressinjury.
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FTIE HIEBEEOAI=XLE H/IEEAI=XAZEBITS MAK OEH
KR

KR, AR (S WA (1 7 & DA DN IR TS & k9~ DA% RE & 15
STWD, —J7, B{bA kL A7 EDMIas b ORIEIL, B 72Em B E /N
fRICER S, BEEREELEZ U/MaEZ L2235 5, Mlaixz ok
Ex AR L, EFEYEANERFT D720 MR OB 2SS H[ER X b LR
IR (UPR)], Fig. 19 1277 & 91, /IMaAEIZIX PERK, ATF6, IRE1 @ 3
DY —EHERNDY, IMAENICER L REEEAE LI T 5, Wi
H IEHIFTlE GRP78 72 & O/NERIEN & v~ B EE &S L CORIEMR
RECIFET 545, ER A b L A F i unfolding & 7213 5% folding D& &
¥4 % & GRP78 72 ED/NEIRY F-3 % X a VR - O folding (2BR D H &
TURBEL . B —EAENEHE L TRO 3 >OREZI L TENEI TR
NV TN EIRET D, OPERK K1, FllEAEORREMmEI+2 2 &
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Fig. 19 ER stressand theunfolded protein response (UPR)

Stress to the ER stimulates the activation of the three endoplasmic reticulum (ER)
stress receptors, PKR-like ER kinase (PERK), activating transcription factor 6 (ATF6)
and inositol-requiring enzyme 1 (IRE1) that are involved in the unfolded protein
response (UPR). In this study, we pay attention to the ATF6 pathway associated with

the ischemic brain injury pathway.
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Fig. 20 Role of ER stress in hepatic associated with transcription factor CREB and
ATF6: CREB coactivator CRTC2 links hepatic ER stress and fasting gluconeogenesis.
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IRNEE) SR TEEEICICT L2, Z oMbl oK T ik, Fig. 20 123 L 7= AT
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Fig. 21 Blood glucose level assessed in KK-AY before and after H/I. The data are
represented as means + S.D. from 22 mice in each group. * P < 0.05, **P < 0.01
compared with before hypoxia, paired t-test. /" P < 0.01, ™™ P < 0.001 compared with

the respective non-H/I group, one-way analysis of variance followed by Tukey’s test.
Lo L, BGEERC W T, it s ER > ATF6 & CRTC2 OAHEEM.,
B EOZ O ANERNTET LT MR EIC BT 2 & 13720,
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LT L7, Fig. 22 Tidk, HNALEIZ X DMMEF A W =X 20 (1) ZRL

= Hypothesis (1)
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Fig. 22 Hypothesis (I): Mechanism of the hypoxia-ischemia brain injury in
obesity and type 2 diabetic mice and protective effect of MAK underlying this

mechanism.
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T &4, CREB IZ & » TiFE &5 Bdnf <2 Bal-2 7 & OIRH#ER D FEH D
L THEENEITT D B2 6N, FrlZ, S ha v RUT TR, L7 R F—
¥ AR Bal-2 DN L o TP AR b — 3 ZRHER 7 Bax & D/NT AR
BHEEENE LTI R b= ARNFEEND,
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APV AZMBIT 72D TIIRWNEEZEZRMET D2 LI LT, £7T . KK-A
~ U AD HIALE 24 B I BRI L 72 BB O~ 7 Z il a2 VT, ER
ARVRIZES>THFEEND VX u EHAE Hp70 O BiE%L Real Time
RT-RCR JEIZ X 0 f##HT L 7=, HIl ALiELZ X - T Control 35 & Y MAK OiEEIZES
VN Sham #E & BT, Hep70 OFBIBFEICHEM L, &5, ER A b
AD~—H—"TT R b— ALK ¥ Chop DBl T FHIL, Sham #f & b~
T H/LE 24 & I BV TEAITRR D AL o T2 h3 HI ALE 6 RFf# % D
FHZ ICRBNEEIM L=, —JF . MAK BETlZ Chop ODFEMNK T 5
EAAZED S, HI ALEIZ XL D ER A b L ADEIKE MAK 23 iil4 5 & %5
z biviz (Fig. 23),

(A) Hsp70 mRNA (B) Chop mRNA
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i 5N O L -
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Fig. 23 Expression levels of ER stress-related factorsin the brain of penumbral
cortex after H/I determined by Real Time RT-PCR analysis. The data are
normalized to S-actin and are expressed as means + S.D. (n = 6-7) relative to the
sham-control group. *** P < 0.001 compared with control-sham group, one-way

analysis of variance followed by Tukey’s test.
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AUTXE LT, MAK £ TlE, Sham B & [7] LU HERF STz (Fig. 24A, C,
D). F7-. Bdnf s OB EZRGT L7ofER, HI ALE 24 Biffth, © 0%
WENEBIZED L722s MAK BETIEE O T 230 4Tz (Fig. 24B),

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

(A) Bcl-2 mRNA (B) Bdnf mRNA
)

o _ Tt * o 15 p
i 28
25 25
T O ® O
T glo =
< 8 <8
2 b 20

S 05 S
E D E S
N = = c
b S
336 o @O

(C) Bax mRNA (D) Bcl-2/Bax mRNA ratio

N
o

15

—+
*
*

10 F

---------

—————————

£
o

il

52

5

£

52

5

5

—
25
e

£

5,
i
&,
24

]
L

il

05

o
£
!

o

£
5,

o
(&)
T

£

£

G

R
250%

FEEEEE
et

i
4
i

Bcl-2/Bax mRNA ratio

Bax mRNA relativeto
Control-Sham Cortex

P
faciss
fiitct
picics

-

o
r

relative to Control-Sham
= =
o [§;]
| |
Q
o
Q
%,

o o
O (W &
AN s

Sham H/I Sham H/I

Fig. 24 Expression levels of the transcription factor CREB induced factors
(A) Bcl-2 and (B) Bdnf and (C) Bax mRNA in the brain of penumbral cortex
after H/I determined by Real Time RT-PCR analysis. (D) Show the relation of
Bax (an apoptosis promoter) to Bcl-2 (an apoptosis inhibitor) mRNA ratio. The data
are normalized to f-actin and are expressed as means £ S.D. (n = 5-7) relative to the
control-sham group. * P < 0.05, ** P < 0.01 compared with control-H/I group, ' P
< 0.05, " P < 0.001 compared with the control-sham group, one-way analysis of
variance followed by Tukey’'s test.
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TAHTOIGE (1) =17 (Fig. 25),
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Y _u CEABEEMS LT D, 207D, /NMaERED ATF6 13K ZIREE & 72
D, BIMRERA FLAIUSE TELEDPMRTE RN LD, vy Xr Yy
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L7z,

39



Hypothesis (II)
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Fig. 25 Hypothesis (II): The aggravating mechanism of the hypoxialischemia (H/1)

brain injury in obesity and type 2 diabetes mice.
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H/I JLE 24 BRI A U 72 IO BEZEBLARS 1%, C57BL/I6I v 7 X (2.00 +
2.00) &L CKK-AY~7 2 (2850 + 13.45) TiE&E LEL L, LHFFHIC
FEOEHR ML SN (Fig.26), ZOFERND, EH~ 7 AR -
2WBEIRI~ 7 AT, WFEENELT D Z L PR TE T,
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Fig. 26 Infarction volume in the C57BL/6J and KK-AY mice brain determined
in the mice 24 hr after H/l by TTC saining. (A) Representative data of
triphenyltetrazolium chloride (TTC) staining from the mice of H/I treatment. Scale
bar =1 mm. (B) The data are represented as means (% of control) + S.D. from 4-20
mice in each group. "™ P < 0.001 compared with the norma C57BL/6J group,

one-way analysis of variance followed by Tukey’s test.

Z T, RAED C57BLIBI~ 7 A L KK-A < 7 ZADNWFHEED/NT A —H %
HIE LT, ZOfER, C57BL/I6I ~ 7 A &L Lb_C, i « 2 ABERIF O KK-AY
~ U ADERE (K 1.65 ) LA E () 311 4%) IABEICHEMLTWe, £
7o AN LA kLR 1%, C57BL/6] ~ 7 A (57.80 + 9.86) & -~ T KK-AY(128.33
+23.94) THI2.3f&Emnr-7- (Fig. 27),
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oxidative stress

50 ¢ 600 250
T

w0k Tt ~ 200 b
5 )
2 g 400 « 150 T
2 g S
> 20 } ) D 100 f
e]
o) 3 200
@ 3

10 F m 50 F

ol ol ol

C57BL/6J KK-AY C57BL/6J KK-AY C57BL/6J KK-AY
non-H/I non-H/I non-H/I

Fig. 27 At the normal time, measurement of physiological characteristic
parameters in C57BL/6J and KK-AY mice. (A) Body weight and (B) blood
glucose were measured at 9 weeks old. (C) Leve of total plasma oxidative stress
determined by d-ROMs test. The data are represented as means £ S.D. from 6-20 mice
in each group. "™ P < 0.001 compared with the normal C57B/6J mice, one-way

analysis of variance followed by Tukey’s test.

ER A F L A, EKBESCEBILA NV ARSI VAL, 612, BT
ER A LV AZHRTHZ ENMEINTNDZ E0D, KK-A ~ T 2 TIEF
HENPOER A ML ARETICHL LEZEXBND, €I T, FHEFFDOER X |k
L ZMRREZ Tl 5720, ER A h L A~—H—® Grp78 & Chop Di&{s 7%
Bl % Red Time RT-PCRIEIZ K WV HIE LT, EOFER. FHEkED KK-A < 17
A TClE, C57BL/I6I~ 7 A L b Grp78 (%) 1.461%) & Chop (¥ 1.41%) &
GFRENAEICHML TV (Fig. 28A,B), £72. ER A b L A2 L » Tz
BIR{ CHOP ORBINFHFE S LD Z L CHOP DG LIk iE % FEA 45 7=
DIZ, OO CHOP &2 fiffr L1z, £ORR, [EFH~ D A &~
TKK-A~ 7 ZTCHOP &2 25 I L TW e, 2 Hb D Z &b (KK-A
~ U AFNEMERI 7R A L RMREETH 5 L IRIT, SEE R L B8R 72 ER A
FLRRREETHD EE 2 B (Fig. 28C),
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Fig. 28 At the normal time, expression levels of ER stress related factors (A)
Grp78, (B) Chop mRNA and (C) CHOP protein in the brain of cortex time
determined in C57BL/6J and KK-AY mice by Real Time RT-PCR and Western
blot analysis. Regarding the mRNA analysis, the data are normalized to f-actin and
are expressed as means = S.D. (n = 6) relative to the normal C57BL/6J mice non-H/I
group. T P < 0.05, ™" P < 0.01 compared with the normal C57BL/6J mice non-H/I
group, one-way anaysis of variance followed by Tukey’s test. Representative Western
blot of CHOP in cytoplasm and nucleus extracts from the C57BL/6J and KK-AY mice

cortex.

S b2, FEENET DHE L LT, #HEHOD HIALEIC X 22072 ER A
FLATHDZLEERTEDIC, ER A R L AICL > TREME T+ 20 #K
+ Bcl-2 & Bdnf IZDWTHRGET L7z, ZOfER. HI A fEIZ L - T C57BL/6I ~
7 AT, Bel-2 & Bdnf O DOFHIMET T S ZR L, KK-A~ T A
TiE, RERFORBENWHE & bICHEFIAT (8K59%) LTwiz (Fig 29),
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(A) Bcl-2 mRNA (B) Bdnf mRNA
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Fig. 29 Expression levels of the transcription factor CREB induced factors (A)
Bcl-2 and (B) Bdnf mRNA in the brain of penumbral cortex after H/I deter mined
by Real Time RT-PCR analysis. The data are normalized to S-actin and are
expressed as means £ S.D. (n = 6) relative to the norma C57BL/6J mice non-H/I
group. ** P < 0.01 compared with KK-A" mice non-H/I group, one-way analysis of

variance followed by Tukey’'s test.
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~ U AT HIALEIZ X% Hsp70 OFEEL)S 2 5RO PN £ 37, C57BL/6J
YUAZHANK 100D 1RELE LR &b, T IMEEE(LOJR
EEZ bz, o, HERTNEIE, FEHEEE (non-H/) D Hsp70 FEL &I,
C57BL/6) ~ 7 A L b T KK-A ~ 7 2T 2 FRRERBEN LH L1588 ThH
- 7= (Fig. 30A),

ATF6IZ, /DNERIZHLDIA FEF AT BL L T 2 RS SRR B K (90
kDa) TH Y, /MafEA kLA FTII/MMaENIZ mgE D RE e BAEOE
BN 7T b igo T, REABE OS2 5METIEMALT 5, 2%V, /NMa
RA N L RREA B R U 72 AL 055K 7-38 (50 kDa) AMZEA~EAT L,



T L TENEBR VY eV ERER EOBETEZFHETH L EX LT
%, & T, ATFeDOTEMALIREE 2 Western blotiz L 0 fi#ft L7z, = OFER, F
HHE & BT, HIALER: Tid, BENOATFE L, & 52, EHFON
TliX, EF~ 7 A2, KK-A~ T 2 TATFeRRIMER M L T\ iz, F£7-,

T EEOAINE ODATFOIT, IEH ~ 7 AT, KK-A~ 7 AT TIZEDIF
FEEIIMD ThnZ L3R &7~ (Fig 30B),

(A) Hsp70 mRNA (B) ATF6 protein
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Fig. 30 (A) Expression levels of ER quality control genes Hsp70 mRNA in the brain
of penumbral cortex after H/I determined by Real Time RT-PCR anaysis. The data
are normalized to f-actin and are expressed as means £ S.D. (n = 6-7) relative to the
KK-AY mice non-H/l group. * P < 0.05, *** P < 0.001 compared with their
respective normal mice groups, " P < 0.01, ™ P < 0.001 compared with their
respective non-H/l groups, one-way analysis of variance followed by Tukey’s test.
(B) ATF6 protein in the brain cortex at the normal time and nuclear transl ocation after
the H/I in C57BL/6J and KK-AY mice. Representative Western blot of inactive AFT6
(90 kDa) in cytoplasm extract and the transcriptionally active ATF6 (50 kDa) in the
nucleus extract.
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Scheme 3 Experimental Overview
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* 9 4F & 3kDa LL FOIKASFHE 4 A 2254y 100 kDa LL F o &4y 18
SSEETEZRARIL, S0 EaE2NE L, FORR., KO FEOOEH
RN T74.68% LI bEmno7- (Tables),

Table5 Content of Each Fraction

L ow molecular »High molecular
Fraction A B C D E F
Molecuar weight ~3 3~10 | 10~30 | 30~50 | 50~100 | 100~
(kDa)
Content rate (%) | 74.68 11.04 5.84 1.95 1.62 487

Fio. FEGOPE{LEEE DPPH 7 U —F UL EARE L O HERER W
THEL.DPPH 7 U — T U )ViHZEREL ECso T, 0, THEREZ 1Cs Trn LTz,
ZDOFEFR. DPPH & O THERE & bR FHI4r A & & 145 F CHifg ke
WENoTz, S HIZ, MAK FOKES OFIELE 5L IS A & &0 1
FETRENWZ ENRHLMNI2 7= (Fig. 31),

[Antioxidant activity] [Antioxidant contribution ratio}

Total —100
| A EEEE T

EEE 4249 |

DPPH radical
scavenger (ECsp)

0 2 4 6 8 10 60 80 100 120

Superoxide anion radical
scavenger (1Csg)

0 20 40 60 80 100
Concentration (mg/mL) Contribution ratio (%)

120

Fig. 31 Antioxidant activitiesand contribution ratio in MAK of each fraction
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Z 2T AEMRS ORIEEITICHT-0 | Ky TOEHE =R (74.68%) Mk b
LN LR EIN D R TIX, 4y &0 3kDa LA F Oy Sy (3K LK)
D OTURIGIEMERC Y 2 RR T 5 Z &I LTz,

£9°. 3 KOPUEEWIEMERL ST DVRER ZAT 5 Bl JETERCS O R & 22k,
Hpk, HEHEMEOIRN, Be, TV VIS D L EMEZ MR T D T2 OIS T FEER
1T 7z, Fig. 2 ICZDOfiivE s LTz, 50mL F =2 —7 5 RIZ3K DY 7L
% 40 mg & KICIEME L7215, 5T 22— 71K X0 MM DMEWO A REIEBE A N2,
KB & AHSIAILE 2 1537, TN BN ORIE K o THmi L7k E & A A E
Z[FREICHR L T U EEREZIE L, DR % Fig. 33 @ (A) &
(B) IZx L7z, F£7-. /HEiETO 3 K OFER{LHEEEL 100% & L CHE LEL, 2
DT EILToKE E A OPBLE 5RE (A) & B) IRl .,

[ Experimental Overview ]

3K
| 40 mg/tube

@O Et,O/HOIF LB - FTREZ ZhENH 2T 2 —T BT,
EJ@ (E,0) IZHBEEE LT, MeOHZ: LIC{EH: L Cassay, | | | |
T (H,0) IEZ0% %, % 2B LE L Cassay. j j j"“”'““ j j

water water water water

water

m

@ EtOAC/H O LB - TRREENENH =T 2—T7ITBT,

0.1IN HCI 0.01N NaOH
shake

TR (H,0) 1370 EA, 8% 722 7R U L Cassay, g a

i i
@ nBUOH / H,0% L - FIB& T ENH T 2 — 7 1B, H_l H_l separatin H} H‘@

FJE (n-BuOH) I3¥#HEREE LT, MeOHZ KT #a L Cassay,
TR (H0) 3ToEEn, B 2RECHTHM LE L Cassay, | U U U U U

& (EtOAC) IFIABEEEE L C, MeOHZ: ST & L Cassay, l

+
t,0 EtOAc n- BuOH EtOAC EtOAc

{_

AV
—
@ EtOAc/0.ANHCliZ LJE « TEZENENFT-BRT 2 —7IZBT, T
LB (EtOAc) IXT“RY (#£/kNa,SO,) THLMERME., WEEEL T, Drying
MeOH72 B {BH#a | Tassay, T/@iX*FaL Cassay, L .
Antioxidant activity
(® EtOAc/0.01N NaOH%, @ & [E1% Antioxidant contribution ratio

Fig. 32 Preéiminary examination
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ZOFER, Fig. 33 (27 & 9 ICOMAK OHIEMELIERIL, H—0sick s
HOTIEAR L BEOBDCEDIEHTH -7, QFHE L KEDOHE Y Tht
FRALREDN RN & D | SR BTG PER 3 IR D m v o Ll S iz, O
PEDEREIL A FFDO 5 T D AIREME DN /R S Te, @R, MR IEMETR I CYE M
i 3 b D ATREME DS HER S Tz,

Superoxide anion radical scavenger DPPH radical scavenger
(A) (B)
O Organic layer O organic layer
EJ water layer Water layer
50 100

'S

o
=]
o

w
o
@
o

'S
o

=
o

DPPH
radical Scavenger (%)
nN
o

Superoxide anion
radical Scavenger (%)
n
o

O organic layer O organic layer
E Water layer Water layer

= e

40

Antioxidant
Contribution Ratio (%)
(2]

o
Antioxidant
Contribution Ratio (%)
o]

o

Fig. 33 Result of preliminary experiment
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TR FEBROFE R E 2. 3 K OIEBLIEERN S DR ZAT o7z, 7 EIE,
BB OEH B, B LE 5822510 L7220 AT o 7o, FEM7R 0B 1k % F25R

DEBITR L, BIKOFENE Fig. 34 1~ LTz, £7. MEESHEEICL->T3K
REC/HE L, EBRIZHWZ, DIAION HP-20 7 7 A K> THli L, fifg
L5373 63% TdH % 100% MeOH imHZ W TS HIZpl L-#%, )&
717 2 0DS @ MPLC Z IV Torii L, 15 B Av7zilisy h O piiRib s G- 035m0
By B & ClTi» THREEZITo T,

F9°. Wy B EWEY T A LNERE S T 50 MPLC T4y L., Compound 1,
Compound 2 D 2 DSOS ZHIREW E LTHT-, £, BROBIRL A5 RN
D HITZH DD, SR ORIEICITE SR> 72 Fr. B-5-4 £ B-5-52D
WL, AR OMERREE Lz, £72, #i53 B OWRICHFGERNE0 > 725y C
EWE T A ThHhmE L, JLg(ba 5RO EWE S 2 225 Compound 3 &
Compound 4 DFF 4 oy ZiREM & L THEEL T2,

S
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MAK (6.12 g)

3kDa (4.7 g, content rate 78.95%)

DIAION HP20
Aqueous Water ~MeOH —Acetone

Compartmentation by molecular weight

(Water) (Water) (100% MeOH) (100% acetone)
Fr.1 Fr.2 Fr.3 Fr.4
Content (9) :  (2,60) (0.80) (1.26) (0.05)
Content percentage (%) :  (55.20) (16.99) (26.75) (1.06)
Antioxidant contribution ratio (%) :  (20.66) (16.14) (63.21) (0)
100% MeOH extract (1.218 g)
MPLC 1* (ODS)
H,0 : MeOH
—9:11(7minx 1)
- 7:3 (7 minx3)
— 6:4 (7 minx3)
— 0:10 (7 minx 3)
[ I I I I I 1
Fr.A Fr.B Fr.C Fr.D Fr.E Fr.F Fr.G
Content () : (03) (035) (0.22) (0.13) (0.08) (0.14) (0.01)
Content percentage (%) : (25.0) (28.23) (17.74) (10.48) (6.45) (11.29) (0.81)
Antioxidant contribution ratio (%) :  (15.42) (28.47) (21.10) (12.91) (9.63) (12.46) (0)
B(0.3¢)
MPLC 2* (ODS)
H,0 : MeOH
— 8:2(7minx 3)
— 7.5:2.5 (7min x 3)
— 7:3(7minx3)
— 0:100 (7 min x 2)
[ I I I I I I I |
Fr.B-1 Fr.B-2 Fr.B-3 Fr.B-4 Fr.B-5 Fr.B-6 Fr.B-7 Fr.B-8 Fr.B-9
Content (g) : (0.01>) (0.04) (0.05) (013) (0.08) (0.06) (0.01>) (0.01) (0.01>)
Content percentage (%) : (2.50>) (10.00) (12.50) (32.50) (20.00) (15.00) (2.50) (250) (250>)
Antioxidant contribution ratio (%) : (0 )  (1527)  (060)  (26.35)  (26.95) (22.16) (240)  (539) (080)
MPLC 3* (Silica gel)
CHCI, : (MeOH @ : H,0 @)
— 9:1(2minx3)
— 8:2(2minx3)
— 7:3(2minx3)
= 6:4(2minx 3)
— 100% MeOH (2 min X 6)
I I I I I I I I ]
FrB-4-1 FrB42  FrB4-3 FrB-46  FrB47  FrB-48 FrB4-9
Content (mg) : (2.6 0) (19.00) (6.00) (10.6) (14.60) (29.90) (13.90) (14.20) (2.50)
HPLC 1*
i Compound 1 :
Uassessssssnnnnat
MPLC 3* (Silica gel)
CHCI, : (MeOH @ : H,0 @)
— 9:1(2min x 3)
— 8:2(2minx 3)
— 7:3(2minx3)
— 6:4 (2minx 3)
— 100% MeOH (2 min  6)
[ I I I I I I ]
FrB-5-1 Fr.B-5-2 FrB-5-3 Fr.B-5-4 Fr.B-55 FrB-5-6 Fr.B-5-7 Fr.B-5-8
Content (mg) :  (4.10) (7.00) (4.00) (6550) (8.70) (3.00) (23.20) (2.80)
c(029)
MPLC 4* (silica gel)
| New target I CHCI, : (MeOH @ :H,0 @)
— 9:1(4minx3)
— 8:2(4minx3)
— 7:3 (4 minx 3)
— 6:4 (4 minx 3)
— 40%~100% MeOH (24 min)
— 100% MeOH (15 min)
[ I I I I I I I I
Fr.C-1 Fr.C-3 Fr.C-4 Fr.C-5 Fr.C-6 Fr.C-7 Fr.C-8 Fr.C-9 Fr.C-10 Fr.C-11
Content (g) : (9.60) (14.80) (6.10)  (16.40)  (7.80) (37.50) (7.20) (30.80) (35.80)  (19.00)
Content percentage (%) : (4.93) (5.03) (7.60) (313)  (842)  (4.00) (19.25) (3.70) (15.81) (1838)  (9.75)

Compound 4

Fig. 34 Fractionation procedure of MAK
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HifE L 72t & %13 MS-El, MS-FAB,
DEPT (C). HMQC. HSQC. HMBC #-fli 27 h V% #A G W Tt L,
SHMER LT =2 =2 DDF— & L9 5 = LIc kv EE L,

[FE L7 4 IOV TR 4. &, TR, &% Table 6 IR L

2o FEOT7 0 —F v — b EFBFOE

'H-NMR,

&= (g).

BC.NMR. 'H-'H COSY,

FAE (%), HRILE 55

(%) ({2 2WTIX Fig. 34 12k L=, MAK HUZEE E17= 4 DO I3 L
B TIER D> b DD, ZILHRT DIFAEIZ DN THID TH LM TE T2,

Table6 Compound Information

. Molecular | Molecular
Chemical name . Structural formula
weight formula
9-B-d-arabinofuranosyladenine
NH,
- N N
Compound 1|  /denosine 267.2  |CioH1NsO < 7
P (TT7v) . 10T ae HOCH, 0 N
H H
H H
OH OQH
3-pyridinecarboxamide
Compound 2 Nicotinamide 122.12 CgHeNLO N
P (=2 F VBT I F) ' oo H__NHE
O
4-hydroxy-3-methoxybenzoic acid
Vanillic acid T\
Compound 3 . 168.1 CgHgO4 HO—C—(  }—oH
(RN=Y ) |
v O0—CH,
4-hydroxy-3,5-dimethoxybenzoic acid
O— CH,
Compound 4 Syringic acid 198.17 | CoHy0 Ho—o o
P (20 o HBE) ' o0 [ =
O—— CHa
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5281 - FE S h =m0 FEEFE

9. MAK HIZ[EE S 7z 4 BRI OV CHIERLIETE 2 51l L 7=, = O
F. FREICRBL L CTDPPH 7 U —Z U h WH AR K LT 6, "=V v
Wl U U TBRITFEIRE D MAK &l LT, JURIEREA TRV 2 & 2380 b
oo LML, 77 /v =aF @y I NIIEERITFRD 6ol

o F—F/VRE T CHE LIZRERBFERIC A=V Ufige v U U E b

IR LIEE N RO NN 7T ) b =aF U7 2 R bnien
- 7= (Fig. 35),

(A) 0.2 mg/mL concentration

120
100 |

DPPH radical Scavenger (%)
D
S

| | | o |
MAK Adenosine  Nicotinamide Vanillicacid Syringic acid

(B) 0.2 mM concentration

DPPH radical Scavenger (%)
[=2]
o

Adenosine Nicotinamide Vanillic acid Syringic acid

DPPH DPPH DPPH DPPH DPPH
(Control) + + + +

Adenosine Nicotinamide  Vanillicacid  Syringic acid

Fig. 35 Antioxidant activities of four componentsidentified from MAK



REOEBEMEICEET 2 2N E TOMIE T, BHICFE R LOZ oM
W FINTZ & DS KER S Tlo D73, 8%, 1 FRDFEAE F TITITH Y e e 23
VETHY | ZORHI Hg-CRAIZ X D& EOIE S o & 8V i
FR—ETRNI & DRI R EOBEMOIHEYEZIToT VW L L
DRENR® D, —F. MAK TR EHREKDOLOME) 2 BERIC L > THE B
EHOTHY, HESMEI L Fr— L LT BRELEGEA T 5
ZLEPRETH D,

Z 2T, MBIEIEERRO N ) TR EN=) VIROEHE &Y
LCIMS |2 & » THIE L7z /5% Table 7 IR LT, TORER, v U v HHRL A
=V VERIX B 0 B OflHE) & LR MAK & 7 FERIRICE A BN (v
UV ABEITHK 2.4 5~3 5, N=U UEEIIK 5 %) LTEY, FEELESR
MAK 1% 35 » H OB TIZEFRBEOENE TN TWNDE Z ENHL NI -
72

Table7 Content of SyringicAcid and VanillicAcid

Syringic Acid
Times
Extract Content (mg) / Content rate (%) | (Culture medium extract content
1 g extract . :
for a basis of comparison )
Culture medium
(for 3.5 months without mycelia) 0.212 0.021 !
Ganoderma Lucidum mycelia 0.052 0.005 0.25
MAK
(grown for 3.5 months with Ganoder ma Lucidum mycelia) st g, 2
Ganoderma Lucidum fruit body 0.644 0.064 3.04
Vanillic Acid
Times
0,
Extract Content (mg) /| Content rate (%) (Culture medium extract content
1 g extract ; .
for a basis of comparison )
Culture medium
(for 3.5 months without mycelia) 0.171 0.017 !
Ganoderma Lucidum mycelia 0.048 0.005 0.28
MAK
(grown for 3.5 months with Ganoder ma Lucidum mycelia) L oSy 2503
Ganoderma Lucidum fruit body 0.848 0.085 4.96
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— 7 IO REIREN S ) VAR E =
IR LTz, ZOREE, ENER LTIREE TR Z & ik L T 6 vz MAK
MDY AR, B O H G OFEWIZEE R T 3.02~341 1%, "=V »

21 6.36~7.18 (5% < GH T 5 Z E AL M

U g OE & 2 5 L Table

272 o7,

Table8 Recovery Rateof Syringic Acid and VanillicAcid

Syringic Acid

Times

Extract Content (mg)/| Extracted volume (g)/ Content (mg) / (Culture medium extract content
1gextract | one culture medium |one culture medium extract i X
for a basis of comparison )
Culture medium
(grow for 3.5 months without mycelia) 0.212 16.20 3.434 !
MAK
+ + ~
(culture medium of Ganoderma Lucidum mycelia) 0511 e i it
Vanillic Acid
Times

Extract

Content (mg)/
1 g extract

Extracted volume (g)/
one culture medium

Content (mg) /

one culture medium extract]

for a basis

(Culture medium extract content

of comparison )

Culture medium
(grow for 3.5 months without mycelia)

0.171

16.20

2.770

1

MAK
(culture medium of Ganoderma Lucidum mycelia)

0.868

21.60 += 1.30

18.749 + 1.128

6.36~7.18

FENWT Y e N=) UOFIR LIEM % DPPH 7 V) —Z U1 VidEk
fE (ECsp) T X 0 #FAMi L. positive control & L THMEREIK D= X T R v

(Edaravone; 7 ¥ H LK) |

X I C EX I E L& HE LTS A Table

QTR LTz, ZDRER, U AT A=Y VR K U sRWFITRR TR EZ R LT,
Flo, 2 IRCOEMZ 1 L LIGE, v o HROGiERLEEIZE X I E
F0H6fEmM<, B4 I C ROFEFHNEOD, MEEZEEDMH ORI L
LTHEHESNTHWD =X IR AL TWD 2 EnHLMNE o T,

Table9 Scavenging Effect of the Free Radical

DPPH radical scavenger

(ECs0) Times
e wwgn  owmy  ow e
Edaravone 174.2 0.008 0.043 1
Syringic acid 198.17 0.006 0.032 1.35
Vanillic acid 168.1 0.136 0.809 0.05
Vitamin C 176.13 0.004 0.025 1.72
Vitamin E 430.7 0.114 0.266 0.16
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FI3fi AEO/NMEBLIUEBE

9LE : TEMERR Y ORRB L OREE
DA R K DN, MAK FIZIEHER LIS TER Y D35 &
TWDZEPRABMNTR -T2, FriZ, 3kDabl F D&+ & 100 kDa LA I
B THEOMBILT HERE N EREO LN, £ T, KN 75%
(wiw) 23 3kDall T TdH D Z &b, D Flisyh bIEMERS 2 PRE T
HZ EIZLTe,

55 280 ¢ [RE S AT pR oy OTEVEREAR
MAK @ 3 kDall FORGF BN T T /vy, =aFUgr I Ry
U U, N= RO A OO NRE SN, FORT, v
iR &= RIHIRRILIG VD ZR D b Tz,

KREDOFERD D, MAK OFRODHURRILIERIZEEDOHIRILTICE D b D
LEZDND, ABETHEESNIMTD OB, FrZT U & T FRIT A ZE 2
DT PHANAEEEE LTHEH SN TWD =X TR OFilR{bEEIZ L L
TWe, ZZ T HAETEVY U ARIZF—7 v a4 TT, Misia-se
BT T T D IREEICOWTHRTT 2 Z & IT LT,
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FAE  GURILTEMERR ST X D el e X OVMERFE1E R O FEf

LA NV ADEE X —7 v b & LT H by 2589 5 KW O K
PRAENRDEER S, S BITZEDORGT DERER & TEMERT T K D R a PR
AOHRER ZNETIHE L RhENTNE 2%,

FHIETIE, MAK WO 7T /vy, =aFrgr IR, A= v v
VWD ARG RRIE S, ED ) BA=Y Vg E U VBRI LR T
D EBRHSNIIR ST, N2 D VB XU U U HEROHTER AR A X LART
MBWESNTEY, 7V HNEFEEET LV Th 5 MERFELET v M
5 UCHHREER 2 R 2 LN mESh g %, Lo, RitEmkEsE &
ER A b L AIZEET 2T RSN TRV, &2 CAE TR, B MEMEE
(x5 MAK OIREERIZ MAK OEHRD THH A=Y Vgl ) o7
ARG LTV ADENERHLNCTHZ LIC L, £, VU v HRRIT A=
UL 0O biEEZ R T 2 &b, RETIEHY Y U HRIZER L, #h
A CEN) & 7 AT D REIE NI DV TG L7,

% LHE : R AR REER OFHE (in vitro)

PRREHIRRL 59~ 2 RFEIEH % in vitro TR 5 51k E LT, 7 v MRIBHE
B tofiiafiEih ok PC12 Mifnx AW e FER L HVWBNLTWS, PCL2 i
1%, MREAER T (NGF) OUSING & - TERIE OMIBEAMRE - 72 D Pl 524k
DIERETL L, SRR~ L o0k d 5 9, Hiz, B{EA b L A4
T E LT, ROSO—FTH D HyOp & VT HikIE, MiiiaiR#IEH %
BETAEIZB N TE L VSR TN S %89,

Z ZCH LEITCIE, PCL2 i A - T, HoOp ALELC K AR A kL ATt
T2V U HEEOFRGIREERIC DWW TR 5 Z i L,

FEERDFE% Scheme 4 1R LTc, Kk PC12 il % poly-D-lysine == —
FML7eT 4 v =2 ICHREL, 4 AMEEER, MREERIRFIZE - T 3 AR
ZEHL A (R L C AR IS ML S, T v A IV, VY vl
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f& (0.001,0.01, 0.1, 1, 3mM) Z¥RINL7= 1K 1Z 250 1M HO ALET 5 =
LICE o THILA P REFHFE LT, 2Ok, MlaEF$ JOSaNEERE
FFEOPEA 2 FAm L 7=,

Scheme4 Experimental Protocol

Pretreatment with (0.001~3 mM) Syringic acid

~ ~
4 days l 3days I 1hr | 6 hr |
""""" | . | > Assay
A J - J
~ Y ~"
Seed cells
on poly-D-lysine coated plate Culture NGF-induced neurite formation  Treatment with 250 .M H,O,

' = Survival assay (MTT) ' <
1= Intracellular ROS assay (DCFH-DA)

_______________________________

TP EERAZRFT D0, VU A BROMEEEE MTT 7 v A2
LV L7z, U A (R 0.000 mM~3mM) DIFE T T2 AfE#EL
TofER. 0.001 mM~1mM F Tz BRI bR h o7z, Lae
L. 3 mM INC X » TEGFRDFEICHD Lz, 20 Z b, PC12 flll
(LT O ImM £ TIEEMEITIRS RN LB 67027 - 72 (Fig.

36),
120

80 F
60 F
w0k

2

Cdl Viabillity (% of control)

ol A H I T M B M
0 0.001  0.01 0.1 1 3

Syringic acid (mMm)

Fig. 36 PC12 cells viability under concentrations from 0.001 to 3 mM of
syringic acid. Each independent experiment was carried out in 8 wells. All data were
mean = S.D. relative to those of their non-treatment group. There is no statistical
difference among them just without 3 mM. * P < 0.05 compared with the

non-treatment group, one-way analysis of variance followed by Tukey’s test.

60



T, B A b L RBIC K D MRsEICx 22 ) RO R E MTT
T oA X VB LTz, TORER, U BRI (0mM) Tk, 250 uM
Ho0, ZLER 6 RERIC L 0 AIAE TSR (6224 10.44%) DA EICIK T L, Zh
(Z%F LTy HOp ALEE 1 BRARTIC S U o ER 2 W L 72 RE Tl IRERIEMIC
AEAFERPEENME R %275 L, 0.1 mM (90.44 + 13.62%) ., 1 mM (102.54 + 13.93%) .
3mM (89.59+23.20) DJE T CHllasEZA ElZdl L7z (Fig.37),

5

it
120 - T

*k*

5 8

Céell Viabillity (% of control)
S 3
1 1
F—*
—

0 e 1
H,O, - + + + +

Syringicacid - 0O 0001 001 01 1
(mM)

Fig. 37 Protective effect of syringic acid on the PC12 cells injury induced by
H,0,. 0.001~3 mM syringic acid was preincubated for 1 hr followed by 250 @M
H,0, treatment for 6 hr. Cell viability was measured by MTT assay. The data are
represented as means = S.D. (n = 8) relative to those of their non-treatment group. **
P<0.01, *** P<0.001 compared with the non-treatment group, " P < 0.05, """ P <
0.001 compared with the only H,O, treatment group, one-way analysis of variance

followed by Tukey’'s test.
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FR{L A N L RALERIC X D AIBEN ROS O EAMGIEA %2, DCFH-DA Y:falc
LV FHIE L7z, HOp ALBRIZ & 0 H#EAN L 7 AR NTEPEER SR R D PEAR 1T % LT
U U HERITIR R CHHI L7 (Fig. 38), LA EDRERNS, U g
(X, AP R 3 1 DR LA N L RICK L CIRERN R AR T 2 E S B
(272 o7z,

**k*

P 2N
D 8
o O

| 1

140 |-
120 -

l Tt

Tt

Fluorescence I ntensity (%)
=
3
|
-

H,O, - + + + +

Syringic acid - 0O 0001 001 O1 1 3
(mM)

Fig. 38 Effect of syringic acid on the level of ROS production in the PC12 cells
subcellular induced by H,0,. 0.001~3 mM syringic acid was preincubated for 1 hr
followed by 250 M H,O, treatment for 6 hr. The ROS content of the PC12 cells
subcellular was measured after H,O, treatment by DCFH-DA assay. The values of
fluorescence Intensity of each group are represented as means + S.D. (n = 8) relative
to those of their non-treatment group. ** P < 0.01, *** P < 0.001 compared with
the non-treatment group, "' P < 0.001 compared with the only H,O, treatment group,

one-way analysis of variance followed by Tukey’s test.
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%28 : IEREBER OFAR (in vivo)

PC12 flldic BT DBALA R L AR LT, U U HERICHREZRDFED 5
N2 b B2 8T « 2 BERINE T L~ U 20 HI FEFEIZHT 5
U TROMRFEIER Z a4 0 Z &iC Lz,

KO TFik% Scheme5 2R Lz, KK-A~T7 A (8w, 3) 12>V g (50
mg/kg body weight/day) # 7 Hf# 05 Lz, H/I ALE 41T ->7-, Control
IR EORE K EZRE Lo, 24 FEZICHROELR & Ei% el E 2 7F
fili LT, 5 L 72O ZEBREE, itk o7 UV —Z O LV EEA R A JIE L
7o
Scheme5 Experimental Protocol

[Time schedule]

KK-AY/Talcl, mice
7w, &)

l 1w Acclimatization

I 1w Oral administration Control group : Distilled water
Syringic acid group : 50 mg/kg

Before H/I

H/I treatment
‘ 24 hr

~—[ Balance and motor coordination]
i * Rota-Rod test

[ Neurological manifeﬂation]

- Neurological score  After H/I

‘ PO 1. LA
Isolated tissue
v L4
Infarct volume Oxidative stress
+ TTC staining * DHE staining

<~ ADKREL L OEREICHT LYY v HBOFEBLZRE L, vV
fiz 50 mg/kg body weight/day % 1 R OG5 L2k %, vV > Hg & Control
FEL OHICIAE (Table10) I L OMEHE (Tablel1l) ([ZAHERETRD 6
Mol
Table10 Influenceof Mice Body Weight during Syringic Acid Intake

Body weight (Q)
Group 1 Day 4 Day 7 Day
Sham 37.27 £ 1.66 37.52+1.64 38.00 £ 1.65
H/I 37.16+£1.28 37.78+1.56 38.38 £ 1.46

Syringic acid (50 mg/kg/day) + H/I 36.75+ 1.73 37.49+1.77 37.84+2.02
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Table11l Influenceof Feed Intakeduring SyringicAcid Intake

Feed intake (g)
Group 1 Day 4 Day 7 Day
Sham 5.99+0.80 6.37 +0.65 6.29 + 0.57
H/I 5.93+0.70 6.03+0.52 6.40 + 0.66
Syringic acid (50 mg/kg/day) + H/I 5.79+0.79 573+ 237 6.27+131

HI LB X DMt 3 5 > U U TR ORES R 2 . HII L& 24 R[4
|2 Table 12 (FEERDERZ PR p. 84) 12/ LIZ SOOI B IZ DWW THIRIE R % S
L7, Z£OfEHE, Sham #ETlE, MRIEROBE(IIBIE SN o7, ZHIZ
X LT HIALELS X o TIEIR DEAL 358 60 B 7= 23 Control D7k 5-#f (8.28
+509) CHL, vV o EEGEE (14.17 £ 2.86) Tl H/I AEIZ L D00k
FEIR D FEALDN B (N S 7z, RIS MAK 1g FRIC s U > T lRI% 0.511 mg,
N=U UFEIZ 0868 mg & ENLTEY, MAK O 1 gkg IKERG &V > 7 g
50 mglkg RE & 5T GREN R D 2 L b MEEOM TIEfMERERIZ T
72NN, 7T 721X MAK 1 glkg G- oMl 25 L LR LTz (Fig. 39),

Reference

[ERY
(o]
1
*
*
l—

=
(3]
T

*k*

Neurological Score
=
N

o w o ©
T

] ] : I S
Sham Control  Syringicacid | MAK

(50 mg/kg) ! Contentin1gMAK |
1(Syringic acid : 0.511 mg),
(Vanillic acid : 0.868 mg)!

H/
Fig. 39 Effects of chronic intake of syringic acid (50 mg/kg, p.o.) with

neurological score determined in the mice 24 hr after H/I. The neurological
evaluations consisted of the five tests (Table 12). The score to each mouse was the
sum of all five individual test scores. The maximum neurological score of a normal
mouse with no deficit is 18. The data are represented as means + S.D. from 6-21 mice
in each group. * P < 0.05, ** P <0.01, *** P < 0.001 compared with the sham
group, T P < 0.05, " P < 0.01 compared with the H/I treatment control group,
Kruskal-Wallis test followed by the Mann-Whitney U test.
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[FIFREIC, HII AUERT# OEEEGE S RotaRod 7 A M X VR L7z, £ D
fiti G, Sham £ Tid H/ ALE R OEEEEREIC 2 IR D b o Tz, £z,
TRTOFET HI ALERTOEIEEEIZ R E XA 52 ~7, —F, Control
B (7249 +73.14) Tid, HIALEIC X 0 EEEREDN B BIZHD LIzockt L,
VU VR GEE (155.33+47.12) TEEF ICdE S (Fig. 40),

O BeforeH
Be_ff:_eq_’]gg ________ D After H
300 5 O BeforeH/I

—_ T - O After H/
v, :
o> 240 F ]' !
£ [ |
2 10} o
o !
O !
v 120 F !
o0 !
] !
e 60 !
= a
ol ! I : :
Sham Control MAK i
(Bomgkg | ContentinlgMAK |

\(Syringic acid : 0.511 mg) |
(Vanillic acid : 0.868 mg) |

H/I

Fig. 40 Effects of chronic intake of syringic acid (50 mg/kg, p.0.) assessed for
balance and motor coordination assessed in the mice before H/I and 24 hr after
H/I. The data are represented as means + S.D. from 6-21 mice in each group. * P <
0.05, *** P < 0.001 compared with each before H/I, paired t-test. T P < 0.05
compared with the control group, one-way analysis of variance followed by Tukey's

test.
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RENT, 2 IR 5T KD MR ZE B A D I B0 2R 2 3l L 72, TTC
GethlZ X % HINALE 24 B3l #2 OFEFERARS 2 |IE L 725 2%. Control £ (20.44
+14.91) (T vV R GRE (1251+751) TITAEZER NP ABICHD L
7= (Fig. 41),

(A) Reference

____________________

Control  Syringicacid!  MAK
(19kg

(50 mg/kg) E
) I C(;n!entinlgMAK } E

1

| (Syringicacid : 0.511mg) |

| (Vanillicacid : 0.868 mg) |
1

(B)
50 -
30

20
10

Tttt

Infarct Volume (%)

o

Control Syringic acid L

H/I

Fig. 41 Effects of chronic intake of syringic acid on infarction volume in the
mice brain determined in the mice 24 hr after H/l by TTC staining. (A)
Representative data of triphenyltetrazolium chloride (TTC) staining from the mice of
control H/I, H/I with chronic ingestion of syringic acid (50 mg/kg p.0.). Scale bar = 1
mm. (B) The data are represented as means = S.D. from 16-20 mice in each group.

P <005 ™ P < 0001 compared with the control group, one-way analysis of

variance followed by Tukey’s test.
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HINZ K> T3 SIVIEIMEE BT D O PEAIK T 5 v ) TIRO
AR FINCRET T D010, ~ 7 AR EI O DHE Jefh L 7= 5 5.
Control #£TIE H/ ALEIZ X > CTHEE CAL, CA2 B35 K OV B B (PRI 27

\2% %> DHE BIERIINASE0 STt MAK BECIBEMIa S B LT
(Fig. 42),

Cortex

Sham

Control

H/I

Syringic
acid

Fig. 42 Effects of chronic intake of syringic acid on the level of superoxide
production in the mice brain tissue determined 24 hr after H/I by DHE staining.
Representative data of DHE staining in the hippocampus, the hippocampal CA1 and
CA2, and the somatosensory area of the cortex area from the mice of sham operated,

control H/I, H/I with chronic syringic acid (50 mg/kg, p.o.) ingestion. Scale bar = 50

L.



B AEO/NMNEBIUEE

51 H eI R R OFFAE (in vitro)
PC12 fik s MlmIC > Y o Tk % 1 BRI ER, EEELA b L AL
B & L TR bKALE 21T - 1o, iR bk 38 BURALER Tl o 7=
NABIR T LI LT, v U U AT T T, £ DOEFRNBEE
RAFRNCAH BN Uz, F7, @ b/KRAEIC X 0 MlaN o ROS #E
ARSIt LT, v U o TBITRERFICIEI Lz, BLED
faRND U AR, MRS RIS T DR LA b L AT LTk
ENRE TR TZENTILNI 5T,

55 2 81 OREMER ORI (invivo)

KK-A <~ 223U > A7 (50 mg/kg body weight/day) % 1 i REI#% 0 4%
g, HIVWEZ T > 72, T DGR, Control B UK G) (2~ ik
SER I L ONEBISRER FE N S U, ISR Ok & A B L7z,
UEDFERNG, vV UL, KK-A ~ T 20 HIE7/LIxE LT
RENRETTZLRWA LN oT,

KREDFERND, MAK O Y BRI, HI ALEIZI 1T 5 IMEE ITx L
TIHREER DR S5 Z LR LT, LvL, v U TSN b it {blE
MZz2HT 2 DFAEPRE S L, S BB E MO RIE & 2 & OINRER)
RIZOWTHETT O MERD D,
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B

AWFFEOH 1 7Tl SHEIRAEER I L OV @ MERER R AT K0 R i
R LR ENED (HN) BEEET LV~ 22 0T, EAR Y

(LEM, MAK) OREHHERIC X 2 IMERERD R 4 et L7,

MR DR A« R A ) = A AT, B(EA P L ADEERKE WS
EDRASITND O, R R MR O B BN TIE, MO LW IC &
%L — R L0 IRAIR 23505 DU AR RIS eI [ 5, 72
MR DOEBINCE D2 727 ) —F P VO34T, B EREE O ~F 75
FIRIC RN T, B EREEIC L D7 AR b= AT L0 ERMEMASE N THE S,
FEROILRN R 2 ZHEITT 5 ™9, 0y, H O, -OH 72 X ROS %, AN
@ DNA HE-CIEE Ok, BEEOEMER EZFHEL, TR h— A %]
TR T, ML, BREEERENEL ROSOFRA LT WIERTH 5 &3k,
7V —=F DRIV Z S 2 o i U O NREICE AT D Sl AR Fn
REWABR N IER BB CHhAEFEOHEAE NG, ROSIZE DX A=V 52071
:kﬁﬂ%hfbé%”o%K\%%mﬁﬁwﬁﬁ%ﬁwﬁwﬁ%uu%ﬁ
DRI/ KD 77V F o =il 7e EANRIRAYICREE S o7 < BBk R b
LAWK LCHEIE TH S 80, 2ok Hic, MEEAMEIIC R DMk A R L
AREEIL, HEOER~OENRRKE N NG ITH, BEA b L2 OB
A=y N LEMREGERIENER S, =X IR 2RELTHT7V—F
VANAEEIEDOBRFENHED HALTE M BUED K0 AR 7RI RIE % KO THF
FERIRE N ST D 9,

— 05 DL S % 5 A S D REN O R MR MR 5 1 e 9~ 2 PR R 2 B 3
DWENINETITOHEL RSN TS B, oy | FilbiEE2 AT %
HEE PR O IR N ERL A b L A L DSt 2 Mkl 95 = & 23k
HEENTND 7 AR THVVE LEM 2 MAK 13, HT7ECTh DM £ 7-
ITTEE OB RIR A BETE MR U | BRI A E AT £ T —E MR L7-#&,
Beh & i BUKRI SRS L2 b o L BERE A BN L LR R &
LTHOWBNTWD, HEESEDABEMICRET 5 2 E TOMETIE, F
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(T FEK D D WEE DI 2 T2 b ORI Th 203, @E ., I ED
FANIIA Y ORFRDNLE L 72D | ZORAIRY BRI X D8 mE&oid 62
RN —ETRNWI & S HITITT ER EDMAEMOIEREZITROT W)
RMEDKENDD, ZHICH LT, LEM R MAK X, A THICEBE SHTZH
SRIBO B DO 70ERIZ LY V28 LTEWERHERF SN TS, ZThETI
invitro (251 2 P LIEAFHE RS O, FEEK L F%0 O ERE, 7U70
JVHEREFS K ONEFRLIE - PERINHIRE A AT 5 Z LB B MNITR > TV 5,
TATHFZEN B, LEM (F— 4 R£FK) ° MAK® 1 H0, LB 0 PC12 #ifi
DEFFRE FREIE, ZOAN=ALO—DIZT R b= AR E5 LT
WAHZEERH LTS, ZORERIZE, FER TP AEE R T D HyO, 3K
DERALA b L AIZ X% DNA SO, FERENER BE % OFEE ) b llld 2 PRk
TLHLDOTHDHI L aREL TV, H—EDORKEND, LEM X° MAK (Z H/I
UELZ L D RNIEE A b L A O Z A BT L R0k R o B b 2E
B AR S0, BT, Bt 7 ZHikOME CAL, CA2BE X
ORI BRI IBWT, 7Y —F LD O FEAEZ I L, kiR
DT R b=V AZBAEIHH Lz, 2460 invivo BN | KERFE KR M
WHE, 2 OB OBFEFIAGRFCR AT DB A b U R & BRI 3 06 L
T, AR REN R E ST Z EDRHOMNI R o7, 22T, TOEHA =X
L ETEMEARRZ I 20N D728 5 2 B CIEESR A OINRGETEH A
= X LOfRHT, 5 3, 4 FETIE, SURLIEM 2 f5HE & LTaiEMEARIR 2 PR2R L T
MR D R A B L7, 72, MAK OBUERLIENED LEM X 0 iR\ 2 &b
F 2RI MAK IZHER T2 L, ETHE 2®ICBWNT, B - 2 8505
JRIGIZBIT D HNFEED A = X LZHOWTHET S Z iz Lz,

B2 2R, B - 2 BRI~ 7 20 HIl BEEICRT 5 MAK OfRE/E
B L BT, HI FEEA D= XL OWTRIT LT-, ZORE, HI fEE A
H=ALZ ER A M VAPESEHEGELTWDZ R OMNERoTe, £z,
MAK (I8 A N L ADIR 5T ER A b U A &M L CMEEE 2 88089~ 5 Al
REMEDS R S LTz,
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REMAERMRE I, BB A P L AL EHICERA ML ABEETLHZ &, &
512, EROEEEENBIEA R LA FICBWTEMN LA L85G THL Z
EVHBITWD, EHE, FHERRICIEAR S HROSPRNOSH H U ME, H/L
T AOMBANTEA & D IEFEWEOHFENERA ML A2 AL 5, R, fik
AR R R R A 72 E DM E HE A BEAIZE T 5 2 &b iRED T
U7/ IR B S ICEAE L TP, Z oo/ MafksiE 2RIk &+ 57 8 h—
VANELRTNEEZEZLND™

—J7. MEWOEIRP 72 EDOATEEEHGERA LA LB L, T4 TR
ERA kU ADMEG, 1R/ 2BIBE PRI 70 & OFAE - FALEER] & 72 2 AIREMEDNH] &
Tl o T&E T, B~ 7 A TR, /IMaEA L RIZE T, A AU VR
Ky T FIAREDRIHI SND 2 & TA V2 D ViR RF~ L R S5
PSR TOED, AT, UTAE, AR - 2808 R RE R OO i if R AN 0
HAlC, ERA N L ANEEAREEZ RS HHEESRE STV, L
L iER 72 A T3 = X BT DWW THIRTEH BT 72 o TORW 2 A58 Tl
EDAT=ZALNZHOWTRGER (1) (R (D) ZEEL TIHICH EDNT
FEMT 2 AT > T2 [FIRFIT, B - 2BUHE PRI RE ~ 7 X OHNBEF (ZxE LT, PR
BHRDIFE D HILTEMAKDERRIC DWW T et L7,

Wang & DAL 7 L— 712 & BRI ER A b L A8 %0 13, Bdic s 5%
WEHEET 2 ETEERMA L o7, ZEERFOIFRKICIH VT, 5K
CREB [, CRTC2 (CREB #=G-1&MALABIA 1) LAHAEMTLZ L2k - T
TR OFERT A DB FIHBLFHFE L, MbHEL FA SE 5, Wang HiE, Eix
W7 G - HERIFET L~ A (do/db v ) Tk, 272 ER A NV AD
BRI NEE D G EENICBATT AIEME(L L7285 K1 ATF6 (ER A F L Xk

—HEHE) LN T CRTC2 EMHEEAT A Z LML, OF
D . ATF6 & CREB Z <4 CRTC2 & O EAEFIZEED Y | WG K 11X
CRTC2Z/T L THEATHZ LIl d, D72, ER A ML RIZK D ATF6 D
&M kIZ, CREB & CRTC2 ODMHANEMZILE T HLEZX LD THDH, ZD
72, EERA N L AREOFIBRTIE, ATFBIC K > THFEIND Vv &
FEOBR TRBLHINT % — 7T, CREB IZ & » THE I DM A B s 1
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DOFEDJA LT, MPFHENMET 5 EEX 6b, £ 2T, AFED MFEE
DEALIZIER 5 &, HII ALERZR S M EOAERIK TN 54, Wang 6
DFEZIHEZIE, HIZB N TS HILEIC L D B2 ER A N L ARFE I
LEFx b, L, ZHETIZ, WHERICIW T, Bl M mMpEE R
52 ORBEOFIEFFEH ST, £ 2T, HIALEIC X 2 ikl 2 5
ZALZOWTEE (1) 12h EnTRR L7 (Fig. 22),

M2 3T, CREB [3#5 5K+ & LT Bdnf, Bcl-2, Ngf 72 & DR 1
DB EZFET D, THFETIC, EMmMANFES CIX BDNF, Bcd-2, NGF 72 &
DOFRBLNBA U TIREENENT 52 D HEINTEBY, FFiZ, .17 KR b—
VARFO B2 DWW LY TR =V ARBENIEELT S 2 LD,
Bcl-2 Z &R T 2 2 & TEAMKRBEOHERIIICHTE b0 e LTHAS
nTns ™,

CHOPZER A F VAT THEINDEEGHE T & L THBINTND A, AT
FETITERA ML A=A —L LCHWSZ LT LT, HIVLER, KIMEE
DT 7 TRV T, Chop DFEELAEM LT, 7o, HINLEIZ LD
ATF6 DENBATENHM L, ATF6IC L > THFE SNy Xr VEHED
Hsp70 OB n TN A B T2 2 LR X7, —FH., MAK B TlX
Chop DFEHLME T3 DHEANEH bz, T HOREFRIE, HILEIZED
ER A F VAR L, MAK N Ez il 45 Z & 2R LTz, —J7,
CREB |2 L » TihE S 1L L iR K 7 (Bdnf, Bcl-2) OB FIEHUEL, H
LEIZ LD AEICHED LI Z Evn . HIALELZ L > T ATF6 3EMEL S 4,
BENIZBIT L C CRTC2 LM A/EM T 5 2 & 12 L - T, CREB-CRTC2 DFf A{E
A L, CREB IZ X » TFFE S 112 MR R GE K 7 DO R BLN AT 2 7]
REMEZ R < RIB LT e, Zhuzxt LT, MAK OFEEIZ L - T, H/l ALtk
b PRI PR IR 1 DI 13RO B g o Tz,

FLETRLIZL DI, MAK ORBIERR HI FEEIZ X - THFRE S 72id
FEO O FEAZHEIZIHI L2 &6, MAK ORNREER X, B iM%

EOBRIEBEOERIELA ML AL ER A2 b L AOEBIFIC LV | JRIEDHERE ]
flSNfERTHDH EEZ DN,
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A A5 BT 45 B2 B | Control # Tl CREB IC L » T#E S5 Bal-2, Bdnf
B HIALEZ K- THEICED L7223, MAK BECIE, Z O BHEEICH
fil &N Tz, 5. HINLER ORIAEENICIIT 5 CRTC2 & ATF6 & 5 UM%
CREB & OFHHEAEHN EDORRER S L TV 2MZ DWW CREMIC RT3 2 M3
DD,

e - 2 BUBESRIF ~ 7 A 0 HII FEEIZR T 2 EE OB kiZiX, 2l ER
AN VANEEREEZRIZT ZEDRHLNITRY  ZORA D =ALE I HIT
FEARICARIN T D= 0lcREl () ZiXE L THREt L7 (Fig. 25), Z DOfER,
fEDOBEAIL, B2 ER A R L RAICHERT 5 2 &AM RIE S 7,

ER~T7ATIE, HIAEIZ X > TERA P L ARG ES N, MREH#ER O
D R E A B S E D ERDO—D2 B LD, —H, B - 28R IE
~ 7 AL, B ZREREA L RREETH D & & BIERE R HIBMERYZRER
ARV RARETHD Z L bl STz, > T HIRLEIZ K-> TRIMARERA

U ADNEE SN FER, CREBICZ LV RELNFHE I HB-2, BdnfdFE B
WLzt LT 5,

F 72, CRTC2 X ATF6 &L DMHAMEMIZE Y, vy Xu v EAEESD ORI
FEMEE 2 Z L CRHBEESMH SN D EHE LT, vy Xe v EHEI, &
MERSE T CIHTERRTE I X 2 B> ATP O FIC L » CTIER et M=z
WEEBEICHS LT, BB IEHANCENET 2 0 2 BHIE L, B illBR S
U LI RICE A OIS Z TTICETEEI 2 ) L 52 b s %), 1085 4,
Nowak & 23AMEEIMN T C HSP70 OFBIMNTTHE L TV D Z L 2 8E L TLEk, %
% < OB SHL HSPT0 DR iin 2 B M O ENGREL TV D EE X
HENTNWD P, AEIOFRIE, EF MR~ 7 2 Tl HI FEEIC LY Hsp70 O
B FHBPMLZZ 006 MREITEHAIL TS0 EE X TND,

ZAUSK LT, M - 2 FBERRRIL, SEE R IR MER) 72 ER R R L AR
BETHDZ LD ATF6 WHEICIEMIL L, —F Ti&E S D& ATF6 &3 1
STIEHRVRIELEEZZ BGND, 20D, ODETZUDRMRER A N A%
WA HI B EITH & MY » e VEHERFOMETX WD
fMPEENEAT D EF 2T, ZNETIZ, dodb ~ 7 ADJFEIZIBNTE, 1E
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W~ AT, ATF6 W RZIRFEETH 5 Z LT ST 7a23, Wang
HIXZ OBIGD R RE CTA U 2B MR RO ER X h L AIZ LD ATF6
BASIHAETERVERTHD EFHILEZ P, U EoZ Enb, MRk
FBUWTAE L 2 A8 - 2 BB IR E T L~ 7 A DM EOEALIZ I, BN ER
A R U ADBER LTV D ATREMEDNGR < 7RI S 7z,

RIEOFERN G BB « 2 BBERFGE T L~ 0 2D HI FEEICIE, i (1)
D ER A MU AREARHT 2 EE X HIL, MAK [ZEEEA b L R D &t
IZER A ML ZAZAR T S, ZOREMEZDEET 560 LfimoT, £
7o, WaREENEAT ABLUE, L (T) OB ER A L AIZHER L
TWbEB T,

& ZAT, MAK OIMEREERICITEBEA R L AL ER A b L 2D DIZ
PN, HE LR O X MR IVE R . ULAIEAE RSB 5 L TV D ATREME D B2 5
5D, HEEFIE CIIRIESICNERE SN TRBY . 7V —F U VEEZEEI &
TEME DRSS, RFEMET A b I A T X Debila i g3 X O s i Re s o
PHEZEFLATEIRICHE SN D O, AEF —ZIIRERVH, MAK IZIZHRIE
EA LR SN TVND 2 Lnh . MAK ORIETEIER &2 U7 Mg
DONTHERMBHFTT 2UENH H, MA T, BILPENES X 7 =X LI,
NMDA S ZARDIEMEAL Z 3 BN CaA A RED EHS° NO FEA, M
NEHERE DR E &\ o 7ok 2 Ze R 7-OMRE B G- L T D Z &b, A1k,
MAK DI fRi#EMERNZ W TR L TS BERH D LB b D,

FLEBIOE 2END, MAK IZEMMHEMEEIC L HEEA ML ADR
59 ER A b L A 285 U CHMPE R 2 Jii 3~ 2 wIRetE 2 7me L Tz s, 151k
AIKITHABINZ 72> TWRNWTZ &b 5 3F TIRZE DIEMERI DIRR 21T 9
Z LTl ZORER. MAK FHZIZEBOTILE S R E Eh, Zhb Dk
308 MAK OFEWFTEEEIEEZ R L TS EBE X BT, I HIZ, MAK
ARy & [RIE LTehy, 209 bt fbiEM a2 atE & LsMli Tk, U v ik
ENRZY UEED 2 FATITTEMEDSGR D H AL, FRCETE LN = U CEBIC K 20
UL EDORNEMEEZ R L2, £ MAK FOZN 6 OEA B4 HIE LR,
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EHREE LA ERTOERE LR TRBEETHDLZERHLNE o7

(Table 8),

INE T BEDTFEEETITITZEDOERERL LN T A R
GEN ARSI LRTIBRENZA LT Z bl snTnd, Th
DR OERIZIE, BN T DHWEHEER & & b IZEWEAD SOD <
GmﬁE@ﬁ@k%%@ﬁ@L%@%ﬁ%é:&ﬁﬁ%éhfwé”@o

MAKIZIE, FEOEREEDITIMA, FARMRIZ K D BT D55
SREROE LR DR E b EEN. T OERWE L UCEHE, B KR,
MEIHE, V= BIRY T =0 DREMTHLRY) 7= ) —/LEY
BRENDD, V=%, mEFEEMORMIZES T D En T = ) — S
MTHY ., b MZE o> TUIEMFRIRMAEIZZ LWEBZ OGN TETWETH
5, BEREMTEZZOLAMBIEIL, 7y 1—EBO~v U T~ AdHH
—EBREDRY 7= ) — NG REEFRICLY, V=0 B0 LRI L TS,
INORRINT LDV 7= DIERGFARICEN U 7 = UGS S ERUS
PRICE T 7 = /) — /VHKER RN IEBEIRRE TREHY L. 10 sV B b ig P o AL PR
EEEZ RISV 7= T = o7 = ) —AWHLEMDEL 5,
MAKHHZIE, ARG ETER A2 i3 2 TRMRO KOG E L TH L
TWEDR L GENTVDL EZ XD,

Itob 1%, HEE R RS b (LEM) 2260 ) gk LU=
VBRZIFIE L, 7 v MUEALRFBAEIC L D8N 7 I VIFEEET LI
xf UCHHREEM 27T 2 L 285 LT 2%, A, R Lo i o
LEMTIERWD, MAKTIZERT 52 &2 THLMT Lz, AT,
RV 7z /) —)VEIX, DOBRRICE T 2BEROSIC > TEE LY | o
Tx /) VEERET LI ENS HHRRY 7= ) =P EASN TN S H]
BEMELEZOND, LTehR->T, VU U A=Y URICIZ TMAKH O
PUBALIE TR 28, IRy 1D U 7 = U RRIE R Y 7 = i, T~/ A K
LORY T x =)V MFEEIZ X o THGHE L 72 ik ik BE P 2 d L, i <
PALA/ER 2364 L T D ATREESC, | 1D Y 7 = RO RN AR N
{EE DOWEEZIHI L TWDH T EREBBX LD,
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AlEl. MAKD B HIRILIER 2 BT /0 & LTY U U ABREN=1 U RD2
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X,V o= VRIS TRTE S 7o LB LER TR O e o Tz
W, TT AT, LAV AER® ) PLOOEIERD, & S M E
%Wﬂ?é:kﬁ%%éhfwéwo*ﬁ\ZZ%V%7iF@\ﬁMM%ﬁ
DAFEDFATHIIC L > THE SN TWD & &SI, —mMHNE mALE I L5
NF-kBOIEMALZ M4 25 Z & TRREIRE AT L Z LT TITHE S
TW58,

MAK O Hi[E$ 5 (1g/kg, p.0.) (ZXDMRICHOW TG 21T o oK.
FEZEBLARTE O 2N B SN T= 6 DD B S 7 I/ E T E AR 5Tl
B B0l ), HHENERLIE N B O ORFHTE 2T TR

. ZBDOFERN S MAK ONRGEFEMICIT. &A 3 2 iR sy DR
720 T B GIC L o THEKRN THE S Wzt b#RIEED E572

EORMBENRER LS LT D AERENE Z DD,

PLEDZ EvB, MAK FOTEME S ORERIL, BEREMERSCTER 2 B &
LT EREGFABICOERTE IR TERDOLIODEEX V) VL
N= Y RSN OFEAIEMER 3 2 AR T 5 & & b ITEYERECHE ) 7
LR B ORE, AAERNIZB T 2 I L RIEE~ O BS I L TH A %R
NNBETH D,

H3W TR LI U AT BROHRLIENMEIL, I ZE M D Z 2 T LE 3K
ELTHEASNTWD S TRAIEH L TW e Z &b FA4ETITT Y &~
TS —7 y & T M@ £ 7 v D REE R IZ DV TR
A L7, ZORER, U AT, MREEEMIIC R T 28R b L X 2
L. S HIZKK-A~ T 20 HIl FEEIZH U CMARENRZ RS Z & 5T
7o,

VU LAY, ZHE TITHROHIRMLIEA . FUEsEEER ® %0 N
TR 0, HumalEm o, HTEREIER % %2 ¥SNME STV DS, B KeEE

(ZRET D ARSI ORGE N R BT D A 137 i, 77 ) 7RISR I A Y

H
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Bl 7 &8 7p o e FFEE ORI L > TS LTV D28, FILIIGFIETH D
RGN LIS LT & 0 DTS T 5 O, ML, =% X —GH
RN OHAG I ND Z NV a— A LBBIEKFALTEBY I ha v FUTIZE
T DALY Y BRI K - T ATP 2/ TV 5729, MmCEBFEREBIZL D
BR300 P St o T REERNIC RIET R M TN Z /T 5§
TOMBNEIICHE D 25, I ER CTh 2854, MM O 2 DNEICED
O, Zhao HI1%, TET-EEN DI LI-SHEER, T o b RIS
$31F % hypoxialreoxygenation L2 L 25 HISE 2 145 = & 2 L= %),
% 2T AWFFETIE PC12 #hifkE & Ml 4 AV T, ROS O —Ff T d 2 izl Kk
& AT G E TR R L A b L A AT LT U v W ER DR % Bt
L7z,

AWFZETIL, PCI2 MifEIZ > ) A 1 IRHALE L7212, IR bk AL E
ZAT -T2 b O T, R /KSR FAMLE Tl O AR N AR T LIzl
® LT, U BRI T Tl £ OAFRERDNEERAFICHEINMER 23580 6
Mz, F7o EmEREKFRALE L KV AN O ROS FEADSEIN L7 DIT%F LT,
VU UHBRAVEITAEIC N EIH Lz, PLEO in vitro EBRIZ X DR RIT,
FRFEFE R A Z I W T U o e hv etk FE B SROfmb 2 h L A2k LT
REEHZ T Z 2R L TV,

Zhou HlE, TEFFEELGHIH L72ZWEEN . 7 v bo—@MENEt7
L (MCAO/Re) IZRBWTHEINTT AR = A& Mfl L, IMEZER % U
T5 2 EBME LTS P, ABFED in vivo FEETIE, KK-A = &7 2254
LU W (50 mglkg) @ LB OB G1E, HIALEZ ORI~ 7
T OVESS CAL, CA2 BF, RMBUEAMERR B2 I\ T O pEA 24l L 72,
E BT APRIEROE T AERE A OB U I IE B Ol 2 A R S L7z,
PLE®D in vivo EBRICE DR G. U UHRIT, MOEMEFAIZHE N T
AN E | I E 7 BREERRICR T Db A P L AR T S8, IMOREDR
Rt ZEBH LT T,

VU HBEOSFREIE, 19817 & ERpY/ NS < MR S LT ST
WL X IR (Mw 1742) LIZIERETIEH 208, TREEMETIIR Wi
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AL~ 7 A D MEAMBIF O FBBIZ OWCIIBEE TO L ZARHATH D, L
L AEHR F MR . O FE I K > THLIEIMBA P ~ D REFE DS D 720 & T i | 5 8
THZERRESIN TSI END, 2O X5 2RI T TOFEBIZ OV T,
FOWEREZMO TS B WPRICLTH, BORSIC L RBOZEL
RATHD Z ENOMBATHEIZOWTIRSHROMETH 5,

PLEE D HIEIZR T 2 IMEEICH LT, MAKIZEAT 53 U RN
MRFEER O —R &R o TWNWDH Z EDRH BN, LirL, U U TEREL
SN S URBALIER 283 2 5o OFFENEE S, S % FTRILEHOFRE & £
D DORFERN RIS\ TRETT 2 LERH 5,

ZNE TITHRALIER 269 2 EH R I X D MREEER I W TS
SEHENRZRENTNDHEOD, 26 ZHRIFO TR OIRFE I E g2 2>F
INTIER STV D SIEFEWEEV, AIFEICEB VDT, MAKOBEREMER M & L
TOARAMERFHIiCX ., 4%, EIERMILBT 2R FFORETHY 205
AN DRI AN A C & DHEREME R E LT, S BITBEIR O TSR 5 2
EL I CTE D EE D, BT, WS DRIE EEDIERA =X
LRI 5 BERIL M ZEER A B & LI RERMBRFEICO AR TE
5EZZXDHLDOTHD,
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/A
[

B T T 7 RO ML BRE A R L ATk % B

MRENZ LN ZOBBAE Y —5 > b e LT EWEIC K D IMRER L
(ZHER U ARWFE T, FUBRIL/EM 2 A9 % Bk st 4 O AR 38 b4 R i, P 25
(ZKRET DR R AT Lo, E7o. A0 - 2 BOBEIRIE O PR8I K 2 Adhe
L DO¥EFE & AR AT OREERIC OV T, BEA P L AL EBICER A b
L2 LD LTz, S 51T, biEME 2 fatE & LI iE AR oK %+
1TV, [FIE & AT Rl sy DHUERAIE MR & M dds K Q@A E 7 k4 2 #ifg
R EER IC W TR LT,

AAFFRIZBNT, UTOREREHLNCT 5 ENTET,

1. MM FREVERE B EIEA T AL A b L A X DSz R LT, B

FRAVAER 28T 2 B AR O LEM & 5 ) % MAK O-E B8 B My a8
HRER LT, FOERA =R LO—E LT, LA N L 2O
LABTRRN=2ADEDNEZ i,

- RENE - 2 BIBEIR I~ T A D HII ALEIZ K D RNFE R A I = A LNZIZER A R L
ZHBE L, MAK OIMREIER A 1 = X AZIEB LA R LA & & HIZER
A NVADIKTFREET 52 EDRHLNTRoT0, o, B - 2 BUBER
WET N~ RZEWTAEL D HI FEEOE(IZIE, B8R ER X hL
ADHLIR T 5 FTREME 2S8R < /R STz,

. MAK FUTIZZEOTBAGIEERS S N B ENTND Z R BN E D 5
[EFE ST 4 RO T, VU R E NS=Y UERICHIERLIE R A3 R
ST, FRZ. U U AEED DPPH 7 U —F U VI ERRIL VC & [RIFRE
DOEMZ R L, IEZESHEMOREELE LTHERH S T2 =X TR0
SNRATILHL LT,
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4. 2V UHERIL, invitro B X Winvivo EBRIZEBWT, B2 b L A& L
TR EIER 232 E DB BN o T2,

AWFFE T, M MAPERMRE T D 2 A1 = X M2z CTIEGE - 2 BB RIS 1281 %
PFEE T DIEIE A ) = X L OFEPNC K0 | RS DI AT BLoTaIR 7§t 2 R E
T2 ETHERIEREHFGD ZENTET, I HIT, B BRRTIZK DR
DEERL T REEZX D Z L& B E LI AR E TIX, MAK FOTEPEAR
EKOBERLMLETHD EBEZ T ZDOENET DO —EIZHOWTHLNZT D Z
N TEIN A% b RIOTEMERR S ZRE T D 2 & IR R & O RFAE 2N
R THTREELARICLTFETE DR TAB LM L T RERH D &
EZ25,

@ Ischemic Brain Injury Mechanism

Ischemic Decreased Oxygen and ATP

coreregion : cerebral blood flow depletion — Necross —

I schemic
brain injury

. v
|schemic Reperfusion ——»

penumbral region :

A
@ Results
Chapter 2
Chapter 1 M echanistic analyses | \
ibi p—r ER st may be ak
B i Antioxidant augmerr;:fion gf injur?;n
PR P T (LEM, MAK) besity « digbetes mice
1 .
improvement effect ' L__obesity * Giabeles mice |
~_Chronicintake effect of decrease
1 oxidative stressand ER stress

L-| = Syringic acid

Chapter 4 = Vanillic acid
Neur opr otective effect

= Adenosine

Have neur oprotective effects both — -
in vitro and in vivo = Nicotinamide

Fig. 43 Conclusion
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EAESE

AWFFENCER L TR [ Tl 2 7 —~ &2 5 2 T e 72 < & Tk an
THOEIW NS ZTHEREZ I D £ L7z IR RFERZEBERR A ER AP
AR AR AR BROSUAEICIREROHMEERLET,

AMFFENTER U, #00 ZRE 2 5 TR ONC ZHiREZ Y £ Lc [AIR%EE
FAEMPER e B e Wi BEUCAEICROEZ R L E
‘6‘0

AWFFETER L. MAK FIOFNAG DPRRB L OREICH T2 T HTEE £
L7z RRZFZRREFUZER ARTHE B A #U%E. BXO
HPLC, NMR, MS 7¢ EOHIE, B RIEOMEICHE > CTREHEE £ Lz 4
VR FH AR B vk B RUREICER R M EE R
LET,

AWFFEICER L, # 0 TG NS ZTIhE 20 £ L7z KPR AT TR
G NV EI S ST A E S QN ] I 1R 0 S i 25 5 (A e N i 2 e
Bl AW EFEEEICEHOBEEZERLET,

KX OBFBEWRCEERTERZWEZEE L RRPLRELIIER

SUBREIE B W MO BRI 5T e
B BA WIS ICHEA TR L L E T,
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KEBROE

FIE ~ U AORIMAEMEE I 5 E R HHY DM #ES R

1. SEBATE

AFIETIIBHHER ¥ B Itk TiliEsn TLEM] & TMAK]
ZER LT,

HEHE AR E - EBLRARE Ly N, ST R (B e it ag) L
fig U7 KR OIR A RS I HERE L. 49 35 » H BB E L. FFIRF A BT
(ZHEHL T & ReA U, ZRRKIC R, Bkt U7c, fiitid 2 Bie 1 b Cldm
Licte, AT T 07 4% — (045 pum) (ZCUEEME L, KO

(BE) 22N LEM B X MAK & U CTERICHW -, HEFERIERES
G EY 2 LEM & UCE LT, 2 2 i CIXE L ER IRRE 2 5 M
Wz MAK & LTHEH L7,

2. EEREY)

5 1 i : C57BL/6I Kwl R~ 7 2 (7 i fis, R FEBRENY) 217 E 23+ 2°C,
I 55+ 10%, MY 1 7 v 1285 (B1] 7:00~19:00) OB T, [EJE
ikt (CE-2,BARZ L7 EH) BLOKkZABICERSEMHAE L, 1
W T E R, BIEAIC 3BT, MBI ITmREE (CE-2) %,
o> 2 BEITIT 0.5%F 72135 1% (wiw) T LEM ZiRG L7oBREE 2 14 H
W HBICER S 7= (Schemel),

55 2 /i« KK-AfTadel RiEME~ 7 2 (7, AAZ V7)) ZiRE 23 £ 2C,
ML 55+ 10%, MRS 7 v 12 R[] (B 7:00~19:00) DEREL T, [EF
fAkh (CE-2) BXUVKEBHICERSEEHEE Lz, LM THiE%,
{E#%51Z Control-Sham #£, Control #, MAK-Sham #%, MAK D 4 212 %
NENRES T L=, MAK (1 g/kg body weight/day) O#% & 513, H Y >
T x2ANT 7 BHE T -7z, Control FEIZIZRIEOEEKZ KL L, ERIC
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fER L7z, REIEIEIROKRES 1 BE. 4 HA, 7 BRIZHE L
(Scheme 2),
TANTOEYERIL, BERFO THEEREMW OfRF K OREF IR 25
Y| ITHEH & & HiT, RFSERHE OB EBRZ BRI X D HEERE R
W RAGR 2T, TP RFEMW FERALE ) (296> T L7,

3. IERERFMME N (H/) BEEE 7L o R 1%

% LHE . IER b~ 7 A Th 5 C57BLI6I Kwl R~ 7 A HII fEE T L
OERLL, ~ 7 A %Z ~a % (2-bromo-2-chloro-1,1,1-trifluoroethane, i H
FEATHE) TRRRE (B @ 5%, #EFF : 1.5%) L. MIEMZICEEH. S5
Z IEUIBA L7z, AReSHENIR 2 2R EARie L 0 IR, —HASE L. mfRizy)
PRES M S LT, MBS 3%, ~ U R & W7 AR AN, K
W T A (8% 02/ 92% N2) % 30 1AM LTz, Z O, Kt & HRIR T
VALK o TH T AREGRNE BECITRIR LT, TDO%, ~ 7 A% EH K

K[ Or—UICR L CTHRER e AREFUIRIE 2555 L. A3 L OVK Al
BT & H5REEC 24 WP H L7, BEELTFITALE (Sham, n=6) #EIZIZ
SE OB & GRS IMIRKBED A 21T o o, (KRFAWMEITo -

(Scheme 1),

552 8 BEN - 2 TUBEIR~ 7 A Th D KK-ATall Rk~ 2 (KK-AY
~ U A) HI BT VOERIE, 5 LEHOIER~T A0 HIl FEEET V/ER
AR TR TIT o7z, 7272 L. KK-AY =0 20OEA1T, HI ALEIC X 5
FEENEL LT RN EmW D RBRREAMEENEE~ T 20 HI E7
WAEBLGRAR L 72 ) | AR O 7 AB4mNIRE % 36.0CICHERF L. 20
& L7 (Scheme?2),

4. RN OB A~ L ZEOH|E %
H/Il ALE R DA RNEE{L A ML 2AE % d-ROMs 7 A k (Diacron

International, Grosseto, Italy) % FHWCHIE L7z, MREEINROFEERRTE L OMK
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FRR AT 24 FFHRIZ., ~ U ADRFRIRD G EREL L 72 10 wl O ffEY- 2 7L
%y MYROFFERERIZIZ TEML, 104 2627 2E5 > (NN Y
TFNNRT T 2= PT IV) M, &ERSE -7V —F VA #ES
MriEE (FR.E.E. : Free Radical Elective Evaluator, Diacron International) (ZC
e Re LAy RBEZBEZEE UCHE L, A L AEEO BT
1CARRU & L., 0.08 mg/dL Dif{b/kFIZ/HY T 5,

 FRREIR 2 = 7 o 1598 %)

HIRLIE 2485 (#1121, #hRe 220 C D B R ER), QRTR ORI, @ATIR
e, OFFIEY . ORE () ITih 2RO RIE, OFIEZ > DWW X
JEDFFEHHIZOWTHA~ U ZDMIRIEREZ 2 a7k L. 2 bDAFHEZ
FAWTRIHE L7z (Table12), TR a7 id, IEH THRARI8L 780 | KEAK
MEETERNEA L TS Z 2 E2RT,

Table12 Neurological Scoring System

Scores
0 1 2 3

Spontaneous activity, 3 min No movement Slight movement Touches 1-2 sides of the cage Touches 3-4 sides of the cage
Symmetry of movement, right g .
fordlimb and hind limb Total asymmetry  Near-total asymmetry Mild asymmetry Complete symmetry
Floor walking No walking Walks only in circles Curvilinear path Straight path
Beam walking Falls off the beam Hugs the beam Stands on the beam Walks on the beam

- Symmetrical response as
Response to vibrissae touch No response Weak response compared to unaffected side
Side stroking No response Weak response Symmetrical response as

compared to unaffected side

EEERERT E O 1010

Single Lane Rota-Rod 7 A k%57 MK-630B (TR i) 2 v ¢,
H/I AVEE AT (TARRT) & HA ALE 24 B (RESIRT) O~ o 2 OEEhERE
ZRHE L7, EAE 4 om OlEldRf B~ T A &2 FeH . 4-40 rpm TEEE ST
VU ALBEHATESE, W T ETORMEZMELL, HILAESBIT2H
ANCHRE 21T > 72 (BEH), HIALERTR KO HIALE 24 KR 45 3 [A]
WIEZATV, £ OFHIE TR L 7=,



7. WEEFAREOHE 9109

H/I ALIE 24 BEfRITR IS~ e & R F T~ 7 ADfZfifH L. 7 LA >~ b
Uy 7 2 AW T 1mm EOREI 2 FR U 7z, FEZEERARE 2 3l 2 72
2% L MY 7 == T7 N T U T A [2% 2,35 triphenyltetrazolium chloride
(TTC), Sigmal # & Ze PBS (pH 7.4) " TG % 37°C. 20 Zr IR L 7=,
TTC Yt L7=WI L, 4%/ TR/ LT VT R (Paraformaldehyde, Wako)
THEE L, MERELT I H L0 AT (E-330, OLYMPUS) % Ml TH i
Zlese Lo, Bt S o e B o 2 IR ZE R & U, BTy 7 &

(Scion Image 1.62) % AN T4 7" L Wil 18 I OV AR o 1 1 0> A% S 1hi Fi
ZEHAIL . MERAREZKOXE AV CHHME L7z, MERERRE (%) = £
PERIURTE — (- ERISRR —REZE(RAR)) | 72 ER1KS % 100

8. Ak
i L7=~ v A% 4% CMC (Carboxymethyl cellulose sodium salt in DW,
Leica) SRS oA 26 L. BUEHSGH & (UT-2000, FINETEC) Z MW,
WRE T vy 7 BERL L2, 7 A4 A AKX v kb (CM3050S, Leica, Bensheim,
Germany) (2T~ 7 AMOHREIRGI A (8pum JF) ZfER L, ¥ CAL,
CA2 BF3 K OVKAM R B IR B O — E REIR O PR f S (2 D\ T, 45
YL EA VTR L 72 (Fig. 44),

3 Infarct area

[ Hippocampal CA1 region
[ Hippocampal CA2 region
[ Cortex

Interaural 2.22 mm Brogma -1.58 mm

Fig. 44 Saining region of mouse brain

Show interaural 5.70 mm, Bregma-1.58 mm in mouse brain section. Cell death
in the hippocampus, the hippocampal CA1 and CA2, and the somatosensory area
of the cortex area of the mice brain determined 24 hr after H/l by using the HE
Staining, TUNEL staining, Cleaved caspase-3 staining.
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8.1. DHE %4 1%

ROSH —Fi T 50, DFEA %, dihydroethidium (DHE, Sigma) % fv 7=
EHY I TR LT, [DHEIZ, Otk W kS h=FF oy a7 u~vA
N &2 DDNAILHER T D, ] 8 umE DGR A ZFft%, X774 R T X
i~ v b LTz, £D#%, 10 umol/LODHEZ {Ef &, #: L7=hnig 7
—ANTI7C, 305 M A > Fa—h L7, 80%7 V-tV TEALLE,
SefE S L — P EEBMSE (1X81, OLYMPUS) (& CTH#i%% L 7= (Ex: 488 nm,
Em: 574-595 nm) , DHED & G 2 FV10-ASW Y 7 b+ & W CTHUfiE b L,
HRED SR % ShamBb 2 k3 2 FxHE T L7z,

8.2. HE Yefn 1%

HIIZ & > THFRE SN 7R b —3 2 2 L2 iat+
L7, 8 um EDOFREIF AER- LT, YR EZ AT A R TR RIZ~
Ltk AZ =T 2 2EEL, 10 mM @ PBS (7.75 mM
NaHPO;, 1.90 mM NaHPO; + H,0, 145 mM NaCl) (2@ L7-, ~~ k¥
U AR (Hematoxyling 7 7 7 7 A 7 v 7 V% /R0) IZ 1R LT
Ml Yt Ltk =4 VU IR (Eosing 7 77 7 A T w7 VN
V) I 10MRR L, ME ARG Lz, BT F 0 THAK, RS

(BX51W1, OLYMPUS), CCD %7 A 7 (DP-50, OLYMPUS) . EfgfEtT >/ 7
~ (LuminaVision, =4) &M L TN L7-, S CAL, CA2 7 LY
R B ARVE R B D — B SEIR DO IR Y o S VT &2 3 D Ml A Gt
HL7z, ThFhOfEE O HE-postive cdls I%, HE-positive cdls (%) =
HE-positive flifla%k / &%k x 100 TR L7,

8.3. TUNEL %

HIIZ L o THR SRR O 7 R b — 3 ATk 2 il 2h 5 2 i
MACFHNCIRES T 2 72012, = 7 ADOREREI A (8 pum) ZAER L | 100%
AKX ) —)VCHEEH%. TUNEL 5%~ | (Apoptosis in situ Detection Kit,
Wako) ZHWTT AR b= RGN Z Geta LTz, FRICA~~ R
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N X DYt A T o -, HE Yefaif & FEEICHSE L. CALl, CA2EER
X OV R R MR R B o0 TUNEL BB ME Al B %k 2 3F 0 L 7=,
TUNEL-positive cells(%) = TUNE [ HERa %L /1 2fifafk x 100 THR L7,

8.4. Cleaved caspase-3 O i - Yua, 15109
TR =V AERRET S0 2AN—PRIEMALOFEE L LT, Cleaved
caspase-3 DE Y th Z AT o 1o, ~ U ZADOPrEREI A (8 um JE) ZAFRLL |
TuyX UK (L4 Tay 7 =A™ RAREAREE) T 2 ke
L., 1 ®HiiR (1:100 ; Cleaved caspase-3 Rabbit mAb, Cell Signalling
Technology, Danvers, MA, USA) % 4CT—RBREEMASE-1%. 2 &bt
& (1:100 ; Cy3 conjugated affinity purified secondary antibody, Chemicon
International, Temecula, CA, USA) #=iE T 2 WfifEH S ®7-, 80%7
Ut U U TEALE, HERL— —EBBEME B Lz, koY
L kR, MBS CAL. CA2 Bris JL UMK BB AR R TE B 0 — E SR D 1
PR L & 51 L 7=, Cleaved caspase-3-positive cells(%) = Cleaved caspase-3
Bt 1 Afiak x 100 TH L7,

9. HratLt
T2k, FRE + EEFEEE L TERL, MEFFENAEEET,
Tukey-Kramer {£ D% BT L 0 fiftT L7z, RI—EEIZI T 5 HI AL ERT#%
D HHZIZIX, paired ttest 2 Vo AREIR 2 = 7712 B L T, Kruska-Wallis
test | K B ENT D%, Mann-Whitney U test 217> 7=, MEICBIT 5 HEKUE
1L 5%& L7z,
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o . PN - 2BERRBET L~ AD H/l BEICHT 5 MAK
DIAREIER A b = X b DREMT

1. Total RNA fififH{ 35 X 0% Real Time RT-PCR 2 K % i85 7-F B &Rl E 1

it L7 B B~ 7 7 st OfEA% /1. RNA later (Qiagen) (2 1 /B4
ACIZTIRIME L, -80CTHRAE L7-, Total RNA fiiiiZ. RNeasy micro Kit

(Qiagen) % H\ 7=, W#E K6, Prime Script™ RT reagent Kit (Takara Bio)
124V 500 ng @ Total RNA % 5% & 1 C 5 x Prime Script™ buffer (2[JuL) .
Prime Script™ RT Enzyme Mix (0.5 xL) . Oligo dT Primer (0.5 xL). Random
6 mers (0.5 uL) 177E F T Mastercycler (eppendorf ; 37°CC 15 4yfii], 85°C T 5
FOIH, 4°CHERF) THUG S cDNA AR L, K £ T-80°C THRAF L 72,

MRNA O E (21X, SYBR premix Ex Taq (Takara Bio) %\ 7=, 5 ul @
10 ng cDNA. 0.8 uL @ 10 pmol Target gene specific primers (Takara Bio) . 10 zL
® SYBR premix Ex Tag. 4.2 ul. @ dH,0 % il z . iCycler thermal cycler (Bio-Rad)
(Z &V Real Time RT-PCR 1T > 7, SUGZRAF1E,95°C T 10 FOMIALEE L 7242
BCTHER, 7=—U  TIREIZ60CT34 L LTAL VA 7 NATVVEL
BZ2MH L7 (Hp70 D& T =— 1 > ZIREN 66.2°C TITo72) ., HII AL{EH
(M EDE O T T T RIS I 1T D T AR b — o A B OSBRI
DWTHRFH LTz, FBIETOT T A ~—EFIL Table 13 IZ7Rr L7z,

RNA FHl&EIL, factin 2 NEIERE L L CTHIEY A 7 V0B ABEOH
*PHETER LEHi L 7=,
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Table13 Sequencesof PCR PrimersUsed (mouse)

Target gene Sequence (5 —37)

p-actin Forward |5 -CATCCGTAAAGACCTCTATGCCAAC-3~

Reverse |5 -ATGGAGCCACCGATCCACA-3~

Hsp70 Forward |5 -CGCTCGAGTCCTATGCCTTCA-3~

Reverse |5 -TCCTGGCACTTGTCCAGCAC-3~

Bcl-2 Forward |5 -GTGTTCCATGCACCAAGTCCA-3~

Reverse |5 -AGGTACAGGCATTGCCGCATA-3~

Bax Forward |5  -CAGGATGCGTCCACCAAGAA-3~

Reverse |57 -GTTGAAGTTGCCATCAGCAAACA-3

Bdnf Forward |5~ -TCAAGTTGGAAGCCTGAATGAATG-3~

Reverse |57 -CTGATGCTCAGGAACCCAGGA-3”

Chop Forward |5~ -AATAACAGCCGGAACCTGAGGA-3 °

Reverse |57 -ACTCAGCTGCCATGACTGCAC-3~

Grp78 Forward |5 -GAACACTGTGGTACCCACCAAGAA-3~

Reverse |57 -TCCAGTCAGATCAAATGTACCCAGA-3~

2. MEMELR KON i 43 O R L 107 109)

~ U AUDRE AT 7 ZaEEZ 10 (wiv) 1272 % K 9 (2 homogenization
buffer [20 mM HEPES (pH 7.9), 1 mM MgCl,, 0.5 mM EDTA, 1% Nonidet P-40,
1 mM EGTA, 1 mM dithiothreitol, 0.5 mM phenylmethylsulfonyl fluoride, 4
ug/mL pepstatin A, and 4 pg/mL leupeptin] Z %, € PF A F— T LT,
4°CC 40 438 105,000 x g Tl L7= BiEZ Mg m sy & Uiz, £72. b
571, extraction buffer [20 mM HEPES (pH 7.9), 1.5 mM MgCl,, 300 mM
NaCl, 0.2 mM EDTA, 20% glycerol, 1 mM EGTA, 1 mM dithiothreitol, 0.5 mM
phenylmethylsulfonyl fluoride, 4 xg/mL pepstatin A, and 4 pg/mL leupeptin] T
WRVE L. 30 5ok B CFE L 721, 4°C T 20 43[H 15,000 x g Tim.l» L7z B
ZAZE gy & LTz,
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3. Western blot #:1Z & % Mgk & (/E 3 L O R o 2 J- L oo fighr 107109

ERPKENH Y 7 v, 10~30 pug OFE I X OE S O 7 s, 2
x SDS > 7 VEEENE [100 mM Tris-HCI (pH 6.8), 4% SDS, 20% glycerol, 4%
2-mercaptoethanol, 0.1% bromphenol blue] 2 &1 % TR L7z, EXUKENIL,
Mini PROTEAN 3 Cell (Bio-Rad) # T, 10~12% SDS-RVU 727 U L7
SRRV T o, KENMRE, BRI Try T 40 7 4EE (Bio-Rad)
Z MW T, 100 mA T 1.5 K5fH], EHE % PVDF A > 7 7 > (MILLIPORE)
[CHRG LTe, feWVTCL AT T 0% 5% AFLINT GO PBS-T K (137
mM NaCl, 8.10 mM Na;HPO,, 2.68 mM KClI, 1.47 mM KH,POQy4, 0.1% Tween 20)
T—REH LT L5 7 m v v 7 Lie, —RPUKIL, 5% AF LI 17
A PBS-T IR CAR L, EIH T 1 RSS2, A7 T % PBS-T
IRTC 555 x5 1Al SR TR, “RPURIE, 5% A% LI v7 & H PBS-T
BT L, IR T LIRFRISUS ST, A7 T % PBS-TIRIRT 5 40 %
5 [EPEH L7-t%. ECL % L <% ECL plus detection reagents (Amersham
Biosciences) Z VT, X #~7 « /L4 (Amersham Biosciences) IZ&& ) L <
IZ Light-Capture Il (ATTO) THf{L L7z, HH L7=&KEREOHUA L RE
(22U Table 14 (277 L7z,

Table14 Antibody Information

Rrimary Antibody | Concentration Secondary Antibody Concentration
ATFG 1:100 Anti-HRP conjugated donkey 1: 2000
(IMGENEX) anti-mouse 1gG Antibody (GE Healthcare)
’ 1: 10,000 Anti-HRP conjugated donkey 1:10,000
-actin . . .
P (Sigma) anti-mouse 1gG Antibody (GE Healthcare)
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4. MR O RIE
ML, EARRUMPEERESR (T AX—ZI0, A Z)VAT 4 J1)V)
25T, MAK #5581, MAK 5. 1 8% O AEHEZ ~ © 2 O R E#ki.
ZHWTHRIE LTz, E72, BEARPAZERT (TR0 . MEBIIREAZEE % (F
ERE) . KBRS ARTAT (FIF 3 WefEItR) . (IRMERALT 24 R D& 7
WZOWT H [RERICHIE LTe, IBEERIE R 7 » 7 % Fig. 45 12~ LT,

KK-AYTald, ® ™ R
. . (7w, &)
[ Testing time schedule ]

1w Acclimatization
BeforemtakeMAK

1W‘Q_r__z;t_l__ag_r_r_]in_i_gt__r_a_t_i_o_n___ Control group : Distilled water
MAK group : MAK 1 g/kg
>

Beforeoperation .4 Before H/l

Reduction of cerebraJ blood flow

After operation . (Operaton)

‘Beforehypoda_ 13 hr

S)/Stemlc hypoxia [ Total plasma oxidative stress ]
After hypoxia (8% Oz 20 min) {  &-ROMS test

>
124 hr

[ Neurological manifestation ]

[Balance and motor coordination]
» Rota-Rod test

H +Neurological score
iBefore dissection 4

______________________________________________________ After H/I
Dissection
Isolated brain tissue
v v v
[Infarct volume] [Oxidativestres% [ Cell death ]
= TTC staining - DHE staining = HE staining

= TUNEL staining
» Cleaved Caspase-3 staining

Fig. 45 Schedule of blood glucose testing

5. #FHLEE

T—2i%, FHE £ EERFEE L TR RL, RiZHAEZET
Tukey-Kramer {£DZ B HHIZ L 0 fiftT L7z, RI—EEIZI T 5 HI L E R
D 2L, paired t-test VW o, BREICIHIT DA EBEKEL % E LT,
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HIE P LIEMZEIE L Lz MAK FOTEHERS DBRER L FIE

1. kgt
LA AREEERE Y (MAK) [2HOWTIEE 1 s=IciE L,

2. Ry DR
21 315D WL D5 (smal scale)

Sy 5y 1A% 3kDa (3K) . 10kDa (10K) , 30kDa (30K) , 50 kDa (50 K) .
100 kDa (100 K) ®7 I =L kT 7 4 4% — (Amicon® Ultra-15,
MILLIPORE) %MW T, - ®mICK DB AT T, FES L. RO A~F
TxRL7, 3K > A, 10K > B > 3K, 30K > C > 10K, 50K > D
> 30K, 100K > E > 50K, F > 100K,

MAK J5#% (10 mg/mL~50 mg/mL) % 3,900 x g T 15 Fyiz.0 L CARIEMEY)
Bralss, BRI LE, 20%, 71232 UL b 7@EL07 4 0¥
—DY TN == 12mL ZMZ T, 3,900xg, 25CTiEL L7z, 7
AV ==y MRS 250~500 ul FE1F3 5 £ Tl (himac
CR20G, HITACHI) L7=#%. 7 (A Z—a=y :biEkEK (W=7 41
Z =D A XLYKREWGTF) 7203, YT AL TN BEKR (W
T ANE =D A XLV NENGyF) AR LT, HR 2 D SRS v
FREEZE DRYER (VC-36s), TAITEC] L 7= (Scheme3),

22 3kDall Ny FHIsy (3K) D REFHR

INEJE R E (18 /1 8000, MILLIPORE) % F\ T, MAK 3 kDal\
Topy 3K EFR) #FM L, KEO MAKJFEZE 5 gL (MillQ) A
[ZFAEE LT, 3,900 x g T 15 .0 fe, RiFOAEZEIR LT, 0%, Z0
REEACT LT g — (RFYERT + A2 PLBC, /L KT E/AFHA
e —2A,3kDaNMWL 63.5mm, MILLIPORE) #t > F L7z 712 (£
800mL) EA L, EF A A 0.2~0.3MPa (Max; 0.48 MPa) “CHIJLEJEE L 7=,
3BTl I 4y A0 [EIU U RS 28 OR & s Ho g, FREEZE DRY SYSTEM,
FZ-12PV, LABCONCO, #1H 7 A 7H A = v AfEA&4h) Uiz,
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2.3 TRy DAt & 57 - 471

3K IEVER Sy DARMECIANE, ke, AR, B, T AN VRT3 5
LEM AT L7z, 50mL F =2 —7 5 RIZ 3K OH 74 40 mg ZIKICH
ff SE 7214, KT 2 — 71K K 0 BEDMROAREIARE 2 A, KB & AT
L@ % 157, Z AT DRRIEIZ Ko THrll L7oKE & A HSIE LR o btig ks
M b - BHm L 72 (Fig. 32),

3K O EINZIL W& H Z 2 (DIAION HP-20 1 A A3 Hafifig, —ZE(b5) .
Wik A Z & (ODS), NEfAH 7 2 (Silicage) @ MPLC (YFLCAI-580,
YAMAZEN), HPLC (Waters) 7 v~ K777 ¢ —IZ X D F % D4yl iE%
MAGDETITY L& bIC, KW OEHEE, BT HREZFM LN 5
TEMERC Y 2 R LTz,

MAK 6.12g 2> BRI L2 I K > T 3K 2 47972, 67z 3K %
KIZEEfE L7=t%. DIAION HP-20 127 77 A4 LC, K, A% /—/L (Wako) .
7% kv (Wako) TIHICIEH S, Fr.l (269). Fr.2 (0.8g) Fr.3 (1.260)
Fr.4 (0059 #1572, %777 a »OPbiEtEz i L, b a5
BRROEWAZ ) — VA Fr.3 (1.26 9, PLEA LA 53 63.21%) [ZOW
T MPLC-1*D&M-Cormiz 17\, Fr.A (0.3g). Fr. B (0.35¢) . Fr.C (0.229) .
Fr.D (0.13¢g). Fr.E (0.08g). Fr.F (0.149g). Fr.G (0.01g9 %157, &7
77 a rofigbie L it w5 R0 b m Fr.B (0.359, b5
R 28.47%) # MPLC-2* D&METH M L, Fr.B-1~Fr.B-9 #14/-, £DOHT
Fr. B-4(0.13 g, FLE&{L7F 55 26.35%) . Fr. B-5(0.08 g, Hiliz{b. a7 5-3 26.95%) .
Fr.B-6 (0.06g, #IlA{LZF 5% 22.16%) |[ZHIER(LIEMENFE S Hiiz, Fr.B-4

(013g) T2V T, MPLC-3*D4MI2 L Y Fr. B-4-1~Fr. B-4-9 % 157-, Fr.
B-4-5 7> & Compound 1 % Hifff L7=, Fr.B-4-4 (10.6mg) =2\ T HPLC-1*
DEAEIZ LY 43E L Compound 2 ZiRAGW & U CHEBEL 7=, 7o, Pi(LF
HZN Fr.BIZHWVTEW FL.C (0.229) IZ2WTIX MPLC-4* D5z kY
Fr.C-1~Fr.C-11 %%, =™ 9 H Fr. C-2 /»% Compound 3, Compound 4 % i
e e LTE (Fg 34),

UIFIZ MPLC B LU HPLC (BT 2 st 2omd (0 7 &, R,
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R, RFFIRFM 72 &)

MPLC-1* : ODS Inject column (Cat. No. W917, M size, YAMAZEN), ODS
column (ULTRA PACK, ODS-SM, 50 um, 120 A, Size B 26 x 300 mm,
YAMAZEN), Water : MeOH [9:1 (7 min), 7:3 (7 min x 3), 6:4 (7 min x 3),
100% MeOH (7 min x 3)]

MPLC-2* : ODS Inject column (Cat. No. W917, M size, YAMAZEN) , ODS
column (ULTRA PACK, ODS-SM, 50 xm,120A , Size B 26 x 300 mm,
YAMAZEN), Water : MeOH [8:2 (7 min x 3), 7.5:2.5 (7 min x 3), 7:3 (7
min x 3), 100% MeOH (7 min x 2)]

MPLC-3* : Silicagel Hi-Flash column (Cat.No.W003, Silicagel 40 M 60A,
Volume 14 g, size M, 20 x 75 mm), Silicagel Inject column (Lot. No.

L. 20802, size S), CHCl3: (MeOH @ : Water (D)[(9:1 (2 min x 3), 8:2 (2 min
x 3), 7:3 (2 min x 3), 6:4 (2 min x 3), 100% MeOH (2 min x 6)]

HPLC-1* : Column (YMC-Pack R&D ODS-A 250 x 20.0 mm), Solvent [A water,
B MeCN, A: 98% (5 min)—0% (50 min)—0% (65 min)], Folw rata: 7.0
mL/min, Detector : UV 254/220 nm, Column temperature : 30°C, Fraction
size : 7.0 mL/tube

MPLC-4* : Silicagel Hi-Flash olumn (Cat.No.W005, Silicagel 40 M 60A ,
Volume 45 g, size2 L, 26 x 150 mm), Silicagel Inject column (Lot. No.
L00301, size 2S) CHCl3: (MeOH © : Water@) [(9:1 (4 minx3), 8:2 (4 min
x 3), 7:3 (4 min x 3), 6:4 (4 min x 3), 40%~100% MeOH (24 min), 100%
MeOH (15 min)]

25 oot
2.5.1 I E Him
HEE L 72 (L AW EI-MS, FAB-MS, 'H-NMR, “C-NMR, 'H-'H COSY,
DEPT (*C). HMQC, HSQC. HMBC #FlEA 2 ML F—& ZflHmfbd
THH L. LB L OF —2_R—2 OpF—x L+ 25 2 L2 kv [FH
E L7, A ENEIXLCIMS & vz,
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B &1 JEOL IMN700 (JEOL H AFE -21) . NMR HIE (X 400 MHz
Agilent-400 MR-vnmrs 400 spectrometer (Agilent) . LC/MS % 4000 QTRAP®

(AB SCIEX) ¥ 27 AT, LCIMS DR 7% LC-20AD, auto sampler |3
SIL-20AC, 1 7 LA —7 % CTO-20AC, FHi#F SPD-20A % f\v 7=, HPLC
DR > 71 % 600 Pump (Waters) . UV # H#s 13 2489 UV visible Detector (Waters)
=k m—71% 600 Controller (Waters) % H\u 7z,

e s a~ N7 70—, U 5L (Sllicage 60 Fasg, MERCK) &
ODS (HPTCL Sillicagel 60 RP-18 WF»5,S, MERCK) % f£H L 72, NMR f &
FRIEIE, methanol-d, (FE7KSE{L3E 99.8%, Wako) % L 7=,

252 {b & OYERIEE

Compound 1 : AXLAWIE. EI-MS, FAB-MSIZ LV 7y 8% 267.2 & #
£ L7, 'H-NMR, °C-NMR, 'H-'H COSY. DEPT (®C) %7 NMR
T2 e CEE L g L2 & T AREWITT T/ 2 (CioH1sNsOs)
ThHhHZERHLMNERSTZ, TLC O Rf fEF K OVEFRITEM & —
L7,

Compound 2 : AMLAEWIL, Fr. B-4-4 DA A VA THY | EI-MSIZ
L0y EN 12212 LHEE L2, 'H-NMR, EI-MS OF — % 734 &
CHEME & A 2 Sk Y Compound 2 (Z=aF T S R

(CeHeN2O) TH 2D Z &L o7, TLC @ Rf fiids LUV
FRIIAE S & —B L7z,

Compound 3, 4 : NMR & LC-MS @442 X W Compound 3 & 4 133H#%
KThHy, HEENRNETH S Z L2350 - 7, 'H-NMR, “C-NMR
BIXORLCMS D3Iz kv, Compound 3 1355 F & 168.1 TH 5
NR=Y g (CgHgOs) . Compound 4 134y 198.17 TH DTV
VI (CoH100s) & [RIE L7z,
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2.5.3 Y

77 /v (Adenosine, Lot. EPH0855, Wako) ., = = 5> fi# (Nicotinamide,
Lot. LAK5362, Wako) . »3= U iz (Vanillic acid, Lot. MKBC5912V, Sigma) .
v U A (Syringic acid, Lot. 10097437, Wako) % FHu N7z,

3. PURILTEVERL Sy D& A BHIE
LC-MS DHEIEFRMFIZ L > T, MAK D= VgL v ) U TBROGH &
FUE LT, TIROERER ORE & A F o BN LREMREZIERL, 4 4 &
NoEREERM L, YU U HiREN=Y UEEE HIC Standard LI 0,
100, 200, 400, 800, 1600 ng/mL & L7=, F£7=. MAK., 3, HERIK,
FRZAHE L W R Wb . Zn e ) v gl =T VRO
SHEEEHE L,

LC/IMS D RIESAE:

e LC conditions

Column : 2.09X 150 mm PEGASIL ODS SP100-3 (Senshu Pak)

Solvent :
A 0.1% formic acid ag, B acetonitrile contained formic acid at 0.1%
B 5% (0 min)— 5% (3 min)— 30% (10 min)— 100% (15 min)—

100% (30 min)
Flow rate : 0.2 mL/min
Column temperature : 40°C

Injection volume : 1 ul
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e MSconditions

For syringic acid
Scan type : MRM (m/z196.933/nvz120.800)
Polarity : Negative
lon source : Turbo spray
Cur : 30
IS : -4500
Temp. : 300
GSl1: 40
GS2 : 60
ihe : ON
CAD : 6
DP: -55
EP: -10
CE:-24
CXP: -5

4. JUERALIEMED R
41DPPH 7 U —F ¥ H WiHEREDHIE

For vanillic acid

Scan type : MRM (m/z166.913/m/z151.800)
Polarity : Negative

lon source : Turbo spray
Cur : 10

IS : - 4500

Temp. : 500

GSl: 30

GS2 : 50

ihe : ON

CAD : 8

DP: -55

EP: -10

CE:-18

CXP: -27

DPPH (1,1-dipheny-2-picrylhydrazyl) 1% 525 nm {J3TiZ s KU 8 D |
Fifg D8t b OB T PN Th D, FUBETEYER S IZ L W DPPH O 7
U= DPANPRIN DT, WOCE DR T ) btk tee 2 78 L7z,

4.1.1 DPPH |Z & % 2 10910

DPPH #8HES L ORIAIE, B #&HIIC 50% =% J — WAZIRfE LT, D
. e U 72385 12 0.1 mg/mL DPPH 1A % 531 % . 1 mL ORRIK % IS
ML, X<iBA L7z, 25CoOKIBT 30 M RIE L. 525 nm CTHOLE %
HIE L 7=, Control & L T DPPH ¥&&1Z 50% =% / —/L %, Blank I% 50%
TH )= VIR EIRE LI2iRE Wiz, DPPH 7 U —Z 2 1 ViH 2
RElE. RORXDLGREM Lz, HEE (%) = {1—(Ai—Aj)/Act x 100%

(Ai =DPPH + f{K, Aj =50% =% / —/L + f{R, Ac = DPPH + 50%

=X ) —)L)
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4.1.2 DPPH OMEZIC X % 7Ff 112
100%= % / —/L\Z 0.04% DPPH % ¥fif U 7= Vi a2 s L, Dk L C
ACTRAF LT, SRR %Z R L7z TLC 7' L — M T 0.04%7 DPPH YA
EWETE LT, PUBBLISTER Y12 £ D DPPH R DR DB & Hiig1L
VERE 2 BIE LTz, L7 L — N2 BERE L, 7 — 2 i
AV

42 A—R—F %L F7 = (0p) HEROHE L

O fEAR L LT, 3.6 mM@Hypoxanthineizik (100 mM KH,PO,, 0.054
mM EDTA, 3.6 mM Hypoxanthine) % {5 ¢ 2 KH,PO, buffer (0.1 M KH,POy,,
0.05mM EDTA, pH 7.5) {2 £ T0.72 mMIZ 7R L, Xanthine Oxidase (x-4500,
Sigma) FEFRIANIE100 pg/mL GR0.1 unit) (ZFARLL 72, RS DOMPEC

(2-Methyl-6-p-methoxyphenylethyl imidazop y razinone, ATTO) (%, 100% #
X )= TOAEmMMIZFREL L . A b v 7 EK (- 300C THEBSEERAF) & L.
FEBREL AT 288 /K12 C750 pMIZ RS L C BRI AW T2,

96X D7 L— MELISAHZ L — b (£2), SMS-8496 K ] |ZKH,PO, buffer
%170 L, 100 pg/mL Xanthine Oxidasefa ik % 60 ul. 750 uM MPEC% 10 sl .
fRiR %10 pl. 0.72 mM HypoxanthineS B AR 2 IS L. 100 1238 6 HIE
41 (Wallac 1420 ARVO sx, PerkinElmer) (2 > » LC, 14312100
E U7 RIERERAE 2 B U 7o BRI 2 7 VRS I % FEE (100%) & L,
BRARZ N2 T3 238 B2 FiRLEE DR & Lz, THERIX, koKX
MHHEH LT, HERE (%) = {1 — (b)/ (@)} x100% (a; BEZFEML
IRVVIRBEDFEICFEEAE, b 5 MK Z BN L 7256 OF R HE)

PUERLIETED el R & LT L (+) -7 A 2L B U ER[L(+)-Ascorbic
Acid, Lot. LTN7625, Wako] & = % 7 7R > (3-Phenyl-3methyl-5-pyrazolone, Lot.
DPH0472, Wako) % Fu 7z,
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BAE GUBMEEMERDIC X DR K OVMOREE R O R

A RRMRAREER OFE (in vitro)

1. A
v U > A EE (Syringic acid, 98 + %) 1% AlfaAesar #H8L % -, FEERIZH W
722U v gL, DMSO (Dimethyl Sulfoxide, Wako) (2 & 9 300 mM DT
LT, L5mL OBETF = — 7201 U TmiRAF Lz, I ERTICAR
L (DMSO< 1%). JEi®¥E (Celulose Nitrate 0.45 um filter, DISMIC-25,
ADVANTEC) L THEBRIZHW,

2. PC12 a3 & 7y fbihd

Kb o Z v - RIB S s e aiE bk PC12 Ml (HSHFFE&E IR N> 2)
IZ. poly-D-lysine =— k L7z 100 mm dish (Becton, Dickinson and Company) (Z
BRE L. 10%FEE{LFE Mm% (HS, Tissue Culture Biological) . 5% FE@1{LAFR IR
Mm% 7 /v 7 I~ (FBS, Cel Culture Bioscience) . 24 mM NaHCO;s.
Antibiotic-Antimycotic [100 unit/mL penicillin, 100 xg/mL streptomycin, 0.25
ug/mL amphotericin B (GIBCO)] % #si1 L 7= RPM11640 55 (GIBCO) T, 37°C.
5% COp DT THiFE L7c, PCI2MldZREFEL, 7 ¢ v 2 [THE SH T
%, IRIMEEEHL (0.1% HS, 0.05% FBS) 1T 50 ng/mL O4#h#EAk R K1 (NGF :
Nerve growth factor, = A& -1 4) ZE L5/ T C 3 HRERGE L, Mkl
2 iR U CAZRAPREA IR | ARSI & (b S H T,

3. MTT assay |= & % A 1EE0HIE &)

AR~/ S 72 PCI2 Ml (Rinig 5 (0.1% HS, 0.05% FBS) T
0.25 mg/mL (ZFHH L 7= MTT [(3,4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium
bromide, Wako] Z#¥#si L7z, 4 Fefif%ICE: 2 H v Br& . 600 uL/well ® DMSO
ZHZ. 1047 Micro mixer (E-36, TAITEC) TiafiF <t 540 nm & 630 nm
DY % Wallac 1420 ARVOsx & IV CHIllE L7z, a0 T, Mtz %
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FEL TV wel O % blank & LT, 540 nm DOfE D> 5 630 nm DOAE % I
CCHELE,

4. ) AR OFIERE T
Poly-D-lysine =— |k L 7= 96 well plate (Becton Dickinson) (Z PC12 fifa% 1
x 10* cells #&fE L C 4 A MK53& L7=, DMSO (ZiEfi# L 7= 300 mM > U > Tk
. R (10% HS,5% FBS #&te) A VT 0.001, 001, 01, 1, 3
AR LTI LTz, &V U ABEOAFE T T 2 AMREEEE MTT assay 12
KU AR EZ RN LTz,

5. Ho0p ALE I & 5 MINA/E A7 3R 0 A %67

Poly-D-lysine == — k L 7= 96 well plate (Becton Dickinson) (Z PC12 #fild % 5
x 10° cells #Ef& L. 5 H & IC{Rinigtsh (0.1% HS, 0.05% FBS & te) T 50
ng/mL IZFHH L7 NGF %2 3 HIERIM L7, 3 HZIZ NGF % & ik i E v
PR, MRS~k S 7o PC12 Mific, (RIS HUC SR L7z U o
fiz (0.001,0.01,0.1,1,3mM) 100 pL % 1EERUSIN L7, D%, 30% H,0,

(Wako) ZRIMiFEE:HT 750 uM IR L, 25 well (21 > T % & dets i
100 L) (250 pb Z /%, 6 M) HoOp (FcREEAS 250 uM) ALiES 2 2 &
WX TEEA P L AZFE LT, TDO%, MTT assay |2 & W A1FR % M
L7z,

6. FRIL A N L R AUBHIZ 5 M PNIE PERR 3618 0D pE A= ST (DCF-DA Yetn) 116 17
PC12 #fifid % 96 well plate (Z#Efi#%, AR D X 5 ITHRGHINE A~ (b S H 7,
HoO N 1 B RTC > U > HfE (0,001, 0.01, 0.1, 1, 3mM) ZHAL, Fl
T 250 uM H,0, % 6 BFALE T2 Z L IC k> TELA F L AZFE LT, £
D%, A RE . Kl yEE; i CcF g L 7= 2,7 -Dichlorodihydrofluorescin
diacetate (DCFH-DA, Sigma) % 10 zM/iwell & 722 K 512z T 37°C, 304y
MRIE L7z, eV CHEH 2 BREHI1C PBS & 100 pl Iz, 10 55 MlEFI L7z,
~NF T T L— Ny 2 — (Wallac 1420 ARVO sx, PerkinElmer) (27T
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W (BhE P R 485 nm, a2 efaH 535 nm) A HIE L7~ MEALERA 100% &
L CHOEHRED BB A b L R &3 L 7=,

5 28 - BPRAEIER OFEME (in vivo)

1. FEBAE
FAEDE LI CTHW= U U A EH Lz, O GICHNW Y v
g (10 mg/mbL) 1%, ZAEKICEM L (NaOH IZ XV pH 84 IZF/4#) ., 1 H
BB EITEL T, Wl iRAE Lz, EHERNICEME L, ERICEL T
5~ 7 A2 50 mg/kg body weight/s mL % #5- L 7=,

2. EEREY

FHLEDOE 28 & RSN TKK-A ~ 7 A2 Lz, 1B HEEE
#%. > U e (50 mg/kg body weight/day) % 7 HE#H#5- L7z, Control
FEIZITRIE OB K Z 5 L= (Schemeb),

3. KK-A = 7 2 OARER F Iz 1 £ 7 /L DER

HAEDE 28 & FRRICAT o 72, KK-AY ~ 7 2 DA FEEhIRES 25 3HEM# .
VT A% H T ARG, KEEFE S A (8% O,/ 92% N,) % 20 /A fr L
Teo ZOM, KB ERINRT TN L > THT ARENE 3I6CITHERF LT,
FD%, ~ U A BWERKP O — IR L CHEA 2 R E 2 I L
7oo HNALE (Fifrar) LEERIRTIC 1=V > HlE (50 mg/kg body weight)
EREROFLE L, HILEEZTT> 7,

AFPRIEIR A 2 7 ORE
55 1 ' L [Fkk D 515 TR L 72,

5. JEEIEREREE OH|E
12 L [REED HIECEME LT,
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6. FHZERRFEDORIE
12 L [REED HYECRME LT,

7. JiAERR T O EEAEDWE (DHE Gefa)
5 1B & [RERD J7E TR L 72,
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10.
11.

12.

13.

51 F3CBR
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