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SUMMARY
(FEQ0E)

I. TITLE

Development of industry material for the regulation of neuronal system using compound A

. OBJECTIVE AND JUSTIFICATION

Neuroinflammation 1s closely related with pathogenesis of several neurodegenerative
diseases. Current drug therapies for neurodegenerative disease are symptomatic and
appear to bear little effect on the progressive neurodegenerative process. Cognitive
disorders can be associated with brain trauma, neurodegenerative disease or as a part of
physiological aging. Aging in humans is generally associated with deterioration of
cognitive performance and, in particular, learning and memory. Different therapeutic
approaches are available to treat cognitive impairment during physiological aging and
neurodegenerative or psychiatric disorders. Furthermore, dysfunction of central cholinergic
neurotransmission and oxidative stress plays a major role in the cognitive deficits
observed in Alzheimer's disease (AD). Learning is the experience-dependent acquisition
of knowledge and skills, whereas memory is the retention and retrieval of facts or
events composed of experiences. Memory disorders can range from mild to severe and
can be progressive (neurodegenerative disease) or immediate (brain injury). Almost all
are linked with some damage to neuroanatomical structures, either in part or full, which
hinders acquisition (learning), consolidation (storage of labile stable memory), and
retrieval (recall). Cognition represents different stages including acquisition, consolidation,
retention, retrieval and performance. Cognition deficits produced by cholinergic
antagonism mimic the cognitive symptomology of AD. Drugs approved for AD therapy
act by preventing the degradation of acetylcholine (ACh) by acetylcholinesterase (AChE)
thereby increasing ACh levels in the brain. AChE inhibition serves as a strategy for the
treatment of AD, senile dementia, ataxia and Parkinson’s disease.

Synthetic drugs cause undesirable adverse effects, whereas natural products are
considered safe and effective. Herbal medicines are becoming popular for improving
quality of life with either limited or no side effects. An extract of Acrous gramineus
Solander rhizome (AGR) has been used as remedy for senile dementia in Korea. The
Korean pharmacopoeia lists a number of pharmacological activities of AGR which
includes sedative, digestive, analgesic, diuretic and antifungal activities. Therefore, this
study aimed to develop the functional materials from Acori graminei extract and its

active compound to be safe and evaluated for efficacies against cognitive deficits and



neurodegenerative disorders. This may help in development of therapeutic and further

allow performing clinical trials using active compounds isolated from acorus species.

I. Research Contents and Scope

1. Preparation of AGR extract and isolation of active constituents.

a) Extract procurement, identification and authentication

b) Isolation and purification of bioactive compound from AGR extract using bioactivity
guided approach

c) Characterization of active constituent (a-asarone)

2. Evaluation of AGR extract and its active constituent (a-asarone) for probable
neuroprotective mechanism in wtro and in wvivo experimental models of dopaminergic
neurotoxicity.

a) Inhibition of NO and iNOS production by a-asarone in activated BV-2 microglial cells
and primary culture

b) Evaluating the effect of a-asarone on the production of the pro-inflammatory
cytokines such as TNF-a, IL-183, and IL-6 at the transcriptional level.

c¢) Evaluating the effect of a—asarone on NF-xkB (p65) activation and IxB-a degradation
in LPS-stimulated BV-2 microglial cells

d) Effect of a-asarone on brain microglial activation in MPTP intoxicated mouse model

(Behavioral and biochemical parameters)

3. Evaluation of beneficial effect of a-asarone and their underlying mechanism in
improving cognition.

a) Evaluate the beneficial effect of a—-asarone in cognitive and behavioral deficits induced
by scopolamine in mice using passive avoidance and Y-maze tests

b) Check the AChE inhibiting activity and the levels of oxidative markers MDA and

SOD in specific brain areas of cerebral cortex and hippocampus
4. Making the prototypes for clinical trials for memory improvement and neuroprotection.

a) Establishment of criteria and testing methods

b) Safety test of functional materials : single dose oral toxicity
IV. Project Results and Their Application

Acorus gramineus Solander (AG) (Araceae) is an aquatic perennial herbaceous plant

widely distributed in East Asia. The protective effects of AG (ethanol extract) and a

_‘IO_



—Asarone isolated from AG on microglia-mediated neuroinflammation were examined.
Lipopolysaccharide (LPS)-stimulated BV-2 microglial cells were used to evaluate the in
vitro effects. The results indicated that AG as well as its active component a-Asarone,
significantly attenuated the LPS-stimulated increase in neuroinflammatory response and
suppressed pro-inflammatory cytokine production in BV-2 cells.

a-Asarone, an active compound found in Araceae and Annonaceae plant species, has
been used to improve various disease conditions including central nervous system
diseases. In the present study, the in wifro and in vivo protective effects of a-asarone
1solated from the rhizome of Acrous gramineus Solander on microglia-mediated
neuroinflammation and neurotoxicity were examined. 1-methyl-4 phenyl-1, 2, 3,
6-tetrahydropyridine (MPTP)-intoxicated mouse model of PD was utilized to study the
neuroprotective effects of a—asarone in wivo. LPS -stimulated BV-2 microglial cells were
used to evaluate in vitro effects. The results indicated that in vivo MPTP intoxication of
mice resulted in brain glial activation and significant behavioral deficits. Prophylactic
treatment with a—asarone suppressed microglial production of proinflammatory molecules
via Nuclear Factor Kappa B signaling and attenuated PD-like behavioral impairments as
assessed by the Y-maze and pole tests. Furthermore, a-asarone significantly attenuated
the LPS-stimulated increase in neuroinflammatory responses and  suppressed
pro-inflammatory cytokine production in BV-2 cells. Mechanistic study revealed that a
—asarone inhibited the LPS-stimulated activation of NF-xB by blocking degradation of
inhibitor kappa B-alpha in BV-2 microglial cells.

Moreover, the memory enhancing effects of a—asarone on scopolamine-induced amnesic
mice was studied. Scopolamine, an anticholinergic drug induced significant memory
impairment and behavioral deficits in mice. Treatment with a-asarone attenuated the
scopolamine-induced cognitive deficits as evaluated by passive avoidance and Y-maze
test. Further, the effect of a-asarone on the levels of acetylcholinesterase (AChE),
(MDA) and superoxide dismutase (SOD) were also determined using the brain tissues of
mice injected with scopolamine. Prophylactic treatment with a-asarone improved memory
and cognitive functions as indicated by an increase in transfer latency time and
spontaneous alternation in passive avoidance and the Y-maze test, respectively.
Furthermore, a-asarone decreased the scopolamine-induced increase of AChE activity and
normalized MDA and SOD levels in the brain tissues.

These results collectively suggest that a-asarone is a promising bioactive
compound/functional food for preventing and treating microglia—mediated
neuroinflammatory conditions and may be wuseful for cognitive improvement in

neurodegenerative disorder.
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NAWAF Aol AZE=HFEE= LPS (lipopolysaccharide)ol] ©]&to] ofaAtdd (NO)o A4k
4 (NO)O F7F= ¥ &4 A AlEZE=A '

12 RuE T3 d#A vk FHx FEEY HAEX Ris

st Aol A FEol JFukSo | =

A 2 HA ¢S v A= INOS i 9@ aud vy x4

oA LPSel osfiA

e, £z 222 ALY AARLATAN FE EHow

o9)
<
o
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oM,
=

=
ke

e
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S 40
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2 20
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% 400
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8 200
=

G.
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¥ 4. LPS®

B b

A B,CD)NA 4

iNOS (inducible nitric oxide synthase) =} % ohul

oa) AAEE obAAe

LPS(100ng/ml) - + - + o+ 4
o AG(ng/mi) - - 100 1 10 100
= odede iNOS —_— — — ————
m H B I n
+ - + + + B-actin S
- - 100 1 10 100
(D)
1400
# . ~ 1200 #
1 < 1000
= *
£ 800 4 .
i )]
= 600 N *%
4 Hke 8 400
£ 200
0
+ - + o+ 4 LPS(100ng/ml) - + s + o+ +
- - 100 1 10 100 AG(ng/ml) - - 100 1 10 100
A= BV-2 Al A wAZe A NO9Y W= (A)Z, iINOSe] HAF 2 whuly
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O FHZX FEE2 COX-2 (cyclooxygenase type2) A2 2 whulz o] dha x s 2h-&

qAZWe] oo opr| s AAtuAEe] BYSE ol A A

= =
AR ob7lE=d o] AEe A WAZE INOSS COX-2%9 &el 93 Fojtt. COX-2
= PGE; (prostaglandin 2)¢] AAIx4 <elzzE z2H&3to] COX-2¢ w3d =7}:= PGE»Y
TS S7HAA dSiEs miEH oo XY AFdA Ess HASH] fsko
COX-2¢] od #4& T35ttt BV-2 mlo]a == o} /H]J_Oﬂ LPS ¥ 4% F&E&
o wn g o] iy

Mo
0

= Agsta 45 A #ofdt= Al COX-29 FHx %
A Fe S AdE Ad LPSE Agd dizwel nske] Co
o faFE As FAsAt (2™ 5A, B).

(A) (B)
()Gl — ) —— ey ) COX-2 s
GAPDH p-actin

LPS(100ng/ml) - + - + + + LPS(100ng/ml) - + - + + +

AG(ng/ml) E - 100 1 10 100 AG(ug/ml) - - 100 1 10 100

500 1000
- # - #
< 400 ; : < 800-
z =| :
o 300 O 600 *
< 7
o =
a 2004 § 400 *k
% X
(o]
8 100 - O 2001
0- 0-
LPS(100ng/ml) - + £ + + + LPS(100ng/ml) - + = + + +
AG(ng/ml) E - 100 1 10 100 AG(ng/ml) 2 - 100 1 10 100

PNI

a9 5. LPSE A% BV-2 AAuAMEZAA COX-29 FHAHA) &2 @A (B)
‘ji"' =)

GANA Y 4 =5 sxo nE A &F
O FHZE FEE9 9=/l cytokinee] L& A& zH&

AR AZ oA m Aol A 2] A st o3 Alo]EFIQle] W E Y%= dh=H o]
Bk AAFA AlelEJkle® TNF-q, IL-1, IL-67} & 1 S

9 &AM T A [L-12 IL-62 ¢S F=3H iINOSS]
AAE2] AChE (acetylcholinesterase)e] A2 Z7F A7t} IL-6% *ﬂi] o] o
g AFS ote AolETIRISE AN F8 AR AEstH APAE
A7 A 22 neurotrophic effectE 7FAH A WA EZF (astrogliosis)E FXIstH 1A
oful A o] & sttt TNF-av F@5WHE9 Aol BTl AR ZHqA FF:42Q 9&&
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TP AlolETII o R ARk o= s
A3 o] &g stel] oA Edo]l FASHA FUHATE oo FHx ANAEF
23517 9lste] 9% w7 cytokine A2 wE

F4E& BV-2 molazZ
LPS ¥ FHzx FEFES sEHE APt @RS ot Td S S A
TNF-q, IL-1B,IL-67} &% % o8 o= 74rsts waws s el (2
& 6A, B, C, D).
(A) (B)
e 5 *%k
< 800+ " -
a 600 - ;
)
L
Z 200
-~ ———— —— all .
LPS(100ng/ml) - + - + + 4+ LPS(100ngml) - + -  + + 4
AG(ug/ml) = = 100 1 10 100  AG(ug/ml) = = 100 1 10 100
(C) (D)
700 ; : - 1200l
. #
& 600 . < 1000 : %
o o] ko
a 400 S 600 i
S 300 3
3 200 *% ‘3?' 400
2 4. l = 200
0-—-.—- ----- —l-— - L - 0+ § | o || == - B
LPS(100ng/ml) - 4+ - + 4+ 4 LPS(100ng/ml) - + - + + +
AG(ug/ml) = = 100 1 10 100 AG(ug/ml) = = 100 1 10 100

19 6. LPSE A% BV-2 4178 nl Al o A A

dASA w7l A Jd TNF-q, IL-1B,IL-6
Aol gAY £ % FEE FE

of M A BT

O Zwj A7 WA E (Primary microglia cel)Z o] &3 A% FE5E2 AEHE FF

Az
ZUu et ANAUAXEE F567] ¢5te], 1-39 H Sprague-Dawley ratse] oy A 3}
g3te] ®elstlon, 10% FBSE %7be MEM ®lA & 75-cm® T-flasksel &

FA == 5% CO,, 95% O, incubatoroll A 257F vjgstAth Ml X el == ZF =g o]
w2} 6-well plates (5x10°cells/well), 60-mm?®dishes (8x10°cells/dish), &&=
100-mm°®dishes (2x10°cells/dish) & #} F3t 9 o v m A LA Z 7} 8k A B8 = A e
CD-11B &A| & o] &3t A ste] gttt Ad 54 =dLPS (50 ng/mﬁ)gr T
FEES A2t nitro oxide 7 (Griess assay) % AlE 2] et W E 33}

(28 7). 2k AA DA FE LPS 50 ng/ml) ¥ FAXE FrdEZ AHygsta

2 N o g
o
>
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[T b ot

_,yulj}'_‘r
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AG(ug/ml) 0 0 10 1 10
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a9, 7 LPSE A% primary ANZAWAMEANAN FHxFEE] Y W &%
(A) 2 FHEFEE 9 NO Ads B)
FHE FEE A4 AAT T

g ox
>
_,_,

o -

%~% (Reactive Oxygen Species, ROS)& oj#] AWS

st oAl AFAE 9E dSHAT ROSO #Y AL AbsA
o2 Qe FFH R AXANY AEZIALZ o2 A . S ROS+

AAY Aodgxze] A&s gt A A4S 2 S50 8% 985 o=
sEloles ARG 2"E S5 ROS9 4bshskd whEel 9% ROS®| primary
intercellular source®] t}.

THE FEEY 440E AATE Fsty] fske], ESR 2 ERAHE o] &dte] X
fFetu)Zt &7 5 (free radical scavenging activity)S =743ttt 2 A3}, 18 8. oA
= vle} Zo] FHE FEEY FLd 9 FZ 0 ® hydroxyl radical 2% S ¢l g
ARom IC52 0589 = 0.042 mg/mb.olATHZH 8A). T3 19 8B oA K= Hle}
of FHZE FEEY Fxo wet alkyl radical &A71Fe S F F Ao, IChe
0521 = 0.071 mg/ml ©] AT}

AEY A2 AATS Fed7] ¢35t LPSE A=¥ BV-2 microglia |30
DCFH-DA  (dichlorofluorescin  diacetate) 44 W& A8 th. DCFH-DA = reactive
oxygen species (ROS)e] Eo]x<l HZA|EZHoln DCFA-DAE AEYW HFUH=
non—fluorescent compound® intracellular esterases®] 2] #3}% 3 intracellular
peroxides®] 2]&l fluorescent species?! DCF&Z 3t ¥t} DCF+= nitric oxide®} hydroxyl
free radicaldll &= W73tH, Fluorescent plate readers ©]8-3o] ROS intensityE =43}
Aok SAZY FHx FEEY Hi FE< 100pg/meelAl 51.9 £ 55% A %<2 ROS &4
= gkl (21 9).
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DPPH radical | R |} S i A § S .
(ICs, : 0.589mg/me) /Y e
control 1 mg/me 0.5 mg/me
(B)
Alkyl radical L L A SR | P
(ICs, : 0.521mg/m2)
control 1 mg/me 0.5 mg/me
©)
Hydroxyl radical WEUPSRSRRSRRTS S5 v 50 EYUPRISNIIVION [} NPNMPRRPRIORE: U0 TP Y0, ¢ SO UNRRSTOOL [ NSRRI DD 3t (1 | 150 SO
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THAZ FEE oA EZHo| ~H A (acetylcholinesterase) &4 =4 (AchE activity

st aavt opAE E o H EkA o]t o] ofAld TRl AH EA o] &
drdo] AE o] FolA A kol M o] dvtm Th= 7] 3 2o =

cl FE=
7N 4 A3 FHE FEEC] AchE 84S % =402 dAlsts Zo] &y
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nom o= FHE FEFE (AG extract)o] otAEZAd e gtA] &S Al ste] ofA
g3 BalE Asste AS g0 5 A 2E 10).

2.5+

2.0+

Absorbance
-
(4}
1L

1.0+
e e e

0.54

0.0

Vehicle THA 1 3 10 30 60 100

AG extract (ng/ml)

19 10. AG extract®] AchE&4 24 (in witro)

LPSE A= BV-2 A A EANA 2 GAg ZiEEo] Alx A& mA= o
el sl AE 54 HAE MTT assays F3stdom, MTT 54 243 %
70% MeOH, EA fraction(Fr.) 28] 31 CHCl3MeOH Fr. 12:19]1 4 A ¥ AE&09]
g9l sl o MeOH, CHCIxMeOH 4:1, 7:1, 9:12 A& TS v XA IS
stk (L9 11).
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d0 moh Mg o%t

o o O o
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s 100 — . =
3
= 80 — = =
=
i) &0 — — — —
L
= 40
[
v _
20 - — — — — —
0 N = |
c/L EA 70 ME 4 7 o 12
|-on|~,r 100 105 7.0 1199 | 1224 | 1128 | 1071 11.3
| sample+lPS| 938 207 7.1 991 1238 | 1153 96.4 282

a9 1L R xA Y AAR Aol AE AEs vA= IF
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. &3k NO assay = /\}51 }M# ,
WA oA LPSO oA ¥ O}Z‘?‘_’&Oé (NO)= ¢F 4ufe] F7FE HAL
=g AYE ¢ A3 v fETHoR ofditd

=
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4.00 ok
3.50
3.00
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2.00
1.50
1.00
0.50
0.00

NO release (M)

-
|

c/L
W only 112 | 426 | 136 | 161 | 157 | 116 | 124 | 124
zample+lPS| 389 | 365 | 132 | 274 | 304 | 207 | 186 | 155

a9 12, SR zA ey BAF Aol NOw=E vA= 4%

O
S

S.
3

o
2
o\
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1w
2
>
-
o
P
o
i
(s
>
)
1o
Ho
fols
oX,
S
r o
4
i=)
9,
>
i
lo,
fols
olr
M
4

BV-2 AAwA A LPSel ofsiA] Fix= obditd (NO)2 3042 + 0.85 uM= dj=
wOo R ARESH 379 + 0.74 uMoﬂ Hl sto] oF 8ujo] F71E mYlow, AFFor dupopal
2 vEHE AYE & Ay A7 2748 £ 1.29 pM, 20.08 + 0.76 uM, 10.05 £ 0.7 pM=E
obditd (NO)e] Fo] Foj= &4—% el stk (1™ 13).

BV-2 microglia

40 -
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g 30 A k%
E % %%
5 20
@ e
[~ o
2 10
0 -
LPS(100ng/ml) - * s + ¥ +
a-asarone{pM) - - 250 10 50 250
9 13, &IfolalEo] NOWZEo| v A= 3
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- LPS®E 2% BV-2 A A A Eel A datopabEe] INOS, COX-2 fxat 5 ez o]
& A 5

ARG (NOJSI 4 e Hael INOSS] A o e el A el wl shed
JEAoR WAL AftE AL FAT F AYeh (1Y 14) NOS

Eaites <1% 14. * LPS @532 Al 1781.81% + 127.7 bJrowé (1, 10, 100 ﬂg/mfmm
1132.17% + 51.15, 972.00% + 47.81, 376.27% + 2 94). w3+ iINOS wrlgo] g of
de A7) 98kl INOS frdate] EAAE 3 22 w9 LPS % dgorEs A
g3to] INOS vl o] urg Wals AFgxorw HBA3YE INOS vl do]l ulg Wil
iNOS Fxztet 22 W3t F&S &9 stdvhi(ad 14, LPS ©@5A8 A 75052% =+
11.37, &ytobab2 (1, 10, 100 pe/mO)A 8] Al 747.41% + 9220, 557.13% + 59.96 and
211.58% + 22.33").
A Hofstes a4 X-29] FAA 9 wuide] Wt RgtE doln v
flste] LPS 3 @ ﬂ%‘%d E‘%O}A}ig FedEE gl COX-2 izt »
o]l WElE gl st LPSYH AHggh oA e e ke dizatel nls| 1818.58%
158439 F7He i, dvfelrEs FEEE (1, 10, 100 wg/mh)H e LA S
1405.09% + 207.59, 1103.37% + 115.73 and 631.05% + 74192 LPS%F 23k o ]
o] ¥ oEH o COX-2 FHAe] HHAFE AhA7E S I & F AAH(2
14.).

z

o o rlo H
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o 40+ xR 40 3
= T 8"’
0 g 0
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B 120 1 120
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= T = *F
iNOS ‘ - — — i = ‘ %fsﬂ Efsu z
g—' 60 g--' 60
- . — — @5 ] .
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i et e i i | 20 © 2
B-actin
o M : 0 - N .
LPE(100ngml) -  + - + L - * + +
a-asarone{uM) - - 250 10 50 250 - 25 10 250 10 50 250

1% 14, LPSE A=+% BV-2 ’ﬂ%‘-ﬂ—‘ﬂﬁioﬂ’ﬂ 1NOS, COX-29] wx_x} L e 1|
Ao A 2] a-asarone F&° WE A3 &%
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- LPSZ A=% BV-2 A AWM EANA F5 viA cytokine®] AAF Al a-asarone?] % <
AR A 25
a-asarone2] %’3%—/‘3/\}0]57}01 oﬁﬂ% Mgk A3 LPSE AgshA] & oA =
TNF-a, IL-1B, IL-6 Ao @ =Fo] A9 glas &< sloem (L7l 15), LPS (100
ng/m)E A2l ALl = tﬂéi of ®3le] TNF-a, IL-1B, IL-6 A=t &d o)
g3 S7F (TNF-a; 1884.03% + 16295, IL-1B; 2507.13% + 38.3, IL-6; 140851% +
5798)8} 31, a-asarone =& H] Al, ¥E oJEXH o 4 (TNF-a; 1941.8% =+ 6.39,
1819.56% =+ 12.22 and 927.87% =+ 29.04, IL-103; 2559.55% =+ 74.75, 2520.19% = 88.55 and
10.54% + 29.00, IL-6; 1105.63% + 59.12, 893.65% + 57.01 and 152.02% + 13.65)%= =

AWl FFES &2l sk

e

=
o M
o o

[=]
o
|

Relative signal
Intensity (% of LPS)
(=]

o

IL-6 e
GAPDH 20 1
0 -t

LPS(100ngml) - + -+ + 4

a-asarone(uM) - - 250 10 50 250

C. D.
120 aun IL-1B 120 st IL-6
@ 100 4 @ 100

23 4 22 w0 1

B B ek

EBE 60 Ee‘i 60

] Rk s

2F o 3%

[ E 20 | EE 20 | wEF

' 0
LPS(100ng/ml) - + - + + + . + . + + +
a-asarone(uM) - - 250 10 50 250 - - 250 10 50 250
a9 15 LPSE A=¥ BV-2 A A uAEANA AASA wi7R A0 TNF-a, IL-18, IL-6
Aol E 7}l 9] a-asarone HXEo] WE A3 &5

- LPSE A=%H BV-2 AANAFEANA a-asarone?] NF-kBe dAE wi/l=Z 3 5% 9

=49 &%

FHAZ FEE (AR FEAEQ a-asarone?] &% AL $sto] LPSo o3 =
% A AASA cytokineEs TEHA 7= AARRIAR] NF-kBe €435 NF-xBE T

3= p6he oA & oto Rl FUH IkBaol EIE <13 p-IkBad &S Western
blotg =3 sttt (8 16). BV-2 celld] LPS (100 ng/m¢) % a-asarones x4

oX, :10
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2 AHgska 30
oA 3 QF
Hof] Ho] YAES &2l

WA FHE T3] NF-xBE 438k p65 @il o
2 #9135 itk LPS wA el Al w9 pe57t 9
g A] Rz p657]' &l olo 7 wWo] Fd=EL
pe5e] 8 qtomo f4lg WA G AL

& ¢ glom, aq-asaroneS Aty A

Held 4 Advk (L9 160)

gt A4S 98 AduES F45ke] Western blots AlgozA sigumlg o] g

GIS Aoz et LPSE Ay shA &2 oA+ NF-kB p659 & o]

Aol AAA T, LPSE A2ldt AgFo| A= NF-kB p6shel @Hdo] 713834, a-asarone

S Agetd 1 3d AETF gache AMES E0E 4t (17, 16B). Nucleolin®

gl o] ek 3kelS 93k iz "l Ao|t) w3k LPS A g A, IkBaxe 35 o] p-1kB

agel FrteteE AMES Bl 4 9ldl, a-asaroned] FE o|EX o Z Wl p-TkBado]
S g 4 dul (27 16A). B-actine A HF A0S 93 thx G Az 2183

32 oy
R
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IkB-a s i . —— i —
p65 e o e e
plkB-a e e w— — ——
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p65 T N e (e
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=
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O in vitro 21725 oA AGY HFEA < B-asaroned &5 ¥4

- B-asarone®t LPS9 AX =4 HAF

LPSZ A=¥ BV-2 AANAMEANA LPS % FHZx FE2E (AQY FEAHES B
—asarone (WEfolALE)o] A AE] mX&= gIFs gl sk AE =4 HAAE
MTT assays F3dstR o, MTT =4 Z3 LPS ¥ B-asarone @502 T&= o] A
et BE Aol dgizxzate] Hlste] AlE AEEo] WEA] FeS 9l AT (1™
17). o] AHAES F % =22 LPSe B-asarone°] A|X AFo= JIIFS 4 S
o Aot
120 -
100 - # @ 2 @
% 80 -
Z 60 -
3: 40 4
20 A
g =
LPS(100ng/ml) - + - + + +
B-asarone(uM) - = 100 10 50 100
19 17. B-asarone®] AXE AEEol A= Ik
- LPSZ #A=1%¥ BV-2 214 uA x| A B-asarone? % 9]&E4<Ql NO W& % iNOS #H

Apo] EE A =g

B-asarone®] FHFT FeS A7 flste] B AFolANE T ABAST T A
¢l LPS (100 ng/ml)=E A=¥ BV-2 AQwA|zZA AiE= ofditd (NO)S §% ¢
THow Afaes HoleA st obdAd (NO)S 5482 Griess A o%FE

3 NO assayE AHg3tglon], BV-2 A4 uAZA LPSol oJsir fEH= o @At

(NO)& oF 40819 S7FHE BHdow, A3 o= B-asarones F=EE AYE 3 244 &
T oEHoR oA (NO)O #o] 10uM-13%, 50uM-29%, 100uM-64%%= &=+
AL Felstdth (28 18A). T, ol E2FA(NO)9] &4 = @49 iINOS Ao wd
U4S BV-2 AARAHE LPS % B-asarones FE=WHE A@lstal 6A17F wjge &

RNAE B4stel W@RNS Adste] Fa4e] 28 Fge 4P UL Fohol ¥
Ko

A
& 4 Ak LPS

Ll
_>.1¢
ACH

D).
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® s (B)

E 20 4
s LPS(100ng/ml) - + - + ” =
T 15 4 B-asarone(uM) - - 100 10 50 100
o KRK
Z 10 A iNOS -
5 ~
Actin ‘--- e ——‘
u -
LP5(100ng/ml) - + - + + + LPS(100ng/ml) - + - + + +
B-asarone(uM) - 100 10 50 100 B-asarone(uM) - - 100 10 50 100
C D
© $ (D) $
100 4 100 -
s ®% c 80 -
Eo 80 £a
oo o O
g2 Az 60 - Kkk
gus 60 ;’."5 KR
oRr *kk oR®
< Zz= Fekok
=z 40 = 40 -
20 A 20 4
0 . 0 -
LPS(100ng/ml) - + - + + + LPS(100ng/ml) - + - + + +
B-asarone(uM) - - 100 10 50 100 B-asarone(uM) - - 100 10 50 100

19 18. B-asarone?] NO<°| W= INOSS FHdAx % chulz "o A A&l &5

- LPSE =¥ BV-2 A A wAZoA B-asaroned COX-29] level & A& =&

A=A Ao Ao]d= E42 COX-2 (cyclooxygenase type 2)o A=} 2 vl z o] dHbg
Gl WstE dolr ] flete], B AFd A= BV-2 celloﬂ LPS % & 332l
B-asaroneEs FLEEE Aot AZPEE wfgFetdth 6417 & RNAE FAQsto] Tdd
AE Aldste] ARt wd S AR WS Foke] A8k COX-2 Ao
e el WatE 9l stk LPSR A gk ol Hsle] B-asarone AHE o] F=
ojEzH o R COX-2 FHAe] FHHFS AhAT= AS A & & AT (28 19).

(A) (B)
o — — e
- — — — — e e————

LPS(100ng/ml) & + i + + + LPS(100ng/ml) - + 2 + + +
B-asarone(uM) - - 100 10 50 100 B-asarone(uM) - - 100 10 50 100
$
100 100 -
z 80 £ 80 |
Ep :g i
82 22 g o
ST 3% 1
x & X8
8% a0 | S 40
20 20
0 0 4
LPS(100ng/ml) = LPS(100ng/ml) - + = + + +
B-asarone(uM) - & 100 100 B-asarone(uM) - - 100 10 50 100

olf

19 19. COX-29] levelol A 2] B-asarone &= W& A& &
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- LPSE A% BV-2 A A A AZul7] cytokinee] A4+ A, B-asarone?] &% ¢
=492 gA 5%

A< wiA cytokine?l TNF-a, IL-1B, IL-6 3 #Fe] &d e WHsE =&317] 93
o B A= A5/l cytokine FAAFY] @E dAS BV2 celle] LPS %2 B
_]

—asaroneE TEEE A 6A17F wjYgs & RNAES FA3e] RT-PCRE A 83d}lo]

TRk B FdE AL e Toke] SAske] Al A FAAel A S Al T

[e)

o
tjz=o] Hlgte] TNF-q, IL-18, IL-6 e @& o] i3] Z7}o}MJ— B asarone
%Z

v 5 5 O 3 =)
d A A vk gEHow Fheste AR S g sk (LE 20).
(A) (B) $
100 100 -
z 80
2a § s %
35 25
g% oo UL 60
L =2
E 40 2 40 4 KR K
KK
20 20 -
0 + 0 -
LPS(100ng/ml) - LPS(100ng/ml) - + - + + +
B-asarone(uM) - 100 B-asarone(uM) - - 100 10 50 100
© (D)
120
a@
1 .. —
28 e -
48
0 s
LPS(100ng/ml) - LPS(100ng/ml) - + - + + +

B-asarone(uM) - 100 B-asarone(uM) - - 100 10 50 100
% 20. LPSE A= BV2 A AWAEZAA A5 vl 7H7<1°] TNF-a, IL-18B, IL-6
Abe] E7}Ql 9] B-asarone F =l wWE A& &

LPSZ A=¥ BV-2 2l A XA B-asarone?] NF-xBe A& vj/f= 3t 5= o9&
Aol &=
1w [e)

)
AALI#Fel NF-xkBe| &4 35 NF- KBE Tk pbel
AMHE Edlo] Folstg, ATtz s =351

3 Yol 4] NF-kB p652] ¥3dS Western blotg E3lo] gelslgitt. BV-2 4174
of LPS (100 ng/ml) ¥ B-asarones FE=WH=Z A glstal 30 &<k wdst & HoT
< &3t NF-xBE A5k p6s @ do] sl doa] 3] ko 2o {95+

e 4 Qloh LPS mA g Al @ld pe57F sl de] wo] fAlES g & i, LPS A

=
2] Al e peb7E 3 Qtew Fo] fFYUHES & F oM, B-asarone
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2 p6bel 3 Qtom o Fda WAstE AMAE &0 F AT (LE 21A)
e d S Felste] Western blote wAsto] etz o] wa FgS AFHoRE &2l
kAT LPSE AH#shA] 22 gixatolA& NF-kB p65e] &de] Aol vehuA] et~

, LPSE A g3t Ago A= NF-kB p65e] w3 o] F713$ 3, B-asaroneS # 2]stH

E

O ud AR fgaskeE AREE gl = 9o (L™ 21B). Nucleolin® o o] 74
& kel st o= 5 A T3k LPS AHE Al, IkBats #31% o] p-IkBa
ol = A —asarone?d % oFEAH o wulA p-IxBao]
7%
(A) Merge

®

c

o

=

w

oo

-

@

+

w

o,

=i
(B) (9]

p-IxkBa ‘ — — —— ‘

Totaitho:‘- . QD — —— ""‘
Nuc[eolml_-—— _—_| B-actin ‘------‘

LPS(100ng/ml) - + - + + =t

B-AA(uM) - = 100 10 50 100 LPS(100ng/ml) - + _ + 4 +
B-asarone(uM)  _ - 100 10 50 100
$
100 1 100 | $
c
£_. 80
o1 s .. 80 ¥
i 2L
28 87 T= 60 -
=R g S o
= = BE
. 40 A *% — G s
20 1 20
LPS(100ng/mh 0
ng/m - + - + + +
B-asarone(uM)  _ = 100 10 50 100 Epsgff:‘f{m)) - + - £ i +
i = - 100 10 50 100

29 21 LPS®E #A=d BV-2 A uA E A NF-kB &/l w& B-asarone?| §%=
o] Asl 5. (A) NF-kB p652] WA £4. (B) o] p6d Ttd od 4.
(C) MEAN9 IkBa ¥ p-IxkBa® vz ka2



-LPSE =¥ BV-2 AlZAuAE A B-asarone®] MAPK (Mitogen-activated protein
kinases) % JNK¢ FX o|&4<Ql oA &%

LPSHEE 53 A4 d=43o] thE4 2 2 MAPKs pathwayz F35lo] weo] w2
A B-asarone©] MAPK 7 25 E3lo] d5w$-9 A= sl A= 82151 vF. MAPKs 9] +
O

A2 F skl INKel A LPS 2 2] A] Q14ks} 5= °k01 2ol vste] FrhekeE As &
Q] sk 4= At} A v B-asaroneS A 2] ¢k A3} 71 243} A =7} B-asarone?] F = o =4
o7 IAEE AL Fo & F UG (29 22).

(A) (B) (c)

pUNK | i p-JNK | —_ - --] p-p38 - — — —]
M (e —— M EEEE| M e —— o — —|
f-actin |-——-———| fi-actin |- R—— p-actin .._.._.._...___,__|

Relative signal
intensity (% of LPS)
r2 &
o o o
B
|
I
—
]
Relative signal
intensity (% of LPS)
o oo oo E
o o o O O 0
—
|
|
Relative signal
Iintensity (% of LPS) i ]
[= B = ]
(= =]
—
_
—

Ll LPS(100ng/mL) - * * *
LPS(100ng/mL) - + . + + + f-asarone(uM) - - 100 - LF'SUUUNQ mLJ
f-asarone(uM) - = 100 10 50 100 SPEOO25UM) - - 2 10 f-asarone{jM) -

9 22, LPSE A=% 217 A E oA B-asarone?] JNK-MAPKs 94 &%

O Zuthul ek 217 2 A E (Primary microglia cel)E ©] 83 =% FaAE ANHHs &%
as

ZHE S AFRAE] ANAEA EHDALPS (50 ng/m)t =A% °
nitro oxide %74 (Griess assay)& %48 %t}. Primary A4 A ¥ LPS (50 ng/ml) 2
FEAES FrdEE Ayt 24X A F oldAd e wrE

vk (19 23).

ftlo
2
2
>
N
i

A,

(o3
gk

[*]

A 40 - B 40

w e _ i
3 =

2 50 ik =

= =

2 20 - 5 20

e -

o 10 - o 10

-4 2

u-_

LPS(s0ng/ml) - + o+ -

compound A{pM) 0

+ + . LFS{EUngImI} -
10 50 50 compound E{p.M} 0 0

+
i}
a9 23 LPS® A=% primary A A M EANA 0% F8A %94 O A& 5
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CAAEA FERd N X 2 1 f3HEY &% B4

ERIAAGMEA sEEDA F=Hx F8 AHEQ a-asaroned BeEA 2 71H A

.?_

SRl AAAES] EAAS AFEHY] Y =3Rl Al Eold =4S yEdl= MPTP

(1-Methyl-4-Phenyl-1,2,3,6- Tetrahydropyridine)®] 27o] w}zl<sw o] wWel W A A EZ

o] Wzl X7/ Ao & IS vk w3 MPTPe FHwd wet S w4

Azt wdl S wts = = Aol . B AFIAA A= HAESY] dFHSS THoR

sto] AFS FIdsoy, FHx FEES o8 HYAXES 358 AR A
Ao Tyl A7

bol 29 A

Sampling
Midbrain(SNpc), striatum
(WB, IHC, neurotransmitter study)

| I & 1day 1day | Sday I
[< —— < > [ |
a-asarone inj. T T T T
(10mg/kg/day x 15day, p.o.) 2 g
PR X MPTP inj.
(18mglkg/dtimes/day, Behavior Exp_
2Zhinterval.ip.) (Y-maze, Pole-test)

a9 24, AAEAFERG A Z B A

C57BL/6 mousee] MPTP-HCl (18 mg/kg)E " F A|Ztvich 44 57 FAF 519
MPTP-PD mice modeldlA] A AEe] A g23t7] dte], FAuAE nl7 <l

glial  fibrillary  acidic ~ protein ~ (GFAP)E A&t wHgzA3segA

(immunohistochemistry; IHC) A& & &34 GFAP-immunoreactivity (IR) A2 245

gt A3}, ofxAbE o] MPTPO 9 €48 AGuAELE ARAATE AS At
2 25B).

(719 25A). TR HALGA S @il dAl M= Fdg Aas S (2
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a-asa+M

SMNpc Str SMNpc Str SMpe Str
& 8
#

RRE 250 - ¥ *
GFAP
5 0 £ 200
GARRH % 2 200 § 2 150 -
02 a2
] c ]
GFAP ———— %"5 200 <5 100
L W L 58
O < 100 0% 5|
B-actin W T — 04 0 -
MPTP(18mgikg) - + + ? + + ; +
a-asarone(mglkg) - - 10 . 5 10 . . 10

29 25. a-Asarone suppression of MPTP-induced activated astroglia

_42_



- NAEASE 2do A g-asarone?] H|AlolwAlE (Microglia) &4 94 &% #H=

] A LA 2] "7 ¢l macrophage Ag complex-1 (Mac-1)¢] IRE <l A3} MPTPY
ojaf &Ado] dojupal, dutopitEe]l 1 FAHES JAdTEHE S S (1™
26A). TARAMES] TtE w#AQA  cluster of differentiation 68 (CD-68), ionized
calcium-binding adapter molecule 1 (Iba-1) &5 ©]&3lo] &3 A} HALGHA <} bl
AdA M E FdstA dAMF= As DedstArt (L3 26B, O).

A.
a-asa+M
o b
=
’ -
0 E‘.
o
Z §
m -
B.
300 -
250
oy EE
eg G L 150 -
N [
=2 o
50
0
MPTP(18mg/kg) - +
a-asarone(mg/kg) - - 10 = 10
C. «
250 - it =
— — 200
v = c D
% L= i o] o=
Mac-1 ‘ “ m‘ *5“?% S 150
(=31 @ [0
- &>
Iba-1 § ‘ “ ] w5 100 4
= -
= - 50
B-actin ‘ ‘
0
MPTP(18mg/kg) - + + - + + . + +
a-asarone(mg/kg) - = 10 . " 10 “ _ 10

19 26. a-Asarone suppression of MPTP-induced activated microglia

olr

A

- AAENEE Edo] A g-asarone?] A7AGE A &% A

o|\

oAl LAl 2] el o) WEE
At MPTP o] § F7bshe INOS9F COX-29] frxia 3 dhulde] whd g
Aol Zhzbe] dAaraAlel @A gl A= Ae ekl (1™ 27).

2

Szl 21kl INOS, COX-27} o2 A W3l=XA
2t i}o}

rl

O
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* ”
250
s 53
@ 2 150 g 2
£2 8
0 04
MPTP(18mg/kg) - + + 2 + + x + +
a-asarone(mg/kg) - ¥ 10 = - 10 a : 10
B.
300 # o 350 - # *
250 300
cE £ =
iNOS ‘ ‘ Eﬁ 200 gﬁ 250 4
] YT 200 4
2 150 =3
@ = N = 150 -
COX-Z‘—-—-—_——-‘OQIOO % 'S
8 08 100
B-actin ‘ ‘ ey 50 1
0 0 4
MPTP(18malkg) - + + - + + - + +
a-asarone(mg/kg) - - 10 2 10 - 10
219 27. a—Asarone inhibited the expression of iNOS and COX-2
MNAENEE I A a-asarone?] NF-xkBeol &3} 94 g% &9l

olgd AAdHLFe] oud ARE T 2AH=A SIS ET] flste] AAHT] i
717 % 3l MAPKs, NF-xB7]1H& &els| Hoton NF-kB7|HE& T3 24 uAE
o] dewdol 2dHE= S Elddit (29 28)

200 L i 120 - i L
KB ‘ ‘ £ T 150 ez
p-lkB-a — | — C— E 2 £% w0
e TS
KB | M- .| 5300 g2 604
o5 &5 4
g T2 50 A z2
B-actin = 20
0 0
MPTP(18mg/kg) - + + - + + - + +
a-asarone(mg/kg) - = 10 a = 10 i a 10

19 28. a-Asarone suppressed IkB-a phosphorylation and IxkB-a degradation

A 7AEA 5 Bdlo A g-asarone(o] A AAE HE &%

k)

MPTP %o &5 EdoA dafolrtZo] AAMEE Bo 34 glstr] fshe],
WA A Ee] w7 el Tyrosine hydroxylase (TH)S AM&3Fth W 27 318k A
(immunohistochemistry; IHC) 23S E3}¢], TH-immunoreactivity (IR) Al¥e] A
stelsk Az MPTPol ¢3te] TH7F S@X™EH  (Substantia Nigra Pars Compacta;
SNpe) ¢+ A=A (Striatum; STR)ONA ZAsh= AL s on Zubyl Al A X9
&l ey E As St shARE dutoptEs AP gk oA = MPTPl ¢ 3)
A2HEE THE AN S FQladnr (29 20A). E=g g @7 oA %= THe

o2

o



A.
]
-
o
|—
o
=
=
+
©
0
0y
O
B. 120 1 il il
__ 100
£35
Q C
T2 60
TH W — | 2>
I3 g
)
B-actin —— —— ~ 20
0
MPTP(18mg/kg) - + + - % +
a-asarone(mg/kg) - E 10 - = 10
19 29. Protective effects of a-Asarone against MPTP
- AZA oA TH fibers® WA A4 Az} MPTPe 9]3}01 TH fibers7} oS &
Ao dulolrlt o] TH fiberse] 422S AAst= AS sttt (29 30.)

A. B.
Veh MPTP o-asa+M

=
0w O N
o o o
. . |

B
o
L

0D of TH-positive
fibers (% of vehicle)
8 3

i

MPTP(18 mg/kg) -
a-asarone(mg/kg) - = 10

19 30. Protective effects of a-Asarone against MPTP
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2
o
ay
ox
offt
i

T

t

dol| 5] a-asarone? 2l

SRl AAAEE Earlelgls ¥ U AAdeEdS HHFgos Fexdoly &
24 Tol dF¥S mHvx Base]l vk webd, MPTP F¢ % DAS W3t
LC-MS (Liquid chromatography - mass spectrometry)Z ©|-&3fo] 213t A3 MPT
o3 Fojrv Euvle] s g g A} ofAlEe 9B FrtE = AS g9l
o (¥ 31A). =9 e] o FojAA ¢l 3 4-dihydroxyphenylacetic acid (DOPAC)¥ = t}
2 WAAIQ] homovanillic acid (HVA), 3-methoxytyramine (3-MT)el th3ajx %=
5 ol &3t EAg 7:'Jﬂr ofAbE o] thEAFA 2l DOPACAIA fF2ol4 o2 MPTPe 2lsh
E4E gAstE AS gl A
A. B.
20 - Hitt 2 - o e
o) | =T |
=3 15 =L
5o 2o
E'% 10- Sw g
8 o 2 o
SE 5. 5 E 5]
2 22
0 0 -
MPTP(18mglkg) - + + MPTP(18mglkg) - + +
a-asarone(mgkg) - F 10 a-asarone(mg/kg) - = 10
C. D.
8 - | i 044 i
T _3
€2 6 - = & 03
g“can 4 E“g 0.2 -
SE =E
£35 2 E"‘u‘: 0.1 -
L= £
0 - 0 4
MPTP(18mgikg) - + + MPTP(18mglkg) - + +
a-asarone(mg/kg) - - 10 a-asarone(mg/kg) - - 10

139 31. Effect of a—asarone on neurotransmitter in MPTP-intoxicated mouse

& 3523 (Animal Behavior test)S

MPTP %o %, &= &

of 5,

32). Y-maze testZ

%3+ a-asarone?] 7§41

213 (Behavior test)S £3}o]
PsAd < % i% (MEss)e #A st %9 F354
71 7)%0o] 3E HE=A Y-maze test$} Pole test

L=
[e)
E3lo] MPTP 28 %5E RdoA g-asarone 25 & dEdxozn 7

A B A3} g-asaroneE 3 L3 RS

AlsE)el WA 2T

2 MPTP ®F 2]k ol H] 3|

N B ‘L—_]
5 4

o A

o Wy o

o] M7 P52 (Percentage alternation, <!
=

T ot ey, A4 el ol

LC-MS

—asarone®|| 2] 3}

"r“*ﬂ]’ 1‘4_(:]_3



O

5 O
sEddEs oF

= AL gty n (19 32A). A TF F 4314~ (Total Arm entry, 3 543)= MPTPRH
213k 9] 1day, 2day @ thsto] a-asaroneE T §F MPTPE A3 oA &4
3l S7F sk Ae e TdAE AsAol IEHE ASs sttt (1" 32B).
Pole test= Al&% (%%%”})9‘ Z735t7] flste] A&t MPTPRE Fofgh o A=
Fol & 193 299 FolA vt 7tA] =g AJzto] o A% A s @& ol H]sho
el oz zolE Yetdgltt. kA NF a-asaroned Fo] ¥ MPTPE A ggh oA 1¢
oA FoAHORE ETATte] Folue AE g A, 29 A= ofF AR A kA

ol At (g 32C.)

JX‘;‘ rﬂl

e T3 A9 FAHA HEHE g S

(A) (B) (©)

100 35 30 *Ek

80 b 30 e *a% -+ ven
g ‘E & 353 & q-asa
gﬁ 60 Wi o5 e meTe g0 *k -+ MPTP
[ Ea * —e o-asa+M «? 2 q-asaM
=4 [ % Sw
iaf SEaxf F3
-2 - g
SE g L] e I g 0l
& 20 15t

0 10 0

1Day 2Day 7Day 1Day 2Day TDay 1Day 2Day 7Day

Y-maze testE o] &3 W7 ds8 S, (B) Y-maze testS 01%1} T YAl
7

(=54) 5. (O) Pole testE ©]&3 &4t (Hed) AL,

&4 ¥ (a—asarone; & ilolrlE)e] I (BBB) E3o]

rob

PN
s

P

213
ol 3= ‘D ] A (Blood Brain Barrier, BBB)' 2 = Ad
Aol FE 5 02 EHE0 HME AUy E AS Wt 350
BBBE %3314 &l H2 Adg"E 4 glermz C57BL/6 mouse ©]
B oAt ES AT (po) B HAFFAF (p) ¥, a-asarone°]
Joars Fostgla, duoprlEe] AUWE FYHo] EauHE v =
e ERdo A ALLEE= C57BL/6 mouseoﬂ a—asarone(%ﬁ}o}/\}%)
63011;]]% UJ 1.4 Z 4
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AN
fﬁmin
d

a-asarone inj.
(p.o. ori.p., 10mglkg)

>

Smin 10min 20min 30min

t t t

blood-gathering & brain dissection

=3

Al
e}

19 33. a-asarone; &I}olALE 9] half-life =2

3|
=1

0 100 100 100 100
5 96.2 0.03 40.4 2.14 82.82 0.01 90.36 1.38
10 90.4 0.22 215 5.07 65.75 1.59 50.94 2.08
20 45.8 3.9 15.3 4.00 55.04 0.74 33.12 0.60
30 41.42 0.41
T 19.06min 4.19 min 28.42 min 10.53 min
3t 4. Pharmacokinetics of a-Asarone study
A B
< 100 + ’—w\'\ i.p. brain = 100 - *\ ip. plasma
= 80 Mg R %
c c
£ 60 - \ 2 60 -
£ 4. Wai E 4. 73
o T,, = 19.06 min o T. =4.19 min
§ 20 § 204 ™ 1 3
— .
0 5 10 15 20 25 0 5 10 15 20 25
Time (min) Time (min)
C D
__ 100 4 p.o. brain 100 *\ p.o. plasma
: 80 - : 80 A \\\
2 60 - 2 60 - !
‘E 40 | ‘E 40 - /7
g '|'1J,2 = 28.42 min g Tm =10.53 min
o 20 - o 20 A
&) &)
0 T T T T T T T 1 D T T T T T 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25
Time (min) Time (min)

13 34. Half-life of a—asarone elimination
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Scopolamines ©]| &3 1A 7|5 &4 EER DA g-asarones FE=H
37 AYS APt o7+ = T+
A vk Bdoa dre Wi o F wWog Iste=d 4
(Transfer latency time |

s Hole As &

o =
ol
o
8
o
M
juit)

(o]
w
ol

300
250
200 * ¥k *
.
)
~
: 150 OAcquisition
W Retention
= 100
50 Hitht
5 .
Scopolamine - + + . + +
ASA (mg/kg) - - 3 10 30 THA

a9 35, 2R &4 FEE DA a-asarone? TLT(Transfer latency time) 49

- Y-" 2243 (Y-maze test)

YA v ZAE S F TS degHor A5 2 ZAI a-asarones A
gk oA izt Hste] F= P3S4 (Total Arm entr, 8E54)7F 2% 715+ A
(

Percentage alternation, 21 %5 2)2] 7|4 & 59|

70 70
60
e £
£ 50 (=]
- :
40
; :
< 3 =
« <
s
2 S
10
o
Scopolamine - + - + + + Scopolamine - + + + + +
ASA (mghkg) - - 3 10 30 THA ASA (mgkg) - - 3 0 30 THA

a9 36, 1A =4 TEE A A a-asarone] YA H|2AE 4
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- olE ZF o ~HeA &4 ZA(AchE activity assay)

Aabupo- 29l o1 e S A A7l wlg-o] AEE AEE ¥ PTAIS
ol & A= 3sto 3svl (Hippocampus)®l ol 3] (Cerebral cortex) i< 23}
AChE &84 AdS 243 A3 jn wivo’dolA AchE 4 & 9As:= A4S b

o]+ a-asarone®| acetylcholinesterase?] #3= A dlslE S & S AdATH(2H 37).

>
=

160
140

120 .

= 100 owk =
E o e E
= s =
= M
= 60 =
] ]
20
0
Scopolamine == + + + + + Scopolamine  — + + + + +
c—Asarone = = 3 10 30 THA c—Asarone - 3 10 30 THA
(mg/kg) (mg/kg)
4= B
a9 37. 1A E4EER A A a-asarone] AchEEHA 4

- A Aikst 54 (MDA Assays) 23

A1 akstE (Lipid peroxidation)& 57 817 9] 8ko] Z19] 4HE <1 MDA (malondialdehyde)
level & =43t tE. a-asaroneE #8]stY MDA levelo] W3 & (1d 38A)N A= AA
Aoz A st= AL &9l sgoer dui(ad 38B)dAM = T EHOZ A= A

S FRA5AT}E o] = a-asarone’t A A IS E ] A4S JAEE AS & AAJTH

140 e 350 300
i it
120 i 300 ' 250
*
£ 100 c 250
£ z kk 5 200 »
g & b § 20 £
2 a i S 150 i
2 60 E 150 % % "
a) i o i ® 100
= o S 10 E
4 *hk 50 50
0 0 0
Scopolamine = + + + + + Scopolamine = G + + + + Scopolamine - + + + + +
o-Asarone - - 3 10 30 THA a-Asarone - - 3 10 30 THA c-Asarone - - 3 10 30 THA
(mglkg) (mg/kg) (mglkg)

19 38. 91A] £ FEREAo|A g-asarone?] MDA % SOD level &<l
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AL stRew, 7 AAS o3 2o dxd FHE2E 1 Kgs AAste] 70% #eE

(24 D)= #7kste] &7 F=2B0C) 33 AANT & FEds B9 o33 b5 o9 2

te=ote] =FE=280g)e AW =2FE= lge THTANG0OmL) @E S, &
A

hexane, ethyl acetate, n-buthanol® <=x}4 0. & o] A7F Euj = 5l th. 7L 5 ethyl acetate =
o A t}Fe] a-asaroned EQlsle] 2FEE 240 g2 ethyl acetateE ©] 83k o] A7 Euj =
3}o] ethyl acetate + 8 &S 615 g& LA} o] = silica gel flash (CHCl;: MeOH = 12:1
-> 91 -> 711 -> 41 -> MeOH) & AA|ste], th&Fe] a-asarone’} E3E 8 (Fr. A,
B; 137 g)S A o] £35S tA] silica gel column chromatography (CHCl;: MeOH =
15:1)E A8t B85S TLC (silica gel, A70<): CHCl: MeOH = 15:1, 22 A oF 20% 3}
b)) Aol A @ spotS geleh 4= g1l o (Fr. A-5) 46.8 mgS ALl o] & #2498 94 C18
Zekoll A gl g At F e o] AAIE FRlsto], ol & Eedtr] flete] A} H F
% HPLC E}%Jﬂr 2o ZAoA 33 Ay (50% acetonitrile, UV 210 nm, C-18
© & compond A, BE £¢] 2 A A3} \7} 2 3 54 7254 (NMR, IR,
UV, LC/MS), 234 HEA2® Y, 84, TLC, HPLC, &=, 78 Ag%) 9 =z &
Me Fd Folt 53] I BALS B A HF E‘ﬂ Al Fstol 7] wfitol] 2eFH 7]
Rt A 7] 918k HPLCE ©] 83t validations 53] 31 %1t
a,B-asarone(&3}, HlELOALR)E B2 AA gt BAEREA 7 BE
=238 shdh (L9 39).

FHZ9 qB-asarone oil AEOFE EoE R HA FE EAS X E EAE B A
Lo & m= AAS PG o R x HO 1% vwe] dES A 242 B2
AFGA A Fel/ s A3 F Ao FEIHFS kgd €I ofAELS 296 mg, HE}

OFALE 2 88.8 mgol 3t}
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Acorus gramineus (AG, 1 Kg)
|mwaummm.ou:3nr_3ums]
70% MeOH extract (25 g)

| |
EtOAc Fr. (6.1 g) agueous layer
| iica gelRash chvomatography. CHCI, MeOH
| I I T |
121 g1 71 4:1 MeQOH
(137 g) (068 g) (080 g) (013g) {056 g}

| Silca gel colurn chromatography {CHCI, MeOH = 15:1)

| | | | | | ]
A-1 A-2 A-3  A-4  A-5  A-6 A-Tek

re-grystallized in waler & prep. LC
0-35310N8 (29.6 mg, HPLE peak pusty 49%)

Acorus gramineus (AG, 1 Kg)
| 0% extract with e (3, 3 imes)
70% MeOH extract (25 g)

|

| |
EtOAcFr. (6.1q)

aqueous layer
| siica ge iash chromatography. CHCL; MeOH
1 I | I 1
12:1 81 71 41 MeCH
(137q) (0.68.9) {0800} {013 g) {0584

I Silica gel column chromatography (CHCI MeOH = 15:1)

| | | 1 1 I 1
A-1 A-2 A-3  A-4 A-5 A-6 A-Tef

prep. LC
[-asarone (83.8 mg, HPLC peak punty 99%)

19 39. Fractionation and isolation of a,B-asarone from Acorus gramineus

Ethyl acetate ©] &3+ o] 47F &l ol A] a,B-asarone©]

- TRz FRAES T8 96
O drEe AS A AT (2" 40).

- CCfsilica gel column chromatography CHCl3MeOH =15:1)& ©]83%t a-asarone?] U=
sk 538 TLC fingerprintE 33ttt (19 41).

a9 40. a
stk E-A¥ 3 TLC fingerprint

—asarone, -asarones UF=

19 41. a-asarone, B-asarones U}
stf-3F CC (Fr. 5~6) TLC fingerprint

- CC (Fr. 5~6) &¢¥ spots 7 =3t AZA4Ast 2 HPLCE o] &3 &% #HAL LC =

AL 50% acetonitrile, 210 nm, 5 uL inj., C18 column, 30 min.
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- a-asarone, BY A ZAA3 % prep. LCE o] &3+ oA &2 AA.
DAD1 A, S=210,16 Retwot! (TEST-C'052-0101 D)
mAU ] [ea)
el
=
4000 8
O
3500 %
v <
3000 § _g
© 3
= a
2500 N =
{ \ G
(W]
o 4 T
w
1500 | | ﬁ
\ A
1000 ‘ \ f |(
TR
500 _ a _ II \ |[ \\
8§ 28R & § S $: ] Y\
0 - ™ & V' i - @ ; - . \‘kg
1] s 10 15 20

19 42. a,B-asarones U 3§ CC (Fr. 5) HPLC fingerprint

—
DADT &, Sig=210,1F Ret=0ff (TEST-A1061-0101 D)
Farm.
1400 H

1200 H

188585 - Compound- &

1000

800 4

600

400

200 4

&
E
16604

29.467

T T T T
o & 10 15 20

B

19 43. a—asarone?] HPLC fingerprint

I
DADT &, Sig=210,15 Ref=off (TEST-A1154-0401 D)
Mortn
1400
m
1200 E
]
2
£
g
o
1000 ]
@
3
)
@
300 -|
500 |
400 |
o
g
2
=
200 | o
2oL o @
= B g = 8
2 3 5 jd
| = Lo o
a —
T T T T
0 5 10 15 20

19 44. B-asarone?] HPLC fingerprint
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- 71Ed EY/AAHS ol&dte] B APKES §58 Hole F Y £¥ES o&
gto] F i ¥ =S HPLC <& 99% ol 3td= 22 2 7= 4% s F 719

i}
it

a—asarone®] o3l £z

o2 2 AU

7} asarone (1,2,4-Trimethoxy-5-[(E)-prop—1-enyl] benzene)

AFe]: alpha-Azaron, a-asarone
CAS number: 2883-98-9

Al 2 CioHieOs

w2FE 208.254 g/mol

&7 62-63°C

AESHY A =A% (Acorus calamus)

219 45. Compound A9 T%
- a-asarone?] 7 2 AA|

T2 54 9 % HAFE Y38 a-asarone S 82 dHo R HFGOH o]F silica
flash (CHCly/MeOH= 20:1—18:1—15:1—12:1—7:1—4:1—-MeOH), silica column
chromatography (CHCly/MeOH=12:1)5 %3 a-asarone Uh#F 3tf 35 F R3S 9]
T e s ol gt AAAS Fx, neEe EFS R A 542 'H NMR,
BC NMR, UV spectra < %3 9& HolgE 3o 7|28 33 vudozaZH q
~asarone®] #2|83t4 54 UV MeOH™ 211, 256, 311. '"H-NMR (500 MHz, CDCls-d):
1.88 (3H, dd, /=1.2, 7.2 Hz, H-3'), 3.82 (3H, s, ~OCHj3), 3.86 (3H, s, ~-OCH3), 3.89 (3H,
s, ~OCH3), 650 (1H, s, H-3), 6.64 (1H, dq, brd, H-1'), 695 (1H, s, H-6); “C-NMR
(125 MHz, CDCls-d): 19.00 (C-3'), 56.31 (OCHs), 56.68 (OCHs;), 56.93 (OCHs), 98.16
(C-3), 109.98 (C-6), 119.23 (C-5), 12457 (C-2'), 12523 (C-1'), 14357 (C-1), 14893
(C-2), 150.84 (C-4)%, a-asaronel. & A 4 AUt
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1H of 1 in CDCI3

i wEE .{_ R e f T e
b
Lo v
‘I ‘ ‘ ‘ 1
19 46. a-asarone?] 'H, PC NMR #4] 23}
- B-asarone®] w3 Luk EA]

223k B-asarone®] WA % a-asarone?t TAI FTREAH WHS A Lsto] s
¥} B-asarone (2,4,5-trimethoxyphenyl-2-propene) 2. & %4 &3l t}.

19 47. B-asarone®] T%

_55_

FAFo]: cis-isoelemicin, B-asarone
CAS number: 5273-86-9

AlZd 2 CioHigOs

=2 208.254 g/mol

|4 62-63°C

AEstH A 4% (Acorus calamus)



~ B-asaroned] &2 % AA|

R oo AAbE e 1Ahd Rl = Brasarone’t O g E 28 S ¥ oR

Fx 54 o
gt om, o] % silica flash (CHClyMeOH= 20:1—18:1—15:1—12:1—7:1—4:1—>MeOH),

silica gel column chromatography (CHCly/MeOH=12:1)S %3& B-asarone”’} v}z 33
S gHsYgt o] F Prep. LCE ©]£3l9] B-asaroned 3 3sl= peakE W= 3,

ZFoeM AEEe] Brasarones FREATE B diet T4 'H NMR, “C NMR,
UV spectra 55 &3 +x A 23} compound B EZ3tstdy EA : UV
MeOH™>211, 256, 311. 'H-NMR (400 MHz, CDCl>-d): 1.84 (3H, dd, J-1.2, 75 Hz,
H-3'), 3.80 (3H, s, -OCH3), 3.83 (3H, s, ~OCHj3), 3.89 (3H, s, ~-OCHj), 5.76 (1H, dq,
J=7.2, 114 Hz, H-2"), 6.49 (1H, dq, brd, H-1'), 653 (1H, s, H-3), 6.84 (1H, s, H-6);
BC-NMR (100 MHz, CDCls-d): 14.80 (C-3'), 56.21 (OCHs), 5456 (OCHs), 56.76 (OCHs),
9768 (C-3), 10991 (C-6), 11818 (C-5), 12494 (C-2'), 12591 (C-3'), 14252 (C-2),

151.65 (C-4)%, compound Bi= B-asarone® = &4 % it}

)=

fLN

=
[€)

19 48. B-asaroned 'H NMR &4 2z}

O q,B-asarone?] =% 4]
a,B-asarone®] X #2412 100% methodoll €] Ag HPLC systems ©]-§3te] G233}
ow o]= ICH 7}ol=2}]l "Validation of analytical procedure: methodology”oll A &3}

o

oddy, AuE, A3y, A0, 85e, 43R, A58 2 304 2T RN

715 8k A Tk
O a,B-asarone?| f+&3td e g

HPLC/DAD 7]7] 4. HPLC Z#2 C18 (YMC 46 mm X 250 mm, 5um)o] o, o]
Ao 2= water (A)®} acetonitrile (B)E AFE£3o] 1.0 mL/min®] #5292 Alx 20 uL

i o

F43}e] isocratic mobile phase = o2 23} t}.
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Equipment : Hewlett Packard 1100
Column YMC C18, 46 x 250 mm, 5 pym

Detector : UV/VIS detector 203 nm
Integrator : Chemstation for LC 3D
Temperature : room temperature
Injection volume : 20 uL
Mobile phase A: acetonitrile (50%)

B:  water
Flow rate : 1.0 mL/min
Analytical time : 30 min

O a,B-asarone A Z=Z2(RM)2] ¥+ &9 ZA

%5 mg2 a,B-asarone RMS 5 mL (1.0 mg /mL)2] HPLC ¥ methanold] £33 t}
A 8l Aste] HF FE7F 625 mg/mL7E B wi7bx] 59 Aol FEgdor A
Atk

_|_‘ 1:110
:I:‘4

ol S

O HPLC 100% &4 23}

. HPLC 100% systeme©lA] a-asarone, B RMell A&3&l= ¥ == 747} 1364, 15459
=d sdoH, g2 friEd 7|dE das #SHA Zka, 37 FE, 48] ¥ 3
Ay 2 FAHS AdAd Y dedo] Hojurta & 4 Qo

1 34708.2 24215.8 67845.7 491514 107027.7 85239.3
2 34738.7 242214 67806.2 49111.8 107734.4 84483.4
3 34707.7 24268.7 67898.1 49129.4 107976.2 85276.2
4 34752.3 24227 67943.2 49124.2 107506.3 85123.3
Mean (peak
area) 34726.7 24233.23 67873.3 49129.2 107561.2 | 85030.55
S.D. 19.38 20.86 51.87 14.32 349.95 320.89
RSD(%) 0.0558 0.08608 0.076 0.029 0.325 0.377

¥ 5. a,B-asarone®] HPLC 100% ¥4 AU =
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Lk
Aol 4 <)
22 HPLC

-0
o

gl e Wy FasHA ZeE= A
[e)

—1 O
B2 S o]83lo] validations 5383}

& R=200% ¢ %5 eon, 19, 18 2
ol 3 A3, B AR NE ThSw)

DADT A&, 5ig=210 8 Ref=aft (CHA1021001-0102 0}

2000

1500

1000

00

—
DADT A, Sig=210,16 Ref=off (TEST-AW0E1-0101.0)

orm.
1400

1200 H

155855 - Compound &

1000 +

800 o

600

400 4

200 4

783
50
16.604

29.487

B
B

m—
DADT A, Sig=210,16 Ref=aff (TEST-A064-0401 0)
orm.
1400

1200 H

1000 +

@
=
c
i
2
=
E
5
[5)
@
@
%
@

a00 4

600 o

400 4

2642

200 4

3754

&

4.507

5240
740

13.736

©)

19 49, 2F%EE(A), a—asarone(B), B-asarone(C)
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O
Ho
fol
oty
it}
o
o)
Q
wm
aQ
=
o
5
D
<
®
o
Q
=
o
5
S
4
L
i)
¥

Solid: 9% 2HS AT & Z4MeR sz #aA4ES o Basaroned FET
2 R=20282 4335 Yoo, o5 o&3t AF(ZFEE)AAE & EgHE A&
stol & 4= AT ZH% a, B-asarone®] WEFE A|7+e 154 F3} 138 o7 Fol H
o, HPLC/DAD #HZ%7]Z o]&3F UV peak purity®el A¥(2d 5002 e ow =
# =% 1907400 nm e A3 g 193} ol Solwhg 260 nm, 310 nme el &
gt 19 508 Z3FEE(A), a-asarone, B (B, C)olA %*353A4 4 7153 AL B
of =1}
B=E
200 225 250 275 200 225 260 a5 o
s B=E
N
7
g
./ \
."ff ‘I\I‘.
f/I \\
\ o
P %
st \
\ r
\ s \\\
200 226 250 275 ! Eﬂlﬂ 325 360 ars nm

29 50. a, B-asarone?] 190 ~ 400 nm UV A~HEF
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DBADY A, 815=2108 Ret=aff (CHA10Z 10010102 B

tom
2000
1500
1000

00

Marm.
1400

1200

1000

800

600

400

200

I
DADT &, 5ig=210,16 Ref=0f (TEST-A061-0101 D)

18888 - Compound A

et

o

&
16.604

29467

B
B

orm.
1400

1200

1000

800

600

400

200

—
DADT A, Sig=210,16 Ref=off (TEST-A1054-0401.0)

@
=
c
i
2
=
E
5
[5)
@
@
=
@

13.736

)
a9 51, 2F%E(A), a—asarone(B), B-asarone(C)
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- W9 ®H AN T sEEe RE dotr] S 0488 ng ~ 2.0 mg/mL oA FA}

I o™, 7 F 048 pg~ 1.2 mg/ mLAl A &k 2444 -& YEFWTE R2=0.9990.2 a
—asarone, B Y= 131944.459X+264.58954, Y=95932.5427X~-240.37116= YEIH O™ Al A
H(E2FEE I 719049 a Brasaroned] A FIFS VIEL= ko] 39 ~ 500 n
g/mLo A 2AAS FelAt. Z42Fe] a, B-asarone® R2 = 0.99987 R2 = 0.9999°. =2 &2
g #= WERlY (L9 52).

=

ol
Il

ol

a asaron, BADY A
Area = 131944 450" Amt + 204 58054

ATES - o) Res%@) -6 505081

70000 e

o

0 : Comelation: 0 89902

] 02 0.4M;unﬂng*ul‘]

ol
b-azaron, DADT A
Arva = Q5032 5427 AmL -2490 37116
AR ool Res%(20)Y 128 700
S0000 ;
"
~13
A0000
20000
14 -
+
20000
15,
10000 .x‘+
16,/
7 A
ol
0-g Comelaton: 0.00003
0 02 0.4 amount{ngfuf]

19 52, a-asarone(A), B(B)9] #H =4 (R?)
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- AEA A E Fdsk] flste] RbEAA ] APA (repeatability) M LA A

- Q¥ A (repeatability) : WFHEA] S o] AHHAA-L 37] F=(250, 500, 1000 pg/mL)olA &<
sk dAe] BAS 48] dbE sto] A2 7} peak area #O=A, 7 FEE %RSDE «
—asarone® 7% 0.06445, 0.088263 0.37568°.% U EFWEo ™ compound B 7A-$ 0.09940,

0.03366, #0.43577= “EFyh (3 5).

1 34708.2 242158 67845.7 49151.4 107027.7 85239.3
2 34738.7 242214 67806.2 49111.8 107734.4 34483.4
3 34707.7 24268.7 67898.1 49129.4 107976.2 85276.2
4 34752.3 24227 67943.2 49124.2 107506.3 85123.3
Mean
(peak arca) 34726.7 24233.23 67873.3 49129.2 107561.2 85030.55
S.D. 19.38 20.86 51.87 14.32 349.95 320.89
RSD(%) 0.0558 0.08608 0.076 0.029 0.325 0.377

¥ 5 5% o B-asaroneA @A A

- A dAH HEA (intermediate precision) : EALAE AEAZES Flst] fste F
T (500 pg/mL)E A F3ste] 4T WAolA BASHHA 0 hour, 24 hour, 48 hourE WH&
zZ2rslo] A3 %RSDel A3+ a-asarone? A% 0.06794%, Compound B 0.04038%
2 Yt (F 6).

0 67845.7 491514

24 67806.2 49111.8

48 67898.1 491294
Mean(peak area) 67850 49130.87
S.D. 46.10065 19.84070
RSD(%) 0.067945 0.04038

¥ 6. a, B-asarone?] E A=t A A
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- A% Asaron %Eoﬂ 3t mjEY A9 J3kS ZA}SlaA} spiking/recovery H
A S Frtstdeh =, B899 AFd He oA AT HAZ =
—asarone2} Compound BE Z+7}y 125, 250, 500 pg/g 7Fste] 3l4&S =AU
AL 7hek Aol W& 3)4&S vug 23 a-asarone®] A5 3FES 77

o Fkl Wy
NN 2 o
o M o U

o
o 5] 9555, 99.38, 99.78%, %RSD+ 0.21, 0.12, 0.16% =, compound Be] 749 96.47, 97.30,
95.07%<] 3l& 3 %RSD+ 052, 0.11, 0.16% = ul-$- YERSTE (3E 7).

1 95.26 95.92 99.46 97.26 99.60 95.28

2 95.65 96.36 99.21 97.20 99.77 95.01

3 95.73 97.13 99.47 97.45 99.98 94.91
Mean 95.55 96.47 99.38 97.30 99.78 95.07
S.D 0.21 0.50 0.12 0.11 0.16 0.16
2%RSD 0.21 0.52 0.12 0.11 0.16 0.16

¥ 7. a, B-asarone® A3IA A}

- AZ3IALOD) ¥ AHEHIFALOQ) : a-asaroned LOD (Limit of detection): 0.488 1
g/mL, LOQ (Limit of quantification)< 1.2 pg/mL% et Compound B¢l LOD
(Limit of detection)= 0.488 pg/mL, LOQ (Limit of quantification)< 1.2 pg/mL=Z YEF:
=

2. BE 9 A7 AFe Az

7F 7154 AE dEe Alzxed g9

O F3Hzx 9 FaARe g 2 AAAAANM = 282 =ol7] ¢ F7] £ujs ol &
3 FEHS o] gl on Vs AEY YduE B FEE vl 4SS o] &3k

O FHZ 715AFE 489 & 25 4 34 x4 325 g4 =4

B oA A= (F) oI Aon)gl 2T ow Frx S SEARe v sgd s
AE P8 AZRE Y BEAHAF) FEE, 50% FA, 0% FA 100% FHOR FE3
Aztolty, FHZ 100 g& ZH2F B 50%, 70% 2 100% A< 800 mL #H7tste] F33)
of 7+t o3 T H brixs 3 A3 B FEEL 20, 50% FAHE 185, 70% T4
217, 100% 4L 2205 YelAY. T3 =88 AR A3 47 765%, 78.1%,



T15% 2 776%% YeESTh T3k §§ A% a-asarone®t B ¢/ A3 & FEEHT
70% 4 FEEAA =4 e o2 F3 7|l AE 945 FE2 YdAM= 0% F

42 olg3 FEWol T Aow Ardd

FEoA S Wl W brix (2.0, F&:1765% S Gt om 0% TFAHOE FE5}
% 7,78

test1 test2 test3 testq tests

a9 53 FF el wE & el

25.0
21.9 22.2 217 ,5g 219

20.0

Brix 190

%) 10.0

.0
2 s 18 | 1 F .0

0.0
test1 test2 test3 testq tests

—— A 5

F7d70%

a9 54 FF &vfel W brix &4
O AAAE B B AdA7]s ¥ F&AE % I 4 24

3l [Traditional Korean medicine (TKM)&E HH] 2 &
A3t QX715 gl AEHAE dxA Y (EH T F8AE

Ardel TFHer E48 Botonw F§ ol EdUR AATISIHA A3

BA S| AHgsaA @k

_64_

RPEESE S ET IR
B wo] We) =Ee B
EA4 9 5%



3 8. Evidence linked herbal formulation used in Korea for memory enhancing effect

Chongmyeong-tang
(5 %]

Acorus gramineus (X1%43E), Polygala

tenuitolia (Y A1), Poria cocos (¥3)

CMT may be useful for cognitive
improvement via regulation of
cholinergic marker enzyme activities

and the antioxidant defense system.

Palmul-chongmyeong
-tang (PMCMT)
[(ZEFYE]

Ginseng radix (14}), Atractylodis
macrocephalae (M%), Poriacocos (3
2), Glyeyrrhizaeradix (%),
Angelicae gigantis radix (Sb=r37]),
Ligusticum rhizome (3L¥-),
Rehmanniae radix (%A %}), Paeoniae
radix (Z+°F), Acorus gramineus (%

X), Polygalae radix (4A])

Treatment with PMCMT reduced the
loss of cholinergic immunoreactivity
in the hippocampus induced by
cerebral ischemia and improved
memory. It might be useful for the

treatment of vascular dementia.

Guibi-tang (GBT)
(Quipi-tangorKihi-To
)

(A &]

Panax ginseng (A4Y}), Astragalus
membranaceus (371), Atractylodes
macrocephala (8 %), Poria cocos (&
&),

Zizyphus jujuba (WFA), Euphoria
longan (£-9Y%), Angelica sinensis (%
A), Polygala tenuiolia (9A]),
Saussurea lappa (53), Glyeyrrhiza

uralensis (7F=)

GBT improves learning and memory
but also increases the proliferation of

cells in the DG of the hippocampus.

Yukmijihwang-tang
or
Luweidihuang-wang
(YM])
[Sv A FE]

Corni fructus (%Y%), Rehmannia
radix (£A18}), Poriacocos (£%),
Discoreae radix (*t<¥), Mountain
cortex radices (5'%3]), Alismatisradix
(AL

YM] prevents the deterioration of
learning and memory ability in
senescent accelerated mice and

hydrocortisone—treated mice.

YM] cause significant reversal of
ibotenic acid-induced deficit in

learning and memory.

Sipjeondaebo-tang
[HHgrg]

Panax ginseng (Q4}), Astragalus
membranaceus (7)), Atractylodes
Japonica (MZ), Paeonia albiflora (W%}
°F),

Angelica gigas (97), Cnidium
officinale (-8), Citrusunshiu (F139]),
Glycyrrhiza uralensis (%),
Polygonum multiflorum (3F542.),

Cinnamomum cassia (f+74])

SDT may participate in improvement
of declined cerebral energy
production and cholinergic

neurotransmitter synthesis in senile

dementia.

Gami-chunghyul-dan
(GCD)
(¥ H ]

Rheum palmatum (W3), Scutellaria
baicalensis (3+), Gardenia
jasminoides (X A}), Plantago asiatica
(A7 9l), Cannabis sativa (Hv}),

Prunus humilis (£2]%1), Areca

GCD treatment rescues cognitive
impairment induced by soluble
oligomeric forms of amyloid beta (A
BO) as well as protects against AB
O-induced hippocampal cell loss.
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catechu (N E-=})

INM 176 showed benefits in

placebo—-controlled clinical trial in the

Ethanolic extract of i i
INM 176 ‘ ' old aged subjects with memory
(K-1107) Angelica gigas impairment.
(AFAFAZZE) INM-176 inhibited AChE activity in

the hippocampal tissue in vitro and

ex vivo.
¥ AT 1599 5 2659 99 L 4475 AA B B(P) X FEAT =4 4 A9
P FAAE X TEI}AS

O A &Ae 54 A 2 HAH FEEe] 48 HAA Un witro)

- = AAAE (SH-SY5Y human neuroblastoma)E o] 83 =731 % HA FEH59 =

AL
Tubld A AAESQD SH-SYSY AXoA % FE2ES sz Ay & 54734
(MTT assay)E daslgar, AAE=2e MPP'E AHglste] AAMNIEAANA 12 F25
o] AIXZRZ %S BAsgT 1 A3, SH-SYSY AXEAE 4% HAHFEE] 100
ug/mé 74 EA0] §le AL gl AT 200 ug/mlAl Al 10.242.7 %A o] HAHS
U= Ao] AZHATH (LE 55A). FHZ FEE AAAFEA A &5 A7) ¢35
A= MPPT ImM< A8 23 50, 100 pg/mol A &%5<S Bt (18 55B).
(A) 130 (B) 120 -
100 - 100 -
_E‘E 80 | E‘E 80
'f-; § 60 - 'E § 60 -
=% 2y
3§ 40 3\&3 40 -
20 4 20 4
0 -+ 0o
AG(ug/ml) - 3.1 6.2 125 25 50 100 200 MPP(1mM) - + - + + +
AG(pg/ml) - . 100 10 50 100
% 55, SH-SY5Y AlXAA Fdx H4 F289 43 HAAL (A) 3% HA
FE2E MEAEY HAL B) FHx HFH FEE ANAAME HE &5 4.
- BV-2 AANAEE o] &3 FHX HFH FEE U FaAE SAHAA
BV-2 AANAX FHx HAAY FE52E L FaAE 54 2 oGS 9y =
AL ez JAAgs & A4 =29 LPS (100 ng/m)E A glste] 24X 7 wjek F
MTT assayE Zdste] FAe90. 1% HHFFE5E 200ug/m7HA] LPSE A gl sle] 4l
AASS oy AlE5Ae] A e AL Tt (18 56A). A% 8
AE g-asaronex 500 pMolA LPS A A, 23.2+54% LPSE AH#3stA LPS o
174+0.9% 2] 545 7HA&= AL 8893, 250 pg/mle= A3 548 el A ot
(19 56B). t+& FE&A 2 B-asaroneol A+ 100 ng/ml7FA] LPSE A glstol e AES=
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- K-MMSE (Korean version of Mini-Mental State Exam)
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14
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e () aqqz 9 1(1)
(A2 () A ~7(1)
[5] 29(1) = -7(1)
A1) -7(1)
k(1) S0 51 v & 71(1)
At ALE(1) 3] A= (1)
F2) Folgt= 2Q) 24U(1)
[5] A A1) ol & d7](1)
2 F0) ool aHA AW
Hl 3 71(1) My sy R
RS (1) [Lé] 9 7+E(1)
[3] e171(1)
(1) FETT

- CERAD(the Consortium to Establish a Registry for Alzheimer’s Disease) 4

1 A4 HAF AR ALEd ' olFY]
2 H2E olFul7] A} O9E HoFa o] F Y]
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T, AUsT] dAs vers dAVS d2)
e Asel Wele ol s)gke] AT WA F7F A0 WEoT BT
== n =55 % EE]
AEZ | mES ANE2 | mES g2 | mES
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Cognitive enhancing effects of

Kumar H, Kim BW,

alpha asarone in amnesic mice |Song SY, Kim JS, Kim| Biosci Biotechnol |2012;76(8
201208 by influencing cholinergic and | IS, Kwon YS, Koppula Biochem ):1518-22 =] SCI 1206
antioxidant defense mechanisms. S, Choi DK
Promising Therapeutics with
Natural Bioactive Compounds Kumar H, More SV 2012, 17,
201209 for Improving Learning and . Han SD, Chai JY Molecules. 10603-10 =9] SCI 2.0%
Memory — A Review of and Choi, DK 539
Randomized Trials
The role of free radicals in the | Kumar H Lim HW, 2012;13(8
aging brain and Parkinson’s More SV, Kim BW, . . g
201208 disease: convergence and Koppula S, Kim IS, Int J Mol Sci  |):10478-5 2] SCI 2.339
parallelism Choi DK 04.
2012
The role of bioactive compounds | More SV, Koppula S, Jun
201206 on the promotion of neurite Kim IS, Kumar H, Molecules. . . 9] SCI 2.0%
outgrowth. Kim BW, Choi DK. 417(6):67
28-53
Advances in neuroprotective Evid Based
. . .. More SV Kumar H 2013,2013
oo1309 | neredients of medicinal herbs | e S Tsong Sy, | Complement | 9] S 2175
by using cellular and animal Lee K, Choi DK, RO S1L1)
models of Parkinson's disease. Alternat Med.
Traditional Korean East Asian | Kumar H, Song SY, 180214
medicines and herbal More SV, Kang SM, ; :
201311 formulations for cognitive Kim BW, Kim IS, Choi Molecules. 670-93. =] S 20%
Impairmen DK
201401 el b o Vo §v Ko B, | Nat Prod Rep Janz'(:)slﬁn' 9] scr | 10715
Nrf2/ARE pathway for chronic i ’ - ’ ’ :
. Choi DK _
diseases. 109-39.
A novel synthetic HIB
derivative, BECT inhibits Kang SM, More SV, - | 663471
lipopolysaccharide-mediated Park JY, Kim BW, In armacol :
201406 inflammatory response by PJ1, Yoon SH, Choi Rep. -0 =9 SCI 216
suppressing the p38 MAPK/JNK DK.
and NF-«B activation pathways.
a-Asarone attenuates
microglia-mediated
neuroinflammation by Kim BW, Kumar H,
inhibiting NF kappa B More SV, Koppula S, Neuro-
201501 ana(ftgﬁ}gge . Han SD, Song SY, — Submitted | -9} SCI 4819
MPTP-intoxicated Kang SM, Kim IS, |~ Phamacoogy
behavioral deficits in a Choi DK.

mouse rpodel of
Parkinson's disease.
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Ameliorating effect of a— AA in

0 . ~ .
12" Intenational | Kumar Hemant, Byung-Wook Kim, | 1 oo 414 ced BV-2 microglia o
201202 Congress of Hyung-Woo Lim, Sushruta Koppula, 4 MPTP-intoxicated mice: el INDIA
. an —intoxicated mice: —
Enthepharmacology Dong-Kug Choi*
Focus on neuroinflammation
B- AA attenuates
A 1331 Hyoeng-Woo Lim, Seong-Mook proinflammatory mediators
201206 S A A5 5] Kang, Soon-Min Hong, Shin-Young through inhibiting NF-xB SWgksts] | diEls
St AR S A =T .
Park, Dong-Kug Choi* signaling in LPS activated
BV-2 microglia cells
. Aipha-asarone attenuates
Byung-Wool Kim, Hemant W’ LPS-stimulated neuroinflammatory
Sushruta Koppula, [I-Woung Kim, respondes in BV-2 microglia and
201308 | Al 803 321 E343t8] | Hyung-Woo Lim, Sandeep Vasant | 0 AT Bt = E R e e
More, In-Su Kim, Sang-Don Han, reverses behavior impairments in
. . MPTP-intoxicated mice mocel of
Si-Kwan Kim, Dong-Kug Choi* PD
Byung-Wook Kim, Hemant Kumar,
Sushruta Olzogn - Wor Kim’ Therapeutic effects of aplha—asarone
201408 i Fiung-Woo Lim Sandecp Vagany | "8t LPS induccd miemgil | ooy | o
S EAA A 583 More, Tn-Su Kim, Sangefe]gon Hen, activation and MPTPOintoxicated PD o T
Si-Kwan Kim, Dong-Kug Choi* mice. mmodel
Hyung*WOO Lm Byung*WOOk [3* AA attenuates
A 1551 Kim, Hemant Kumar, II-woung pro-inflammatory mediators by
201408 SRR E ARS8 Kim, Jeong-In Park, Sandeep V. | inhibiting NF-kB signaling and | =We&Ets] | thehdl=r
Sk A FA| A =5 . .
More, Si-Kwan Kim, Dong-Kug | JNK patyway in LPS activated
Choi BV-2 microglia cells
B — k Ki
Syun}fuzolzopgﬂm Eiarvrvrant merjrl, Therapeutic effects of aplha—asarone
A 817 - wa, ouns against LPS-induced microglial IR
201408 )5 e Hyung-Woo Lim, Sandeep Vasant " L Tujskedis] | gl
k2] 5 7)5) 3] More, Tn-Su Kim Sang-Don Hen, activation and MPTP-intoxicated
Si-Kwan Kim, Dong-Kug Choi* PD mice model
Hyung-Woo Lim, Byung-Wook B- AA attenuates
A 813} Kim, Hemant Kumar, II-woung pro-inflammatory mediators by
201408 EERERE Kim, Jeong-In Park, Sandeep V. | inhibiting NF-«B signaling and | =Wig=ti3] | dighvl=
LH ===

More, Si-Kwan Kim, Dong-Kug
Choi*

JNK patyway in LPS activated
BV-2 microglia cells
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20133 3=y E e 71HW S “Alpha-asarone attenuates LPS-stimulated neuroinflammatory responses in

BV-2 microglia and reverses behavioral impairments in MPTP-intoxicated mice model of PD”
A2 gk A 5 3tehs] ShedlE] FE~EAY 4 (2013.08.30.)

2014 &A1 E78F3] 71 L “Therapeutic effects of a-Asarone against LPS-induced microglial activation

and MPTP intoxicated PD Mice Model.”

Al 814} F=r A Faeks] st dedd feEw AddE] ¢

¥ T (A= 291) (2014.08.26.)

2014 A= skl theY Hemant Kumar “Natural product-derived pharmacological modulators of Nrf2/ARE pathway

for chronic diseases.”

Ajeta getel A A95eE A (2014.08.22)

A13-318
®
°
KOSFoST
SEELYY
P16-015

49 R &4 : Dong-Kug Choi*, Byung-WookKim, Hemant Kumar,
Sushruta Koppula, Il-Woung i, Hyung-Woo Lim,
Sandeep Vasant More, In-Su Kim, Sang-Don Hanl,
Si-Kwan Kim Department of Biotechnology.
Konkuk University, Korea,'Departmient of Neurology.
Sehool of Medicine, Konkuk University, Korea
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O 3 Z(Acorus gramineus Soland)&= AlEE 27, L2725 sFok gt o Bt 22
g otEdolx Ay Jom FHE B I 29 £
= w0 A, A FEY, 2322, A=A, ouwAE FI}b Yt

< R ATeEw T THERE ASE AREE ok A Er)71Y

ZH B EA(AChE)S] E4& Adlsta dsddoA F4e A34E 53R om(]
Ethnopharmacol. 132(1), 70-74, 2010), +H %25 89 A9 =S50 34 2
IS 25 Bt x5 tHBioorg Med Chem Lett. 22(19), 6155-9

O T3k E3A 9 q-asaronets A7 EE F5(Limon ID%, Neurosci Lett. 453(2), 98-103,
2009) % X Aol wxd 7|9 H B 5 (Kumar H %, Biosci Biotechnol Biochem, 76(8),
1518-22, 2012) <ol %, @7 = (Pages N %, Neurosci Res, 68(4), 337-44, 2010), Z}A]%
& Z(Garduno L %, Journal of ethnopharmacology, 55(2), 161, 1997) %3} #& t}oksh
EEELE AFH o

O MR T syl Compoun Bx HEA, WakA, +EA, fEA TR vt Ha
itk (Chang SM %, %49 Chinese Medicine Plant, 318-319, 1996). o]} zro] t}ok
g EE2 AT MYE »)\t Azx 2 2 FA8ES ol&std AFS Md S
A A9, 2 NEAAAE R g5 SolF Aow ARE

N

Lk 1A TN Aol digh HE EF

rol/gst 6,073,084 | 11,530,128 | 22,430,473 | 36,756,493 32.5% 31.4%
Y Agt 450,906 566,782 721,709 788,057 7.2% 0.5%

otk 1,560,810 1,995,166 2,705,052 3,327,007 7.9% 3.6%
A g 892,365 1,164,824 1,630,641 2,078,124 8.6% 4.4%

F112020d7b4 72 A A (4 FDA £4 HaA)

@ ot A AARe
8459 el o] v, 20161



AAA 771525 Aol A vl=r9] AR E 292999, A9 157999, 4& 106
Ay Faro] 1069 ol o] AR E 1299d R, AAA A9 14%E A
At gev], wu AR/ EAE AR AWt 274% FEo2 AR 3l
SHED oy yween
1,500 Consumer sales 10.0
(10 (HH| 462 % 495 Al "
et 1,235
56 8.0
: - = 1082
g | CELERRONNEW s O
. &5 T 6.0
802 :
515 41 555 1.0
500
2.0

2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011e 2012e 20132 2014e 2015e 2016e

19 61. Global Dietary Supplement A4l A& & 2 A%

(£ *]: Nutrition Business Journal (2012))

herbal & botanical extracts 47.4%, fish oils

TA ¥ o] 9t} Herbal & botanical extracts A &<
zé Z_7o JJraﬂ 7]‘—/\% /\ZH7]. J,}Mo:‘ioﬂo]];}

O AA sdEFAE 2A ARV 58F AL
35.3%, non-herbal extracts 16.1% =
FEEY A"ER A, duA F3,

30,000 o
H2a

."-M: \
5000 R

ey 52
10.000 {4059 058

a9 62, T7H/AGE A7 5 A3

Al
(ZA: Ay A7 SAE APrra = o

2 i
ke

594 2 WIS d LA Z echinacea, Zdl~HE ot 22 E AAZ garlic, AA1A
23 Y AAE ginkgo biloba, olUA FZAAZ ginseng, AHA 1 A2A=
saw palmetto, $<-EW LA 2 St. John's Wort 5o dow, 7|El T Eo ok
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ayurvedic compounds %< A7} Atk

O Fish oils A1 && F& fish oils¥} v A ZFoA FE3 PUFAs7F glom, A<y Ao}
s gdeR 3 A% 55, AolrFAd &8

Non-Herbal
Extracts, g
16.1% o

a9 63. AlAl Herbal & Related ingredients A] %+
(%*]: The Freedonia Group Inc.(2011)

O obdle] i AAWMAAR, 719y Fo), AAIE A pAH A A elA A
Hol A1 Qi AA= D A Fol B AL Al - aokd Aol

¥ 12. Plants used in Europe in the context of age related CNS disorders

Anacardium oriental auct. ex

Stoud Anacardiaceae A ‘Confectio Sapientum’ —a‘wisdomcandy’
eud.
. o Traditionally for lost or declining cognitive
ArtemisiaabsinthiumlL. Asteraceae )
function
Caryophyllus spp. Caryophyllaceae Strengthen the brain and the memory
) o . A candy to treat fever and strengthen the
Convallaria majalis L. Convallariaceae .
brain, senses and memory
. . . Covered in a little sugar can be taken to
Coriandrum sativum L. Apiaceae )
strengthen head, brain and memory
) Several species used in folk medicine for
Corydalis sp. Papaveraceae

treatment of memory dysfunction
Powdered herb when taken in wine may

Euphrasia officinalis complex

Orobanchaceae cure a ‘stupid brain and strengthens the
Hayne .
brain
) i Oil can be applied to the neck or drunk for
Ferula gummosa Boiss. Apiaceae . .
improving memory
L . Flowers soaked in water. Drunk and used
Matricaria recutita L. Asteraceae )
to wash feet to retain good memory
. o . To sharpen the senses and improve
Melissa officinalis L. Lamiaceae

memory,
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strenghtens the brain, clears the head

Lavendula stoechas L.

Lamiaceae

To strengthen a ‘stupid’ and dizzy brain.

Ocimum basilicum L.

Lamiacea

for abdominal cramps, upset stomach,
.. .
nervous migraine, memory, strengthens the

heart and head’ loss and forgetfulness

Origanum majorana Moench

Lamiaceae

To return lost speech and strengthen brain

and memory, cleanses the brain

Peroselinum vulgare (Mill.)
Nym. and AW. Hill

Apiaceae

Soaked in good wine can improve brain

function and memory

Rosmarinus officinalis L.

Lamiaceae

As a circulatory stimulant for improving
concentration and memory. To stimulate
the mind, in particular the memory. Used
by herbalists and aromatherapists for

memory problems

Salvia officinalis L.

Lamiaceae

Remedies help those who shiver and suffer
the effects stroke and strengthen weak
minds and memories, for a sensitive
dehbility,

menstruation and dementia

stomach, general irregular

Syzygium aromaticum (L.)

Merrill and Perry

Myrtaceae

Remedy against ‘weakness of the brain’,

stroke and loss of memory

¥ 13. Plants used in North America in the context of age related CNS disorders

Plant Family Traditional use
It is used as aphrodisiac, stimulant of the
Erythroxylum catuaba A.J. Silv CNS, for sexual impotence, general exhaus
Erythroxylaceae ) . . .
a tion, fatigue, poor memory and insomnia rel
ated to hypertension
. Native healers blend these herbs assisting
Capsicum annuum L. Solanaceae
memory, as well as for
L . eczema, emphysema, asthma and other ailm
Centella asiatica (L.) Urban Apiaceae .
ents of aging
Chrysanthemum sp. Asteraceae
Clematis sp. Ranunculaceae
Ginkgo biloba L. Ginkoaceae
Larrea tridentata (Sess’e et Mo
) Zygophyllaceae
c.) Coville
Oplopanax horridus Sm. Mic. Araliaceae
Rosmarinus officinalis L. Lamiaceae
A tincture of the roots was used against t
) ) yphus and typhoid fevers, pneumonia, vari
Lachnanthes tinctoria EIL Haemodoraceae

ous and severe forms of brain diseases, rhe

umatic wry - neck and laryngeal cough
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¥ 14. Plants used in Central America and the Caribbean Islands in the context of
age related brain disorders

. ) Tea or decoction is used for memory probl
Brugmansia candida Pers. Solanaceae
ems
Tea of the leaves is believed to prevent we
Lantana camara L. Verbenaceae akness of memory and enhances intellect a
nd cognition
To improve the memory, cure skin eruption
Medicago sativa L. Fabaceae s, kidney pain, cough, sore muscles and in
flammation
) To treat fever, fear, dementia, lightning str
Tagetes lucida Cav. Asteraceae ) .
oke and as a diuretic
Theobroma cacao L. Sterculiaceae In a potion for stupor

¥ 15. Plants used in Asia in the context of age related CNS disorders

Aindrarasayana
Acorus calamus L. Araceae
Alternanthera
. Amaranthaceae
sessilis (L.) R. Br.
Bacopa monnieri ) This preparation is considered to alleviate
Scrophulariaceae ]
(L). Pennell dementia
Convolvulus
] ) ) Convolvulaceae
pluricaulis Choisy
Piper longum L. Piperaceae
Centella asiatica (L.) .
Apiaceae . . . :
Urban This recipe is believed to prevent dementia,
Convolvulus improve digestion and complexion
Convolvulaceae

pluricaulis Choisy

Glycyrrhiza glabra Fabaceae;

L. Menispermaceae

Tinospora cordifolia

Miers
Brahmarasayana
Acorus calamus L. Araceae
Alternanthera

. Amaranthaceae
sessilis (L.) R. Br.
Bacopa monnieri )

Schrophulariaceae

(L.) Pennell
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Baliospermum

. Euphorbiaceae
montanum (Willd.)
Boerhavia diffusa L. | Nyctaginaceae
Coelogyne evalis ]
) Orchidaceae
Lindl.
Emblica officinalis .
Euphorbiaceae
Gaertn.
Desmodium
] Fabaceae
gangeticum (L.) DC.
Embelia ribes
(Roxb. ex. Willd.) Myrsinaceae
DC.
Polygonatum .
o Liliaceae
verticillatum (L.) AlL
Terminalia chebula
Combretaceae
Retz.
Sida spinosa L. Malvaceae
Semecarpus .
) ) Anacardiaceae
anacardium L. fil.
The formula is recommended for a life
Butea monosperma
Fabaceae span of 100 years, to preserve youth, full
(Lam.) Taub . . )
vigor and cognitive function
Emblica officinalis )
Euphorbiaceae
Gaertn.
Piper longum L. Piperaceae
The plant is said to be capable of
improving memory and intellect, treats
Acorus calamus L. Araceae ] ) ; ) ]
various diseases including epilepsy and
mental ailments
Withania somnifera Withania somnifera is used in cases of
Solanaceae B
(L.) Dun. debility from old age
NG Qinglailing (QKL)
QKL is not mentioned as ‘traditional
Isatis tinctoria L. Brassicaceae Studies suggest that the most frequent
causes of dementia associated with stroke
are heat, phlegm and Dblood stasis
syndromes. Treatment should re-establish
Lonicera sp. Caprifoliaceae the energy balance and remove the causes.
Pittosporum sp. Pittosporaceae QKL resolves phlegm and clears the heat
Scutellaria sp. )
Lamiaceae
cow—bezoar
Coptis chinensis Ranunculaceae For several conditions including age related
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Franch.

cognitive and memory decline

Huperzia serrata
Thunb.

Lycopodiaceae

Huperzine A is found to be an active
cognition enhancer that faciliates memory
and motor activity in aged persons Qian
Ceng Ta is a traditional Chinese formula to
The

formula is prepared from Huperzia serrata

alleviate problems of memory loss.

Huperzia serrata has been used and is still

a component of various formulae in

traditional Chinese medicine to alleviate

problems of memory loss, fever,

inflammation and for symtomps of aging

Polygala tenuifolia
Willd.

Polygalaceae

Effect upon the will and mental powers,
improving understanding and strengthening

the memory

- Choto-san

Gypsum fibrosum

Sulphate mineral

Chrysanthmum sp. Asteraceae
Citrus aurantium L. | Rutaceae
Glycyrrhiza glabbra
Fabacea
L.
Ledebouriella
seseloide Apiaceae
s (Hoffm.) Wolff.
Ophiopogon .
) ] Convallariaceae
japonicus ‘Thunb.
Panax ginseng C. .
Araliaceae
A. Mey.
Pinellia ternata
Araceae
Thunb.
Poria cocos (Schw.)
Polyporaceae
Wolff
Uncaria tomentosa )
) Rubiaceae
Willd.
Zingiberis officinalis o
Zingiberaceae

L.

The

prescribed  to

Choto-san  formula is  usually

middle-age patients of
considerable build with a  weak physical

constitution as well as for chronic
headache, painful tension of the shoulders
vertigo, morning

feeling of the head,

and cervical muscle,

headaches, a heavy
tinnitus and

feelings of uprising heat,

insomnia
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helps to
energize the

Ferula asafoetida linn
Zingiber officinalis
Roscoe
Piper longum
Piper nigrum linn

body and Acorus gramineus
Soland
sharpens Alum
. . Milk
intelligence. Butter
Vitis vinifera
Phoenix dactilyfera
T Oryza sativum
Regulates
Communication Os draconis
between Heart Chinemys reevesii shell-prep
and Kidney, Urinary Tenodera sinensis egg-case
Calms the Shen, disorders, Panax ginseng root
Stabilizes especially with Poria cocos fungus,
Jing—essence, incontinence Acorus gramineus rhizome

Astringes the
Leakage of
Fluids

Angelica sinensis root
Polygala tenuifolia root

Tonifies Yin,
Nourishes
Blood, Calms
the Hun and
Shen, Subdues
Liver Yang,
Clears
Deficiency Heat,
Regulates Qi
and Blood

Emotional or
psychological
disorders.

Margaritifera concha shell
Polygonum multiflorum vine
Ligustrum lucidum fruit
Salvia miltiorrhiza root
Eclipta prostrata herb
Cuscuta chinensis seed
Albizia julibrissin bark
Rehmannia glutinosa root-raw
Schisandra chinensis fruit
Acorus gramineus rhizome.

To be used as
a supplement to
a balanced diet
during bouts of
depression,
unhappiness or
pre-menstrual
tension.

Bupleurum chinense Radix
Curcuma long Tuber
Triticum aestivum Fructus
Zizyphus jujuba Fructus
Glycyrrhizae uralensis Radix
Citrus aurantium Fructus Mature
Salvia miltiorrhiza Radix
Draconis os (Stegodon orientalis)
Ostrea gigas Concha
Acorus gramineus Rhizoma
Paeoniae lactiflorae Radix
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