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SUMMARY

I. Title of the Study
Screening of anti-stroke materials from domestic herb plants and

their application to functional foods

II. Objectives and Significance of the Study

The objectives of this study is to screen anti—stroke materials
from domestic herb plants and to investigate their application

technology to functional foods.

III. Contents and Scope of the Study

Cerebral ischemia, the most commonly encountered type of stroke
In humans, is an important cause of brain injury and permanent
neurologic disability. At present, stroke is the first leading cause of
death in the elderly population in Korea. Despite extensive research
efforts to better understand the biological mechanisms of stroke-induced
neuronal injury in experimental models, a promising therapeutic solution
which protects neurons from various types of insult remains unavailable
for clinical application. Recently, it is suggested that the prevention of
cerebral ischemia by diet therapy or food supplements is being
considered as a promising solution in reducing stroke-induced neuronal
njury.

The present study was aimed 1) to screen anti-stroke materials
from domestic herb plants and 2) to examine the effect of candidate
materials on neuroprotection in animal models and its mechanism in
cerebral ischemic insult, and 3) further to investigate their application

technology as a functional materials or functional foods.
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IV. Results and Recommendation

1. Screening of bioactive volatile plant extracts

We attempted to screen anti-stroke materials/extracts from domestic
herb plants having protective potentials against ischemic stroke.
Twenty two herbs selected from traditional Korean prescriptions or
database were extracted by steam distillation under reduced pressure,
followed by continuous liquid-liquid extraction. They were examined for
protective potentials against ischemic brain injury using an in vitro
simulated ischemia model. The human neuroblastoma cells were
incubated with or without samples for 48 h and then exposed to
simulated ischemia(hypoglycemia and hypoxia), followed by simulated
reperfusion(reoxigenation). Among tested samples, Acori graminei
Rhizoma(AGR), Chrysanthemi Flos(CF), Pini Foilium(PN), Allium
victoriallis var. platyphyllum(WAD), Acanthopanacis Cortex(ESR), Vitis
vinifera(VV) and (R)-allylthio-2-aminopropionic  acid(SAC), a
water—-soluble component of WAD showed significantly high
neuroprotective  activities by the treatments of 10-100 pg/ml
samples(p<0.05). Additionally, we found that
4,6,6-trimethylbycyclo[3.1.1]hept-3-en—-2-ol (TMBH),
411,11 -trimethyl-8-methylene-bicyclo[7.2.0lundec-4-ene (TMBU), and
4-allyl-1,2-dimethoxybenzene (ADB) have neuroprotective activity

among herbal constituents isolated.

2. Action mechanism on ischemic stroke in cell model
We further investigated the neuroprotective mechanism of SAC and
PN wusing in vitro experimental models. SAC showed the negligible

protective effect against NMDA-induced neurotoxicity in the cultured
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cerebral cortical neuron. SAC reduced cell death up to about 20-37%
from 100uM to bmM in a dose dependent manner compared to control
by 100uM H20s.. SAC also reduced cell death up to about 30% at 10 1
M as compared to control in glucose-deprived immunostimulated glial
cells. On the other hand, SAC slightly block the oxidation of DCF-H to
DCF induced by glucose-deprived immunostimulated glial cells. SAC
and PN directly inhibited the oxidation of dihydrorhodamine-123 to
rhodamine-123 by NO donor, S-nitroso-N-acetylpenicillamine in a
dose-dependent manner. In glucose-deprived immuno-stimulated glial
cells, SAC treatment reduced the immunoreactivity of nitrotyrosine, a
marker for ONOO-. However, flow cytometry analysis showed the
neuroprotective effects of SAC and PN were not attributed to their
inhibition of cell cycle progression. The activity of extracellular
signal-regulated kinase (ERK), one family of mitogen-activated protein
kinases, was increased by oxygen-glucose deprivation in cultured
cerebral cortex neurons as well as by transient middle cerebral artery
occlusion in rats. We found that SAC significantly inhibited the
activation of ERK, which was mimicked by the ERK inhibitors U0126.
The results indicate that SAC may exert its neuroprotective effect on
cerebral ischemic insults by scavenging ONOO- as well as inhibiting
the ERK signaling pathway. In contrast, PN may exert its
neuroprotective effect on cerebral ischemic insults by scavenging

oxidative stress as well as partly inhibiting the activation of glial cells.

3.Neuroprotective effect using in vivo ischemic model
To develope reliable in vivo global and focal cerebral ischemic
models, histological evaluation methods were employed. Five-min

occlusion of bilateral common carotid artery of Mongolian gerbils
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induced neuronal cell damages in CAl region of hippocampi 4 days
after reperfusion. Cresyl staining showed loss and shrinkage of a
number of pyramidal neurons. Immunohistochemical staining showed an
increased number of GFAP (glial fibrillary acidic protein, an astrocyte
marker)-positive cells and its immunoreacivity. As determined by
2,3,5-triphenyl tetrazolium chloride and cresyl violet staining, focal
cerebral ischemia by occlusion of right middle cerebral artery for 2 hrs
was found to induce most severe brain damages 24 hr after reperfusion.

The neuroprotective effect of the candidate extracts on the ischemic
damage was examined using an in vivo focal and global ischemia
models. Among tested samples, PNW, SAC and VV were found to
increase the number of surviving cells/mm of the CAl region (P<0.01)
in transient global ischemia model. In focal ischemia model, SAC and
PN were effective on the reduction of infarction volume. Additionally,
TMBH, TMBU and ADB isolated from herbal extracts were effective
both in global and focal cerebral ischemic models.

To determine the effects of dietary SAC and TMBU on the
development of stroke, salt-loaded stroke-prone spontaneously
hypertensive (SHRSP) rats were fed a stroke-prone diet with or
without SAC and TMBU for 4 weeks. No difference of blood pressure
was observed after SAC and TMBU supplementation. In the SAC and
TMBU administered groups, the onset of stroke was delayed in parallel
with a decrease in the incidence and mortality. The SAC and TMBU
administered groups scored better in the neurological examination than
the control group. These results indicate that dietary SAC and TMBU
attenuate the development of stroke in salt-loaded SHRSP rats.

4.Structural analysis of active compounds

The structure of five isolated compounds from herbal extracts were

- 14 -



elucidated by a combination of NMR techniques including 1H NMR, 13C
NMR, distortionless enhancement by polarization transfer (DEPT),
heteronuclear multiple quantum  coherence (HMQC), correlated
spectroscopy (COSY) and heteronuclear multiple bonded connectivities
(HMBC). As a result, compound A and C were elucidated to be
46,6-trimethyl-bicyclo[3.1.1]hept3-en—2-ol and 4,11,11-trimethyl-8-methylene-
bicyclo(7.2.0)undec-4-ene, respectively. However, for the complete structural
assignment of compound B, D and E, further purification of them were

required.

5. Study on application of functional food technology

Thermal, pH and storage stabilities of SAC, TMBH and TMBU
were studied for the application as functional food and/or materials. The
results of pH stability indicate that SAC did not decompose in buffer
solutions with pH values ranging from 1 to 14. It was found that SAC
was stable at 0780C range of temperature and stable for 12 weeks
storage at 25°C. When TMBH and TMBU were heated at 100C for 60
min, TMBH was heat-stable but TMBU was not. As well, TMBH
exhibited storage stability but TMBU did not. It was also observed that
toxicity of SAC and PN was relatively low in single oral dose toxicity
study. The lethal oral dose for SAC and PN in rat is above 2,000
mg/kg body both in male and female, suggesting low toxicity.

For applying candidates to functional food and/or materials, dosage
form of candidates was considered. Concerning physicochemical
characteristics of SAC and SAC-Ex and comfortableness in swallowing,
the capsule formulation with a diameter of 7.3-7.6 (capsule 0 ") showed
to be robust. Particularly, a bad taste of SAC and SAC-Ex could be

covered by capsule shell. In case of the liquid active compounds PN,
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TMBH and TMBU, the soft capsule or liquid dosages (drink) forms
was considered to be reasonable. The liquid dosages (drink) forms for
PN, TMBH and TMBU consisted of 5-10% (w/w) of sugar, 0.05-0.3%
(w/w) of citric acid, 0.005-0.02% (w/w) of caramel, 0.1% (w/w) of
sorbitan monostearate, 0.1-1.0% (w/w) of vitamin C, 79-94% (w/w) of
purified water and 10-20 g (w/w) of active ingredients. It is
recommended to include PN, TMBH and TMBU as active ingredients

and soybean oil as filler in a soft gelatine capsule.
Taken together, it 1is likely that candidate material, SAC, PN,

TMBH, TMBU and ADB could be used as a diet supplement for

protecting damages induced by ischemic insult and/or stroke.
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Mo delg et Fulo] golst AA FRH AFFo] ofF
o] A% Ba) wFHo] dojubw AR, Ao =, FREOE, A
Bz 5 e AxpEol BEHAUA HAAAEE £IG HAx AH
2 A9 HE dede) @ase] AAHAT Ml oF AXAE A
g% A Fig 13 2ok ¥5de @A glutamates] oF o] &

channel®] 7H¥lo] W& %3 Ca o9 FYPow HFEE o3t TEA

A 357 (exitotoxicity) o] b7 ¥H A Ak ghej o] Aol A A EW
Eauso] HHE F EAo] I JEAA HEGA YEUe AX
TN Ao o MEAA B ol el Al XE A apoptosis)
T #EEE Ao dHA v AAAEY WA 4] dojy

>
=
=
i
oot

oleld MESERY FHHY o A% datsEe] nad=HA Ha A4 A
Z 9] neurotrophins®] ™3t WA E7} ASA Ak AFAxr AP A
MAAEZANM = A 2t Z P Aol 7)o F7tste] AXEIALE FE8HA

At} ol GAsAE Aelsd AgAR AWl oa) fuEE AL

W ooU A Al A% H Aol HAHT AE

1 5 Aol welsh: AolEs)

% dFwge] welsts AX SN &

Mol 1 wEA FAhHel MEDLAE fEdA frh o g
q

2§44 WA 5 2R P Fol HHU o

2 W &2} Zg]¥E, carnosine, 7= ¥ %A, S-cysteinyl
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TA T AF AEEe] A HEAY dAA Gt ofd el o]xA o
2 oA HiE7] ATt dEHE, Levites &
(2002)2 <A & neuroblastomaM 1 SH-SYSYOA  Hakeh &x17)
6-hydroxydopamine&. 2 %3 NF-xB @439} A A1ES 7AAAS 3
Zatd =, o]+ =27} NF-&B nuclear translocation® NF-kBe] A3gH -4
S Ader] wiEolgta Raustgh oy MARTINE A FEE
Yo AT Fbst 2 =R Ao’ #Hgol 7|Qlgtt

o vk oz} AR B AHaTols TR AL
BEE AEY el =ob AY ALY HHAF =S FE HEF
go] Ytk T717F B vK(Table 1). < Aruoma 5(2003)2
2] B FEEY AL Eddd o3 AARSAE gk AT
ANES 1Fste] Haustit) o] HadA o] galkslA/F B FEEo] 2
AEYE Ao 5% 7dE 2deted A 7198 4+ ki Ak
T3 AE oFE B AR AE FEEo] WIAAE dst=d AA 71 d
= ARS8 W olEo] A odE #eEsted: EdE YEd Ve

o st 2eu AARSAE Astd 2Ede WY 7% B
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st th(Fig. 2). ol s Tdstd, w9 Hoz AFAAEEC]
T UAtE Aol dEARl FAE Hauxa Qo Al
A3 A target-specificdt A7} v ¥ oolyg}
& HA HFHoZ ATt

A, 318 HEFTS AT F dE
FPEHAoY giFE AAFsA kI Aem dEAd vk dF =
lubeluzole, citicoline, aptiganel % ©]
AastA Ech =3 GABA agonist?! clomethiazole®} K channel
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Embolus/Thrombus in Cerebral Vessel

| Cerebral Blood Flow

v

ATP/Phosphocreatinine Depletion

v

lon permeability

t Free Radicals 1 Na;* 1Cai,?2 1Cl; 1K >
(NO, SO ;

Neurotransmitter [PPEEEEENE 1 [Ca*2];
Release * Cell Swelling

—»

’ Cellular Activation of Enzymes ‘ ¢

Y Cytotoxic (ionic)
| Edema

I
t+ FFAIPUFA 42" Lipases Proteases Endonucleases ‘

Bl Lipid/Protein/Nuclear _,’ Cellular Damage/Death ‘ <
Damage

\ Inflammation

Fig. 1. Pathways of ischemic cell death(Wang, 2001).
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Clinieal trials to assess efficacy of food
and medicinal plant extracts

h 4

Management of human disease
MNeuro and non neuro-degenerative diseases,
Infectious and Non infectious disease

Prescriptio Functional
drugs Foods
¥
o q s _ Medicinal and
Drugs *  Equilibrium [« Food Plants
oTC v Mo 1_“mal
Medication diet
Health

MNutrition and Clinical trials to assess
bicefficacy and neurcefficacy

Fig. 2. A strategy to facilitate definition of the prophylactic potentials of
diet, nutritional/food supplements and medicinal plants and herbal
extracts(Aruoma et al).
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Table 1. Epidemiological trials investigating the association between fruits and vegetables(antioxidants) intake

and incidence of stroke

Age of Length
Authors and . Sampl DR of Antioxidant .
country Subjects e (n) s(ulgjaercst)b follow-u s studied Endpoints  Comments
Y p (years)
Gey et al. 50 Plasma Thirtv—one Increased incidence of stroke at low concentration of both
(1993), Men of the working population 2974 12 carotene and . Y vitamin C and plasma carotene (risk adjusted for age,
(SD 9) incident strokes
Switzerland Vitamin C ~  smoking, blood pressure and cholesterol)
Manson et Female nurses free of CD;})?& e and 183 incident After adjustment for age, smoking and other cardiovascular
al. (1993), 552diagnosed IHD and cancer 87245 34-59 8 vitamins C strokes risk factors, higher antioxidant vitamin consumption (all three)
USA at baseline (1930) : is associated with a reduced risk of ischaemic stroke
and E
Mortality from stroke was highest in those who had the
Randomly Se}ected elderly Dietary and 643 died (124 lowest vitamin C levels. Low vitamin C, whether measured
Gale et al. peaple (1973-4) free of history _ ; . 1
(1995). UK or symptoms of stroke or IHD 730 65 20 plasma because of by plasma concentration or dietary intake, was strongly
JID livir?é ig the combmunity vitamin C stroke) related to subsequent risk of death from stroke but not from
IHD
Estimated Ninety-seven
servings per i(ncident strokes The risk of completed stroke or transient ischaemic attack
. . PSS d of fruits seventy-three was adjusted for BMI, cigarette smoking, glucose intolerance,
Gillman et E)?rﬁg(%gzﬁnggsgulatmn based and completed physical activity, blood pressure, serum cholesterol, and
al. (1995), MeEer free of ‘carc%li‘ovascular 832 45-65 >20  vegetables strokes and energy, ethanol and fat intake. There was an inverse
USA disease at baseline (1966-9) from a single twenty—-four association between fruit and vegetable intake and the
N 24 h diet transient development of stroke so that the intake of fruit and
recall at ischaemkic vegetables may protect against development of stroke in men
baseline attacks)
. Dietar After adjusting for age, systolic blood pressure, serum
Keli et al. Randomly selected men free of histodry taken Fortv-two cholesterol, smoking, energy intake and consumntion of fish
(1996), The stroke from the town of 552 50-69 15 in 19632) 1965 incidstlent strokes  and alcohol, dietary flavonoids (quercetin) and [i-carotene
Netherlands Zutphen (1960) and 1970 intake were inversely associated with stroke incidence. Intake
: of vitamins C and E was not associated with stroke risk
A sub-sample of 30% of a
gglfir\gtt?z(:on gx?lg?ee dc(;’lnggfll;;ir?idﬂeﬁ;ii;o 24 h dietary Twenty—four An inverse association If K intake, irrespective of
(1987). Bernardo, CA gSA who 859 50-79 12 K intake at died ofy stroke hypertensive status, with stroke mortality so that high dietary
%OSrA ' DaI‘tiCipat’ed in a survey of baseline s intake of K may protect against stroke-associated death

risk factors for heart disease
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A2d=d 7eld 4%

HZ AF FEEC Mo AbstA &4l diEl &3t dvkes 3ol B
1A Lee 5(2002)& w92 o)A N-methyl-D-aspartate= <13l
ZHY 5= Aty 2EY 2o dste] A4 FEFE, 5 Brassica oleracecea
var. capitata L., Brassica japonica L., Sedum sarmentosum L. Aster
scaber L.°] R o ayE H7IsAY. 1 A}, Aster scaber L. Sedum
sarmentosum L. 2 Brassica oleracecea var. capitata L.25-€ A Z3F F
=52 NMDAC 93] f=%¥ 39 glutathione?] #HAE Ao <93
AARTEIE YA 22y sdd HAEERY B HEFTO
 EHE et AEdael @3 A= B s Fokel Bls Ao

T3 LA E FEeto] VAT LR TR e Al
0]
AR

A= GeEgA FJejoln, A 7T AFES ALHF g3 4bg
2w Soll fate] F&Ael AsHIL AFAAEAL P4 A= AT
gt Folth kA o A4S Zdol o Add FAgoz A GSHA
de FHe 1 F&A4E E4E FAANE F e 7lE Sol Hasit
¥Rk oyt &4 AAlE AA R 2 F(food vehicle)ol &3t &%
s A F ' TbETIEe] 87U ol #E A ke mHFe
o|t},
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1 WHHE 7589 Ax § 7% A7

7] database Bl AFRFAPZFE Gulhk e ol A U
=0 A EdSs A 9af TheAdel =2 AE dE 21FS Adst
t} AeEl A]Z & Araliae continentalis Radix(©]3} ACR), Allii fistulosi
Bulbus(¢]3} AFB), Acori graminei Rhizoma(°e]sl AGR), Atractylodis
Rhizoma alba(¢]3} ARA), Achyranthes Radix(¢]3} ARR), Angelica
tenuissimae Radix(¢]3} ATR), Chrysanthemi Flos(¢]d} CF), Caryophylli
Flos(e]8t CLV), Carthami Flos(°]s} CTF), Epimedii Herba(e]s} EH),
Gastrodiae Rhizoma(®]sl GR), Glycine semen nigra(®]st GSN),
Ledebouriellae Radix(©]3} LR), Menthae Herba(¢]d} MH), Mori Ramulus
(o]3} MR), Nepetae Spica(e]3} NS), Pini Foilium(®]dt PN),
Siegesbeckiae Herba(¢]3} SH), Xanthii Fructus(e]s}t XF), Allium

x>

victoriallis var. platyphyllum(©]3F WAD), Acanthopanacis Cortex(®]3s}
ESR)olth. Alme AEAdedA Fdstsien, A=9 F(species)S
7HA St s st S alE)ol Al o2l ete] &lsiint. o] W A %=
A= PubMed, Medline, CARDS(Computer Access to Research on
Dietary Supplements), and IBIDS(International Bibliographic Information
on Dietary Supplements database) of the US National Institutes of
Health, Medline, FSTA, Agricola, Science search, KREP(Korea R&D
Bibliographic Information), DIMD(Dissertation Information of Master &
Doctor), KSMA(Korean Scientific & Medical Abstracts) ¢ A2 <z

& ol g3heirh
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U ZrE e E FEEY A
7retste]l %7] =7 (DRP, distillation under reduced pressure)®}t

dichloromethanes &vj=Z 3 HA-AH AL FZ(LLE, liquid-liquid
continuous extraction)®Hel 93] S WA Eo FEES AxA
tH(Fig. 3). &, &4¥9 Ax A8 THTE 3 L round-bottom flaskell
P, FG5~60C, ca. 95 mmHg)stl A 5A17F F7] S/t 7]
< ]

3 o alF - AL FE7]E ARSI dichloromethanel & 64

Hsot FE3519 1, F5 § sodium sulfate® &rfo] Holds FES A
Az T Wz #3715 FFZ3 rotary  flash  evaporator(BUCHI,

Switzerland) S AF&3le] ¢ 1 mLE ¥=312 04 mL7} 2 w71x A&
(No) 2 F=3d. dedes Ve &2 Hee AEste] 1087

2wy A &) FEEs Axzs

DRP method” Liquid-Liquid Concentration
95 mmHg, continuous under reduced
55-60 °Ci S5hr extractiolnB), 6hr pressure
rrern I O e I O et T U
Medicinal — | Distillate |—| Extraction | —» roma
plants chemicals

Fig. 3. Preparation scheme of volatile extracts by steam distillation
under reduced pressure(DRP, A) and liquid-liquid continuous
extraction(LLE, B).

#13l DRP-LLEAIA |3 W FE&E
A 5-S Kovats gas chromatographic retention index®} 2 #| 3}gHE-3F W)
™m

W3k o ZF AR 9 mass spectrometry(MS) fragmentation patte
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A AdE vtk WEkd Aol A 242 DRP-LLECA o3

FEES GC-FIDE AMgste] A3t 72 g2 Sy = 23 whsE

Ha, &9 detector ¥H$S 0271 pLE Fate] Rghe]l 09921 A3
_]

1

Aol SAsEAT. B Aol B FAS mass  selective
datector(HP 5973)¢} 30 m x 025 mm id x 025 wm DB-WAX
bonded-phase fused-silica capillary column(J&W Scientific, Folsom, CA)
o] #Ax¥ Hewlett-Packard(HP) model 6890 gas chromatograph(GC)<
sho] A5 olu] MS ionization voltage:= 70 eV, & & (He)o] A
E=+F 44 cm/s, in]ectorg]r detector &%+ 217} 2507C, 280C oI, &
TF 50TC7200C % 3C/min® rateE 3 10%3F holding times
A5 ARl WY AR Y £4S 98 = 30 m x 025
mm id. x 025 pm DB-WAX bonded-phase fused-silica capillary
column(J&W Scientific, Folsom, CA)¢} flame ionization detector(FID)7}
ﬂi]% HP model 5890 GCE ©]-&sttt. ol injector®} detector &%+
} 200C, 250Colla AE(He)el A& =+ 41.3 cm/s, split ratioe=

0.741: 10] =3

FIE ot O
1 oo

Fl[‘

l

TdS o]43 B4 Eh] g ° uz

518 = (Simulated in vitro ischemia model)2] &3

A AE FdA 38N HEFTS AWE F e H4EAY &
Aol b2 fEl], HE vud sERdAe] dHdol i &zl B
ol Ag P A ¥ 2 (Simulated in vitro ischemia model) & A&
shATh ol dato] HHH W FEI ddFyFol AdHORA LE
s a9 229 A9 (hypoxia 2 hypoglycemia) AEj e} 3] EA71
Z(simulated reperfusion)s& ZAfAIZl Edo|ty, & human brain
neuroblastoma cell(SK-N-SH)S 37T, 5% CO,, RPMI 16408} %] o] A4 1 &F
3t 1S 24-well plated] HAFEE HE3 T 48N 7 HoF wiSE 1

8 t}S glucose-free M| A = w333 Ny @ COy : Hy = 90 : 5@ 52 X

PN
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¥ += ischemic chamber(Coy Laboratory Product, USA)olA AEXE o
AZE =EA171 & OA] 37T, 5% CO. RPMI 1640W A 2 uL8kste] 47

7 i okEEtdeh. olul chamberete] AFA#=ES O, meteret indicatorE o] &

> od

G AZAERY 24
Az A

sto] RESHHAEES ol ¥, 53
Z AEL 77 570 nmet 630 nm IO A e, o uw Aoz
A570/A630 Hl&S ZF welldlA dolgle AEFE YEdY. 3 E
(ischemic insult)ell tigh A FAMxEe] B

Am 7] ME & (%) °©

lo H

AdeprA Holm 3~58e] g ol gA ALE
st ek B FEE o ofdglet #ol AbEste] Aol o] 83
1=

Concentration(ppm)=

7 } v 2
weight of dried samples(g)

B AEREDgAN JHIAH HEFT AT FE& 71H AT
7h Z2OAE 2 HAA A EFE] w g
1) LA 3 (astrocyte) v <

WA EE 2-593 HE(Sprague- Dawley ol AT Ao A i

5} o] }\}30} JTHChoi and Kim, 1998). &, EHAIS AHE|slo] G M E=Z

Bagk & PDL(20 pg/mDS FEE 75-cm® #jF ZaaE o] &3}

5% COxE w3 37CY FaHulg7IolA vidkstdet. WA 10% FBS7}

O
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A7} Dulbecco’s modified eagle’s medium/F-12 nutrient(DMEM/F-12)
g ol&ste] 175 MEs & oA PDLS Z® S 24-well plateo] &

A WER s Aol AHSsklth

2) W3] 217 Al 3 (cerebrocortical neuron) Hl| %

9 ABAEE DAl 15-17921 HE(Sprague-Dawley &) 2] Hi
ofol| Al EElsle] AL THKIm et al, 1999). =, 0.027% E R (w/v)<
A ste] @ MEE 10% FBS7F H7Fe DMEM/F-12 HiX| 2 HE-2bA|
7] 3L, laminine®} PDLS #® 3+ 24-well plateE o] &3] 5% CO.S &+
g 37T &% wETIA sl v 5dAel 10 uM
cytosine arabinosideE 24A]{H& 9 A2tk MEwm SN 5 33 n3k

FQ 3, MF F 15076 Aol o] 453

3) C6 glioma Hl| %
k-2~ e glial MEQD C6 glioma AXEF+ 10% FBS, &4
(100 U/ml sl 100 pyg/ml ~EFEwLo]A]) 9 #s d=7F Hrhd
DMEME o] &3to] 5% CO& & @ 37Ce] &3 mdrlolA v st
o AlEZEfF A2 2-3dvbe agheklal, 4-5dvte ERAIS A2kl 3
T3 AEE 1:8-1:109] Hl&= Adsdrh

o 318 231 F A ABAE gk Alge] Regy

1) WYA=F-¥ =9 A3 (immunostimulated glucose deprivation)Z= 7 ol
%!
24-well plated] /] ®WYgE WAEE IFN-¥(100 U/mD< LPS(1

pg/mhE 481 3HEet Agfste] WS A F, vFd s ARE

Aelen wEg A9 Az 8/‘]@50} 37CoI A wjFakiTh MEANS
o
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N
e
B>

-¥ =9 A3 (oxygen-glucose deprivation, OGD)Z o A 2] 417

159 &<t 24-well plateoll A wdd dHAZAMNEE EEFS T
kAl 2 wiAR mEeta FrIAd widrI(85% No/5% CO»/10% Ho)
(ThermoForma, Marietta, OH, USA)ol| Al 1A 7bE<t v gste] 8-S
Lotk AtA-xEd A 5 AE Mz 55 mM EEYS ¥
L 5% COxE &wdh 371Co F&3 wid71(Ad wiFde)ol A vl 24]
& wj skt /‘ﬂ,\iﬁ}t A e] LDH @45 ZAsto] F&Fatali

% LDH &4 ¥+ = LDHY v &= ndsgrt

s

(¢}

3) M EAF =7

AEZALE 71EE o]€3t9 LDH &4S A% o8 A3
, AEE AEe wiAl 20 plel 20 pl®] 1 mg/ml NADH/0.45 mM
pyruvates 7}ste] 37Tl A 303 WbSAIZTh ol 7]el] 20 ple] A A
°k(2,4-dinitrophenylhydrazine/l N HC)S #7}ste] A Lo A 2087F vk
ARG 29 vg wes FAATZZ] fEl 100 plél 0.4 M NaOH -84
d7betar SRFEAE o] &3] 450 nmold FHEE SAHSIT AXE

A= % LDH @4 %= % LDHe &= xastqd.

Ay

o oo

Hi

4) Western blot analysis

M 3E+= lysis buffer(50 mM Tris-HCI, pH 8.0, 150 mM NaCl, 0.02%
sodium azide(w/v), 0.1% SDS(v/v), 100 pg/ml phenylmethylsulfonyl
fluoride, 1 wg/ml aprotinin, 1% NP-40(v/v), 0.5% sodium deoxycholate
(w/v)el AxEzE &3lA1Z1 5, 14,000 xX g, 4TolA 103t L&k
o @de SDSE o83t WAAZ § Bio-Rad Miniprotein I
apparatus = o] g3} o] 10% SDS-polyacrylamide gel
electrophoresis(PAGE)E A &3} % t}h. Stacking gel ¥} separating gel®] &
L= 77 4%9 10% olew dAUhE wwEe 100VelA 90+ E<t
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nitrocellulose membrane(Amersham Phamacia Biotech Inc., Piscataway,
N]eoll H7]H o2 transfer 3Tl Nitrocellulse membranes 0.05%
Tween-20(v/v), 5% skim milk(w/v)E 41 Tris-buffered saline(TBS)<
o] &3t  1AIZF &<t blocking 3dFal, p-ERK(1:2000), ERK(1:1000),
p-JNK(1:500), JNK(1:1000), p-p38(1:500), p38(1:1000), b-actin(1:10,000)<]
primary  antibody®}  overnights <t HE-S-A] 71 % horseradish
peroxidase-conjugated secondary antibodyS 1A]7F E<F WkS-A| Ak A
H antibody= ECL Plus Western blotting detection system(Amersham
Pharmacia Biotech Inc.)ell 2|3l ZA3&t3tt A& €948 solution A9
B0:DE AH&2 -l 4o] AME-&tH, membrane 149 1mls AH&314
Membrane< Ao|4 1% =<9 ECL plus detection solution¥} ¥k-$A]%
t}. 1% X-ray film(Kodak, Rochester, NY, USA)e| +x=Z3lo] 343}
of. A&FS 98, <ibsk® ERK, JNK, p389] wkxE HQlAikstEl ERK,
JNK, p38ell tidk Hl= H 433

o)

l‘

)

2

ALzl A A & % E ¢l malondialdehyde(MDA) A8 AL E lysisA
71 & 33 mM FeSO4/33 mM ascorbic acid® 37Col 4 3057t

oo E29] thiobarbituric acid(TBA)ES i 100°ClA

o
1057F WES- A1 7122 YZEAI 7 oFS 532 nmoll A S35 SA AT

2) & sikss, vrSA AFAFT(ROS) ¥ A4AF(RNS) 2AS &4
Z 35S 2.2 -azinobis(3-ethylbenzothiozoline-6-sulfonic  acid

(ABTS+) &2 274 %S A3 TEAC assayE o] 83t =A319t}
WA 7 mM ABTSE ¢4ddA 16A13Hse 245 mM  potassium
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) Superoxide &% 2~7%F
Phenazine methosulfate(PMS)/E-nicotinamide adenine dinucleotide
(NADH) systemol A A4 ¥ superoxide radical®] nitroblue tetrazolium
chloride(NBT)E #9417 HEE microplate readerE ©]-&3le] =43}
v+, Z, microplated] 190 pl®l NADH/NBT(ZzF 103 uM, 50 pM), 10
ple] ThES wwel A= 2 50 ulo] 50 uM PMSE £AMuE Hrbeta,
Ao A 3EF<oF HHS At Microplate readerE ©] &3] 540 nmol A

o

¢
FREE Z4sgom, gule] FREel U@ AR AT FFE Aol
=

t}) Hydroxyl 2ttlzt &7 =

Fenton system(ascorbic acid/FeSO,~EDTA/H:O2)el 23] A%
hydroxyl radical®] deoxyriboseE #3|A|7]&= AHAEZE deoxyribose < ©]
&3t =AYt =, AP Ao 15 mlel 3.74 mM deoxyribose, 100 ul2]
thekdk HxEo AE, 100 ple] 284 mM HoOo, 100 plel 2 mM EDTA, 100
ulel 2 mM ascorbic acid R 100 ul®] 400 uM FeSO,& A= H7ts)
aL, 37TolA 1AzbEE wreART. wbe A5 1 mle] 1%(w/v)
thiobarbituric acid®} 1 mle] 2.8%(w/v) trichloroacetic acidE #7}&}aL
100Col A 128 FoF #9 F Fulz Ao Yol 108 & YzZA A
FRA=AE ol&sto] 532 nmolA FHEE FAEAeH, &Y FF

ol B AR AYF FRE] AolE LT (%) er HASAH
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2}) Hydrogen peroxide & 7%

o

Hydrogen peroxide’} guaiacol ¥ peroxidase®} HFS-3le] ZA S o
+ A% E Guaiacol methodE ©l&3dte] FAsktt. =, A ¥ 830 ul®
150 mM potassium phosphate buffer(l mM EDTA 23} pH 7.4), 10 ul
o] gkt Fwol Al®E, 10 pl® 145 U/ml horseradish peroxidase, 50 ul
9] 0.2% guaiacol solution % 50 ul2] 10 mM Hx0.5 H 713 3 220l A
305 <t HPo’\VjE} FRBE=AE ol&ste] 436 nmolA FF =
fgon, e FF=o] g A8 HYF FFE AolE 2AFT(%)

o2 st

Olt

u}) Peroxynitrite 471

3-Morpholinosydnonimine(SIN-1) ] Ab3puEg-o 2 A3
peroxynitrite(ONOO-) 7} dihydrorhodamine-123(DHR)S  4F3}A] A
rhodamine-123(RH) 2.2 A== AL s FFEAHES o83t FAH

3t &, microplate®] 10 ple] 130 U/ml catalase, 10 ul¢] 200 uM SIN-1,
10 ¢ 10 pMe] DHR-123, 70 pl¢] ©t¥3s 5529 ANss H7tsta A2
oA 20%5<t WS AIZTE  Fluorescence microplate reader(FL600,
Bio-Tek Instruments Inc., Winooski, VT, USA)Z o]&3o 490
nm(exc.)/530 nm(emi)ellA &35 FAsAh. &rje] FFeo thgh Al
T S dFE ZolE 27T (R)oR XA

v}) Nitric oxide(NO) &A%

4 mM cysteine?} 200 uM S-nitroso-N-acetylpenicillamine(SNAP) 3}
Hkg-5lo] A E NOE Clark-type electrode(ISO-NO, Mark II, World
Precision Instruments, Sarasota, FL, USA)Z o]&3slo] =A st AA
¥ NO ¢ data acquisition system Duol8(World Precision Instruments,

Sarasota, FL, USA)S o] &3lo] g &s} 3},

- 45 -



3) WM E3SA A (Immunocytochemical staining)

AT 2-54% A (Sprague-Dawley3)e] A7+ I AoA I 1A
£ 4% paraformaldehyde/PBS(w/v) &o @ A2oA 1083 11743
A 7FE 70% N eh=(v/v)S ¥o] Bt WA peroxidase
3tA1 7171 94, 3% HoOo/PBS(v/v)E H713sle] 2o A 5859F vkg-A]
F, " Eo]lx das ] 93] 8% BSA/PBS(w/V)E FH7tshe] Ao
A 307Fer Wk Al ATE  Nitrotyrosine WweS #AAE7] ¢ 10
ug/mle] rabbit anti-nitrotyrosine antibody/1% BSA/PBS(w/v)E 29
A 2A7E EeE Wk AT PBSE AlFshal,  1:2009]  anti-rabbit

oX, o
il r
0
iie]

™

horseradish peroxidase conjugated secondary antibodyS 2204 1A]%t
ot "k A7l tS, AEE 0.05% diaminobenzidien(w/v) 2.2  1FAIA] 7
dugo g s

4) nLA| 2] 2 7-dihydrodichlorofluorescein(DCF) #¥ % =4

A FEo IFN-r(100 U/mDeF LPS(1 ug/mhE 484135t A gs &
=

TGS FHekA Fe DMEM HiA 2 8AI7FEor wj%ksiith. 1 ke
200 uM SIN-1S #H7bste] 3A17H s E2dS i34 &2 wjAZ )

z
Stk o3 sxe AlgE SIN-1 Aok A6 AHgsde. 1 F
30 uM 2, 7-dihydrodichlorofluorescein diacetate(DCF-DA)E A2 3slo] 10
BEob "lg A7l & DCF¢ &3%Z fluorescence microplate reader
(FL600, Bio-Tek Instruments Inc., Winooski, VT, USA)Z o]-&3}o] 485

nmext.)/530 nm(emi.)ol A =43

gt FEZE ol &AL
nNEZE=gote] &4 AEv EZE=ol F 3 ¢l (mitochondrial
transmembrane potential, MTP)E SAsto] <Js] H7lsdo. =,
24-well plateol A B3 WA FE] 1.0 pg/ml 55 ,6,6-tetrachloro-1,
1',3,3' ~tetraethyl-benzimidazolylcarbocyanine chloride(JC-1)& Z7}stal 37C
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o Al 203t WEgA1Z1 5 PBS®E Al A vl x|o] A8 & FH7Fsto] 3A1%bs
oF whS-A1Zl & MTP9Y 4™ (depolarization)S fluorescence microplate
reader(FL600, Bio-Tek Instruments Inc., Winooski, VT, USA)E ©]-&3}
530 nm(ext.)/590 nm(emi.)l* =743}

b Al =Ee] W3t A

WAEE 912U WSS ohe, 3 e A A E(microglia) (377,
3E, 200 rpm)E 48-well plateo] thA] wjdste] A do] AFESIATE. Al
AEE LPSA0 ng/mD=E A star, 24417 Fofl wix & FH3sto AuAlx
ol ¥ NO ¥ Griess YHE o]-&sto] St Griess A oF 1
(0.1% napthylethylenediamine(w/v)/5% phosphoric acid(v/v))¥} Griess Al
°F I (1% sulphanilamide(w/v)/5% phosphoric acid(v/v))E AF-& 2] A
L1= Egatslvh wiAol F&o Griess Al%FS H7bskal 10725 229
A WES-A1 7]l % microtiter plate reader(Molecular Devices, Sunnyvale,
CA, USA)E o]&3te 550 nmelA FHEE Aokt 0-100 uM

=
=
sodium nitrite2 X TH4S 3519 NO ¥E2& &3

vh, M EF7] B3 (cell cycle distribution)®] =3

AEF7] BEXE= C6 gliomas o]&3te] =t =, wds x2S
PBS= AlHgE 5 EfilAlgste] 33k AEE citrate buffer(250 mM
sucrose, 40 mM sodium acetate, pH 7.6)° ®AMAIZTH AXE A7}E
DNA staining/lysis buffer(10 ug/ml RNase, 20 ug/ml propidium iodide,
0.5% Nonidet P-40(v/v), 0.5 mM EDTA/Mg”, Ca* ~free PBS, pH 7.2)%
3087 I M3} TE. Flow cytometric analysiss FACS Caliber (Becton
Dickinson, Mountain View, CA, USA)E o|&3d}o] 4335}t 567-609
nm(FL2)¢] emission filterEs ©]&3t], A& stud FH A 10,0007 A L=
skt &g M7EA AEZF7]84(G0/GL, S, G2Z/M7DE Urol

CELLQuest Z & 712 (Becton Dickinson)S AFg3te] 1 v &S A9
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260-270 g9 A Spargue-Dawley #ZE S 60-80 g¢ Mongolian
gerbil(Meriones unguiculatus)> Chrles River Laboratories (Seoul,
Korea)oll A 948t Att. 12413F v/9F F7]12 AbSs8ta 2o
A EA AFHASES st Ajedl o] &3] Holl 69 EeF A4

& AH83r9

d

1 O 2=
=

4

LI

o M
rr

kv

2) wasdrd

HE= 70% N2O/ 30% Oo(v/v) 7F2oll 3% isofluranes &3t wh
AN F, 2% isofluraneS. =2 G EHIE FASIATH AR 2EAE
st Ferbedt RS ol A= 3TCE FA ST &
Hed2 5 dWdae] £t 39 AHMCAO) o dojrfr=
tho] AAbe] whel AAE A tH(Belayev 5, 1996). &, & FU¢S AIst
i mFEAA B A REE FosA 2% FATY, WEE
2 oAdeHs By 7 FAeHY 4 HS AFsta =nte AP F
W WA W] EA - z2E HAAE AT FH AY B9 AR 9%
S A2FAFdomM 55 FuxH TS AHstArt WS 20§, 22 E
= AAst des AR ARG Alss 28 A5, ARF A5l
o s vk

T4 24X o] HEE chloral hydrate® vk st s|AYAZH Tt =
E9 HE ##3te] 2 mm F9 coronal brain slices: 42 § ¥ A

S 2% triphenyl tetrazolium chloride(TTC, w/v) &9o] @o] 37Tl A
0 &QF WHSAIHY. TTC ¥Hg ¥ ¥HAHE 4% paraformaldehyde/0.1
M phosphate buffer, pH 74% 3dFE¢ uAHI} T 30%
sucrose/PBS(w/v)ell A 2d%¢F w9t H&d WHES  computer
image analysis(OPTIMAS 5.1, BioScan Ins.)E ©o]&3to] A4kslslar, >

w



|7 cryostatell
CToA AAsS

3) Ax Y nd
80-88 g° <# Mongolian gerbil& 67% N20/33% Os(v/v) 7}2=el
o

2.5% isofluranes E&3ste] vlHAIZI AdEjol A 4ZE HAesHE el
O,

MAAFE A=A &3 aneurysm clipE o]&3to] FEHES HHAIA
ot ddlo] sFo] ¢hx3s] AdkE A2 ophthalmoscoped o] &3te] =9
FeHs AAFo 2N st HHA 5% F, aneurysm clipS Al A3
of o] AFAF HEE Yt Sham-thZT(n=7)2 4&HNS A
Bl T4 Fes AT e Eetl FEe] ¥yl nHv E4 )
7HA Aee 37+03CE FAAZAG Ass A9 @ 30&d, #9437
S, AT 24 Foll F At

T4 79 T gerbilS chloral hydrate® m}3le] 4% paraformaldehyde/PBS
(w/v)E AFoE AFAA HE AT Aol # A& T
Pt A stel $aAstal, 4ToA 30% sucrose(w/v)/

PBSel  Ael®= A sAAN FAHo] EZHA FEH AHYIUL
Sucrose A7} B 2242 24 FAAL7E AMEste] 24538 dEla
cryostat2 vl H91& 30 Z+e} cresyl violeto & ¢
Atk sk CAL F-919 AAELARE Fotdndor Hrtsilon,

1| mm’g Aelgls AFALY 2 Sgskdch

L7 Mol X 4A1 7S

4) Western blot analysis
Z 2] lysis buffer[50 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.02%

sodium azide(w/v), 0.1% SDS(v/v), 100 ug/ml phenylmethylsulfonyl
fluoride, 1 ug/ml  aprotinin, 1%  NP-40(v/v), 05%  sodium
deoxycholate(w/v)]2 &3fA1Z1 3 14,000 xg, 4ColA 10%7F LA Eg
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sto] g dS FEqivh 29 v, @ E S SDSE o] &5k WA
2 Bio-Rad Miniprotein II apparatusE ©]83}% 10% SDS-polyacrylamide
gel electrophoresis(PAGE)E A a3t} Stacking gel ¥ separating gel©]
Fav A7 4%9F 10%R e drlEl dmEe 100 VoA 905 <t
nitrocellulose membrane(Amersham Phamacia Biotech Inc., Piscataway,
N])E Ho]A#H . Nitrocellulose membranes 0.05% Tween-20(v/v)%}
5% skim milk(w/v)E &%3 Tris-buffered saline(TBS)& ©]-&3}¢] 14
&<t blockingstal, p-ERK(1:2000), ERK (1:1000), p-JNK(1:500),
JNK(1:1000), p-p38(1:500), p38(1:1000), E-actin (1:10,000)2] primary
antibody ¢} dl&whE<9r HES-AlZl ¥ horseradish peroxidase-conjugated

secondary antibody& 1A]7bsr HESAIATH 34 @A ECL Plus

Ay

Western blotting detection system (Amersham Pharmacia Biotech Inc.)
S AHgste AEs AT AR 96, QlAtstE ERK, JNK, p3Rel FEE
Hl o148t ERK, JNK, p38d] tidh vl = ® A3l

. s g B ggse Wt xAL

FYES Gxe & 36ute] Fol uid] Pt 2 Sxso wEHEs =
Abetith 8l = T hedl BE =gl Suherh Abdete] Al s A
7 (n=11), vehicle %= (n=10), sham Z=v(n=10), &5 31vlg] o] A=5E
#2435tk Rotarod—fixed version® Ale tayd 3 ®H HAEH Ao
Rotarod-fixed version2 A 93t ZE HA:= 219 &< SAHFHAL 9¢
TMA = vl SA Sk 14, 18, 219l 2H7 SA ettt A5 A R ghsF
9 W3E ZAEH7] §8fA = reflex test, motor coordination test, open

field, watermaz A8 5& 3319}

2 E (Wistar-Kyoto, WKY/Izm)2}  stroke-prone
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Japan SLC, In (Shizuoka
prefecture, Japan)S. = FE FY43tAt. s=2 T8 F 257 ¢ 45417
0 8FE S Aldel o] g8ttt & SACY A 4wre RElsch
(1) SHRSP-%FA 2+ (n=9); (2) SHRSP-SAC+ (n=9); (3) WKY-*| 2"
(n=10); (4) WKY-SAC+(n=10). =5 & stroke-prone o] % 1%
NaCllw/v) &5 475 F53t¥ 3, SAC A2 05% SAC (w/w)
< FwotAth. TMBU Alg9¢ 4 SHRSP ratsell 0.5% NaCl &

spontaneously hypertensive rat(SHRSP/Izm)E&

01%, 03% F+o= FHAt. &S &% 22+2T, F5% 56+5%< &

[e)
Aol A 12417 vk =712 A5 ST

J2 pressure meter(Letica Scientific Instruments LE 5002,
Barcelona, Spain)& ©|&3}o] ulFstA] &2 AE]olA tail-cuff WHoZ
A 2R w5 18] S 39T

Gl g wrdste FHos 2 vy, o g A, AT
A2 ®E Hk-g(gait response), ¥ 77 (Eliash %, 2001) %

KR
= =
o RE BES AF 2AH PAE ANF] Aldle] HEFOR A%
7

=

3| mm F7¢ coronal brain sliceE
S 2% TTC(w/v) &l o] 37T A 30=7F WA HTE TTC
H-S 0.IM phosphate buffer® Yt 4% paraformaldehyde (pH

o =
de F

=)

l-"l
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Zob Byslgtt ¥ d WAL computer image analysis(OPTIMAS 5.1,
BioScan Ins.)E& ol-&ste] ALttt ¥ d¥ds & 2 A998 747 &
At Fagts ekt F dd HAS 6719 AHE Fste] F ¥ F
$o] v&2 FAFATY. 2L FZAAIA cryostat] Al 10 =& 30 pm=
22} (Leica 3050, Leica, Germany), 20C oAl #7431
A=Y HE AT 5 LT aAH N A 4AFE<E ﬂﬂﬁ‘}‘ﬂ
S uAsEa, 4TAA 30% sucrose(w/v)E ¥3H3 PBS £dof a2
AANA 2 22o] E4HA &5 APk Sucrose #2]7F &1
A 2AsAAY7E Abgste]l %8l dEal cryostatz sivh F9E
o2 2} cresyl violete®Z AT dlnt CAl H-9
Bl

JAEE BANF o Frsgon, | mm’F Aopgli A7

HJ o

O

4) Cytokine =

PEA A& dqe] AW TNF-a, IL-6 TFS enzyme-linked
immunosorbent assay(ELISA)Y & o]&3to] A3tk =, anti-rat
TNF-a, IL-6 @< Z& A7l Z¥ % microtiter plateo] 100
rat TNF-a, IL-6 =& @597 112 &3 100 pl 84S F9Ysta o
71oll 50 ule] biotin-labeled anti-rat TNF-a, IL-65 F7}3 $ 2 2of A
Q&5 ittt wFe plateE AHE FF Aoz 48] A3 o,
100 ul streptavidin-conjugated peroxidaseZ Z7}sto] A o A 30 % ¢t
vl FetATE mi & plates AHE FHor ThA] 43] AHT oF,
71o] 100 wle] 7] 3 (tetramethylbenzidine)S #7}slar Ao 4 3087 Wb
SAAY. 100 ple]  WESAA NS HI7FSE $ microtiter  plate

AW

2

reader(Molecular device, USA)E ©]&3}l 450 nmolA FFE=E A3t
At ¥ TNF-a, IL-62 58 A 154025 TNF-a, IL-6 §

Be At
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5. 844 AY FxEA 2 54
7h A8 HET AW @424 28

FEA HEF o GAEAY xEYE A& WY FEES A
zohe= WHY sdstA et =, Agste 571 S F(DRP, distillation

under reduced pressure)®} dichloromethaneg &wj= 3+ HA| -z A2
F=(LLE, liquid-liquid continuous extraction)®eoll 23] A% =3k
EEFEH W3Y A = stk 19 & mass selective
datector(HP 5973)¢} 30 m x 025 mm id x 025 wm DB-WAX
bonded-phase fused-silica capillary column(J& W Scientific, Folsom, CA)
o] Zx¥ Hewlett-Packard(HP) model 6890 gas chromatograph(GC)<
o] g3l FEIUES HASAY. A4S Kovats gas chromatographic
retention index¢t AA| =S vuel o3 FAEHE AAGE SAl
of GC-FIDE A&3ste] AFEAS Hastdet B A9 AF 4

S Y= 30 m x 025 mm id. x 0.25 pm DB-WAX bonded-phase

Kl
o

fused-silica capillary column(J&W Scientific, Folsom, CA)¢} flame
ionization detector(FID)7} %%l HP model 5890 GCE ©|-&3l3t}. o] u
injector®} detector &%+ Z+7ZF 200C, 250Co|lx AE(He)o APFEE
+ 41.3 cm/s, split ratio= 0.741:1¢]th. A 2 AHFEHo] dad =&
g =ol thate] A3t APl FAts|d Rl ot &S AT 5
A o] oA w = 9 alcoholiF, ketone¥, aldehyde, terpene¥, 7]€F &

MAzde SRt 19 ts 4 B8 WelAd =7 231 2EF
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< YAl &, CH:Cly, n-BuOH, Ethyl acetate® -
3] S 7} B3 Eo sAE FAT s Aol 9oA
FH E3e We H99 gradient mobile phase(n-Hexane-EtOAc-MeOH) %
Silicagel column chromatographyE 2AAlstGth d8ld =42 Yeidx
T = Speed/Vaccuml = EmlE A A% F deuterated solventol] Al&5E
%ojx NMR tubeel %71 $ NMR A3 A&3ta, 3]43te] Mass
Spectrometry % IR #24o] AF-&-3}$3 ).

i g A
2 AFoAN S BHole dd 249 7 x2E o] fske] AHE
= & F% NMR spectroscopyS ©]-&3th =5 NMR 4
32 Bruker Avance 400 spectrometer (Karlsruhe, Germany) system=
AbEEtgla 22 208KE sh¢lth. 'H-NMR, “C-NMR, DEPT, COSY,
TOCSY, HMQC, HMBC spectras =43t aL, €= deuterated= X] 3+
d 8= AgstTh 'TH-NMRO A9 1 s 7H4 o= 329 scanS 341
32K®°] data pointE AF£3F3th 90 pulse= 9.7 s= 3} 3L spectral width
S 4K HzZ 39 715S &9k "C-NMR¥ DEPT spectrum®] %9+
64K9data pointE AF&3FR L 90 pulse= 98 s& 3R o™  spectral
widthte 20K HzZ 3}ltl. =5 two-dimensional spectra®l 2% 2
dimension®] 4% 2K data pointsE AF&3F1 2™ fl dimension® 7%+
256< AFE3F T HMBCY 749 long range coupling constantE 70 ms
2 3kt TOCSY ¢ NOESY®e 749 mixing times 27 60 mset 1 s=
st 47 Aed ddsS Fdstel A" 2 249 7 E TxE F
=+ Chapman & HallA}¢] Natural Products Data/Base 55 o] &
A3k setEe EAl AFE FSle gtk CDol EAlskA ¥= 3%

= H=
FAF FEE R g 2 FEE 55 % STNeIA A4



e 2,
Aol Fx B FA4 SAE usY dEscd dste] duEdth 7%
¥ 3 AF(constitutional descriptors) 23 E2F=(MW), |34, 34 73
2} 2= octanol/water partition coefficient(Clog P), &34 (Aslog S); 9
A2 738 ZH(topological descriptors) 2 =4 W A (PSA), A3 d7]&
A =2l Balaban index; A #7124 3% 3d A} (electrostatic descriptors) &+ &
SHAV E F AdAVE; 5 o Z=AEE blood brain barrier(BBB), <14
2% FE(HIA)o] itk EILSTEINE, DIPPR, MRCK, HOPOC, HSDB,
PhysProp, PreADME(version 1.0, Research Institute of Bioinformatics &
Molecular Design), TRCTHERMO % 2] tlo]EH|o]~E o] &3l Al=3}

3

it
o
rf
e
o,
[
2
oty
il
Ho
o
N
PN
o,
%
il
“
£
_O‘L
N
Ho
%

=
=
S|

ZS|

At
T AEAA dREA 2= SAS AR S 24Edd

2 HPLC =& GC #AWWES gdHgt ot pH stability, storage
stability, heat stability & A&t}

L

AHREL H + FFEoAHEE FFHAHE YERNAT. Student’s

t-testE ©ol&3dte] FoAHE Al on. Hd¥ FELP AelM=
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Wilcoxon rank sum test& AAISAT. & F 2 A addd g

2-way ANOVAZE %2 A]3}o], Duncan’s multiple range test® 7
T 579 #o]: Wilcoxon rank sum test® A3t #2904

0.05 FEolH HS3HA
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A2d A3 3 uF

1. 8|84 HEF AW &4 84, 22 R FE&7H" A
738 HET AW A4F AR &A 2=
D WY AE FE=9 Ax

PubMed, Medline, CARDS(Computer Access to Research on Dietary
Supplements), and IBIDS(International Bibliographic Information on
Dietary Supplements database) of the US National Institutes of Health,
Medline, FSTA, Agricola, Science search, KREP(Korea R&D
Bibliographic Information), DIMD(Dissertation Information of Master &
Doctor), KSMA(Korean Scientific & Medical Abstracts) & 7]
database®} AR FAFRFEH ulh e o A WY el g4 E

A& A o8 S EA HEFT AW TheAel =2 A= d

I
k3
I

dekslnh = A= F(species)E ATL7HAB AL &
=

=18 BEAEY FEES TYste F71 SF(DRP, distillation
under reduced pressure)®} dichloromethaneg £wjZ 3F A -ofx AL
F=(LLE, liquid-liquid continuous extraction)®oll el&] #| =3ttt A
% FEES DB-WAX columnoll A #2413+ A3= Table 29 #t}. 21
T WEAE FEEAd UM HA P A F oFES A4
ACR(2963 mg%, w/w), AFB(0.814 mg%, w/w), AGR(8512 mg%,
w/w), ARA(12.607 mg%, w/w), ARR(2534 mg%, w/w), ATR(7.907
mg%, w/w), CF(6.925 mg%, w/w), CLV(38.617 mg%, w/w), CTF(2.879
mg%, w/w), EH(1.668 mg%, w/w), GR(0.969 mg%, w/w), GSN(0.293

mg%, w/w), LR(1.459 mg%, w/w), MH(7.310 mg%, w/w), MR(0.552

- 57 -



mg%, w/w), NS(6.733 mg%, w/w), PN(4.932 mg%, w/w), SH(2.636
mg%, w/w), XF(0.743 mg%, w/w), WAD(3.632 mg%, w/w), ESR(6.825
mg%, w/w)o.2 YEGTH A Wesy 253 9] F=EF3 VVel §

-2 vl d Fof 15%(w/w)o| AT},

Table 2. Total yields of aroma chemicals for medicinal plants

Sample Total yield of aroma GC peall§

chemicals (mg%, w/w) area %
ACR 2.963 51.8
AFB 0.814 7.3
AGR 8.512 78.2
ARA 12.607 919
ARR 2.534 42.8
ATR 7.907 70.0
CF 6.925 59.7
CLV 38.617 93.3
CTF 2.879 24.4
EH 1.668 24.1
GR 0.969 151
GSN 0.293 49
LR 1.459 13.0
MH 7.310 66.1
MR 0.552 9.6
NS 6.733 59.1
PN 4932 45.2
SH 2.636 471
XF 0.743 12.2
WAD 3.632 50.3
ESR 6.875 599
YOn DB-Wax

ACR: Araliae continentalis Radix, AFB: Allii fistulosi Bulbus, AGR: Acori graminei Rhizoma,
ARA: Atractylodis Rhizoma alba, ARR: Achyranthes Radix, ATR: Angelica tenuissimae Radix,
CF: Chrysanthemi Flos, CLV: Caryophylli Flos, CTF: Carthami Flos, EH: Epimedii Herba, GR:
Gastrodiae Rhizoma, GSN: Glycine semen nigra, LR: Ledebouriellae Radix, MH: Menthae
Herba, MR: Mori Ramulus, NS: Nepetae Spica, PN: Pini Foilium, SH: Siegesbeckiae Herba,
XF: Xanthii Fructus, WLD: Allium victoriallis var. platyphyllum, ESR: Acanthopanacis Cortex

Al
21 WA FE25 AR AAEAS 98] DRP-LLEAA doR 5
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spetE ) vk e ZF Al E9 mass spectrometry(MS) fragmentation
patterne  AA A& vluedt. 1 A3 DB-WAX columnol A €]
Kovats index¢t Ate 5% 22l A4 EAE WFE 4728 dx4e
= Yekd A2 Table 3~6 B Fig. 4~73 (19l dolH = mAIA.
Zt FE=E Eestetaa, A9 A4, A ARE Z8ste] Fa wUE
4 Aol FAME A9 F 7HA 49 Ml (ratio)® 9otstr] 918 FE A

EEAS AAS Axe= t3 2ok ACR; berbenone, carveol, AFB;

>
s

propenyl propyl trisulfide, 2-hexyl-5-methyl-(2H)-furan-3-one, AGR;
asarone, methyl eugenol, ARA; germacrene B, P-selinene, ARR;
eseroline, asarone, ATR; butyl phthalide, a-farnesene, CF;
chrysanthenone, cineole, CLV; [(-caryophyllene, eugenol, CTF; caproic
acid, caryophyllene oxide, EH; n-cedrol, widdrol, GR; 4-methyl phenol,
asarone, GSN; l-octene-3-ol, maltol, LR; E-bisabolene, germacrene A,
MH; mentol, piperitone, MR; anethole, caproic acid, NS; menthone,
pulegone, PN; borneol, spathulenol, SH; geraniol, eugenol, XF; pulegone
f-selinene, WAD; diallyl sulfide, diallyl disulfide, ESR; PE-elemene, u

-beramotene.

- 59 -



Table 3. Aroma compounds identified in the extract from XF
Peak F Concn”

b
Peak o Concn Possible compound

No. (ppm)° Possible compound No. (ppm)°

1 1161 223 Unknown 28 2095 334 Di(t-butyl)-methoxy-cyclohexadienone
2 134 189 Unknown 29 2117 267 Trimethyl pentadecanone
3 1450 2461 1-Methanone 30 2146 045 Eugenol

4 1454 156 Furfural 31 2160 323 Nonanoic acid

5 1476 178 +~Menthone 32 2077 780 Unknown

6 1531 1637 Unknown 33 2210 158 Unknown

7 1623 568 Phenyl acetaldehyde 34 2231 167 Acetovanillone

8 1627  24.39 Pulegone 35 2238 546 Eugenol acetate

9 1637 1158 Menthol 36 2265 1.00 Unknown

10 1698 11.92 I=-Selinene 37 2287 178 Dihydroactinidiolide
1 1702 2316 Unknown 33 2319 145 Unknown

12 17M3 134 Carvone 39 2329 078 Asarone

13 1807 156 Anethole 40 2332 11.03 Unknown

14 188 1.89 Methyl propanoic acid 41 2344 2.00 Benzendicarboxylic acid
15 1863 590 Benzyl alcohol 42 23714 512 Unknown

16 1865 9.02 Unknown 43 23719 523 Decanoic acid

17 180 245 Unknown 4 2420 245 Unknown

18 1892 089 Piperitone 45 2455 245 Unknown

19 189% 679 Phenylethanol 46 2462 111 BHT-aldehyde

20 1912 212 Camphene 47 2474 089 Hydroxymethylfurfural
21 1953 579 Acetylpyrrole 48 2477 301 Dodecanoic acid
22 1970 123 Unknown 49 2485 434 Unknown

23 1993 178 Anisaldehyde 50 2524 10.36 Vanillin

24 2021 613 Unknown 51 2639 111 Unknown

25 2047 156 Unknown 52 2006  0.78 Benzendicarboxylic acid, dibutyl ester
26 2064 390 Octanoic aicd 53 2677 056 BHT-alcohol

27 2039 145 Cedrol 5 2637 167 Tridecanoic acid

‘T means Kovats retention index on DB-WAX.
Concentration; solvent peak excluded.
“Values are on dried weight of XF in pg/g.

Fig. 4. Typical gas chromatogram of the aroma extract isolated from XF.
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Table 4. Aroma compounds identified in the extract from AFB

b b
F;Sg%{ I %SSI%I;C Possible compound PNG?)%{ I %gg&l)lc Possible compound
1 1154 3413 Unknown 22 2087 1.96 Dibutyl-hydroxy methyl
cyclohexadien 1-one
2 1210 1.12 Methyl thiourea 23 2131 1.96 Unknown
3 1248 3665 Dimethyl thiophene 24 2151 721 Nonanoic acid
4 1346 19.30 Unknown 25 2157 2546 Unknown
5 1354 336 Hexanol 26 2164 504 4-vinyl-2-methoxy-phenol
6 1424 336 Propyl disulfide 27 2190 13429 2-Octyl-5-methyl-(2H)-furan-3-one
7 1519 1343 Unknown 28 2206 224 Decanoic acid
8 1647 3.36 Dipropyl trisulfide 29 2309 1.96 Unknown
9 1687 727 Unknown 30 2324 532 Unknown
10 1740 2.24 Unknown 31 2337 9.23 Diethyl sebacate
1 1746 1.68 Undec-2-enal 32 2368 3.08 Unknown
12 1762 1623 Propenyl propyl trisulfide 33 2454 532 Unknown
13 1787 3.36 Undec-2,4-dienal 34 2481 5455 Ethyl oleate
14 1832 1315 Dimethyl pentanoic acid 35 2514 364 Unknown
15 1849 3777 Unknown 36 2523 3245 Methyl linoleate
16 1861 2.24 Methyl propanoic acid 37 2068 1427 Unknown
17 1889 755 Phenylethyl alcohol 3 2580 11.19 Unknown
18 1930 9.23 Dimethyl-thriophene-2-one 39 2620 783 Unknown
19 1938 21.26 Hexanoic acid 40 2060 1.40 Diethyl phthalate
20 1973 132.33 Z’Mﬁrﬁfﬁﬂg(m 41 2670 140 Butylated hydroxy benzyl alcohol
21 2043 476 Octanoic acid 42 2679 2.24 Tridecanoic acid

‘T means Kovats retention index on DB-WAX.
Concentration; solvent peak excluded.
“Values are on dried weight of AFB in pg/g.

1g 18

39 34

Fig. 5. Typical gas chromatogram of aroma extract isolated from AFB.
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Table 5. Aroma compounds identified in the extract from NS

Peak I Concn” Peak I Concn”

Possible compound

No. (ppm)° Possible compound No. (ppm)°

1 1312 14.23 Methylcyclohexan-3-one 21 1885 7398 Unknown

2 1375 569 Unknown 28 1892 64874 Piperitenone

3 1380 2561 Unknown 29 1916 3414 Jasmone

4 1455  5357.78 Menthone 30 1923 569 Unknown

5 1476 7971 Isomenthone 31 1926 5.69 Unknown

6 1550 36.99 Menthyl acetate 32 1950 31868 Caryophyllen oxide
7 1562 59.75 Isopulegone 33 1966 569 Unknown

8 1588 182.10 Neoisomenthol 34 1970 2845 Unknown

9 1628 3121.34 Pulegone 35 1981 2561 Methoxy-4(1-methylethyl) benzene
10 1634 469.48 Menthol 36 2060 39.83 Decyne

1 1663 150.80 1+Mentha-2,8-dien-1-ol 37 2101 11381 Spathulenol

12 1689 62.60 i-Terpineol 38 2130 4268 Unknown

13 1698 702.80 Unknown 39 2137 3414 Isocamphonone

14 1702 13373 Piperitone 40 2144 2276 Eugenol

15 1709 2.3 Carvone 41 2181 3130 Unknown

16 1720 5.69 Unknown 42 2206 3699 Unknown

17 1728 854 Unknown 43 212 5975 Tetranmethylhicyclooctan-3-ol
18 1736 1007.25 Hydroxy-#-menthan-3-one 4 2256 62882 Mint furanone

19 1742 85.36 Unknown 45 2262 7113 Unknown

20 1785 15649 Unknown 46 2269 14796 Diethyl-26-dimethylenebicyclo undecan-5-ol
21 1791 159.34 Unknown 47 2309 2845 Unknown

22 1809 73.98 Unknown 48 2321 48317 Asarone

23 1825 31.30 Carvenol 49 2349 6260 Unknown

24 1830 42.68 Unknown 50 219 3414 3N Butyl phthalide
25 1861 59.75 Benzyl alcohol 51 2619 1707 Unknown

26 1882 586.14 Hydroxy menthene-3-one

T means Kovats retention index on DB-WAX.
Concentration; solvent peak excluded.
“Values are on dried weight of NS in pg/g.

Fig. 6. Typical gas chromatogram of aroma extract isolated from NS.
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Table 6. Aroma compounds identified in the extract from PN

1;325 I ?Sgg)l? Possible compound PNegF I ((:Sgg)lf Possible compound

1 1345 18.27 Unknown 32 1992 50574 Methyl eugenol

2 1447 70.34 Menthone 33 2013 87.24 Unknown

3 1472 53.16 Campholene aldehyde 4 2029 10660 Unknown

4 1517 1581 Unknown 35 2037 64.34 Cadina-1,4-diene

5 143 11505 Pinocarvone 36 2043 7307 Octanoic acid

6 1551 91.33 5-Methylfurfural 37 2076 11560 p-Cymene-7-ol

7 1564 2069.57 Bornyl acetate 3B 2086 103.60 2,6-Di(¢-butyl)-4-hydroxy-4-methyl-25
~cyclohexadiene-1-one

8 1575 617.24 Caryophyllene 39 2096 115869 Spathulenol

9 1579 18648 1-Isopropyl-2-methoxy—-4-methyl 40 2145 15867 i#Cadinol

nzene

10 1586 61.07 Terpinen-4-ol 41 2178 23801 Unknown

1 1597 11805 Myrtenal 2 2205 50383 Muurolol

12 1615 6489 [terpineol 43 2261 40050 Unknown

13 1629 76.88 Menthol 44 2276 15377 Dihydroactinidiolide

14 1637 47247 Pinocarveol 45 2282 10387 Unknown

15 1645 19384 Humulene 46 2319 221.38 Unknown

16 1665  692.22 trans-Vervenol 47 999 5344 S*HWIeth(é?}r/ﬁiig'émethyl*di

17 1676 338.34 Verbenone 48 2353 309.44 Caryophylla-38-dien-5-0l

18 1685 42831 Borneol 49 2358 13323 4-Vinylphenol

19 1693 16549 Selinene 50 2367 160.85 Decanoic acid

20 1706 58.62 aMuurolene 51 2380 2834 Unknown

21 1714 71.70 p-mentha-1,5-diene-8-ol 52 2419 85.06 Unknown

22 1739 58507 #-Cadinene 53 2446 149 Dehydroabietan

23 1751 30.81 Cuminaldehyde M 2465 23855 Dodecanoic acid

24 1776 15758 Myrtenol 5 248 272.09 Unknown

25 1820 9597 trans-Carvenol 56 2515 24155 3N Butyl phtalide

26 1832 670.13 p~Cymene-8-ol 57 2498 2129.00 ‘Thunbergol

27 1869 4117 Unknown 58 2556 42.26 Unknown

2 1886 13959 Phenylethyl alcohol 59 2578 76665 Unknown

29 1917 5453 Unknown 60 2608 1559.19 Unknown

30 1949 2133.09 Caryophyllene oxide 61 2604 16167 Methyl dehydroabietate

31 1964 12623 Bicyclo(2.2.2)oct-2-ene-1236-te 62 2676 604.16 Tridecanoic acid

tramethyl

ZI means Kovats retention index on DB-WAX.
Concentration; solvent peak excluded.

“Values are on dried weight of PN in pg/g.
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Fig. 7. Typical gas chromatogram of aroma extract isolated from PN.
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Fig. 8. Effects of simulated in vitro ischemia on the viability of brain

neuroblastoma cells.
Confluent neuroblastoma cells(2x10°) were exposured to the indicated period of
oxygen and glucose deprivation. Cell viability was determined by the

conversion capacity of the viable cells from MTT to its formazan, and then
was expressed as survival ratio(%).
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Fig. 9. Effects of reperfusion time on the viability of brain
neuroblastoma cells. Confluent neuroblastoma cells(2x10°) were exposured to
the indicated period of reperfusion. Cell viability was determined by the
conversion capacity of the viable cells from MTT to its formazan, and then
was expressed as absorbance at 550 nm.

Fig. 10. Effects of oxygen and glucose deprivation on the morphology
of primary rat cortical neuron culture. CONT : control, OD/GD : oxygen
and glucose deprivation.
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Table 7. Neuroprotective activities of aroma extracts

Neuroprotective

activity

Sample

GSN
AFB
EH

Neuroprotective
activity

Sample
AGR
CF

++

ARA
ACR
LR
XF

ATR
NS

MH

CTF

GR

ARR

SH
PN

++

WAD
ESR

++

4+

CLV
MR

—! Inactive, *: inactive or active in a much lesser extend,

+: slightly active, ++: active, +++: moderately active

+++

SAC
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Fig. 11. Neuroprotective effect of AGR(A), ESR(B), PN(C), WAD(D), CF(E)
and F(SAC) against simulated in vitro ischemic insult. *p<0.05, This
assay was done at least 3~5 independent experiments.
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=4e Adste &Bde HolA &Fdth(Fig. 13). °lol SACI PNe]
NMDA receptors =@st=d v|x+= &3= vujsk Aoz FAts S

3k A2 7} cell cycle progression®] VA& AEFS AHR7] $5to] C6
glioma cell& ©]&3}o] flow cytometer® A3k A3} SACY PNe A g
7} GO+Gl, S, G2+M7]9] ®Xo "= g A9 gl AR AL
AtH(Table 8 % 9). &3 SACY¥ PNel Az 7} cyclin D1(Fig. 14) %
caspase 3 B 9 /o WA= FIF(HoIH WAANS FHEoU F A

W A& ?%EEE—H g4 gt R
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Fig. 12. Effect of SAC on the NMDA-induced cytotoxicity in the cultured
cerebral cortical neuron. PC: MK-801
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Fig. 13. Effect of PN on the NMDA-induced cytotoxicity in the cultured
cerebral cortical neuron. PC: MK-801
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Table 8. Changes of cell cycle distribution by SAC

Cell cycle distribution (%o)

Treatment
G, TG, S G,+M
Control 60.4 21.8 18.0
SAC1 mM 62.3 20.0 17.8
SAC 5 mM 76.4 10.1 12.1
Dwe31 3 uM 86.3 6.4 72

Table 9. Changes of cell cycle distribution by PN

Cell cycle distribution (%)

Treatment

G, +G, S G,+M
Control 60.4 21.8 18.0
PN 20 pg/ml 60.3 20.6 17.4
PN 50 pg/ml 66.4 16.6 15.2

Dwe31 3 pM 86.3 6.4 7.2
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Fig. 14. Cyclin D1 promoter activity in C6 glioma cells.

C6 glioma cells were stably transpected with cyclin D1 reporter gene. Cyclin

D1 promoter activity was determined using by luminometer.

representative mean*SD of two experiments.
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Fig. 15. Effect of TMBH, TMBU and ADB on the NMDA-induced

cytotoxicity in the cultured cerebral cortical neuron.

- 74 -



[C— Control
C—J TMBH10uM
— 80 - EEEN O G D
s C_J1OGD/TMBH 1uM
< EEEN OGD/TMBH 10uM
£
3
- 60 —
©
o
-
o
3 40 -
]
s
c
@
=
nﬂ: N I_H_I
[ HH HH HH
1hr 3hr 5hr
100 -
[C— Control
CC—J TMBU 10uM
— 80 - EEEEN O G D
2 C_—J1O0GDI/TMBU 1uM
< BN OGD/TMBU 10uM
3
s 60 —
©
o
P
o
3 40 -
8
c
[
o
3
o 20
0 HHI I HH HH
1hr 3hr 5hr
100 -
[C— Control
[ ADB 10 uM
- _ BN O G D
q 80
< C_—J1OGD/ADB 1uM
£ BN OGD/ADB 10uM
3
i 60 —
©
o
-
o
()
<) 40
s
c
Q
o
[
o 20 o
. HHI [ I I
1hr 3hr 5hr

Fig. 16. Effect of TMBU, TMBH and ADB on neuroprotection against

oxygen—glucose deprivation in cerebral cortex neurons.

- 75 -



2) kst AA z2AL

A ~EY 29 AAEZTHE mixed glia ZW 8wl Al E}
neuroblastoma cellS ©]83}4 H.O.-induced cytotoxicityo]l W3dt H & &
I, AEW HAEEE(TBARS)O vX= &3 585 A9EsdY. 21 23
mixed glia ZWulY¥ A¥<9} neuroblastoma cello] A SAC¥ PN
HO2-induced cytotoxicityoll ™hgt ®&gate} Al IitstE A S
Sgrow Farle ALor YEt(Fig. 17 % 18). o3 &4kt g3
o] EAS Ao AR Ay SACH PNE peroxynitrites 473}
= a%7F vud ZF Aoz ZAE S (Table 10 2 11), superoxide
anions A~AStE &3+ A9 gAY v ekstA tH(Fig. 19).

5+, mixed glia 2l AEZolA W=} TGS AAGS =
4 (immunostimulated and glucose-deprived condition)S ©]&3}e] Al & 9]
2] 7F LDHYH | 93k cell death, DCF-DA®] 4F3} ¥ nitrotyrosine 44
o HX= FEFS AR 1 A3 SACS 10 uM s =4 A A=

W 255G A A 93 cell death, DCF-DA®] 43} 2 nitrotyrosine?] A3
dARE FoHoRE A= HeE YEgth(Fig. 20, 21 2 22).

PN T3 H,Os,-induced cytotoxicity, DCF-DA2] AF3} 2 nitrotyrosine?
S FYHCE a7 Aoz AZE T o] H A A]).

T AAAEomRY dow jhstA ~E A} e ASE AY
oA Alxe Ay 35 2ddte T2 AZAEAI MAPKs]
n 2= Alg9 93-S Western blotting®l]l ¢ & Ay B.okvh WA iy &

MAMEANA  FF  Fto] EZAQA MAPKs?! c-Jun N-terminal
linase(JNK), p38 MAPK % ERKOl WA= 9&S A4HE A3} ERK &
2 Sket ot INKY p38e] &2 Wstrh gl th(Fig. 23 3 24). ©]
of Wel SACe A= ERKZA F7te fodoz Assslon,
ERK AsfjAl= <4 A= U01263 sAloll A& A5 v efsiint s
Z-go] #AEATHFig. 256 B 26). o9t #> ERKEA 9] Asfie 229
2 Akl Ao fid iy udAAAMES] APEE Adfste A ¥
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dds #Eedt(Fig. 27 2 28).

ey AE FEERSE QY @44%<9 TMBU, TMBH 3
ADB® %343} 5(TEAC)Y hydroxyl, superoxide, hydrogen peroxide,
nitric oxide, peroxinitrite®} 2 ttjZ 2 vlgrjZd o] AAFTYNE HHH
oktt. 1 A3} Table 1201 yeRdl wiel o] TMBU, TMBH 31 ADB9]
Z323 5 (TEAC)®  hydroxyl, superoxide, hydrogen peroxide, nitric
oxide 2A&¥+= Holx &kt TMBU, TMBH % ADB: peroxinitrite
WA Adow AFEEHJOY W ETLOR AFREE ascorbic acid o
H]

ol

§ ICs02 &= wi$- =gkt o]} e ZAy= TMBU, TMBH % ADBY
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Fig. 17. Effect of SAC on the wviability and thiobarbituric acid reactive
substances(MDA) of SK-N-SH neuroblastoma cells exposed to HzOo.

SK-N-SH cells in 10 cm dishes were preincubated with different conc. of SAC
for 48 h, and then incubated with 200 pM H>O: for 24 h. The extent of lipid
peroxidation was determined by measuring thiobarbituric acid reactive
substances (TBARS). The value was calculated by comparing with standards
prepared from 1,1,3,3-tetraethoxypropane. #*p<0.05 compared with 200 uM
H20oalone.
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Fig. 18. Effect of PN on the LDH release in glial cells exposed to HOs.

Glial cells in 10 cm dishes were preincubated with different conc. of PN for 48
h, and then incubated with 300 pM H:O: for 24 h.
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Table 10. Inhibition by SAC of SIN-1 and SNAP-induced oxidation of DHR

123 to RH
. Oxidation of DHR 123 (%)
Concentration (mM) SIN-T SNAP
0 100 100
0.001 94 54
0.01 86 38
0.05 81 40
0.1 80 29
1 57 30
5 29 24

Dihydrorhodamine (DHR 123) was incubated for 10 min with SIN-1 and SANP in both the absence and presence of
various concentrations of SAC.

Table 11. Inhibition by PN of SIN-1 and SNAP-induced oxidation of DHR

123 to RH
N . 0
Concentration (Jig/ml) ;)Ii]lﬂanon oD 12?;1(\12;’
0 100 100
1 93 93
5 73 95
10 60 &9
20 53 83
40 39 >7
50 33 2

Dihydrorhodamine(DHR 123) was incubated for 10 min with SIN-1 and SANP in both the absence and
presence of various concentrations of PN.
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Fig. 19. Effect of SAC and PN on superoxide anion.
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Effect of SAC on the oxidation of DCF-H in glucose-deprived
immunostimulated glial cells.
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Fig. 21. Effects of SAC on the nitrotyrosine immunoreactivity in

glucose-deprived immunostimulated glial cells. A-F): Glial cells were
cultured for 2 days in the growth medium without or with IFN-g (100 U/ml)
and LPS (1 g/ml). Immunostimulated glial cells were then deprived of glucose
for 8 h in the absence and presence of SAC. A) Control; B) Glucose
deprivation (GD); C) Immunostimulation; D) Immunostimulation +GD; E)
Immunostiumulation +GD+SAC (10 M) F) Immunostiumulation+GD+SAC (100
M). Scale bar = 40 m.
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Fig. 22. Effects of SAC on the nitrotyrosine immunoreactivity in
SIN-1-treated glial cells.

A-F: Glial cells were exposed to glucose deprivation and SIN-1(200 M) for 4h
in the absence and presence of SAC. : A, control; B, glucose deprivation (GD);
C, SIN-1; D, SIN-1+GD; E, SIN-1+GD+SAC (10 M); F, SIN-1+GD+SAC (100
M). Micrographs were taken 4 h (A-F) after starting glucose deprivation and
are representative of 4-5 separate experiments.
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Fig. 23. Phosphorylation of MAPKs during oxygen-glucose deprivation
in cerebral cortex neurons by immunoblot analysis. After the cells were
harvested and lysed, samples of the extracts were electrophorized on 10%
SDS-PAGE gels, followed by Western blotting using phospho-antibodies and
pan-antibodies of each autoradiogram for the different MAPK isoforms.
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Fig. 24. Phosphorylation of MAPKs during oxygen—glucose deprivation
in cerebral cortex neurons by densitometric quantification. Results were
expressed as meantSEM from three separate experiments. The fold of relative

phosphorylation ratio to controls is shown in each panel. *P<0.05: significantly
different from each corresponding control
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Fig. 25. Effect of U0126, a ERK inhibitor, on neuroprotection against
oxygen—glucose deprivation in cerebral cortex neurons. Results were
expressed as meantSEM from four separate experiments. #*+xP<(0.0001;
significantly different from OGD control. MK-801 was used as a positive
control.

- 87 -



1200

Fig. 26. Effects of SAC on ERK-dependent neuroprotection against
oxygen—-glucose deprivation in cerebral cortex neurons. U: U0126 (10 M),
S: SAC (10 M). Results were expressed as meantSEM from five separate

experiments. w0 P<0,0001;
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Fig. 27. Effects of SAC on OGD-induced activation of MAPK isoforms

in cerebral cortex neurons by immunoblot analysis. Cerebral cortex

neurons treated with SAC were exposed to OGD for 1 h. Western
blottingusing phospho-antibodies and pan-antibodies of each autoradiogram for
the different MAPK isoform
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Fig. 28. Effects of SAC on OGD-induced activation of MAPK isoforms
in cerebral cortex neurons by densitometric quantification. Cerebral cortex
neurons treated with SAC were exposed to OGD for 1 h. The fold of relative
phosphorylation ratio to controls is shown in each panel. U: U0126 10 M.
Results were expressed as mean SEM from three separate experiments.
*P<0.05, =**xP<0.001; significantly different from each corresponding OGD
control.
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Table 12. Total antioxidative and free radical scavenging activities of
ADB, TMBU and TMBH"

Hydrogen

Compound TEAC? Hydroxyl Superoxide ) Nitric acid Peroxinitrite
peroxide
ADB NE” NE NE NE NE 1,820
TMBU NE NE NE NE NE 760
TMBH NE NE NE NE NE 2,970
Ascorbic
9 1.00 NE 281.9 55.4 NE 50
acid
Quercetin” - - - - 203.1 -

Y Free radical scavenging activities were expressed as ICs (UM).
2 TEAC represents millimolar concentration of a trolox solution having the
antioxidant capacity equivalent to 1.0 mM compounds.

59" Ascorbic acid and quercetin were used as positive controls.

NE: not effective
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Fig. 29. Effect of SAC on LDH release in glucose-deprived immunostimulated
glial cells.

Left: Glial cells were exposed to 10 uM SAC, Right: Dose-dependent effect of
SAC.
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Fig. 30. Effect of SAC on the NO production in BV-2 microglial cells.

Cells are incubated with various concentration of SAC in the absence or
presence of LPS(1 pg/ml). After 24 h incubation, the level of NO in the media
was measured using Griess reagent. Data are a representative mean+SD of at
least three experiments.
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Table 13. Nitrite concentration in culture medium from BV-2 mouse
microglial cell line treated with LPS in the absence or presence of
active compounds and wogonin

Compounds Concn (UM) Nitrite concn (uM)
ADB 0 378 £ 0.6
1 370 + 04
10 355 = 0.6
100 30.8 £ 0.6™
TMBU 0 371 £ 1.2
1 35.6 + 0.3
10 352 £ 06
100 341 £ 0.1°
TMBH 0 346 + 0.7
1 342 + 0.3
10 337 £ 0.6
100 328 + 04
Wogonin 0 350 £ 05
1 279 + 0.27
10 225 + 03"
50 169 + 0.2
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W3 d e H¥3d d(global ischemia)¥} =+
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F(edema)e] #HFE Ao, 17 FFEL 24+4% = Ve TH(Fig. 31).
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cresyl violet® 2 M3te] A3 Ay 8 F & 2U7R &4
AAMETE BFE A gokon, 49ol A A AMES] 9= (shrinkage) 2 9
$-Z=(pyknosis)o] B, ¥ AxE 2AHJTH oI AFAEY £
A& 79 U Fkete] A vlaLste] oF 25% whol st
(Fig. 32). T3k 2A17+9] focal ischemia® F@tslal A7+ 3o e %3
stx WM3lE B3 LAF cresyl violet @S A A, AAo d
vAe FHZEA oo g ExZ(molecular layer), <3¢ 3 (external
granular layer), ¢]3] #}v] =2 (external pyramidal layer), W ¥} % % (internal
granular layer), W3 2tv]=Z(internal pyramidal layer) % t}d=
(multiform layer)2 & FEH At A ZA(striatum)E 7] A3 (caudate
nucleus)¥} Z7F8] 3 (putamen) &2 TAEH I, o5 HNEELS AR H 9l

om Fhe Afel thie] BAHATE W, HA F AN HPo] £
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Fig. 31. Infarct size of normal and ischemic brain in the focal ischemia model.
Infarct size was determined by 2,3,5-triphenyltetrazolium chloride(TTC).

Representative pictures taken after TTC staining indicate larger infarct size in
ischemic brain(upper right) as compared with that in normal brain(upper left).

After ischemic insult, only a few normal cells are seen(C; cresyl violet staining
and D; H-E staining).
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Fig. 32. Representative photomicrographs of normal and ischemic brain in
global ischemia model(right panel). The neuronal layer of the hippocampus was
clearly visible after cresyl violet staining in control(A, B). After global
ischemic insult, neuronal loss was observed in regions CAI(A and C; cresyl
violet staining x100, B and D; H-E staining x100).

Fig. 33. Map-2 and GFAP immunohistochemistry in global ischemia model.
A and B; Map—2(microtuble associated protein-2) immuno-staining

C and D; GFAP(glial fibrillary acidic protein) immuno-staining
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Fig. 34. Effect of selected samples on the number of surviving cells in
the hippocampal CA1l region after global ischemic insult.

#xP<0.01 compared with the control.
##%P<(0.001 compared with the control.
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Fig. 35. Representative photomicrograph of the hippocampal CAl region
in the gerbil 7 days after global ischemia by cresyl violet staining.
A, F: Sham, B, G: Control, C, H: PN, D, I: SAC, E, J: VV
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Fig. 36. Effect of PN and SAC on the infarct volume of the rat brain
exposed to focal ischemia. Infart area was determined by
2,3,5-triphenyltetrazolium chloride (TTC) staining. PN-I: 100 mg/kg, PN-II: 300
mg/kg, SAC-I: 300 mg/kg x 1, SAC-I: 300 mg/kg x 2, *p<0.05 and

#x%p<(0.001 for the comparison between sample-treated and control groups.
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MCAQO control (n=10, infarct size: 25%)

Sample administration (n=9, SAC 300 mg/kg, i.p.)

MCAO control (n=10, infarct size: 23%)

Fig. 37. Reduction of infarct volume in the focal ischemia model treated
with PN and SAC. Representative pictures taken after TTC staining indicate

smaller infarct volume in sample-treated rat as compared with those in control
rat.
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Fig. 38. Effects of pre-treatment with TMBU, MM3CH,
MMA4CH, ADB, TMBH on infarct volumes by MCAQ. The

percentage infarct volumes are measured with TTC-stained brain sections.
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Fig. 39. Effects of pre-treatment with PN component on infarct volumes
by MCAO.

Representative TTC-stained coronal brain sections with six slices
(2mm-thick) each between 4 and 16 mm from the frontal pole in the

each studies group.

- 107 -



MCAO
0.5 1 3 6 12 24 (h)

pERK2 Pa2

ERKZ | e o s S - - -

pJNK2 p54
PJNK1 P46

JNK2
JNK1

p54
P46

pP38
; - P43

P38 ‘ﬁ“ﬂﬂ““m

-acti
Pactin' o o — — — — — | D2

Fig. 40. Immunoblot analysis of MAPK isoforms activation using
phospho—specific antibodies at following a middle cerebral artery
occlusion. The immunoblot is a representative example of four experiments

performed from two different sets of animals at each time point.
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Fig. 41. Densitometric quantification of MAPK isoforms activation using
phospho-specific antibodies following a middle cerebral artery occlusion.
Data on densitometric quantitation, expressed as fold of relative
phosphorylation ratio to controls, were mean+tSEM. #P<0.05; significantly
different from each corresponding control.
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Fig. 42. Effects of SAC on MAPKs by cerebral ischemic injury at 3 h
following a middle cerebral artery occlusion by immunoblot analysis. N:
normal, I' ischemia, I+SAC: ischemia-treated SAC. The immunoblot is a
representative example of three experiments performed from four different sets
of animals.
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Fig. 43. Effects of SAC on MAPKs by cerebral ischemic injury at 3 h
following a middle cerebral artery occlusion by densitometric
quantification. N: normal, I: ischemia, I+SAC: ischemia-treated SAC. Data on
densitometric quantitation, expressed as fold of relative phosphorylation ratio to

controls, were mean+SEM. #xxP<0.001; significantly different from the ischemic
control.
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Fig. 44. Improvement in neurological score following PN treatment.
Twenty—four hours after reperfusion following MCAOQO for 2 hrs, a neurological
examination was performed as previously described (Huang et al, 1994).
Briefly, the scores were 0 (no observable neurological deficit, normal), 1
(failure to extend left forepaw on lifting the whole body by tail, mild), 2
(circling to the contralateral side, moderate) and 3 (leaning to the contralateral
side at rest or no spontaneous motor activity, severe). Animals that showed
had the higher scores also showed all the features of the lower grades.
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Fig. 45. Escape latency measured in Water maze training. * P<0.05, a
comparison between sample treated group and sham control, # P<0.05 a
comparison between vehicle treated control and sham control.
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Fig. 46. Escape latency in visible platform version of water mazelall

trial(upper) and mean escape latency(bottom)]. # P<0.05, significantly

different between vehicle control and sham control.
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Fig. 47. Neurological examination.

Twenty-four hours after reperfusion following MCAO for 2 hrs, a neurological
examination was performed as previously described (Huang et al., 1994).
Briefly, the scores were 0 (no observable neurological deficit, normal), 1
(failure to extend left forepaw on lifting the whole body by tail, mild), 2
(circling to the contralateral side, moderate) and 3 (leaning to the contralateral
side at rest or no spontaneous motor activity, severe). Animals that showed had

twer grades.
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Fig. 48. Body weight before and after stroke onset in salt-loaded
stroke-prone spontaneously hypertensive rats. Values are mean+SEM.
*P<0.05; significantly different between untreated and SAC supplemented

groups.
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stroke—prone spontaneously hypertensive rats. Values are mean
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Fig. 50. Water consumption before and after stroke onset in salt-loaded
stroke—prone spontaneously hypertensive rats. Values are mean SEM.

#xxP<(0.001; significantly different between untreated and SAC supplemented

groups.
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Fig. 51. Stroke onset time, incidence, mortality and stroke-related
behavioral scores in salt-loaded SHRSP and age-matched normotensive
WKY rats: (A) Stroke onset time (mean SEM) was not significantly
different between SHRSP control and SHRSP + SAC groups according
to Wilcoxon rank sum test. (B, C) The number of stroke incidence and
mortality was calculated as a percentage of the total number of group.
Stroke incidence and mortality (%) was analyzed by Chi-square test,
respectively (C7=26.96, P=0.0001; C2=7.38, P=0.025). (D) Neurological
disability (mean SEM) was expressed as stroke related behavioral
changes. *Mean value was significantly different from that for the
SHRSP control rats according to Wilcoxon rank sum test (P<0.05).
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Table 14. Tissue weight in salt-loaded stroke-prone spontaneously
hypertensive rats

Liver (g) Spleen (g) Kidney (g)

Con 72 + 0.14° 051 = 0.02 1.99 + 0.02
TMBU 0.03 75 + 0.21° 056 = 0.04 1.98 + 0.03
TMBU 0.1 77 £ 0.14° 0.49 £ 0.01 2.00 £ 0.03
TMBU 0.3 387 + 045 051 = 0.02 2.08 £ 0.05

Table 15. Heart rate, systolic and diastolic blood pressure in salt-loaded
stroke—prone spontaneously hypertensive rats

week
0 1 2 3 4
Heart rate
Con 366.1 + 314 421.0 + 22.8 4112 + 154™ 401.8 + 138 431.8 + 24.7

TMBU 0.03 3920 + 234 4174 + 17.7 3806 + 240" 4128 + 193 4195 + 20.6
TMBU 0.1 364.7 + 21.8 383.3 + 236 3969 + 205 381.9 + 20.7 4186 + 136
TMBU 0.3 404.0 + 353 471.2 + 145 427.3 + 215" 4147 + 149 401.0 = 289

SBP

Con 207.2 + 195 1899 + 20.7 2184 + 7.8 190.1 + 148 1805 + 10.9°
TMBU 0.03 2038 = 156 1780 + 134 2351 = 79 2000 = 139 2143 £ 14.0°
TMBU 0.1 2052 + 195 2116 = 19.7 2281 + 109 1853 = 11.3 207.8 + 10.7"
TMBU 0.3 1833 + 106 201.9 + 198 2089 + 102 2230 + 11.5 1983 + 121

DBP

Con 1805 + 13.2* 1519 + 230 1620 = 75 1562 + 145 1447 + 84°
TMBU 0.03 154.1 + 199" 1347 + 141 181.7 £ 10.3 1566 + 125 1726 + 145°
TMBU 0.1 1787 + 183" 1852 + 164 177.1 + 11.7 139.2 + 109 1629 + 7.3
TMBU 0.3 1439 = 99" 1654 + 166 1684 + 95 1745 + 101 151.2 + 9.0™

+
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Fig. 52. Body weight in salt-loaded stroke-prone spontaneously
hypertensive rats
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Fig. 53. Daily food intake in salt-loaded stroke-prone spontaneously
hypertensive rats
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Fig. 54. Daily water intake in salt-loaded stroke—prone spontaneously
hypertensive rats

Table 16. Weight gain, daily food and water intake in salt-loaded
stroke—prone spontaneously hypertensive rats

Wt gain Daily food intake Daily water intake
Con 874 £ 81 171 £ 0.2° 506 = 1.5
TMBU 0.03 79.3 = 10.3 17.7 £0.4™ 454 + 16°
TMBU 0.1 90.0 £ 3.2 181 £ 0.2° 448 £ 1.3
TMBU 0.3 909 + 6.8 182 + 0.2° 512 + 1.8°

Table 17. Stroke frequency and onset in salt-loaded stroke—prone

spontaneously hypertensive rats

Con TMBU 003 TMBU 0.1 TMBU 0.3

No. of animals 10 10 10 10
Survived animals 10 9 10

Stroke incidence 2 4 0

Stroke onset day 26 26 - 27
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Fig. 55. Mean neurological severity score in salt-loaded stroke—prone
spontaneously hypertensive rats
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Fig. 56. TNF-u levels in salt-loaded stroke-prone spontaneously
hypertensive rats
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Fig. 57. IL-6 levels in salt-loaded stroke-prone spontaneously
hypertensive rats
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Fig. 63. HMBC spectrum of sample A.
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Fig. 78. Structure of sample C.
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Fig. 79. 1H NMR spectrum of sample D.
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=
Add FEEe £A0E 9% 712 AR H57] sla 24 24
o T2 % BAH EHS e GBS gfste] 4ug F 72
)=

¥ & 2} (constitutional descriptors)®& E2FEFMW) 3} E ;32 (MSA);,
satd  RHAAZRE  SE©E-&5  #u AlS(octanol/water  partition
coefficient, Clog P); €172 3 & A} (topological descriptors)®Z+ A% #
7144 %<9l  Balaban index; AFs}std Z# A (quantum  chemical
descriptors) 2% HOMO$} LUMO©®| It} o] 9} 22 2 54449 A&
EILSTEINE, DIPPR, MRCK, HOPOC, HSDB, PhysProp,
PreADME (version 1.0, Research Institute of Bioinformatics & Molecular
Design), TRCTHERMO 59| "ol Holx E= T2 ams o] 831%

1 A3, Table 187 o] SACS TMBH, TMBU, ADBel| H]3)] &g-&-

= 2o A5E 23 Add 2712459 Balaban indexA 7l ¥lwA

4g4 FFE2 HYA HNEF A 2AR o837 AL 20
o ol 5 /FEE Adae 245 AaAA AEsARAY B8

Pk

o2 ZAE Atk vk, PN, TBMH, TMBU, ADB 5& @& 53

U Aol gl SAC EE SAC-EXel wHls utel thekek A

matrixel] #&3t7] )= F71A R 7hEel dastrtal deE
3}

2]
T AELA duRA ddede] S4s dYET] fd 2d=4d

X,

2 HPLC T+ GC 49 3k v pH stability, storage
stability, heat stability &< ZAFSIAT SACS pH stability(pH 1-14),
storage stability(37] 9, A <), heat stability(0-80C, 1A} 24A17HE %=
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A8kl 60TCA 24417 Astds W oF 1%9 T HAE e
A& ALstas 2AbE 230A ] kA F Ao w e THFig.
81). ®xk ofye} SACE oF 12 &t A&stiAA PSS Ao Ay

kv
29

a2

2l

[e)
e A

812%% fAEA 1A Aol e 67%74A Baskel A A A
AR 308 olstE MAshE Aol @A srin AR
T3k TMBHS TMBUE vialell &53te] 5T, 25C, 45TClA 15, 2
o

%, 3%, 4% B AFE e AZAAAL AW AL Fig 84 2 859
i

L 5T A9 kAol thE AGREolA Hrt b Aol =%
. TMBU®Q 4%, 45T E 45 &<t 8% Fwoz fFA=H
Ao} 25CAE 1F5E 648%% HAstd L 4F A= 47%74A4 2+
Zdto] Ao A 15 oA HEe oHE Aow Almdt)

=

W, 4B FEE L= 0 BYEAS HY HMEF AP 2A=

Engd Eaxe)

o,

ol g3l7] A E AA HHA kAol fAF oo et wEtA SDH
=5 o]gst ANFEEAS AR @3 FAA YEUE 545 Frtsta
AeFel AAtES 8l7] 98te] SACH PNS O(thz) % 2,000 mg/kg2]
gFoz ok & 747 5 vy w3 AR sk 1Y v, Fol &
149 Fete] AntFd, AMME 9 AFRstet FHA 3 M, A%, A,
A, #H, A, A5F, 9, 9 S §AA Ads #AFEEA 2 A,
BRI o o UERTY APEL FoTolA Foo] 7dg A
Y} =

st R A= BEE A 2k th(Fig. 86 % Table 20 2 21). 1294 SAC

- 144 -



o] A% PNIt= 2] Fol 3 4A3F 3 8A7 A §F- = dRINA A A
o] & 144 35+

Atk Fol 5 8A3HA o ¢ AdEE FolxolA A7 A SHinanimation)

ol (mucous stool) E AW (soft feces)o] #&H T F

7F #EEAA, Fol & 3dA AFT dAA ] BEEHAoY, TAA
3|55 o] A F7F A EHATHTable 22 9 23). E3 233 A3
oA E7Eutst §ob3 ol daAe BEE A okt olA4te] Az SAC
7 PN9| ARk 9 4= Z47F 2,000 mg/kg oo 2 s

Table 18. Molecular descriptors generated for four volatile compounds

Structural Physicochemical Topological Quantum Chemical
Compounds "
a b alaban d e
MW  MSA Log P Index® HOMO LUMO
SAC 161.24 182.55 0.142 3.130 -8.834 0.363
ADB 17825 21758 2.586 2.135 -8.670 0.377
TMBU 204.39 22297 4.319 1.769 -9.076 1.224
TMBH 152.26 180.84 1.954 2.052 -9.452 0.914

? Molecular surface area

" Octanol/water partition coefficient

¢ The relative electronegativity

4 Energy of highest occupied molecular orbital in atomic units
¢ Energy of lowest unoccupied molecular orbital in atomic units
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Table 19. Basic parameters for materialization

Sample
Parameters
SAC-Ex SAC PN TMBH TMBU ADB
Extraction yield(mg%s) 100 2 50 3 10 7
. allyl 3 _ _ _
Standardized component sulfide borneol

. hydrophil hydrophi hydroph hydroph hydroph hydroph
Solubility ic lic obic obic obic obic

. yvellowish yellowish yellowish yellowish yellowish yellowish
Organoleptic, appearance powder powder liquid liquid liquid liquid

aroma NRE ++ 4+ ++ - +

flavor NRE. ++ 4+ e 4+ +
pH 55-65 45-55 4.0-46 ~65 ~6.5 ~6.5
: 0.1% 0.5% 0.5% 0.5%
Moisture content 01-1.0% 01-1.0% ¢ éf o] 3f o) éf o] 3f

+++: Moderately high
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Fig. 81. Stability of SAC at  different pHs(top)  and
temperatures(bottom).
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Fig. 82. Stability of SAC during storage at 25C for 12 weeks.
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Fig. 83. Heat stability of TMBH and TMBU during heating at 100C
for 60 hours.
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Fig. 84. Stability of TMBH during storage at 5, 25 and 45C for 4
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Fig. 85. Stability of TMBU during storage at 5, 25 and 45C for 4
weeks.
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Fig. 86. Mean body weights of male(top) and female(bottom) SD rats
during 14 days.

- 150 -



Table 20. Mortality in single oral dose of SAC toxicity study(group

summary)
Group/  No. of Day after treatment Mortality
Sex  Dose examined (dead/total)
(mg/kg) animals 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 dca/tota
G1 0%
0 5 00 00O0O0OO0OO0OO0OO0OO0OO0OO0OTO0OTO0 0/5)
Male G2 0%
(o]
2,000 5 00 00O0O0OO0OO0OO0OO0OO0OO0OO0OO0O0 (0/5)
G1 0%
0 5 00 00O0OO0OO0OO0OO0OO0OO0OO0OO0OTO0O0 (0/5)
Female 0
2,000 5 00 00O0OO0OO0OO0OO0OO0OO0OO0OO0OTO0OTO0 0/5)

Table 21. Mortality in single oral dose of PN toxicity study(group

summary)
Group/  No. of Day after treatment Mortality
Sex Dose examined (dead/total)
(mg/kg) animals 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 dead/tota
G1 0%
0 5 00 00O0O0OO0OO0OO0OO0OO0OO0OO0OTO0TO0 0/5)
Male o 0%
(o]
2,000 5 00 00O0O0OO0OO0OO0OO0OO0OO0OO0OTO0OTO0 0/5)
G1 0%
0 5 00 00O0O0OO0OO0OO0OO0OO0OO0OO0OO0O0 0/5)
Female 5 00
(o]
2,000 5 00 00O0O0OO0OO0OO0OO0OO0OO0OO0OO0O0 (0/5)
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Table 22. Clinical signs in single oral dose of SAC toxicity study(group

summary)
Group/ No. of . Hour(Day 0) after treatment
Sex  Dose animals Signs
(mg/kg) 05 1 2 3 4 5 6 7 8 9 10 11 12 13 14
&t 5 NAD 5 5 5 5 5 - - - 5 - - - - - -
Male
G2 5 NAD 5 5 5 5 4 - - - 0 - - - - - -
2,000 Mucous stool 1 2
Inanimation B
. 5 NAD 5 5 5 5 5 - - - 5 - - - - - -
Female 5 NAD 5 5 5 5 5 - - - 0 - - - - - -
2,000 Soft feces 3
Inanimation B
Group/ No. of Day after treatment
Sex Dose animals Signs i
(mg/kg) o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Gl 5 NAD 5 5 5 5 5 5 5 5
0 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Male
G2 5 NAD 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
2,000 Mucous stool
Inanimation
6}1 5 NAD 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Female S(Z)OO 5 o NAD 5 55 5 5 5 5 5 5 5 5 5 5 5 5
| Soft feces
Inanimation

NAD : No Abnormalities Detected

- 152 -



Table 23. Clinical signs in single oral

dose of PN toxicity study(group

summary)
Group/ No. of Hour(Day 0) after treatment
Sex  Dose animals Signs
(mg/kg) 05 1 2 3 4 5 6 7 8 9 10 11 12 13 14
&t 5 NAD 5 5 5 5 5 - - - 5 - - - - - -
Male
G2 5 NAD 2 2 5 5 5 - - - 5 - - - -
2,000 Shivering 2 2
Abnormal gait 1 1
G1 5 NAD 5 3 5 5 4 - - - 5 - - - - - -
0 Mucous stool 2 1
Female 5 5 55 5 5 - - - 5 - - - - - -
2,000 NAD
Group/ Day after treatment
Sex Dose aﬁ?rhglfs Signs
(mg/kg) o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Gl 5 NAD 5 5 5 5 5 5 5 5
0 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Male
G2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
NAD
2,000
6}1 5 NAD 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Female ;) 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
2,000 NAD

NAD : No Abnormalities Detected
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Fig. 87. Tentative shape of SAC.
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M6 & APMUBEM FEE o sty

1. 3753 A ]‘—3"‘3”301] A AE

2003 4€¥€ 11¥€(=)%H 154 (8H)7A] vl =1 Californias= San Diego?]
o= wo AP EAE S| (Federation of American  Societies  for
Experimental Biology, FASEB) 2003d %= <1 st&d3]7F 713 5 At
FASEBS A AlAHew jFu7t a1 A%o] 7o 83|z n= 3583
(AAA), "= A23t3](APS), V= A3tet 31 EAAE 53 (ASBMB), v
o ZARE 283 (ASIP), M= o FASHE](ASNS), W= °fg] 2 A4F A&
3 (ASPET)7F 522 /A5, 2003del= AA oF 500 7o =5
B 4w go] sty steEAdrE wisla 9 As5ES RS
th 2 Aol #hedsle] FASEB meetingol] #A3le] 18] =S gt

g5 A7 B ARES FPHh

r°"

A7 A HBAAR AY w
o} ME FEelA ole] 74X fold GRE et FA50] AAH
A, Az 24wy JE LA A9 Gl da F0 2+ 44w

A 2 (transgenic 35 E AX 2d 5)S o] &3 A} A AGA 7L
A 13 Zg w7 S S AFs Aapso] AfEAT o] T VT A A
A a4 2 EgRweol=d digk tixAd 2 ] AAE AUiSHE o
I} 2}

7}. Effects of Conjugated Linoleic Acids in Decreaseing the Production
of Inflammatory Mediators by Human Osteoarthritic Chondrocytes(Shen,
C.L. et. al. Pathology, Texas Tech Univ. Health Sciences Center)
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=RAENA 7HE EstA HAstE HAAP #d HEQ Z#A44d
(osteoarthritis, OA)el th3+ CL -4 BoE AT Ay AEAY. &
3l o] AFoMe= vdd tFE XA Hpolyunsaturated fatty acid,
PUFA)o] <A &34 < FA|E(human ostroarthritic chondrocytes, OC)
o] e, Aite] 24, prostaglandin E2(PGE2)9} w84 2 A F(NO)I}
2o A5 miEEY A mA e GEF de] Ag ATt AAH
Atk OC M Xl PUFA FHFHE=E 64%e 10 M =2 A
(conjugated  linoleic  acid(CLA). CLA/arachidonic  acid(CLA/AA),
CLA/eicosapentaenoic acid(EPA), linoleic acid(LA), LA/AA, LA/EPA) Z
3, PUFAS] Ael= Alxe] PHlole obFd W3tE 54 sk 18y
Aat 24 FAAYAE CLAE AHZ3d AMXE(CLA, CLA/AA,
CLA/EPA group)’t LAE A3 AMEILA, LA/AA, LA/EPA) 2t OC
Azure] CLAS s%=7F =3tk =3 OC cellel CLA A= LA A& s}
Hlaeh o A wiZiEde] AAe] FihHeE Aom yewed, o F

LA/AA A8+ A%, PGE2 AL 714 =gko NO AL 713 »

A YERST S, o ?i?oﬂ/ﬂ%:— OC Ao CLAE HZFstH Alxure] A
WAk 240 WEkE S WA vishEE e Aol wakd 4 glew, o
gk Wsts® Qs CLAZE =3dde 235 ved F dvs= 7FsA

o] AAIE AT

L}, Dietary fish oil enhances targeted apoptosis response to dextran
sodium sulfate(DSS)-induced DNA damage in the top part of the
colonic crypt(Hong, M.Y. et. al. Faculty of Nutr., Texas A&M Univ.)

A X 7)1E0] DNAZF £4% A EZe] &l targeted apoptosisE =
7N o224 DNA adducts® alkylatings #FAA 71tk A7t Texas
A&M tist Adol o) A 53] A7 E°] oxidative DNA
&l A apoptosisE F7HAIA A A i AE AT AAHE 60

- 160 -



el o] SD rats FHO AolaFor uUrolM SFEFFet AAVIES
A8kl oxidative DNA damageEs fFx3t= ®Z(DSS)S AHE s v
oxidative DNA damage(8-hydroxydeoxyguanosine, 8-OHdG), proliferation
(ki-67 Kkit), apoptosis(TUNEL assay)d =5 =439t = A3}, control
I ¥HusRE wW DSSE A FH Y cypel top FHOlA
8-OHdAG(p=0.001) =3} apoptosis(P=0.046) A =7} =% FojFow =9k
Al cell/erypt2] BlEE Fo8o 2 F7FeA tHp=0.006). olol whal A
A71E9 FoAe SRl v DSS Az T crypdl top F9elA
8-OHdG(p=0.038) T =3} proliferative zone(p=0.043) 7] S 7+AA]71 wb
M apoptosis(P=0.036)= S7MAI AT T3 AA7]E FoJio A= DNA
damage”} <7}l wel apoptosis A% F7FE = Ao® yEhtoy
SFEFfT FAwdAE o] (e oz Hol AM JEL AbsHA
DNA $=2Fo] o719 A X tal] apoptosisE FEdte Aoz FE3}
Atk Ao R polypset F¥S DNA £ o ZHE AztEo] YA 2

=1 7] el g dAEze A #EE ANV E] e Hox A

e 4 o 487179 @A

R=)

[‘

715l A% A A% &y

it
il

t}. The Chemopreventive Action of Quercetin Decreases the Number
of High Multiplicity Abberant Crypt Foci(ACF), Reduces Proliferation,
and Increase apoptosis in Rat Colonocytes(Warren, C.A., et. al. Faculty

of Nutr., Texas A&M Univ.)

o 5, AdgAdTFelAl
= Aol W& quercetin® high multiplicity ACFE ZAA|7]=
(ACF>4, P=0.0246) o2 uYerw=d, old tigh wyyss A3 R7
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gk AFE Texas AM ATH o FAHAT o5 < 2x2
factorial designes AF8-3Fe], 40vtg]e] 4F SD ratsol 0 E+& 0.45%
querceting ¥3%3 Ao]E FI saline =+ AOM(th#er wol&E-#)S +
JatAth AENA AOM AHed 3573 AolE& AFstil AOM A 2o
T AFN AolE ATE v, S dojllal HolE wro R et e
B orRool ZHO |emE ILAAA AHEZA(PCNA)Z apoptsis
(TUNEL)o w3t W x=3}st4 &2 (immunohistochemical analysis)E
AAEF T 1 A3} quercetin®] FAE A Sk MAES S (proliferating
cells) & A2 2 (p=0.0378) AXEZF2] H-¢] (proliferative zone)®= FFAA|
ZtHp=0.0006). Apoptotic index H=3F quercetintAOM ol A Z7}= At}
(p=0.0142). ©°lelgt AHRE==ZHEH  querceting AHFHAS FAENA high
multiplicity 2] Zae= MEST2A I AEA7IAEY  #o]dE=  signaling

pathwayoll st g3 W& Aoz A2S Y

—~

2}. Soy isoflavones reduce colon tumor incidence in wild-type and ER
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7}. Quercetin and Protein Expression in Human Colon Carcinoma

SW4K0 Cells(Mouat, M. et. al. Foods and Nutrition, U of Georgia)
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