B
oH

B
BH

o &

K il ofl

" iol JIJ ol il @ =

— 1o v

¥ oo T 00 = 2 A0
_m_.._ N — I e - ﬂ
ia S " Hi 2 T
o ofu ofm MU =r « T N
%My_ — A_" _M_ _I._ *: _u_.ﬂ
"N Il IH © T X = i wm
° 3 _ — = K s 3= md m
i3 Ml = g K N =g 40
-5 . KK 0 KE H =
S ® e 0 = <~ ek
¥ w3 ol — all ~ = ~
w8 N = o A IH
@ 3 N2 < + A
B i o 3l B
o - ol K Al 1o
m__ L K- w0
4

S ol B Sl snclowl MEORIFIH T = HOmO3THA < wil S0 oFl

= A SIXFHOON S ool SIR= IS o W HUF &

Ho ml K <1 3T HO Ik




H &

Ao

2 HIME "AQFEES o] 94754 =Sl & A4 AL 2 olE
Z AL AL 2019.05.20 ~ 2021.12.31)7% 42 HER
2022. 04. 12,

HATF7IEE  (F)of Lo ZHulo] 2 (hEA) 31 4 :
FTAT7IEY - @SSR AN AEgEe  (dEA) 9 F @b

FRaTAYA ;A4 F
dEATAYAL & 9

=71 ARl e e Soll WE A All8ze] me B3 diel o




ifd

okl

ol

20%

o =20 &=
2019. 05. 20 - 2021. 12. 31 (2'd 874

[

=)

X7

[¢]
i)

t

0|83

)

o
2
=

.I

SR

848,100

_OIL_l
K| G RFX| EHA:

ZI=[ ]

215 7|

0 212,100%8 9,
o

K AH 7)F
2AE 2H(

=
=}

o] &=

of =5

—

©Hg Al Z17H)

IX|7|
=

=1.
(=
(o]
|_
A
=~

(o]
=

|

°
of
3

.
o

a9 x|
0| &
=)

: 636,000% 2,
1 7HEHV] 7IEk

ol %

¥,

oK
el

|

=

=
e

Klo

of RO

[

==X
oo

(85X

o Jﬁ_ 1o
N B
S | ® <+
o) © = |
Kl
- | | o
dowr | BNAT
W | S0 ™
wi | ur
1of 5|3
Tl ol m M
[sa}
s =
NEAG ]
.“__H.EM = o o
== |r_._._ =
~ &0 Mﬂ = >3
s =53
AR
Al 8l 3 &
Ko Jo 0
~ Jjo
© T
S -
g | 8
31 £
- <
oK 3 N S
o X o °
2T _
N Ao &
R X B0
%0 < o |
EIE A
X! & o
. o
2 | 8
@ g
K ]
0|~ UE | Ho TH
B0 KT 30T IR | 3T <ol
31 IR IS
< go|~ FH | Ho Jor
gt ™

~ < Ik nE

g0

Ml

Bl

Ml
Ko

717t

ol

X R

VS
(s

R

Ko

I
or

Kio
2l

15HA
HA|

rosmarinic acid2}

QI rosmarinic acidit M2 A Aut R HEOZ KMAIE OIAE &

=
=)

IS5t F 20, rosmarinic acid2} alpha-asarone®)

=
[=)

rosmarinic acidd} alpha-asarone 2| HPLC

ol o
o S
< o
ul 3
Q oo
N KH
7 H
S m
T H
™ Ho
£l

ol

HF&F S 2 rosmarinic acid1t alpha-asarone?]

oo

=

Bl
i

ol
0| um
KO0 = Fill <
Al 2 xr KK
:i S u n
o] T Ol o N
TH =~ o
X0 Klo ol
Mo W0 B3
K o0 = o -
KO o ™ A
< o BT X O Er g
c = . =
IH o oju = on =
X0 S Bl ED Lk D o 2
I ° ooz oI XS
K 2 IH I il | Ho &
p R — e —_—
O w < O < ol To
=
70
gl
~
_|_|
Bl




a1
oI
F1
K
Kk

il

ofl
oK

a

0
JoO

22

E
)

0, 20, 40, 60% O

pA vl
=4

got7] !l ~F AA 100g=

HMA

=2

7| E&0ME

o
LB

=

.

od
ofr
o
jo
IH

B3

IN

b

o|g ¢l

=3
=

HEFE 0%7t 7t =/A2LE HPLC

A
28

=

.
(o)

700um O|

=
=

|5t0] Mgl d=37]

o

A= shell

—

—

EERSCC

o

e
(o]

S 2T 300um shell =
- EE3F core=2HO| droplet

ad

70
114

s

A

I

H d
— =

A9l |oss7t ¥

core =

Aloll=
otEE0l W2X| 7| WZo| oF &&3H0 off

b

o g

concentric nozzleg

HFAI O]
o 71 =

md
or
oju

o

Ki

=

=

| M

o

4 E
=20] cooking oil (MCT oil &

o

o
O:

OH A}
1o

carrier oil2 AFESIY MEEIAM S X

o

=

Corn oail)
ot

i

b AEHC| Microemulsion & ER

got

t

7
(i

7b At MELE 35Co ER 6F

% Alpha asarone

[e1a=13
= o

°

b Al 27| Rosmarinic acid

r
[

=

or
oju
o

oF

IH

ofl

[l =4
8o

rosmarinic acid2} alpha-asarone?|

_

ol
H

ojn

JoO

41.02 ug/g

—

—

[ |

LHEFE

o

0.52 ug/g, =

65.03%

| -

—
—

g2 A
—

2 1743 ug/g, RSD

o

AR|of 2k 2 Xpo[ 7t

o
—

FOR X Of [t2} rosmarinic acid

—

ok

Ic
[=]

4

ot BEEE0M B AlZ7t 7t

rosmarinic acid®}l alpha-asarone

EEN=

T
or
kfo
&

4

ol

ofl

31
<

HERa)Z2 K

]

1

Ko

BT
<

ol
ko




SEMIYom, 20N IHHISHE AH SAf &l rosmarinic acide

O
(Oa]
O
2
oot
2 0
:

0.14-0.38 ug/g2 2, =4t A0 H|8{l 20% O|st ¥S. A sts0AM HF T 35 &
Xt G ot A9l rosmarinic acide THOHA At FASHRALM, alpha-asarone?|
4% FE AG0HAM TOIN HAl FASH 2K E 2

I& Al7] S xHF 29 &
Ao=Z & 53| XSO} *|7| Mot B4 2ot 43K H|
20| 20.51, 8.17 ug/g2 2 7t
A, 249| rosmarinic acid
(o]

U
EER TRV

o))

2 ~ 9¥ AO| 3% 7

ru5£

ot

o
Hr
%
o
HI

rr oot o ok
n
0 Hr n

O AYFEBO| UfTFSE YUIY A3
WA B QS Hotelol CfE MA0| Th5otn] X ELE B0 1Y &2 60% Of
B2 £5S AR O M4 3HS JEsiel AN

O M SSHWI JIF N L It
AMopel 20| THX|S, oKl W2 H20| fet S5 BIE ¥ 4 At
128 e, 02 Ssiol ERHLA Cfet BAKES A8ei7| 9% B
TASIA S, RSD%7F 25% 0|5t [ S50 =QlE|0f FE&2(0f Mot Aoz

O 2gFE= U FRYE0 MZYEE0 OiXl= BT S (MTT assay)
A% 100%. 80%, 60% OEtE F=ZEE1 A Qo C|ZZ2HELSNAM 2|8 359
EZHEHXO0|EY} 0= BEo| 5=0AM

BY7|FS MEMEE0| 80% 014 [

E
rir
]

0x
£Q
[
kl
0=
N
m
rir
pav|
|o
HU
e
rn

O 2GFES0| MEYEZ0 0/X|= F ZS(LDH assay)

2Y 100%, 80%, 60%0EtE FEE0| = HEQ| sZ0M MESHE0| JU=XE
TroeEy| s A

O 28 FE22 ME EZ 21 AF(MTT assay)

2~ F2l 100%, 80%, 60% OEtE F===0| HEI-OIZZO0|E SEN 7} RFLUS=
HMEZEAMS AXSoEZN AAMEE B35t 217 Y=XE IS Q)
HAGtCn, A9 OEtE FEEQ & FHIHRE MZE dEESS S7I5HAL,
Ol& OlEtE F&30| HIE-OLZZ0|E9] S E AMA|F H|EIOIZ 20| =0

a
ol REE MzE=H0l da

O 28 FE22 MZ 2% 70 AF(LDH assay)

22| 100%, 80%, 60% O|EtE FE=0| HEI-OLZZ0|=E SEM7I FLUSI=
NESMES dMEozZM ZMEE B8t 21t7t Y=XE HISH7| s
HASt O, HEL-OIYZ0|EDE ME|ot i HOF ~F FEES Malo
A




O 298 REEEL M=z B 21t AF(MTT assay)

Ago| CISEEMESBONM 223t EBHENO0|E7t HE-OIZZE0|E STKX7t
L%t MESEHES At UEMEE B2sts 27t J=XE B7HoH7| /6l
HASIRen, 352 ERHENLOEE Mot NE|FoM s=FHRe=
NEZEEZ0| 752 ol A2ge| EC[HEH O|=E7} H|E-OtUZ 0| EQ
SHS AXMAIZ HEIOFZZ0|E0f Qe FUE MZE=HO[ A

[oNe]
A 60%, 80% O|EE F=ZEES Z+ZM 25°C, 35°C, 40°CO|AM E3&t 3 459 7tHo=z
225X =& El HPLC %A* 5H0], 80%, 60% O|EtE F=Z=Fo| oty d "It 2Lt
-7-O-glucoside)2| B2 60%, 80%0IEtE F&&

o
T OES FE=S 40°CHAM MEAM=

ko
=2
>
rir
oY
0%
mjo
HT
© >
A
%

SHM
60% X 80% AY FE FES0| ARE TrEEF SERHA Y-maze test, AFEQIX|AH

[ |
passive avoidance test) % Z2|A& = 0|24
sz AEHoz 7[98 8 Qx| 7|5 4

—

Offt
ot
E
i

(novel object recognition test), <=

=l

&l(morris water maze test)S E3| @-_rla.i 4
of 27t A &9

ABE Frot 7|9 &4 DHOM Y-maze testE D 21t 60% AY FH FEE 250
500 mg/kg®t 80% A FE FEE 100, 250 E= 500 mg/kg B8

%% OXIX] @8 RSt ZI98E APl AS =, Eob A= @IX|E = (novel

o
A

08 F
}\J

.I
object recognition test), &%/ (passive avoidance test) ZH1MAI7|& AS 20l

60% X 80% L% FY FESO0| ABE REY SESZYM s EHCZ 7| 8l
SLO| HIO|QOHH HRE E3f AY 60% OEIS =ZEL
80% O|EtE F=ZZ0| HEIOILRO0|ET} 7| ZEE FE5}7|

o =]
of =3 HEOIEZ0IES MHdte 7IHE S0l 7|98 FEE AMots A 7580

SFCHIBE =T LR

b

2o2id 108 204

g SRR s D

AMAES Eotr PN SHBFXNZM 170 MED 270 HE HES 2A20HA

o




ol
KO

-

jolt

[ |
=R

=3
=

=
=)

o o

pSPSPS|
S|

in vivo

F

e
o
[

2
[S)

st
o O
FE=2 0
23t

=

P 2L XHHX[QF AlZ[0f 2
=)

IEN: VIEE

—

.
o

= 7idof o

—

=)

IX|

o
—

b

.
o
[

o
= &
el

q

=~

HOHE =

-
o

5to] QRIS H7HH0f Ci

=S
S

oju
i

b

AXHol 7|

g

ol
Kfo

Ko

Ko
Ho

=

ofl

Fan)
=0

o
T

! gell
Af

ol IF

=

A

I

%177

HIS7H

b

=l
=]

4

—

e
O

HALE

AT - |
EZ2
o T

E¥e] PS|
[SR=Ne]

o | L <
~ |22
K |o¢&
ol |S &
>
RS
<r md
oE g
®lSQ
T |2
e
wv
o
| ®
[T I )
& | E
KI | &
W | g
o
©
A
Hio E
P
(@]
L
©
81 =
q4] 2
S =B =
o= z0 =2
o T oh =
i LB0 v




¥ . HolE3
— HERIM R e ], = ]
o Al & s Ll
Bl i
AT = E : 189207 (WORRBSE OI8/E | .,
& TERER | S avEINE | x| Uos CleaBan (o Ay og-jein 20%
i : FAG09 (21 SMEY) | so%| PAccoy lwaieiE W am) jiow [ AAP0S (RSHR BT 24 o,
3 '  ZOAREE olBE UA=0l SE0 Si= 24 AW 3 08 NSt JHANNE AN
Rl ey | Development of senior-Inendly foods helping to improve cognilve function
el S . CERN uam:rFI-rinl ml ax!toc:t
A BT e S e e (%) ol 208 Bujujo| S AMHAEBRHE | 1i3-81-5074
Fugawris . |CEODIM WA BT if’.". of :*“ 110111-1670385
3 f.:?aﬁﬂ-E?E{EHS B [SEEs e
e ! aﬂﬁ .-: E T .-.- ---. fH_EﬂiJ-I'
02-3402-7151 | Fitoa nd
B e

5018 05. 20 - 2021, 12. a1 (2 BINE)

5 S B e G
: 3 IECIEEED IR IR
180,800 €57,300{ 190,600 | B48,100
49,800 171.800| 49,800 [221 400
66,300 228,400 | 86,300 | 294 700
i 257,300 | 74,700 {332,000 i
;'.,::-"' -,;=.—-'-|4 - ____ :%
(s )
AduFARUTIE
AR 9 B |
v R oy < vinpre 2ol F0
ATAGHGH o
e el W 041-566-7151 | — 4H |
o] HAE=2 DM ?!ﬂﬁ l-ﬂiﬂ’i -’t'l-’ili-}i ﬂﬂﬁ}tﬁ ok J'-}‘HE. ohd ﬁ’?’ HE 'ElE g Aol wer

HAUHME 82 202k gdssdarct
20224 028 07%
Pl RE s

SHEUAEFHU- SEAMB2 S|/ BIAE w5t

e e .—.HI'
L
i



>

XE

or

TN L TIH| Q] TR -ovvveeressesssesssesssssssssssssssssssssssssssssssssssssssssssssasssases

1.

20

2. AT atNel &

31

3. A2 atA

108

108

3

b EOFof| Chel

a
—

- 109

@

THr
o+



1. A7 atA2] e

1-1. A770Ee] 7L

J=s 53 = == AglE =9

MR e =0 e CIE0| Hof ERL

< K|of % 27O W1y
¢ PE7E R 1S

0| EAE D Hoth oy || ¢FREUAS

SRl T FO) AL S

s #a A o Hzh o 2|ge X

el sl E PG W E T

gl 27 o]gf | 40

eE7lE Tl 9 7jedE B A gl HHE w2 1HFo] o4 HEY g
AU EE S AY | UEE Wl A4S 248 | DHUENE 4% BeE

FINAL VISION

ARI7HE] 2P U5 ® 4F AB U=

a3 3. 7184 AR AR Su nAst 9EY HA AR

O oistal=zo| 217 1940 HE 2 2= 20002 HOA 2010 50002 He HOo{M. My Q17 Bst=
1950~70ECH Im|ZH0| =%, 1980~2000ECH =, 2010ALH 0| 2= XX E AL M3t L HRITIL S 7180
et dujztolEyge 2 Betsta s

0002 030 0+
1,308,030 24
4803, 000 24
2800,00010
L
o2 we-tial  PE-3Rd  00-3RA  B3-apdl ksl eo-meal  TE-TRAl  0M ) A

2 4. AF ASE A4 Fof (A, FRiAALEA, 2017)

O 1 9 ogof o|z7|z9| @
M9 o= WYL U

E
ﬂlﬂ
H1J
FQ
=°.=*
0.'.1'
r:LI
+>

OE

2 20004 75.9MI0fA 2030 81.5M|, 20504 83.0MZ H



# 3. WEaY Fol(5AR, Al 1EA)
(9] : A
1981 1991 2000 2010 2020 2030 2050
A 66.2 71.7 75.9 78.8 80.7 81.5 83.0
T R} 62.3 67.7 72.1 75.5 77.5 78.4 80.0
o =%}t 70.5 75.9 79.5 82.2 84.1 84.8 86.2

ST 65M Ol QI 7F TH|Q| 11.3%(2F 549TF EZE MA| FGArY JHE WE 2 131
A Ol dEls 20 Q7= 2030EH0]| 24.3%, 2060 H0]= 40% HE(2017H2| 3H)E F7
¥

e e oo 1. | 15-68M O 554 0f 4
0.0 _— 1.7 2B Tl 718 g4
e ] : 663
B3.1
&0l 4 56.5

He.

52.7

400 4

0.0
15Eh 000 2010 Zide 2000 2D 20ubh duSD. 206D 2050 JOk0

I 5. AA Qo) Wet o] (BA] ¢ A, "2014 PR SA(2014)

O 20174 7| 754 014 Q10| FIE #9I H P K|of QMBI WS AFOR HHF(1HAURO B),
T HUBIO ), ST} W), Y H(6HTO] F), XOFYOY(5HT0] B) SO| Ao Koy
7 ok myol el 2HoH 37kt U

=L T
250004

200004

150100

100004

50001

IE MolZe WEsS SFEL oLy Hm

T2l 6. 754] oA AlwlEEw X2 sls

O HBo|ME Xjof 27} Melx|o| Ystoz ASK|Y SXIIAMIK| &7|eg=s hae szt wel

oI AZES HCio] SO 20jL 20| OJAE|T 10 M2 XY OfE0] ZRE K E He21
e

O EAEXRo| ¢xof =M nYsier X|of etXxte| ZHAel ZII2 20158 & 7|F 648 8000F 22

_2_



M= X[O§ 2HXE2F 203040 1278 F, 2050E0]= 2718 E7kX| 71 A2 HMYstD S, 0]
[h2b X|of sAb 191 22[H[82 2,0008H9 &0 2 FA| X|O0f X0 E&= HEL2 13X 2

=Sk, 2050EH0)= 191Y 39002 @, ™A ZAZ|H|ES 106= 50009 AKX F7te A2 FLAHE

O Koz A 7[A9E Motetr X[ 20| SHE sH5tes £old EfAY & Z&0|0 E=5H0|Hd
Xojetd =2= X072k A X[oje] 50% oldE XX MAN{2=z X|of eXi=7t 835t A2
Folttete 20 1ol G4 SUtet HE0 X|of 2tAf &+ Sl 2E o|7H|7} J|5tg s

o
I s

FIESL el

B

PpE} x|y

10~15%
HEBDH
50

STy
20-30%,

O i M22 o|=7|l FH 7Ies 8¢t 24 Yol 985t AZ0 = =7oty, Ty | HXd
2 ZE2 AE Soretn AS. 59| 7198 A AX7|S0| A #2872t KOE &= At 7t
g0t A0 = Pt X2 A oLo] FAleh SEI. SM MY As G=22 K| 7|5 Xt
£ ZAHLZ /At Y2 2t £ ULl Z=HY X ZL o YF2 ofLH HEo| & 3
olof et = siZ2=0[ ot



3 O|Lf 60% O|At0|

.
[=)
e

[R=1X=3
C =

C
—

X
()

=2

of

I

o

x

N

—

a7l 10, Q2lutere] wolol o] A|ujgtat 4

(MCI, Mild Cognitive Impairment)2t® 25 E& ZEOQ

XN=2E 4

ol

et Kof x7]

Koz T E.

|

=

o

A 2EX] K| OH 2|

{

—

e
O

ol

-

<0

ol

I+

0|
ol

Hio
ar

ol

O zatdQl mciel o

i

ofu
Bl
ol

K

Klo

_

ol

[EL

-

lll]

i

AT

.............

8K, BH

=x

ol

PEHEA
HEE ofLet 2oz

]
[L

Hus
7ielel

o The
MZ2 97|12, I7M=

Ao el 7t @A Almet welo] £RA

30~-40%

50%
SE8E T
o 11,

A . I
20%

2g mj cioro] 2 £ U
23 THs

20| ®7|

. Of2fgt =1 Jst AlCof Chslgh

off CH

il

=
[

of 28 20X

PS|
S

=4

ofLjat 1 =

HH

—

tAof U

C
[

o o
2 Z230¢

b

A
(i)

=W 08 st HEF

11

ojn

o
[

b Abst

HXs
10| 2=

=

o
[

_
He

x

=]

L (R&D) FA

TN

oL

ol

Hio
8

ol
10l

"

oju
O
Bl
ol

J

{ A, e ZOF=ZM ZZ Olof Cfst

PS
~

|AI X| ok
= =T

N

j[K;
)

ol



=2

T OFOIl M L2 7LIHX] K|

Chefot

ORI A 2| =1t H m St

£0|% x4

H

ol

=

B

WL 275 = Al

Ao

bofLet 7|EQ

HH O
= =

ol

i

oloz A2l HE-OtZ20|E0] STS XTSI HEf-OF

IH

e

ol=Z=O[ Xt

2

o| X|ojo]

3

AMEO MASE| =0 X|of oY =X E= =7 X|Of (

s JHdel 2= 7Y

83st0] X7

O ek of Ao M

I AESZ Al AlE

| BEf-Of

g A

to|-8 X|oje| 7ty S8t

Eatel

r

oll

ol

- -
e -]
li.-r_ H
- i_“.-.
- o

p-secretase v-sacretase

Ao

Apfibrils

Apoligomers

Ap monomers

13. 290 HlEH-oly 2 o]

a9

THEA (2|

tol =90| gl=

.
o

SHAI(RH)

SA0| XD UZ

HHE

| H|E}-OEZ0|E &

(=)
N2

7|%



Ap fibrils

-
™ =t '.a.-
Y .ty ee®
%
5 ot .'I.-':-.
-
‘,‘:.. e

Ap oligomers

AP monomers

a9 14, 299 Hgotdzol= ZAA SiAl et

Ol = rosmarinic acid &

(e, ]
=] =
FREO AN Lt S

1.0
l.'l.l
0.8 -
0.7
0.8
0.5

0.4 4
0.3+
0.2+
0.14
0 -

L.

_‘9.# -\."-J" - 'i. ".'I"-!'
A

-

MDA | nemples'mg protein |

O|UZ /7| SHATYZN AHO| 244

o
22 KY=T| Perilla frutescens Britton var. acuta Kudo
a

25t

crispa Decaisne 2| 9 X BI7IX|THE KF st

=
o A odel 29 Xzt HYE X2

I F YARRE FYRE YHO| Yo M

INDE (fodd of roemal )

A

=2
A=

5t ¢ 2 AF ANEAM AT 285

2851

SMARRE (998 M/T)| ©F 5% O|AHS AtX|S

x.” )\H

AX 7|1HE SAO 7+

)
4
= '-'.:?

(e]]
A

o
=

(e]]
A

(=3

2

o -

phenylpropanoid®} luteolinit Z-2 flavonoid & H&4 2}

k=3
27F FofL | FF

oA

Concentration (ugimL)

A8 Ap7F AR

2| 80% Old= AKX &

ol (
=1

%gml

=

=

29 Perilla frutescens Britton var.

E}
=

PSK



5 < g

o o1 i)

= i

Lo K]

L LU

_ Yy =<
_ H ‘BO .n_uqﬂ - Bl
K_O ._OH_ 10 -

o

- L -
e oy J
LT L
A% P
(4% 3A
=33
£ BNMEN W3
l
Al 27]
EM =
-1 O O

P T =
. : : . &=
1 E R W_ BT m E y JOI_ ._|_0| 1 I ‘_m_.O =
. = £3 = R o _H I Y
r o P ¥el ou | po@ KO T_O _ I ~ ||M
y X i mo o . B I ioll o

_ _.I_ _._.___._._ ; " 5 .uO A—I —_

H = ' : o - of

) ! [m) 1ol

T 2 -l o X

4 . @R

< . g

FRERED T ar J = Bz

e AN = o o7 r.p/”;._ ST ol

s W 5 _-.% . I o a

H ~ o xl | N

s R o S 3 it 4 o4

NN 5 =3 33 LA

. N oHp Ol 2l M F o

- = Ba LT '

0 o 3 Lo L s g B

S om b3 Ko & o 8y

i Ee, il w3

- K Ko K o2 ¥z

EOS of of K

e - 0 < <k T X

R wﬂ H ol ﬁ M =z

L or I 1 R

2 Bl & W <1 ol

ol mo ofu S ®

81 # X0 0 &1

<4 ®0 ™ Ko <

ZER| (REE), WS (Rt

.I



30| SHFE[0 AX|

A
o

b

.
o
[

4+ gloo A

I

235
o =

E 2ATEE A}

oy

~
O
&
—
o
%
I
Ol
ol
il

o
[

A Aen. Ch=of HAHZO|

o
~O T H Kio Klo m__.___
o1 M @ o B B o
3 N < & /I 2
= T u & ~ %o U
o & s X oo T S _
T Y i iy ] Bl L= =l Rl Rl R - -
o] = op i Bl Bl il
ol 2 : - an 0 - I S=l2| 25 =
ol 4o 3 " —-— IOR Aiolola 2ol
m m Wl i (@] E ol _ E_ H__... P & 1]
~ u 3 @ U 3 o O = |
e 5 = 5 U om0 ol o o
= Rl oo o T = ok —
81 A 9 O <d L X
ENR! ] s < o o i & =10 | =
_A.__l = = % _._._._ [¢]] = 8l ml 1l B o H“ = ._J =
— rt % o ol H = &KW B d|x|a|w|w|W
X &l it ~ . I el - N S -l B e
SH - m od [} = E_ ~ i < o | B ’ <
o = 7ol - ofl = R — = < (g1 |
= = T =K 1o W 2 K <1
o b 5 2 B o oo = o
= - a% oy Eg A
N " f w o < Ky =3 ol O
3 |n.U||_ H__.= w / ~ U._ 0 O_ = < i 5 ¥
= ~ 1rC IA = $\ ...|| 4 ....-“. Uiy
W o R X - P TR B = g|u8 o
~ o - = m 11 o) K BES O] B =
= o ) A R ®is| 22 z
Ko il Kl o @ o ”i X0 G| | w
= 81 o C3 ol L du of 20
¥oon . ¥ p 2 5 o |
1 - .nu < o] A — = m 00 U — -
o ofr .J.o .“J e oo 0 o 2 L.|_ onl o & -
i | - = o o ._|m__. ol Y N m_._ 0| @ . 7
o > = aK 14 o W om o B = =l Bl 8 (24
W o 2 . — v ol — 3 g X - R =
N = | JAf 2 ¥ O " 0 Kook €2
—-_— K Ta ° o 0N O_ o 8 | =
nAﬂ < o m _._._| < KF ujn M K IH o3 - “__. (=Tl e Bl -
~ =0 — — m o K - ™ = B TEEE R o BT
Jo ¥ 10 - o o] oK = iy = 2 M=y |2 |
~ K0y 3 = %0 g E 3 g L EIEA R b
— oK My ¥ u.u_ - _AI o3 © - 8 T = -1 B
[ £ W ~ O< I ~ K4 K
= 7 of ' = u <k i~ o N
od Tof 8 - D R 5 S K o ~N
or ¥ @ . 4 L ~ Ko gy o0 B0 " S Y
51 M0 o = N W o & o MK g 5|28z Eld
4 @ 3 CL 3 < = 5 s B & = | & | &4
- = o R Ko of Eldlz|2|B|wlT
- T Bl - 3 Jo =1 M 4 un ¥ 5|2 % |aE
zax LI R | ’
= oo fob N . n < 3w n o of
& N O ol = ™ 5 & ol U
O 1 1

21. ZUAF RO X 2A 9

a9



H(2016.02.29.)]

=
o

ARERERE

& ta[At=2 MK

ord %22,

AEEE/H

=
=

W &=2f 4

| -

=

x| 7]

m s T F RO = & =
- — —_— o
s03  g: ; :
S o =K ~= oo
i ol ot ol g ot .
T 0K U e 5t ©° !
T R o o 20 LR oF
o 8 2 &l % B 5 4% W
= o = o= B0 Ko o N
o = = o K or = _ = Ko
4 = m K 2 ol R o] -
U w3 o W 4 o op &
o o Mm_ ojJ of wl_ T ouw o
0 KD o= i 0 20y
ojy K{ o 3 = = 2 D20 mo
o 0K © % g N0 i
B wwWE g BER RO ") @ B
M_M — 3T =% o K ~d ™ Bl
K ol {fof o% uJ foF
™ — Klo i or
< —, o o 0| ~ — 5
_ oK £ g M =0 Rl Hio s 9
Iof U R0 — o K o x
5 o < B < 3 N o
n S O X0 u | [ X A
3 o B Ra wW™@m = n &
Gl o2 MR g, U RN
, o 8 R ko 4 o Ko M
Dﬁ - R 25 x_ % _H__ i & = ~
K = A 5 J = — mr Ko
X © mm = — ot ~N K
_x_l n) . e - L > = ™ N M 0
o Jod 2 <0 53 — m_ = Bl H_ Jh m._
Q_O g _An_ o O < Ok
Hr o - = Z M = <0
f 9 —_ar O_L - _._._._ AO mﬂ o
T |H o = D Bl of _ ) Ho N B
o i o &5 = S H = < AN= K
T _D% Ko T odo = K K ojn do i
e T = S I A NN s
Ky © — = o7 I+ o OH 2! N0 o 1O oK
O - IE
¢dE mmIzx gpgd ® e
‘I_u< = —r - _ ~— .
o5 KHIE o W o) m BT J ol © 0
o <0 I 2 Ky A o O
olJ ulo|ikn oYy S T r o __ K ek
. X o o]l ) = ° Ko < — <
o © i w0 ¥ U or il ol & mn__ JJo
. - > ] K 7 OoH <m -
T m_m % = & B B oo I
o = N = < o BT I H MH ~o
! ~ oy = o- o = T 9
= ol MRS w Wy - M oS o
Ul = H = J o o OF
[ N = WK =1 © - o
or 3 o o X0 A._ @: _._._._ ._O._ M .ﬂ._“ T _.A._ or ﬂ
~ | L Y O oo o = K AL
= = —_ o
S i Ol o & b < |_.m| A o
T ur ol Bl & |n_u| H = ol T\
. W of & T _ o . H

f

i
(&)
1,045
1,651
1,981
2,466
24.5
33.5
!

4)
670
904

18.1

o)
b AR 22|

(4
1,084

1,077
0.6

2

4

=

it s
(£)
29,500
33,016
41,142
45,259
10.0
15.5

n

Ex

4)

—

) <
G
15,640
17,326
20,175
21,297
5.6
10.9
O L
o

0|

—

—

P

.
o

FEF
)
30,545
34,568
43,123
47,725
10.7
16.2
7t

=

=

€)

11.2

52
Aaxoz

e

(4
16,310
18,230
21,260
22,374

—_
[=)

T

A
(E)
32,494
36,083
45,060
45,649
1.3
12.4

0| 20144 Of

el
CRE)
11,208
11,332
14,715
14,819
0.7
10.6

AA
460
487
487
496

2014
2015
2016
2017
Ad o]

78




2l spat

o

mjo
N
ojo

A (o]
T M

I
4
i

H

sAEel FElFFEA (20190 W=M, & QIge5M Old) HIE2 20158 FH| Q172 12.8%IHK|
S7RtRA, o0 XEHoz FIKHY 2020E0= TH 72 157% 2025H0= 203%E AHA|

Aoz HYELD USZ

ot

(1910 o)

=59 2011 2012 20134 2014 20154
s 6,980 6,294 5,627 6,093 6,685
NE AR A F 1,419 1,790 2,296 3,128 3,123
vl ERY 9l 71 1,555 1,622 1,726 1,397 2,041
S Hlo] 9 El A 278 373 618 1,214 1,320
INE FEE - - 308 676 698
o2 o 691 687 628 565 530
EPA ¥ DHA g% #A - - - - 474
TFEA Yo Ao} F & & 206 440 95 217 259
Sk 231 318 272 333 239
2 o] A fr 116 168 167 171 235
&9 1070 F5 & 11,476 11,692 11,736 13,793 15,605
71 et 1,650 1,815 2,329 1,847 1,721
g Al 13,126 13,507 14,066 15,640 17,326
(BEMQUEE AZOUZSAHAUE, AZAZAHTN)
- X2 AH|XFE2| X[OHof| CHot 2teat Q1A0] oty et 7| E 7id & 2IX|7|s 74 AZ7[sAE0
Ciot 2talo] DxED UAZ

|o2f JHMHO| BROE ABED Yt MBS O 50 ~ 600] FO| ToHe HOR EAME,

[}
ZHTR O] OlA+Z
- "1 OO L—

20163 7|& 7
CEo CHYst B O] AH|XZE 718 JiM A of CHet A0 B7tE| A2 O|of Lt

H HMAIZE 752D JUSZ

r

_10_



(2017)

OH

=

r ol jol o
m/_ 1H ol H
or R
- ol <| =
ol o = X
— KM /@ o
&) put ow
o = of <l &
AL
100 N 5 - 3
— = <
el o I\ oo
™ my <
N~ pt = = o fr =
= @ @ ARIU o e N T ]© 1 1 1 ! ! m ~o or o
Sl s|REIg=|+|w o K2 Ki uo < K
N © | N ~ o - = ™
_&E ﬂ.Lﬂ - 3 . = a; - O__._._
= TP o < & T i |L -
_mo i 4l e E i " Ao oF __AA_o o<
_ il : 3" oo
Hio " ] 3 L .LA_o W = .
=< = 1| —
Ho ey ,_ulu| ™ .Ar_H_ B m_
~ P . R N P P Tol° nNO N[l 5l <0
o 2 p EJEREE R @ G o oo
N 2 E2ddEE R <
S EwgEedd¥s w m@ R X
- © nal 1 4 e ol Lol [ - . o ~ o
J oy il _ ] ...A._”_ = I
wﬂ -I=] F g . = D
DA R Rl Rl Aol Al Rl A ] 1 A Ar - a < o
o ik 3l (7 e o ~ mr mr |_|_ T -
I Ko BT Foigl = o o 2 g on
o k. U = —_ _— 0 —_
’ T B RN & S oM
=5 ~ _ I X oo
e al@ls | la o T
o 00 R A 7 R -~ IR\ mar . 90 o
Ho w0 W oug (Ol r o 57 Ho ol oo
E.E il - S | e Ie) w- O <
o = |=r g b <Y Wig= — om = &r B3
© | T X TR B0 n ~ o 9
X = o | 5@ pmER e - H = or ou g
¥ * i |1 = At 5| =
Ly T | 2 | g T ey P 4|3 (o Al 2 oz o W
el | — o < — X
ol w_u 9 | wor | m | m | E & % “_Mﬂd N = oo = NS
M Ao g || o do [pz| [T HO arool g ®om
w_o N < mﬁ Pl 2 Ao [ N Hﬁ o M_.m o o o2 T o
i N T S o u o CweC
%mﬁwﬁrﬂﬁ%c_oﬂnﬂi_.ﬂ% 0 ol0 " E T oy
Gl B L B o g g Py of | & . nxm_ﬂ:_oi
M| =K M o o | 2112 RwH SN -
1) | m < xl K ~ Do B
< ) N = K+ = o <1
X = K AT [y oo w®o
| "= Bl ™ () = e H
o’ o K Ko o ~ =
H Ol —
. o O =

11



>

Plefaizad

‘5221300

=
[

2) 7198s SHAI7

2= M 79I

=

BT-112 &Rt X

Ho

i

m
gl

B

ol

o

TP

/N 7199 Aol =52 il 2ol

A

ji
o

v

Cadl

3

3715} of

X

80

A

= '0ro|Y o =22| X|mof

3) 7198, X[ 7o =

THE|Z M

A

SH| ol A

ol
=

, OFM| 22}
ATE|SNZIOZ M=o L3t2 QI3 MlEl= QAXIE Mo =

¢ SRESHENZREH 7

b

ol
IH

K

o H7ket 2w

pds
T E

oo X
== T4

235}

=
=

EZHE SfMAREE AHE

o
=

JEFRl E

v ZAMEIGAY,

Aol =

3y

B‘EJ

v 719,

B ANZIE H35

L-ZAf Are] ‘mholy H=e] R]m]of A’

]

ol

4) 7142 L ms

_12_



=

=

- 13 -

& mu
o o —
=3 (=
m o i D s
o i a2 H S 760 %0 4 o 83
ol : of - w |9 i U X =
1H ' Kl 100 =T vl ..,_A.ny_ o I i U
i - = — o v m
%0 ] gy Jo ARG iolr 708 y M2 W o = H_% o
K . N K2 lo oy w &y o| K| o ~ s % =,
: W= I o A GRS X ,
oy m T MG e X pill Rl > X
— L . —_ ‘q ! = R
oh jof i uo < wm °° |E s o Ho| 2 [T e S e 0
__A_._.c ‘_W.I]_ i m nAL ln.v.ll ‘_.Ic_”_: OM .MVI D_.A __AT ,.Mﬂ O_H ‘q OI “W m 1_./1“ _._.w_ Lo
: i ol — 0 ol — J
K " : um X0 Ko|s @ H n o %o on F |l <0 Mo _ mr K D
AN " o S TR AL R o 5
__OH . O —_ __Q“_ .A_ o —| K lﬂl _ T —_— v;\_ o
Tr Hio KE i ur = ) = o KON f % o < o X0 ~ O
i : n T s _x_.71NJx|%LH
uo < : o T b= | o = ol m K B~ i o B ar
& oM " = o i ieﬁo_ih__%ﬂ T S KO~ o R
- N T : J Wod MR | o A ~ Ko -
AN ] [ (e < X or Bk e < B 5o
AN ] - o S = S Kk - 1 Ko KE m°
o 4 : ~N T T A =T o
O,._7|L,| b |m._m .NHoPoml - N = mﬂumouumo m_vd|
= K = K RIS LY B o|H Howm 7 =
> 3l i ol Yo Wl FRe S | ~o iy D] T
HLuo_. : B fof o B ol &M ﬁ&.ﬂ%& TR
o B DT Bl = . - T T S T B
> o = o : S — =) ed
> il = o g 2 o =59 Sz S
i kI — : — o
B m oo = FE 2 S | 8. S S S -
1 _o = o ™ : - O X N o < =) >
ol oy oS 22 2E g8 | §¢ S 3 2
LB by Rl | 58 2= | 22 S & Sz 2
= S Rl s S < | < =8 23 S 5 S
o o W< B = s & S =
e . gl ol K i S S o
: W oz S P o - S
{ M_.o..h e ._O._.O H_I 1__0 X0 7_ > —
v W W ogr E = A i :
oo T oo S 2% E LT
i = o[l _w_ﬁ_u 4. o of =T H o i K K L ﬂo
e - D -
o0 By o g N o T G @R Ew
i Bl = ol 4o U - e Jo ol o oy K = ™ o W e
= o B ~ | P | N =7 oy oy =
TR A iy H 5 a Ao I S wE®
<4 = K e o % i _mu_.u Jo o = Jo B or
—— - — ~ i — K f
R oz 22 =3 oo | = oS w SO
i -A_| N ol ™ O_H ,_A_.e J ~N K = ~- ] f ) O_
< N 20 o N &0 ol K T = G
"3 K or O : K Jogm  |Ry o, O R od o
~ - ol o ojo — = ° oK = Bl M 70
5 i un 3 . K PR S ol
O . R0 = ) x| X W e = W oM | T
r o _ ™ o) T & = E e mro . = 0 oF
8l wl KK T ol om0 W
. N® T ok




fadEoz &8ste 85 oY _ . _
HA - AR § = wlEr sl = a
Tl X298 5M% (2014.01.24) M5 AR aatE v o2 sh= 570 &1t
2] SHR} ZoA] ZAF Rl=) i)
] ) 1020150061545 oj2] st };30111 0‘01 E%‘E} =) 9
AR5 7hAg stk gH2tn] 71E 2015.04.30 JIES 24T 4 Qlof X|uf x|z ¥et opuz}
( 04.30) 2EP A Hofje] FiA
- NtAge| B v
o SN TUOME KAHE 0|83 & OLNEZ 2 OAHZIOMN 2 ATt S4, 49, e st &2
HA= AXE 0|8% 2X|7|s HMHE 7|sd AE A MO EH@ E57t LD UAZ
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e Az = AN
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;}f (i] S ﬂ;mﬂQ] 1020147006691 RtaQa ge BEX A2 59 NRES
ST, mhTE = HuE _ =
A% upe (2014.03.05) o HoR|g d= JA
O BEEgeig
- TLHOIM EAIED JE 7|98 W QX|7|s M 7|8 AMES HEE ASQAEIHNEZEH Qg
2 71 AER 3t NES SISt US
H 10. 7HEJIARY 716 €=
459y AW T 7SR E)EE AAAzF
o . Decursinol, =¥ AZE2AX
SHE R2004-635. e eAvE = 1
=z5 Decursin 800 mg/Y
X - S —o-di idyl-
amegA 111]2;)(5)(6)38 6%19;& L-o dlacylph.osphatldyl mamtE|E 02 A
- < serin
g Yee A _ 300 me/2
(Al "I A2009-83 AnE LA &/%
TR Z2EE ~ Platycoside E,
A|2013-135 AR EEEg2 A 3 g/d
(DRJ-AD) i = Platycodin De] &t SiFEEdeA 3 o/
L. helveticus _ L.helveticus
i A|2013-365 BAL i
urg g UaE 24 1 g/
A =& 89K (Nutragen) 2 4
TS EIEE ReLo H2014-44%. Decursin d717 &2 A(Nutragen) 24
0 mg/Y
O 7IEtig
- 65N O|& QI X|Of=kXtO| 71.5%7 YX5I0|HAM X|OfE 2411 Q0] YX5t0|H H X=Xl 7HHS f5to
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S5 X0 37t MAME LESIF2H 1 Fo WE2 /el 2ES &7 EojF1
g Ko X2 U oUATE CHE Srists A 2029E7HX| 3THA X|Of ofj&t A T At S Sl
Kof Q! 38 3 ofe, M ZE HEH K5, HTY TO| LhMD 2 QZEtE A=l
£, Ed KE 7|=0|H™ 30, e 14 Y Y=Y 31 52 =t SHE 48
Auf 99 Y W ol HAH A g UEY AR A7 =udy
« f9 B 9 7 a%d) . GAAY AYT/YEY « Aof #ate] 7EAH 9
. 299F 210 U wy P4 Tlg A A&
27| e Hell, Aol ol A4 He | | ¢ BESY AU Y W
ol 7l A o Acks| eyt 7=
LR RS - 293 Ao A9} A « Al S5 Al
. H|2E Aol A2l Aul gofa]f7 =
a5 23, 38A Xujold; A Y AN (BA EASAR)

F

- dRol X|of X|=A 7He Kol Z=tE o e 2tE 7|=2 Atgst 7tsdol s 7t
Lt =22 7| =& & AIE ¥
O 7=
- ¥} 0O|= FDAOIA SQI= XOf X|&H= 57tX|E2, O] & donepezil, rivastigmine, galantamine2
acethylcholinesterase (AChE) X A|0|11 memantine2| &%= N-methyl-D —aspartate (NMDA) =&X| &4
SHHO|H Lt X| 8tLH= donepezilZt memantine EHM|2 | L0 MATES M3} A7FE 938 o
- X[Ofe| @olo] &&= He|7[MS AYEHCE X &dt= AO| OtL 2t T2 9M = XA 7= d==
E EN A Z2 HE-OIYR0|E] 87 AN H EsHA|7|= MU LO| 2HSHA O|FO X1 o
L =X 483t XNE2 MFEE
B 11. 0]= FDAOA £91€ X|uj X]&A]
459 NEY FDA &<l 713 g
Donepezil Aricept® 19964 AChE A&} hA5-55
Rivastigmine Exelon® 19974 AChE, BuChE =A] %3} =
Galantamine | Razadyne® 20014 AChE 9A], nicotinic receptor SALAE paRS
Memantine Ebixa® 20034 NMDASEA] ZA&A| 555
Ponepezil + 1 Namzaric® | 20144 AChE 3]l + NMDAS8A] 2R 35=-3%

- ZEHHIFY (solanezumab)2 MU0 ABE MAHEY = U= X Mgz 2016F x7| A4 HEMM 7
s2 B0 7|HE 2SS SFX| T O 2 AMAIFEOIAM FelOjst ANE X ZHS. ARl 40 #06{5
£ beta-secreatase 1 (BACE 1)2| M| Q! H|FH| M AELE (verubecestat)2| d20 = & 3401A F2l0|5t
B =T £ 210 FCHE|AS. TauRx therapeutics®| 'LMTM'2 2AICH tauTHE S& M2 XM
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Biogen Aducanumab 3AF AR A AR 2015.08

Pfizer PF-06751979 1A} AB *“*“ AA 2015.07
NeuroGenetic Pharmaceuticals NGP555 1AF AR A AR 2015.09
Takeda TAK-071 1A} AChE A3} 2016.05

Eli Lilly & Co. LY3303560 2%} Tau A3l 2018.04
Tetra Discovery Partners BPN14770 2%} AChE A3} 2018.05
AC Immune, Genentech Crenezumab 3AF AR ABA A 2015.07
TauRx Therapeutics Ltd Methylene Blue 3AF Tau A3} 2018.01
] & K SCIENTIFIC Ltd Probucol 2%} AR A AR 2016.05
Novartis Pharmaceuticals CAD106 3AF AR /‘“H AA 2015.11
Actavis Pharma Pioglitazone 3AF AR Kﬁﬂ 2009.09
Chugai MorphoSys Gantenerumab 3AF AR A3 AR 2010.10
Novartis Amgen CNP520 3AF BACE1 A3} 2015.10
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= 49, rosmarinic acidy} alpha-asarone®] HPLC SA|EA 3 20pE 724

(A: rosmarinic acid, B: alpha-asarone)

& 15, 4% AlmdRo] HPLC FAIRAY 271

HPLC condition

Column SHISHEIDO C18 250*4.6 mm
Flow rate 0.8 mL/min

Wave length 260 nm

Injection volume 10 L

A: 0.1% Formic acid in ACN

Mobile solvent . .
B: 0.1% Formic acid in water

Time (min) A (%) B (%)

0 20 80

10 30 70

. 20 55 45

Mobile phase 99 60 40

40 60 40

42 100 0

62 100 0

o £0|’d(Specificity)
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a8 50. Al(FR)/dRt 29 2559 SARA HPLC S0t
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f: 2,3-dimethoxy-5-(1£)-1-propen-1-yl-phenol, g: 3-(2,4,5-trimethoxyphenyl)-(2 £)-2-propen-1-ol )

o 24 d(Linearty)

- rosmarinic acid2t alpha-asarone2 2%t EEZEH S HE2E 500, 50, 5 0.5 ug/mLE HAXL=Z
o P . — o .. . 2
s|Mot = HPLCE ®BAMsto] 2p2fo] HE AEMZ 24T rosmarinic acidl| AEMO| 4EAFRY)E
1.000, alpha-asarone®| AZMo| MZA$R)E 1.00022 2 52 AM4g Y
A Rosmarinic acid B Alpha-asarone
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= 51. rosmarinic acid¥}t alpha-asarone?] ZzFA
(A: rosmarinic acid, B: alpha-asarone)
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(limit of detection, LOD) % &St (limit of quantification, LOQ)
rosmarinic acidE 3.2 ug/mL2} alpha-asarone= 0.9 pg/mL &2 2 QIS OH,
2.8 ug/mL =& C2 ZOIGIAS

r

rosmarinic acid= 9.7 pug/mL%} alpha-asarone&=

H 16. rosmarinic acidi} alpha-asarone?] A4+ 2 LOD, LOQ

Linear Correlation
Response Response o LOQ LOD
Compounds range sl @ Factor (b) Coefficient (ue/mL) (ug/mL)
ope (a actor g/m g/m
(ug/mL) ®?) ! .
Rosmarinic
] 0.5~500 10095 -9816 1.000 9.7 3.2
acid
alpha-asarone 0.5~500 54460 -15084 1.000 2.8 0.9
o =2t (Accuracy) H HEHY (Precision)
- Y AR Oty A otd HaEof mE Zutel Hat HEE =0l6t7| f/5t0f detd o HEH
%7'-% |o|-|o|-
- rosmarinic acidd} alpha-asaroneg 2got EEEW2 5 25 3 500 ug/mLe| HLOAM Z A& 5%
37t BhEd Al o LY 33| BtESt AlRe e BEEUD FEL AO|e] 2EME AN
SoISten, Y2 ttE ASIES If FYUS AMoel 2T ES ALtsto =olgt

Intra-day
RA AA
Mean RT 12.3 274
RT SD 0.2 0.1
RT RSD (%) 1.6 0.5
Conc. (ug/mL) Area
0.5 3914.7 26486.3
5 43038.0 277802.0
25 502512.0 2691649.0
500 5096649.3 27128208.0
Precision SD
0.5 763.0 3790.0
5 4069.6 11855.4
25 9038.6 44574.2
500 144338.2 407767.8
RSD (%)
0.5 19.5 14.3
5 9.5 4.3
25 1.8 1.7
500 2.8 15
Injection conc. 25 ug/mL
1st 26.9 28.2
2nd 25.2 26.9
Accuracy 3rd 26.6 27.5
Mean 26.236 27.541
SD 0.919 0.643
RSD (%) 35 2.3
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2 M3t rosmarinic acidl alpha-asarone®| &2k W7t 7|&
2 70§50 A2 2 A8 IR E EMT 482 s ¥
1

(@]
= =
A2t 23] FESIYCH Ot = Y SF510] 2

- 0NN & Yadofo A Fojet &
1 2 8o M ot 2ol of
21 FoiXo| e XNrds gdEgel X

AA 21 AFO| OfH Aoz TEE|of 2 AFOAM X lgh
&t &l rosmarinic acid?t alpha-asarone®| &g H|wst
O|7} X3SHA LIEHE

- rosmarinic acid®| &9 %RSD7} 76.18, alpha-asarone®| A< 102782 THOHAO|| 2 HXZ} HFE A
A2 F0f =5 O 58 7t Ao, XfHX|of t2p &2o| Xto|7t Lt=X|= Hlus| & Bt UAS

= MO

# 18. Hujxo] THE £F FE2

1o
e
iy
A
N
Ba)
=]
ox,
£lia
0%
off

Rosmarinic alpha—asaro

3| A AR F=E((2) TEE®) acid ne
(ng/g) (ug/g)

FEofokx BE A 26.6 17.7 11.31 0.00
ESE e A5 9A 24.8 16.5 0.52 0.16
& A QA 27.1 18.1 3.83 0.00

o -3k A QA 26.9 17.9 27.51 0.37
Q38 A g 27.0 18.0 18.59 0.43
A oA o A e 28.1 18.7 9.70 0.98
Rt A st 21.6 14.4 11.1 0.2
AHEA A oF BE 9 23.9 15.9 6.99 0.31
mean 25.75 17.17 11.19 0.31
SD 2.15 1.44 8.5 0.31
RSD 8.37 8.37 76.18 102.78

Rosmarinic
acid

Alpha-

oy J\&_Jdkwﬂ‘h_/\
1 T Pp— - T S r—— —r T S i e s =T - Y— —p— = = \ e - ————
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RA AA
0.40 | a
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D'UU_'"'I""I""I""I""I""I""I"'I' = L T WL o F L o ] W
0.00 5.00 10.00 15.00 20,00 25.00 20.00 25.00 40.00 45.00 50.00 55.00 60.00
Minutes
RA AA

S -RJ\jK'K&
< .20 o
0.00+ e —

T
1200

T T T
20,00 33.00

T T
30.00 60.00

10.00 25.00 30.00 55.00
Minutes
RA AA
0.40+ e, C
|
= o / 5
U'm_""|'"'lJ\_‘n'k—'_'ﬁ_lllllll"'l""|""|'"'|""|""|""|""|I
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40,00 45.00 50.00 55.00 £0.00
Minutes
RA AA
0.50 = \/\_\—
0.404 \__,\_,li\ - d
0.304 2 : : ;
2 0.20 /’ 7
0104 MK
2.004 1
0.00 E.lI:I:I 1D.ID‘J IE-.ID:I 20.00 EE-.I:I\'J 33.‘33 EEIDEJ GD.ID{] dE.I:I‘J E:I.IDD EFIDD 'E:I.IEI\'J
Minutes
07 53, ogke g ThE AIMG@HRO) HPLC 2z0bE 13
(a: 0% oete £&5, b 20% A&k 558, ¢ 40% o&He 55, d 60% e £52)
(RA: rosmarinic acid, AA: alpha-asarone)
229 =& 299 XRGR)EEE MY 2882E F&Y = Ues FTEEOE 60% OEZE
APt 2 AN FE 222 787 M &G AX 15 g2 &2, 40, 60, 80 & 100 °C 2T 0f|Af
60% OfEt2 2 2t2f 2AIZH 23| FESIR/US
RE FEYUS Ot = AYEHI|E 850 F7|8E MASIJ2H Ct3at 20| =2

|
w
(00]
|



=/ [m=]
o 1 Zu H20M FE2 MRS I NEFR) G2 0| 7ty =2 AS Hog
B 20. 5% 220 2 4¥ 529 £E5F Y rosmarinic acidu}t alpha-asarone &eF
AF(Fa)RE dFeg/g)
== o = =mu
TE T TE = o~ =
o T5E(%)
Ethanol Ov/v% A Rosmarinic acid Alpha-asarone
A 1.5 10.0 7.72 0.02
40°C 1.9 12.6 7.22 0.01
60°C 2.1 14.0 6.86 0.01
80°C 2.5 16.6 6.70 0.01
100°C 2.2 14.6 6.62 0.01
RA AA
' a
0404 E]
2 0.2
0 T T T T Tt & Lol T T T T T T
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00
Minutes
RA AA
0404 \_,\_K b
2 s S~ ,
= 0204 - - - -
ﬂ-ﬂﬂ-....l....l.fr%....l....l... e e e e —
0.00 5.00 10.00 15.00 2000 2500 30.00 35.00 40.00 4500 50.00 55.00 60.00
Minutes
RA AL
040 . J E \'\\M e
L S
= B T T T T T
lelJL_—I e T T e e
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 4500 50.00 55.00 60.00
Minutes
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RA AA
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1 N—

T T T : i T -
0 200 400 G600 -B00 1000 1200 1400 MBO0 1800 000 2N M

R R e o e R
00 3800 4000 4200 MO0 4600 4300

RA AA

: €
0404 i .
|
% 0204 / = o i E I 3 r_w_ T

0004
0.00 E-.IIJ i 1 IJHDD 1E-.IIJEI ZD.IDEI ZE.IGD BU!DEI SE-.IDD 4D.IDI} dE-.I[}D 50 fDEI E-Ef[lD GD.IGD
Winutes
O 54, & 220 O A% 60% oEHE 5= HPLC Z=0tE 1
@AMLFEEE D4C FEE, 0T 252, d80C £58, e 100C 33
(RA: rosmarinic acid, AA: alpha-asarone)

ZUA F= 4G ANEE ZLHEE 'Ito| T YHIO|QEIAZ|OH0f| 7|EFSHY Chaar 20| X2YUA F=3t
FE2S SEY 1K} ZHO| & Y2 300bar, FEF 25 60°C, FF A2 TAIZLE FEZ2 Tl
2X ZHO| F=E UH2 350bar, TE 2Tt 70°C FTE A2 6A|7302CZE FEE T OEHS
FEE0| Hlgf =58 X ABEME 0| F2 Aoz =0lE

21. A9 2UA 2&559 £55 Y rosmarinic acidi}t alpha-asarone &+&F

=

- = a2k EX -] o B
F% &) HESE) TRE S s5a@ AFGDAE /o)
12 =7 150.1 1.21 0.806 Rosmarinic acid  Alpha-asarone
] 1.18 0.31
22 =4 181.9 1.78 0.978
0.81 0.47
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o

® 22. Core-Shell(300-120um)Concentric nozzleg ©o]-&st AAF A AE2xE

Method of microencapsulation
Nozzle size(core-shell) [um] 120-300
Alginate concentration [%] 2
Calcium chloride concentration [%] 0.1M
Air Pressure 630
Position of the flow regulating valve 8
Electrode Voltage [V] 900
Vibration Frequency [Hz] 900
Amplitude 3
%23 295 EF TR ololaeqs) ot P Woh A
Sample 300-120um 2% 300-120um 2.2%
| -
Image
Flavor&Taste N N
Solubility i N
Particle Size(um) 630 710
A7 A A = =5
i():] ==X
= ;‘% %f(%) 20% 15%
295580 BUNY HHHEY &Y
2EFEE SF OO0|ZZ0HA M=
X8 2gFE=2S A0 87| 7|2 FEHQ =8 AYHE o SUHMME H=st= L=
2SRt St S
HEd AR AHFEF0 cooking oil (MCT oil ® Corn oil)2 carrier oil2 AFESIRA S ME{EA 5l
ZNAAEI|E 0|8310 otE O T HEfC| Microemulsion HEHE X =g

H 24. Microemulsion £A@F&& 3t Az

eS| Py |
B0%F& AEFE== 20%
oston SSHA 10%
MCT 2¢ 10%
M= 60%
=< 70C, 2,000rpm, 10min
El | 400bar 2cycle
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B 27 49552 A9 SANE 2uo| HF U2 Yy
AFQFEEE 39.1%
O 3HA 19.6%
MCT Oil 19.6%
FIRIQIGE S 4.3%
A2/4H & 2.2%
=9 15.2%
sk A 100%
O AEFEE ZUMY MEYHEY Hot
B 28, AUEER 284 2U AY 5 AR L SaHE Y st
@2 (mg/g)
ez (T)
35 45 55
7131
rosmarinic rosmarinic rosmarinic
qE ) @ —asarone . @ —asarone i @ —asarone
acid acid acid
0= 4.71 0.00269 4.71 0.00269 4.71 0.00269
B (£0.2355) (£0.0001) (£0.2355) (£0.0001) (£0.2355) (£0.0001)
o 4.71 0.00263 3.5 0.00241 3.21 0.00198
B (£0.2355) (£0.0001) (£0.1750) (£0.0001) (£0.1605) (£0.0001)
A= 4.70 0.00260 2.70 0.00225 2.40 0.00167
o (£0.2350) (£0.0001) (£0.1350) (£0.0001) (£0.1200)) (£0.0001)
- 4.70 0.00259 2.40 0.00218 2.37 0.00150
o (£0.2350) (£0.0001) (£0.1200) (£0.0001) (£0.1185) (£0.0001)
- AEFES TEYELS YD 2 ZA0AM 250 MEV|IZE IME X' H fFEHEe T
HolE AEECEN HEdS EFGHY| fio Eat7|Zt 47do| J|RXIRE AMESH AL g
- AgFEE Y20 it MEerEd It Zah, MEYRE 35°Ce 2R 6F Bt Al X7
Rosmarinic acid2| &t2F Sl Alpha asarone &2F9| B3| glo] LM™SHH |X &

- 45°CO| M 637t E2tst AL 4AFKFIER| Rosmarinic acid2| EH2F0| 25%% ZtASHOLE 6FXIEE| $H2ko|
A EO0| E0{=2M Alpha asarone &2 M 7[7t0f Maf Z4a Z0| MAMOZ E0EE UAS
olst

- 55°COIAe| AEoHEd H
A2 oH NHET|

- Oj¢o AZuz 27t Sotetof et AxEde U 7Isd=2e g8E0] 2E0Es AS s,
Ol S8l £2FFE= +8Y=L MY 2N =2 35°CO|Tez 25Ut

o = =
3) £ Aoro| AX3 2Y
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HPLC 24 IZ0IEIY : &g & 24 Z702 2Y FESETYMS M3 A0t A T3 =
protocatechuic acid, C I3+ caffeic acid, F I3 & rosmarinic acid 2 &QIE. 2 I352 F0Oit
X EHE1} retention timeO| &Y3tH PDA spectrumO| YX|5t0 2|t Z0| 53
05
B
040+ r|
s | !
4 M e e
| ] h TR '-"._ |
o] _:'l \ __,I e | _\}-" AL _.nl e e 4
0.00 I E:JIZI I ! i 400 I I E:ZI!I I I E-IEIZI I I 1I]I:II] I I 12!0!] I I I 1-1IEIZI i
Minutes
a4 60. A9 &8 559 HPLC Z20tE 14
(A: protocatechuic acid , B: Luteolin-7-O-glucoside, C: caffeic acid, D: Lognin, E:
Scutellarein-7-O-glucose, F: rosmarinic acid)
o © A
HO ={‘I ._,’J‘\H,,Jf‘xufﬁhv/”“ HO” R NN oy
4 ); ! o L - _om
I \_/ LA |
- ) = ; O
protocatechuic acid (A) caffeic acid (C) rosmarinic acid (F)
a3 61 HPLC 249 o s 2lQlel 499 A& %

- A C, F I3} protocatechuic acid, caffeic acid, rosmarinic acid &S Z3dt7| Il £t 2l X|
%2 B, D, E IAo HEYHS &0I8}7| ) 5L A|RE HPLC-MS-MSZ EM3lo] Mg =tolst 1
Z1t, BE luteolin-7-O-glucoside, D= loganin, E= scutellarein-7-O-glucoside 2 2+Q1%t

I 29. 25249 elemental composition

Elemental
UV RT | HRMS |HRMS data (amu) N Error Theo.
Peak ID ) . Composition RDB
(min) |RT (min) [M-H]- (ppm) mass
[M-H]-

A 4.69 4.80 153.0194 CHs04 5.5 7.87 153.01824
B 5.12 5.76 447.0938 Ca1H16011 12.5 3.63 447.0922
C 6.31 6.38 179.0350 CoH704 6.5 6.25 179.03389
D 6.52 6.57 389.1459 Ci7H25010 5.5 4.32 389.14422
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E 8.00 7.83 461.0728 C21H1701, 135 1.36 461.0715
F 11.34 11.67 359.0774 CisH150s 11.5 3.48 359.07614
PTE" kdentification | Formular M-H] Whi;m Structure Predection mass fragmentation
0. oo
P chu
A "‘“"zfs 1 o, 1530104 109 | .
on (M-I =153
OH o
- ,Jlt;m o
Luteon-7-0- s YT .
8 | sivcosde | CubuO. | s47003 285 A E NS .n’m
{Cynaroside) L | f\lf o ]
[M-H} =447
myz 135
€ | cattecaca | cHO 1790340 161,135 | o " e o
<o [M-H] =179
178~ H;0 = 161
"“H-'T*-n - ]
e
o L3S ...j\;l;':]: L 26
D Logasin CaHuDia 329.1459 268 T = o ;
-y [ o
e [M-H] =
T aag
1] - b= i
o e 7 265
Scutelanen-7- "ﬂﬁ:—:.-#.. B il
£ | Oglumuronige | CabuOs 4610728 285 W T T T e
{Soumaliar i 1 '\f"" o |
5 T - § HO
[M:-H] =461 L.
oH m/z ‘EEI? ] i
1
O™ nees
Fo | Rosmarinicacid | €M 00 ITOTTH 197,179 M“ s
WO ":; - iz 179
S (MM =359
(-) ESI- HRMS2| mass A 2O0LE Q3 9 ATEZ .

A. Protocatechuic acid

B. Luteolin-7-O-glucoside
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T
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= = = e H o * penzeas | gmrpees emosee RO mere
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E - g Siazuia)
i T O e i
pe MGt " | TPV I e . B Y PRSP
— ot
of
578 "It 717 4%
- Ag BEYYS 588 Bt 7|E
[
B
.48 I ]
2 I |
[E {'-]II! 'i. |'. c F:' E If
= ) '.__|I'._. __,.-'.n'_l e II"-—_III"-_;" e __|.| "k_
non '-':ID 4 ::I:- bh: [ L‘ II.II-\.'I:I I'.'I':II:I HI'J'D
2 62, 2% AjeFo] HPLC Z 2ub& 14
B 30. B Y T AR wAS 58 9AY 554 7IE A
Peak A B C D E F
Rt (min) 5.043 5.904 7.081 7.645 9.38 13.026
Area
. 162765 4098335 667701 1608600 1560383 2022440
(¢ V*sec)
- g Mool XEMdE ¥ HILE ol oY Moo HRE XEGFR)EEL rosmarinic aciddf
alpha-asarone?| &2 HPLC 2AH 2 =830 =%t
- O|E #Ish 18 Xof HOIX™OIM AFS FOISIH AZE AL
- 29 MHiX|= B EMO| 8 RO It UUCH Zih 1H AS EESH0] ZAHE0A MUY
AN=Z7t 7HE BE (12 X)
- TOiSE A2 VIR E 25t 50 g2 HHSY OEHE2E H20|M 12A17HY 23] FESIYSH ofut
S 4 sFH50 g 2ME AEE AL8Y
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-2t oMY A8 Y FE20| R rosmarinic acid®} alpha-asarone®| & 7| =& HPLC &
HS ARSI £ MEO| HpLC |39 HA standard curveO| X830 Ttk Attt
# 31 49 ARPR] HPLC SARAY 57 (AEE gt 27 A19)
HPLC analysis condition
Column SHISHEIDO C18 250*4.6 mm
Flow rate 0.8 mL/min
Wave length 260 nm
Injection volume 10 «L
) A: 0.1% Formic acid in ACN
Mobile solvent . -
B: 0.1% Formic acid in water
Time (min) A (%) B (%)
0 20 80
10 30 70
. 20 55 45
Mobile phase 99 60 40
40 60 40
42 100 0
62 100 0

I 32. WA & A9 FE29 ARYE g
3 AT A ALK] Rosmarinic acid ( «g/g) alpha-asarone( x g/g)
SPAREI eI 53 Rk 26.93 0.01
AHAES 748 AA 19.61 0.04
HAFR a5 9 18.28 0.04
S8AE 25 A 9.03 0.01
RAA 3 B d45 g 0.24 0.06
EXOLS AL gH 1.38 0.01
sy 48 A 17.05 0.17
ARl Bl 245 A 9.55 0.14
g AE 13 9.67 0.01
T} o] g & AL 13 6.44 0.01
L= NS A5 34t 11.94 0.01
NS B R ) S g & 25.38 0.01
ApeA gt s g9 33.49 0.01
AFAR A A= g 30.79 0.07
93y e g 8.77 0.03
O] AboF & o g4 41.02 0.02
KAl 27| 7t 19.16 0.01
oFx 7} 77] 3tA 24.92 0.01
mean 17.43 0.04
SD 11.33 0.05
RSD(%) 65.03 126.28
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17 & s 18 |

L el

= & BE 1 ] ¥ 23 free

27 63 WOIAE 29 54 £&29) HPLC 220iE 22y
(: A7ok%, 2 AHASS, 3 WaMors, 4 FYAE, 5 AIMelL, 6 ESURS, 7 g,
8 AFSZAISE, 9 WA, 10: CHE o4&, 11 Sofob, 12 AR LA, 13 AW, 14 ALIRAL 15:
98]y, 16: njAtokE, 17: HYAE, 18: 27D

- 9 BN oMY =Y FE20 2RE rosmarinic acid®t alpha-asarone2 AHX|0f| 2t 2 0| 7}
U 5 & BEOfMO| W2t rosmarinic acide| 22 2AH= 052 ug/g, =H=

A

4102 ug/ge &Rt UYSH, O BHEES 1743 ug/g, RSDE 65.03%= ME[E = U =T

- Ht™ apha-asaronel| Z% 24X S EHORAO| et 27 20] 0.01 ~ 0.17 ug/g O 1 HA2
0.04 ug/g, RSDE 12628%E =&. 2| &2 Hluot Zut FONO| et X|Ed2 S| Xto|7t
AKX SHA LtEHE

- rosmarinic acid®| 4 %RSD7t 61.34, 17731%2 TOHXMO| 2 HX7F HE HAM §F Ltx|9|
o7 Az Fof 78 o 53 27t A0, XHiX|of w2t et&Fo| XHo|7t Lh=X| & H|Wds| &
27t A2

- JdejLt fMXIE BHEER sHEE & 42 rosmarinic acid X alpha-asarone®| B Zt2 13.69 2f 0.09
ug/go| AL M, RSD%= 65.12% 2 138.74% A

- TR O A0 ZMHO| 20| M= EOHAO| MHE AFFESO| XHEE 0| 27| WE, =

TOf = AMEE 7 A E T Ol JE2 AHEE0| A0 ZMBIO|7F 47 AGFE 55

oo FZot| SolQ=x| Holks Y
O ¥ T HYO S5 T}

- FRIITOIM ) TONE RAYFYTHNS R0 EEUAW 1 SSHS BN
k=

RSD%7t 25% O|stE S&80| 2ol

0.0 B
E. Dd[:-—: \I (DI E F
020~ F‘. JJ| ‘Ji A [\ € H"a f\ ﬂ
0:00-] ! l"mh ll"u"‘»h,_r\_ﬂ—u_- \H\““—‘ﬁ“h"l e ; i, I, S Ill‘a- )
0.00 I I I JI\'.'I{I I I I 4 :]D . I I BIJU . I ﬂ::":l I . 1EIDD I I I 1EI|:I|:| . I : "J-IUU I
BMnutes
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2465089
13.95

9.284

1928697
14.93

7.5654
23.60

2253031
b1 fIoiM = a8 (85 X[9F)2l 8 by

.
o

17.78

7.032
859720

5.836
5372713
19.03

2.008
167854
2.18

Rt (min)
Area
(uV*sec)
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o
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ol
=

alpha-asarone ( xg/g)
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0.00
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18]z} (69 194 5 3) 2g|ak (79 32 AF 23 33t (74 312 AT 22

HALR] Rosmarinic acid ( «g/g) alpha-asarone (xg/g)
1813 A4 13.75 0.00
N 2.05 0.00
2514} INENS: 11.23 0.00
AFA7 7.54 0.00
38]3} AFA S 11.17 0.00
A
N 0.98 0.00
45]3} INENS: 20.51 0.00
NN 8.17 0.00
5813} AFA N 11.27 0.00
A
AFA7 4.61 0.00
1 A :
. = . ’:-.-‘:—J.‘~-:-rf:.-.-_-'v.:_":-':_. e

03 68. 29 74 £&8° HPLC 320t 12y
(A 19]AF AEAQ, a: 19]AF Ap47)
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e e
“N P .'k__ ___’.

1L,

70. 28 374 F£&=° HPLC I 20tE 748
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(C: 33)&} RtAa <€, ¢ 38X} AtA7)

A28 34 2559 HPLC =2 2ot 1

(D: 43)Xt AtAE, d: 43R} AFA7)

=
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Al

A9 24otol
acid), B(Luteoli

acid)| &Ehs

Bt JlEe 7
HAEo| By
e

sod ot 7|F 2EE s 2g Al RE XHEEE 671, & A(Prorocatrchuic
n-7-O-glucoside), C(Caffeic acid), D(Loganin), E(Scutellarein-7-O-glucose), F(Rosmarinic
SHEE HPLC 24BS Soto 2oy

Of3t A 60% OEtS FTEES =2 = HPLC 2MBO 2 BMStD 2E peak T 670 Xl
2SS A ASIH SO RSD(Relative Standard Deviation)%2S 7610 S S HI| 7|8
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14
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DSD—_
ouu- _m RH_.AJJ\W__H_J\ R SR ...
T T T | ] T ) T T i T | i O T
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Mrnuges
a4 73. A9 29 ogE 2552 HPLC 220t 14
(1: Wd=ed 20 AR} A4, 3 AMAS Taich 4 Mg, 5 54, 6: HEOFE,
75 EA, 8 AR, 9 =AM, 100 ARE, 11 Y oAy, 120 A%
13: choUubdl, 14 &ok% A1 Gierh, 150 Abg 4, 160 AXZF oF &, 17: AWAY, 180 &MY



(Area %)
70 A A ul A < A B C D E F
ELEE S 9 =4 1.47 19.5 0.24 11.23 6.03 9.09
Az A4 A5 A 1.6 12.94 0.33 10.97 6.44 11.67
A etk AR oA 2.52 15.13 0.32 13.27 7.94 13.73
) A5 93 1.71 16.37 0.21 8.69 6.1 7.03
a8 WEE A7 4 2.9 17.57 0.25 14.9 8.77 13.07
g oz A5 oA 2.84 20.35 0.34 11.75 7.13 6.47
1754 AE 4A 2.4 13.47 0.23 11.92 5.06 16.08
A oF 2 AE dH 15 23.72 0.21 11.54 6.83 9.45
=2k 9 =2 2.2 19.72 0.32 15.9 8.81 10.41
AT A5 9 1.62 17.61 0.22 14.29 7.78 10.75
e oAy A5 9 2.08 8.81 0.4 8.19 4.83 11.26
73S g =4 2.16 16.6 0.47 11.22 4.29 5.17
[=R-ARL | 9 =2t 2.21 24.8 0.24 12.41 6.11 4.5
Z2kx

PP, A5 A 2.78 15.56 0.27 10.3 5.24 3.82
L A5 oA 2.6 14.67 0.33 13.11 3.4 5.54
AAZ} gz AR I 3.48 20.64 0.31 12.96 7.72 6.15
A=zt BE A% 1.83 19.14 0.32 10.73 6.58 2.83
oF 2 A AY o 24 1.98 19.73 0.26 15.2 6.16 7.74
mean 2.22 17.57 0.29 12.14 6.40 8.60

SD 0.56 3.90 0.07 2.10 1.49 3.72
RSD% 25.28 22.19 23.77 17.32 23.24 43.28

- HPLCEA 2T A9 AN 554 Tt J|F MYS o) £Y AW HRE NEYE 5 57K
A(Prorocatrchuic acid), B(Luteolin-7-O-glucoside), C(Caffeic acid), D(Loganin),
E(Scutellarein-7-O-glucose)2| RSD%= 25%0|5t2 S&40| &l A2Lt F(Rosmarinic acid)l| AL
RSD%7} 25% 2Lt =2 ZHO=Z Zolg|A 20, 0| Rosmarinic acide 2 g2 EXTE| X EHECZ X
HSHK| QChD mCHSH

2GFESE U RRYEO0 MEYEE 0K ST S

FEZ9 MESY EIHMTT assay)

oo B

& 100%. 80% A 60% OEtE F==20| O =2 =M MESFG0| A=XE =
2o sE& Fob7| fldh ME=FE7IE HAISRAL2H 0 B7t= MTT assayS Ol

2SS 230 100%, 80% H 60% OIE==2 12A17HY 23] FE5IAS. EE FEH2 oot ¢
S=510] DMSOO| =0 MZEAMAHO AZZ AET SHEIL0| AHESH M Z=RatQ| adrenal medulladf|
L85t pheochromocytomadilAf FafE MZQl pC12 MZE 0|83, 2 J&= OtCt 100, 20, 4y

g/mLe sE=2 AYZ TIdgt

- MEz=Y BYo1E

rlo

NEMZES0| 80% OI4Y Wol= S40| QICkD MZsls Ho= Ty,
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100 A =

80 A

60 A

Cell viability (% of Control)

40 4
20 4
0 4 o
CTR 100 20 4 100 20 4 100 20 4 pg/mL
100% 80% 60%

I8 74 A9 o&HE 559 MTT assay 24

- MTT assay Z1t £&2| 100%, 80% X 0%01|E+% EE22 100, 20, 4ug/mLO| SEZOA HZ A
80%0|AC 2 NEZEAO| QCtD THCHE| QA

FPH
:]
o

2% FEEY ME=Y BIHLDH assay)

A 100%. 80% X 60% OEtS FEE0 st MEZ=EH HILE 17| I8l LDH assayS E510f #S5 &

i

LDH assay= MAtE =24 T A (Lactate Dehydrogenase, LDH)E F786t= WHO| MEZ=EYH HIIE, MELY
of EX5t= HLiEFLRA(DH)E MZ7 AtESCZ)N FYZ E=HE[O HIX| 2 EE k=0, ofu

= 290
YEL = IDHYS HE5H0 SEYLEZM ME=EE Eoiots SHY

1 ZY 55510 DMSOO| =0 MZEAMES| A2 AR SHEII0| AT A
medullad| Z 43t pheochromocytomaOll Al F2f & MZQl PC12 MZE 0|85, 2t Mz Ot
100, 20, 4ug/mLe| s=2 HEs A,
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120 -

100 4 '

(=) -]
= =

-
=

LDH release(% of Control)

L)
-

0

CTR 100 20 4 100 20 4 100 20 4 pg/mL
100% 80% 60%
a4 75, A9 oHE 529 LDH assay 21}
- LDH assay2 MZESHZ B8t Z1F 89~108%2 B2 ZHEJD, =FE0i0| 2 AF FES
100, 20, 4pg/mLe| SEOIM M=ZE=40| QT THEHE

O 28 radzEel MzZ=

‘SEIHMTT assay)

- CI222HESOM 228 3749 EEHE

| .= O| =(1: ursolic acid, 2: tormentic acid, 3: corosolic acid)

=
=

7t 58 sE0M ME=E0| JA=RIE &2l ot7] A3l MTT assayS S3ll =H2lg

AN
- LIZZ220ES0M 22[E 3712 ERHEH0|EE

DMSOO| =0 e A2 MEA2H, 588

7tof At

ot M| Z &= Rat2| adrenal medullalfl &’ 43t pheochromocytomaOil A

S M=l pCc12 M=

=

ArgStR A, 2t A OiLk 100, 20, 4pg/mLel 52 dgs TS

120 A
= 100 |
£ I I T
=
=
O 80 A *
(- e
=3
d o
< 60 -
=
S 40 -
-
= i
o 20
0
CTR 100 20 4 100 20 4 100 20 4 pg/mL
1 2 3
* p < 0.05, compared with the control
I8 76, 2 22 2UESA w2 ELE 2N ol =0] Na=/dgrt

(1: ursolic acid, 2: tormentic acid, 3: corosolic acid)

- MTT assayE &5t MzZz=4 1-32 100pg/mLe| s=0M 25 MESHO|



0, 4ug/mLe sE0|ME= 40| gle AR THHE, d2{82 3749 Eg|
HEHLCO|=0f CHat A & Al 2| s== MESGO0| iCtn FHEHE 20ug/mL 0[5t =s=0fA %

|
>
e
%
T
o
>
=
pL=|
Jo
ot

dE0| MZ HZ zat 5

NZ Bz 21 AF(MTT assay)

rir
=
Hl
dn
0x
mjo
12
>
oot
|0
Hu

9| 100%, 80% X 60% Of|EtZ
o

TE=0| HE-OZ20|= SEM 7L FE}
N ANBNMEE 258t 207t A=XIE

XS E7tot7| o Al
tHIEf—OfE”EOIEi S A HEEEE RLOH ==, SEANMS 227 ACkD 2ANE 2O FF

= HEL-OFZZO0|E0| M2|5t STAZ2EMN, HIE-OIRZ0|ES SHS AMET2EZN MZEZYO|
°*I1|E|°*°EH O*Xﬂ e MEo YEE0 oot deks O|X|=X0f o =HRAStLX} PC12 cellE O

AEES EMBI 100%, 80% X 60% OEH2 2 12A17HY 23] FHIYUS. RE FEAL2 ojtstn Z+et
=550 DMSOO| =0 MEAMTO| A|ZE AFET PC12 cell S MESH BIIE IHsIRO, &
g FEE0 5H 55 10, 2, 04 ug/mLE T

HY U2 HE-OIRZRO0|ELt 28 OfEE FESS M A0 24412 St 37°CO| M LX|SHO] H|EFOF
E SUSH=E o = PC12 cellof X2|0t0] MEZYEES MTT assays o E7te

100 4 ——
5 B 1 . i
= . . -
é 60
£
E
= 40
=
-
20
u .  E— il —
CTR - 1 z 0.4 10 - o4 o 2 0.4 p.g/mL
100% BO% 60%
+ AP
* p < 0.05, compared with the control
" 77 A9 & 2559 MzHsay (MTT assay)
2 OEE FEE2 MzESsar Ag Zur #E-OFZZ0|ERF Ma|oh delz2 HE-OIZZ0|EQ|
SEHO osl FLUE SHOE MEMEZ0| 60%E HASIAS. Ut H|EIOIUZO|E0t APFEES
Al incubation®t 4@ MZE HEZ0| 7ot AS = = UA2H, 2F OE=2 T2 s FHIH
oz ME HEE2 37M6IAS. Ol= 28 OEtE F==0| HE-OIEZ0|=2] TS AHMA|IA H|EIO
2LZO0|E0] Qo) FEHE MzZz=Y0| 445147 WY



O 28 F==2 M=Z Ex 2t ZF(LDH assay)

- 100%, 80%, 60% O|EtE F==0| HEI-OIYZ0|E STt FLUSI= MEEHES XSt A&
NZE E25l= a7t JA=XE BIISH| s AR

- HEF-OtER0|E= 88 Al MEEHE FESHA =0 2 =22 HE-OIZE0|E0] Nz
M HIEIOIZZO0|E STAN Hd=2 AHMSHA =0, M E 2HF M=ol WEZ0| ot g2 0|X|=X|
of CHdl LDH assayS O|83t0] HIISIAZ, MEE PC12 cell® AMESIRSH, AlZE 22 2450
100%, 80%, 60% Ol EH=S 2 12A[ZHY 23] FESHD, oI5t A% 5F5H0 DMSOO| =50 MZATEO
AZZ2 AHE3 (10, 2, 0.4pg/ml)

120 -
100 - < . w * w
= o ” *
= 80 -
=
=
T
Z 60 -
g
E—: 40 -
20
l} .
10 2 0.4 10 2 0.4 10 2 04 pg/mL
AR 100%, 80% 60%
+ApB
* p < 0.05, compared with the Ap
28 78. 29 s FE=29Y Mz¥s eyt (LDH assay)

- g MEES FEEL NEEZRE 20l oF A1t HEOtZ20|E0 X2|ot X2 Bt AY FE=
2 Mot AP MEYEZ0] A LS. E5H 100% OEtE T2 Ne|Zel M= HE20| O
=% Ol 2 ofEt 2 == 22| HE-OIYUZ0|E 83T AX 2utE AI™SIAS W 100% OEHE ==
20| AXNs0| 7t /U T Zotet At AS Aozt HZHE. 24 MTT assayE 0|89 MEEZ 51}
£ Soff golst Zutet dXMel, ol A8 FE50| HE-OIZZ0|EL /2 AMAIA NESES
AAEANZE AoE FHEHE

O

29 FEEES ME 2 3t ZF(MTT assay)

A¢ CIZ2ZZHESM 222 3702 EZHZH 0| =(1: ursolic acid, 2: tormentic acid, 3: corosolic
acid)?t H|EF-OLZEZ0|E SEAN7} FESE MESES XSt MEMEZE E2= 217t J=XE
HItstr| sl MAlg

HEt-OLLRO|E= S8 Al MES
corosolic acidE H|Et-OtZ 20| =0 X 2|
HE MzZo| WEZ0| ot F&S O|X[=X[0f CHSH MTT assayE Ol
cellE AL83IRICH, A2 Age| CISEE0E 22BN 223 3

0z
mjo

FEUSHA =0 &g FEEEQ ursolic acid, tormentic acid,
SoEMN HEOLIURO0IE SN FMHE AXMSHA E0, A =
8510 IolRAS, MZ= PC12
59| EZ|H 2L =0|=E DMSO
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of 50 MZEAHEO AIZZ AFRE (10, 2, 0.4ug/mL)

120 A

100 4 —I—

o
w o
80 - w
w S o = - v
2 £ I

6l -

40 -

20 -

aw o L e

CTR . 10 2 0.4 10 2 0.4 10 2 0.4 pg/mL
1 2 3

+AB

Cell viability(% of Control)

* p < 0.05, compared with the control

4 79, A9 ZR22UHSAM 223t EQH 2N o|E9] MxH s gy (MTT assay)
(1: ursolic acid, 2: tormentic acid, 3: corosolic acid)

2 GOl CIZE2MERSHN ZE2|t 352 | E2|HZY=0|=(1 : ursolic aicd, 2 : tormentic acid, 3 :
corosolic acid)2| MZEZ2IE =0l o Zut HEL-OIZZ0|EE N[t HETo| 4% M= HES0|
H|EF-OIZZ20|E STKXOf Qo FEE —.’8 2 QIS Mz MEZ0] o 70%7tK| ZA5HAS. HIEH-OFH
Z20|E9t AHOAM 223t ERH 2 LO0|=E & incubation 3 Z1t MZE HEE0| 7R}, O
i% | EE|E|Ell|i0|':7f HIEF-OLZ 20|20 TS AHMA|AH H|EIOIEZO0|E0] o5 FEE M=

| 4EE0| 7t =0L MEZESS0| MY FHod A=

rOl'

oz
= &
=

2817 2. £3| tormentic acid2

A% £58 270 XHE 4 B}
4% ofge xE20| oY Bt

298 OE2 FES0| N 2Ed XNF 7|zZto] m2t 67tX|  X|HJZ(prorocatrchuic  acid,
luteolin-7- Oglucoside caffeic acid, loganin, scutellarein-7-O-glucose, rosmarinic acid)0l CH3H 2Hd-d
= =QI5t7| 25kl &8 60%, 80% OB FE=S 42 25°C, 35°C, 40°COIM 2 = 452 ZtAHo=
225U7A| &EE HPLC 2MEHE 0|83%t0] Hotet

A2HE EMIY 60%, 80% EHEZ 12A|ZH4 2 S 2H
SROLCH 3709 MZEE7|0f 2t 20mgM A2SH0 ST 220 HE = o

ISESy

A28 FTEES HPLC BMBO R BM3 = B E O|30| O3t 67X X[ BEMY Q| HY WMEEZ HIHSH0]
2EFEE ATQ otEE HILE dAE

A) B)
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25°C 35°C
” B\//\’/\ 20 Bw
315 a
b D & N E D d T
4 o) N » 1 E 5
< F% < F‘w
S oAe— S R
, Comm - c ,__.-——*\___\_'____k
[ ————
0 4 2 148 180 225 0 45 90 145 180 225
Day Day
C)
25
40°C
" BW\
§15
5 D ‘ 3 :
< E ¥
T —
H
A
. C ———
0 45 90 145 180 225
Day
19 80. A% 60% oTE FE2 387t
(A : protocatechuic acid, B : luteolin-7- O-glucoside, C : caffeic acid, D : loganin, E :
scutellarein-7- O-glucoside, F : rosmarinic acid)
A) B)
20 20
25°C 35°C
15 15
F — F ot e —
Z —M z
kS A — 5 A —
C e = ——
D 7__"///.__.&--" D - —“’bﬁ
B B
0 0
] 45 90 145 180 225 0 45 920 145 180 225
Day Day
C)
20
40°C

5 A 41/“
¢t =
D s ___\'/P%‘___.
B |
0
0 45 90 145 180 225
Day

a2 81. A9¥ 80% o2 &5 M HIL

(A : protocatechuic acid, B : luteolin-7-O-glucoside, C : caffeic acid, D : loganin, E :

scutellarein-7-O-glucoside, F : rosmarinic acid)

- 80%, 60% OIEFE FE=2 HEY

)]

b A3} C(caffeic acid)@t E(scutellarein-7-O-



glucoside)2| #2 60%, 80%0|EHE FEE ZF0AM & 5f
OEtE FEZ22 40°COA MEA0= F(rosmarinic acid)?t
0|= rosmarinic acid7} =0 ¥ 00| Hr=C}7 TCHE

B A2EFEE0 AX|7|57MM 25 HoMin vivo)

« 2EE=2 T 7I9HE EUI5H7| RI510] Y-maze AldE TASIAS.

o HZ MEAHS ZAst ZDt YAl Normalt2 747+23 %0l HHH ABE FUSH Control®2 61.5+2.1 %=
ROHZ AASIRAL(P < 0.001), 60% F& 28 FEE 100, 250 E&= 500 mg/kgE FoIot &2 22 67.
1411 %, 729424 %, 739424 %Z ControlZ-dt H| W8l SE OEXMOZ Z7IIUOH FMIEZOZ A

7422 %2 LEIRS(P < 0.01).

0l
o
)
R
N
M
ro !
~ |
\‘

HESE0| S0{7t T L& 3£ Normal 39.1+2.4%|, Control 342+1.8%], 60% £ 2¢Y === 100, 2
50 &= 500 mg/kgE FORH B2 2f2f 3524209, 35.1+2.52], 3354322, DPZ7 313+192|2 ZE AH
= 2 Xo|7F gle AS QSRS 74)
A B

100 4 50
_ 804 40 4
< N —
H -
= 60 - % 30
2 £
g )
S E 24
E 40 E 20
s
&

20 10 4

0 T T 0 T T

Normal  Control 100 250 500 5 (mg/kg) Normal  Control 100 250 500 5 (mg/kg)
P. fiutescens Donepezil P. fiutescens Donepezl
Amyloid beta Amyloid beta

> 82. Effect of 60% of Perilla frutescens on Af3-induced memory deficits in Y-maze test. The
spontaneous alternation (A) and the number of arm entries (B) during an 8 min session were measured.
Data are expressed as mean=S.E.M, 9-10 in each group. *** P < 0.001 compared with normal group,
# P < 0.01 compared with the control group.

OA22IX| A& (novel object recognition test)
o AME AXEE A2 B 719 sEE Hol5t=0 0|85 MZ: 2HF0 =& mousel| AHHXQI B

SO 7|=E = WELD 7% YUY 28 7T S mousel] %%i + =ME MAlSto] Aot E
St 24M|2t = & =M T SHLE ME22 SHZ AHGSHE I EEH22 mouse/t MZ22 M0 &
B2 27|42 74 M22 2HE BMots 37t gUiX2z S/t 3

_67_



7I9E0] £4E mousel| BF 7IEH MZ2 SHE FE5H| Xof & =8 2t X
HO[X| 3.

o

=0 & Xo|E

2 ASoMe] AE 2X|sE MY ZuE MHEHFig 24A), A Normaltel MZ2 SHE QX[sHs H]
2(Novel object)0| 68.73+3.7 %&E 7|E=ME QlX[St= H|Z(Familiar object)?! 31.27+3.7 %2t H|15t06] {2

Moz =2("P< 0.001).

Bt ABS F Tt Controlm o B2 MZ2 X QK| HIE0] 3977434 %2 7IEEME X[3t= B2 60.
23434 %%t HWslo] |o|Hoz Hof QX5 £45 &ARASHAZ("P < 0.01).

S 60% T AY FEE 100, 250 £ 500 mg/kgE FOT T2 22 55.23+4.1 %O0IA 4477441 %, 5
9.06+3.6 %Ol M 40.94+3.6 %, 54.71+1.8 %A 4529+1.8 %2 7|ZEH0 HI| M2 EHE OX|8}= H|E

*

O] ReMCZ ZII5IACH, control it H WSS e RO|Moz =/US(P < 0.05).

| Z7d(Discrimination ratio)0 A= Z2 ZAutE 2ol = U/AZ(P < 0.01, Fig 2B).
olg{st A2 60% T AY FEES0| ABE FYUSE Qg &4E AIE QX|sHS 7Msk=0 27t US

S 30| A Ol
= 2ol = AUS
80 1 I Novel object 87
[ Familiar object
" 6
60 1
s b
S = 4
~ * 2
2 % .
E I I T Hk g
340 g 2
= Sedede =
s £
& =
£ 2 09
a
20
-2 4
0 T T T T T T -4 T T T T T T
Normal Control 100 250 500 5 (mgkg) Normal  Control 100 250 500 5 (mgkg)
P. frutescens Donepezil P. fiutescens Donepezil
Amyloid beta Amyloid beta

a3 83. Effect of 60% of Perilla frutescens on Af3-induced memory deficits in Novel object
recognition test. The preference ratio (A) and the discrimination index (B) in the novel object

recognition test are presented. Data are expressed as mean+S.E.M, 8-10 in each group. (A) *** P<

0.001, * P< 0.05, ¥ P<0.01, novel vs. familiar; (B) ** P < 0.01 when compared with normal group,
** P < 0.01 when compared with the control group.

7198 ZE| SERHS 0|83l 60% FH 2% FZE 100, 250 == 500 mg/kgll £0{0] 2|
5tof 7|93 =48 AXSte 27t YR ORE =320 FH YX|E 0850 =QISHUS

o 719 A[EQl retention trialofl A A Normal=
2272+16.0%0 HIH ARS FQUSH Controlt2 264+49%X2 EANMoZ R9|4
)
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— — b B B | =2 =

SHEAIE Alo] H7|BAS 7IA5H| Retths A2 TEHEO ARY| oSt 7|9 ZE[ZZEO0| & THSOMCER
|

0.6+85X, 126.9+19.8%, 137.0£9.2

B0l 60% T8 AY FEE 100, 250 EEE 500 mg/kg F0lE 242 9
2 2 AHE3%t Donepezilt2 170.8464X2 LIEFLE

EC OFEXOoR FIIIYUSH(TP < 0.001), YMHU=FO
("P < 0.001)

ES
=
O

SO AW SEAI™Q! acquisition trialof A Q] g2 B0 HEE A[ZH2 Normalw 15.0+1.3Z, Controld
141+28%, 60% T8 A% FEE 100, 250 £ 500 mg/kg FOITS 22t 1214082, 124+16%, 12.2+13
%, Donepezil® 12.0+32%X2 RE MHAZZH X0|7} Qi HS &8I S(Fig. 3)

250 -
I I Acquisition Trial
[ Retention Trial
200 -
-~
g FekeN
Z T
150 + Feve Fevee
E 1 -
Tk
E 100 -
50 -
it
0 i T i T ’I‘ . T i T i T i T
Normal Control 100 250 500 5 (mg/kg)
P. firutescens Donepezil

Amyloid beta

3 84, Effect of 60% of Perilla frutescens on A3 -induced memory deficits in passive avoidance test.
Latency time was measured and the values shown the mean+S.E.M, 8-10 in each group. *** P < 0.001
compared with normal group, *** P < 0.001 compared with the control group.

OMorris water maze test

Morris =30|2 St 42 3¢ 60Z O|Lf ZHZ0| =ESH7(7HX|Q| *RM?_% FEots SAIHM
H1gmols 4T (Normal)& 4973 + 27X, ABE FYP Control?2 5160 + 17X, 60% T8 428 F=
= 100, 250 == 500 mg/kg FOIT2 212} 49.83+2.5%, 454429, 441542 7%, DonepezﬂE% 4493+2.8

o
—
A2 2t B 7H QoY s KOl g9t
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* Morris +=&0|2 SHSOIM ORX[S ZO K| 52 7[AHAE Al &

02%
ﬂ—

7|
Al&sta O|E ethovision programa S5t0] A7 & ZSSE0 U/ 420 HE= AHE B

o
aT

T8= S|
SIS

o E3E0 $§E of Cist Tt AM=dd Eﬂh (ks (NormaI)ES 2424 + 18%Ql HIH ARE F¢
st H A28 F== 100,

250 E= 500 mg/kg E0l2S 247} 1811413%, 22.06+1.2%, 23. 64+14*§ A[3 QB Control 50120

i e |
His fold e S7t5 2olstds (7P < 0.001, Fig. 77B)

e Donepezil YAl 2441 + 0.7XE 715t AS QSIS ("P < 0001). Ol= 60% =H A% F=E0|

A

60 30 7

50 4

'
=
1

Swimming in target quadant (s)

Escape latency (sec)
2

4 —@— Normal
—O— Control(A-beta)

—¥— Perilla frutescens 100 mg/kg
—— Perilla frutescens 250 mglkg
—— Perilla frutescens 500 mg/kg
—0— Donepezil 5 mg/kg

[
>

10 -

T T
Normal  Control 100 250 500 5  (mg/kg)
0 T T T T P. firutscens Donepezil

Day 1 Day 2 Day 3 Day 4 Amyloid-beta

O 85, Effects of 60% of Perilla frutescens on the long-term, spatial reference memory of
A3 -induced mice in Morris water maze test. (A) Escape latency in acquisition phase; (B) Swimming time
in target quadrant in probe trial. Data are expressed as mean+S.E.M, 9-10 in each group. * £ < 0.05,
#% P ¢ 0,001 compared with Normal group, * 2 < 0.05, # P < 0.01, ** P < 0.001 compared with the
Control group.

OWestern blot

o 28 60% ¥IZ FESO0| INOS L0 D[X= S =0l

« 8 500M 2= Hieb 20| HEIOIZZ0|= F0lZ (vehice)llM ez (normal)il HISK F2H 2l iNOS2|
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H ¥o| B2t LIEHES(P < 0.05, Fig. 5)
28 60% FTEE 100 mg/kg FOTt 250 mg/kg FO oAM= O|2{gh HIEFOFZZ0| 0] 2fgh iINOS2| TH
A B7HE Rold A dNEO| HIE[AS
2% 60% FEZ 500 mg/kg FOHT FYHETCR AMESH THIE FOFOME HIE Fol82 EO[X|
UUOLt HHZL0| HIEIOILZO0|E FO 20 H|sl ZZt 51%, 47% S22 (0| LIEtRHS. o|A&te| Zuts A =
EE0| HEfOIUZO|E0] 2$t k| HES WM £ ASS LIEH (P < 005, Fig. 5).
L 3
r—
k3 L
i —r—/
A< 60% 300-
& @ —
‘T‘p\@ﬁé‘p ’\Q‘G rﬁg} @Q’ {}Qﬁ’ % 200
s '3
MNOS ¢ -
_ = _ B
. 100+
: S T
Bactn | ——— e | T 19 O N O
R SN
o - B60%
AB
23 86. Hlefotd 2o]=of o]t sfjufofAe] INOS ‘U Z ol tigh 24 60% o®E £&=9
£1}. DPZ, donepezil.
O COx-2 &0 O/X|= &
o HEOIUZO|E F0{Z(vehicle)OAM etz (normal)Ofl HIsH F2|& QI COX-22| ARl FIt7h LIEFHS. &

(o]
=]

COX-29|
olst L

60% =

e =
==
HE

12
1=20

02'152 7

o=

100 mg/kg FOZ1t 250 mg/kg Fo=
2 B8 Rold UM AMEo| HRlE A=

(P < 005, Fig. 6).

hAlE 2 9l

ik S= LIEt

+
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4 B50%
- | e [ e |
P Sl
P - 2001
S P S K = - .
EE 150+
COX-2 " =
& 1000 T T
x el
O 50
B-actn - W W e — o
(4] - - v - T ”Lr'
S ) (Y %]
AB & S P S
N
= B80%
AR

15710l digt 494 60% AEE F&=

ok

O 87. H|gfofd 2 o] =of o5t sfjufofAe] COX-2 &
o] git. DPZ, donepezil.

O ADAM10 30| O|X|= Het

o o-secretase?| IS TIMAZ|ALE LHEZ F7HA7] HEOIEZ0|E0| M2 E0 LXsI0|HYO| LUHS
IS = AS. ZZ 0|23t a-secretase”’t ADAM100|2H= 70| Ei5iM &2 0N = L2F 60% OEtE =&
=20 ADAM102| &H 20| O|X|= Fe2 =Qlsh E/US.

o H|EIOIZZO|E T3] RO{2 &= ADAM102| Hizh= LIEFLEA| 2T AH 60% OEtE FEE T ADAM109| &

o= obFE F0| glEs =Y = AU

- 2001
A oo =
=5 60% -E- 150 '|' T
B
. o T
o = oy 1 2 1004
PSS K2 T
g S04
ADAMIO S — e S — <L
0 - b B -

2] 88. sfulol 4] ADAMIO o] ciat MlEfolAZolc 9 4 60% oSk xE2o] i}
DPZ, donepezil.

OO
H[EFO ”'EOIEE GCrel R0l OFZER0|E T ol CHils A 20 <o) Yd=tin EeX RUS. K70

. = el
20f5Hs CHUESIZAE B-secretase (BACEN)Qt y-secretase2 F EAJF B&F X882 of{OF H|EIOILZO0|ET}
AGE EtM OlF 22 & SHLE 25S ofX| ROt H|EtOEZ0[|E9| Wd0| 27s5Itk= 7HEE Hf
gfoz SR APXEO| B-secretase (BACET)Q y-secretasel| &dS AXStALL Lsig AX|st= 2EOf of
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O PSD952| &si0f OX|= Het

29 60% OEHE FE20| BACET E30]| O/X|& Fe2 =ols EQS. O Zot otz J& 1t Z0| H|Etord
20|E Gtz| FOjZ&= BACE19| Bizt= LIEFLIX| %pD AH 60% OEtE ==X BACE1S| &30&= OFF

400
=% 60% =
< P 4 = 3007
S A - k=]
8 2007
BacEr ™ D G5 e e - 7 T
[ % 100+ |l|
o x T T T o
Bactn S — F PP
RC LY =
. i ]
i £ 60%
AR

7% 89. siutollAe] BACEI# O] it HEfolu 20 = 9 41 60% T 2&EB0| &I}
DPZ, donepezil.

alst

HIEIOIUROIEE AlgA0] JI5S welelo] 7|92 ZE|S Qush HIIMORE AlYAc NsNY DEHS
QUIsHA|B, FIIHORE A RpHlo] A4S KL
PSDISE 3 AldiA Ro] LI EXfSH: DT BUNE AW 4o| CIYR HMTE BojFE g

=
S0 9US. WPl Alac] AM2 psDose| BAS Aot E|7 ZAWHo= 7|0y YsS Kot &,

£ &8 60% OEt= FE=0] psD95 LA O/Xj= FLS =fQlel 2ots. 1 Zat of2ff 21t
20| H|EfOIUROIE Tre| FO== psD959| Heh= LIEILIR| @AW, 4% 60% OHEE FE=E PsDI52
=]

—
0= OFFE F0| glgs =AY = ANAS(Fig. 9).
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73 90. sfotol 9] PSD-95uH o T3t WlEfolU RIS W A% 60% e £5EC &
1}. DPZ, donepezil.

M A XAt immunihistochemistry)
2% FES0| 0| OjXl= F&E2 =I5 flof S22 oo BHOM Iba-1 CHHE o YEE MY
AMZS Sl HRI5IAS.

HIEFOIZ20|E REOZOM Fao OiHl 21% Z=of OIMRME = S7H7t LIEFRCLE fold2 R, &
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60% FE== FoT ZFe FIEToME 4T +E22 UMUMZES 5 HaAIZICL O] HA

H|EfOIZ 20|29 =d0| TS E27|= o

= & & GHELRE AgL 7tads ARNSte 22|00 @M
BR0f| LIEtLtE 202t Atz E

Normal AR +vehicle b AR +49 (100) o

: , 2 0.02
L. . g
2 0.014
AR + 29 (250) Ap + 4 (500) Ap +DPZ - 0.00 '

Figure 10. siotol o] olqaA £ 2dstol that vlEtolezole U 4 60% olRe 5%
29] g3 DPZ, donepezil.

Ay M= gdstof| 0Kz g

Ay MZze gtk TH(Blood-brain barrien2 &6t atut | Ato[o] 2X 0|52 SHlsts mAZatn
UM AUS

S MZNYSHOIL HEO|R 52 Soto] ME M=XEO| eS| O|ROXEE & 752 7M1
US. SHATE 0|23t ot MEZQ| 7|52 F7| FBH30| ofdl AdEn 23| MzZo| dats oA &
et 2 S7olMe HEFOILRO0[E7L 4 MEo| BdalE REdh=A| 2Qlstn 0|0 Chot A% FES9
BIE =0I8t7| Qo HeSE0| ofjof HEHO|Al GFAP CHHE dis] Y2 HIGMS Sdf 20lsiRS.
HIEIOILUZ0|E FOJTOA Fata CHH| 21% HEo| HA MIE 9| Z7t7F LIEID Ol SHXECE {9
MO| _AAS(*P < 005, Fig. 11). SHX|T 2Y 60% FE= 100 mg/kg FOHTS Yiz T 4 ME &

=]
el LA 22k ¢t fo/Hel X0|E HO[X| BRUAS.

J_>'L

Ol= HEIOIZZOIE0| ofpt do M= 2dstt &8 60% FE=0 o8 AN ES LIEHHH, EoF COX-22t
iINOSe| HHS7I7t 4 MZOAM LIELE g = UZS OIS 2(Fig. 11).

_74_



- — - . 0.06,
Normal | Ap+vehice | | AB+28(100) ﬁ E

; R | b 8004
$
] A ‘;

8 r | & . L

S Y RN goo2
o
» &

A+ 48 (250) &Aﬁ+ 530) AB +DPZ % 0.00 = -
& ¢
. —h A% 60%
- .

O 92. sfjutoll M Q] At Al /dsto] tist wgfotd 2ol I A 60% OHE FEF2 &
1}, DPZ, donepezil.

(1) 80% 8 LAY FE=

OYAt O|2 A& (Y-maze test)

HAOl Normal2 71.7£1.2 %9l BtH ABE st Control®2 58.
001), 80% &8 &Y F== 100, 250 E& 500 mg/kgE 5013_ o
6 %2 ControlZ H|WslY| sk oJEXCZ FII5In AHrH
%E Lrerﬂ%(***p < 0.001)

3130 %= FoMo=E ZAGIAI(P < 0.
2 Z}Z 704413 %, 739415 %, 72.7+1.
ZTOZ AMESH Donepezilit2 73.5+1.9

= No mal 29.8+1.93|, Control 27.9+3.03], 80% & A% FEE 100, 2
50 EEE 500 mg/kgEs FOIst 2 ZZt 3104143, 28.6+2.63], 2844103, DPZT 27.7+133|2 ZE AH
7t X s

ir
nHu
2
mun
2
!
Ot
o
v
OF stot
=

Spontaneous alteration (%0)

20

Normal Control 100 250 500 5 (mg/kg) Normal Control 100 250 500 5 (mg/kg)

P. frutescens Donepezil P. frutescens Donepezil
Amyloid beta Amyloid beta

3 93. Effect of 80% of Perilla frutescens on AB-induced memory deficits in Y-maze test. The
spontaneous alternation (A) and the number of arm entries (B) during an 8 min session were
measured. Data are expressed as mean+S.E.M, 9-10 in each group. *** P < 0.001 compared

with normal group, P < 0.001 compared with the control group.

OAlE 2IX|=3 A& (Novel object recognition test)

AlE QX A Z0tE HMED™, HAQl Normalwe MEE HE 2IXISH= H|E(Novel object)O| 73.57
+3.1 %2 7|Z2HE QX|St= H|2(Familiar object)?! 26.43+3.1 %2} H| W0} Kooz =42, < 0.00
1).

gt ABS TR Controll| 4% M=Z2 =X X B[&0] 5571+39 %= 7|E=HE 2X[5l= HEQl 44.

—

29+3.9 % r Hlmsto & & 2t Xto[7t 81918.
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80% &4 A¥ FEE 100, 250 E& 500 mg/kgE £
15 %0IlA 2043415 %, 77.20+2.3 %0l 22.80+2.3 %=
oMoz FIIIALM, controlZ it HIUIHE e FoIH

b2 Z+2f 7589419 %0l 24.11+1.9 %, 79.57+
& | Hlsh M22 =HE QIXISt= H|20| &

o
2 =2(7P < 0.001).

|O N r0|'

)
AFE0| CHEE T8 53 Z3(Discrimination ratio)llAM = 22 ZANE =Rl 4= ARAS(P < 0001, Fig 13B).
olz{st AIZE 80% T8 AF FE=0| ABE FUSE Qg 24E A= AX|SHE JHMsH=0 27t US

&
s

100 I Novel object
3 Familiar object

Discrimination index
L L

Preference ratio (%)

80
6
60 -
4
40 -
e
i o
Hi# o 2
N H ﬂ ﬂ
T T T T T T 0.0 T
Normal Control 100 250 500 5 (mg/ky Normal Control 100 250 500 5 (mg/kg)
P. fiutescens Donepezil P. frutescens Donepezil

Amyloid beta Amyloid beta

= 94, Effect of 80% of Perilla frufescens on A3 -induced memory deficits in Novel object
recognition test. The preference ratio (A) and the discrimination index (B) in the novel object recognition
test are presented. Data are expressed as mean+S.EM, 8-10 in each group. (A) *** P < 0.001, ** £
< 0.001, novel vs. familiar; (B) ** P < 0.001 when compared with normal group, *** P < 0.001 when
compared with the control group.

(3) =53|1| Al (Passive avoidance test)

ARE FROf| ot 7| &4 OfFE Helst Al EM H 7|9 AI”Ql retention trialof A E&2l Normalz
HtO H
=}

o| g2 0| HFE A|ZH0] 192.0+38.0%0! HHH ABE FTt Control?2 27.1:56X2 SAXRE {2l
UA A2BIUS (P < 0.0071).

StEAld Aol H7IS4S 7|YAoHA| Xotths A2 THEHEO Ao ofoh 7|3 ZHE[ZEO| & SO
2t

80% T8 28 FEE 100, 250 E= 500 mg/kg FOT2 22 165.1+439%, 169.7+32.2%, 167.2+433X2
EC OEHOZ FIRIFOH(P < 0.05), YMHETOZ AZSH Donepezilt 198.2+30.8%2 LIEFS(P <
0.05).

R & ShSA”Ql acquisition triallA 2| B2 2o HEE A|ZH2 Normalw 14.5+2.2%, Controla 13.9+4.3
X, 80% F& &8 FES 100, 250 EE= 500 mg/kg FOITE 242 13.7+2.9%, 13.1+2.3%, 139+3.1Z, Don
epezildt 189+42X2 ZE MET7t Xt0|7t Q= A2 &QISIAS

=

0
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HN Acquisitiom Trial

250 — [ Retention Trial
-
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o0
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g :[
=R
E‘ 1s0

=0 -
= =
_—
B
g 100
ZS-
o

S0

#
. ] =3 1 Y 3 H
Normal C ontrol 100 250 SO0 = (g lag)
P. frratesceres Donepe=zil

Avnmvloid bheta

= 95, Effect of 80% of Perilla frutescens on A3 -induced memory deficits in passive avoidance test.
Latency time was measured and the values shown the mean+S.E.M, 8-10 in each group. ¥ 2< 0.05 compared
with normal group, * P < 0.05 compared with the control group.

4) =F0|2AE (Morris water-maze test)

* Morris =F0|2 S50M 4Y ZQF 60X O[Lf ZSHFO0| ZFHSH7|THK|Ql A8A7HS FEESH= ShEAIE0AM
H1gmiol= HA&w(Normal)2 5585 + 21X, ABE FYUS Control?2 5355 + 19X, 80% T8 AY ==
= 100, 250 =& 500 mg/kg FOT2 ZtZf 5493+1.8%, 53.98+14%, 54.85+23%, Donepezil 51.68+2.6

o

o
—
x2 2t FE 2 ol s Ko7t 8

« ofg0| TAE M2t OpX8 42Wo= EAHF =

_n_

2ot=0 25 = AlZH0] HAE(Normal)2 24.23 + 1.6
, ABE TS Control®2 5035 + 1.6%, 80% o

=
q AY F=E 100, 250 E+£ 500 mg/kg FOIT

=
REF 2F ROlY YU KOS HYS (P

4

w
~
\l
w
I+
>
N
_|->+
w
~
[0}
w
-+
N
O
t
w
w
N
oo
I+
n
o
Ht
v
@]
>
D
©
0]
N
M
rjo
w
w
[e))
(Oa)
I+
(Oa)
[\
Bt
Hu

d; g Ue
< 0.01).

o FF 2o WE OFES ARAY Zal 3UMEE ARE FU FOTOM FHZO H] stEsHO| A
S| MolzIen OHZIXZ Y A8 FEE 250, 500 mg/kg FOHTZME StEdo| folst BT g1t7
ELAE, T 3YMEE SSHEO| THSHE 28 AIZH0| ABE FYUSH FOZ0 H|g] SANMSZ FolsHA
aastgon, AHUEFQ! Donepezil £ GA| HIXBt +FEQE ZAdSte WS 2RSS (P < 0.05,
Fig. 15A)

* Morris +=&0|2 F500|A ORX[9F ZQ X 52N

i
T8 AlAst O|F ethovision programs &ot0| SA|ZE & EAFO| AUE 42 -0 HFE= AlZt

To= PO 2 5%
StRIE. olo| 2Z0| HE=2E F=of it YEHE M=dd 21, T (Norma)2 2360 + 1.7
M ABE FUSH Control E£O0IT0| 1627 + 1.1X2 [QO[8IAH ZASIAUT (P < 0001, Fig. 15B), 80% FH £
& FEE 100, 250 E£ 500 mg/kg FHTE Zt2 1675:06%, 22.12+0.7%, 2187+1.1X2 ARE FYUH

i |
Control =0l H|s Fold U= S7HE HISIRASZ (P < 0.01, Fig. 15B).

 Donepezild YA| 2352 + 15XE2 F75H= AS &QASI/US (P < 001). Ol= 80% FH AF FES0| &7
gl 27t 7|AS M= HS oot

- A= —
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¥~ 80 % Perla futescens 100 mghkg £ %
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Figure 15. Effects of 80% of Perilla frutescens on the long-term, spatial reference memory of
A 3 -induced mice in Morris water maze test. (A) Escape latency in acquisition phase; (B) Swim
ming time in target quadrant in probe trial. Data are expressed as mean=+S.E.M, 9-10 in each
group. ** P< 0.01, *** P< 0.001 compared with Normal group, * 2< 0.05, ** P < 0.01 compare
d with the Control group.
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H 46, 2A9FEF AANE AT UEE © AR 21
FE28U FF FE 8 =/w) FELE(V) FZ A3t o 3 FE2E(T)
Ethanol 0 v/v%
Ethanol 30 v/v% 1micro
Ethanol 60 v/v% 15 50 24 Nylon 45
Ethanol 80 v/v% filter
Ethanol 95 v/v%
B 47 &% 8ujo] & A F559 $£5F Y rosmarinic acidi}t alpha-asarone &HeF
. . A RE(HE)SE FFHme/s)
=% 80 #52 2/  25E%) s -0
Rosmarinic acid Alpha-asarone
Ethanol 0 v/v% 1,060(60brix) 10.6 3.709+0.472 0
Ethanol 30 v/v% 1920(60brix) 19.2 4.048+0.391 0
Ethanol 60 v/v% 880 8.8 7.491+£0.680 0
Ethanol 80 v/v% 740 7.4 12.927+0.779 0.006+0.002
Ethanol 95 v/v% 675 6.8 10.620+£0.232 0.318+0.016
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ol FHAY 23 ZlEe Ui, wepA, Avje ZUAH Anzh B 89
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re,
irhe
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5.000mg/keg A, vl SAIE 40 WA 3,000mg ke A2 W5 AFEFc)
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A A4 2 A5 A& 246 wEz GA g AR T3 4 . HE B

W, 84, &4, 24, A, FEA, 284, REA 5 #UlE IEE

[0021] o138}, HAldE &5l & HEE o & A3 dstazt g, 9
E AAdE 23] E WEE Rt FAHeR distr] 3 AesA, 2w
o] axd wel 2 dwe] st olg AAdd o8 AgEA Gk AL
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&2 AF23lo] 24A]17F Ab2e] AHAF] F oA 2 Ju}E e AT AES

N gl sl 29 FEEL FIHYG. VL 08 FERL 298 9
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=3 g FEEE) | AR dEpgle) FEAE dHug/n)

Rosmarinic acid Alpha-azarone

FARopgat aha} ofALE
Ethanal 0 v/v% 14.8 0.16 0.01
Ethanol 20 v/v% 12.2 1.28 .01
Ethanol 30 v/v& 12 1.8 0,01
Ethanol 40 v/v& 11.8 2,24 .01
Ethanol 60 v/vk 11.2 6,54 0.02
Ethanol 80 v/vk 10.1 11.26 0.03
Ethanol 100 /v 9.2 773 .44
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i
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42)e) 20 pg/ml 28] EFLEE A7) dAAld 1A 98 2 FEES AHIE F 37T

of A 24A17F wiekA1 A}, Thioflavin TS 100 mM glycine buffer(pH 8.5)¢] 300 pM
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e a8 ZAAE{Composition for preventing, ameliorating or treating
Alzheimer's dementia comprising Perilla frutescens extract mixture as
effective component }
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[0001] ¥ wHe 2o 22 B2 o urh A4eds 429 F22 2 A

2R IS FEARCER GRS dasond Ay «y, AM Ei
A5g 248 B8 Aol

(239 HAe] He 71<]
[0002] & vi(dementia)s> AA+# <l wmBlelis PRafel & Wl FHAto|y,
I fele] upz} eEEte]n)Ad A v (Alzheimer's disease), @A A vf(vascular
dementia), 7|6} &F FT=, ¥, FIEHY FHFoE o Aoz FEdc,
[0003] o] & “Z=atolwiAd Auje] W72 WH&H3] dHA AA Fout,
ANA 54 Al He-old 2ol =(B-anyloid protein)® FAe] 71 Fadh

de¢ler  AAEH gk o] EAL oldlEel= HF  WE(APP:amyloid
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Ty
i
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AEE X0, oF S, 94¥d, gaE, AW, 4%4: 2 ZUAE E@I
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ARTICLEINFD ABSTRACT

Keywords: The purpose of this study was to examine the potential immune-enhencing effects of hot water extracts from
Immun-enhancing activity Kalopanax pictus (KFW stem barks on mouse macrophage RAW 264.7 cells, Cytotoxicity and nitric oxide (NO)
Macrophiage production were meassred after KPW treatment vla MTT and Griess assays, respectively. The levels of immune-
g:lrﬁﬁrﬁ rilazed proteing such as iNOS and GOX-2 were derermined by Western blot analysls, and eyrokines relared o
tvmklnv:s. immune responses and phagoeytic activity were examined by ELISA. KPW significanily increased NO production
) in a concentration-dependent manner without any cytotoxdcity. In addition, the levels of certain enzymes (iNOS
and COX-2) and cytokines (TMF.a, L1, L6, and 11-12) were also signifcantly upregulated, Furthermore, the
phagoeytic activity of RAW 264.7 cells was significantly enhanced by KPW ireatment Taken wogether, these

results suggest that KW have a potential as an immunostimulatory agent.
1. Introduction 2064 Murakami and Ohigashi, 2007, Thus, when macrophages” func-
tions are compromised, the effects on 2 host's homeostasis can be

Miacrophages play an essential role in the innate immune system by devastating.

defending against infectious and cancerous assaults (Parham, 20093,
They inifiate an immune reaction against invading xenobiotics (McCabe
ond MacNamarn, 2016; Schultze and Schmidt, 2015), and they have
heterazeneous phases hased on their microenvironmental conditions:
active macrophages (M1) are polarized by interferon y (IFN-y), inter-
leukin-1f} (TL-1p), and LPS and boost immune reactions. However, in
their alternative form, macrophages (M2) induced by 1L-4 and -13
suppresses immune responses (Solinas e al, 200%; Varin and Gordon,
2007}, Both macrophage phases hold each other in check to balance the
host's immune system.

A basic function of these cells is phagocytosis. It is the immune
mechanism through which macrophages engulf, neutralize, and process
captured invaders so that antigenic pleces of the invaders can be pre-
sented to other Immune cells; like T helper and B cells, w further
stimulate Immune responses (Keneta of al, 201% Kudein and Hay,
2008}, Additdenally, macrophages are invelved In the preduction of
immune mediators such as nitric oxide, prostaglandins, and cytokines,
which lead immune cascades (Ballowill, 2009; Kalinski, 2012; Liu et al,,

Though overactive immune reactions cause inflammation and
autoimnume diseases, the upregulation of immune system companents
helps prevent pathologic infections and cancer, Moreover, many
everyday stress factors such as stress, environmental toxins, sedentary
lifestyle, alcohol and tobaceo abuse, cortisone treatment, chemaotherapy,
antibiotic usage, and infections, can weaken the immune system (Jang
et al., 2004}, Certain natural resources with little to no toxic effects have
been consumed for thousands of years; thus, they could be a valuable
source of agents that can sustain the immune system (Block and Mead,
2003; Kim et al., 2008; Kwon et al, 2016; Zhang et al., 2018). indeed,
several medicinal plants have been reported Lo enhance immune system
functions (Zhang et al., 2018}

Kalopanax pletus, which belongs to the Aralicceae family, grows
naturally in northeast Asia, and the stem bark of this plant has been used
to treat rhewmarle arthritls, lumbago, furuncle, carbuncle, wound,
diarrhea, and scabies, especially in Kores (L0 ot ol 2002). Phytoechem-
ical research has shown that K. pictus contains saponins, phenyl-
propancids, lignans, simple phenols and their glycosides, and
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polyacetylenes (Sano et al., 1991; Shao et al., 1990). Recently, multiple
studies examining extracts or component(s) isclated from this plant have
demonstrated its ann-mﬂammamr}r, anti-diabetic, and anti-rheumaroid
effects (Chol et al,, 2002; K etal,, 1998: Qua
2011, 2012). Furthermaore, ka]upa.u.uxsupnnm A and B, two main com-
pum:nu of K. pictes, showed benefical effects in animal models
regarding colitis and memory loss (Jeong et al, 20012 Job and Kim,
20005 Joh et all 2012) However, the immune-enhancing effect of
K. pletus has not yet been examined, In this study, the effect of K. pletus
on the immune system was examined with a focus on macrophage
functions. Immune-related mediators, enzymes, and the phagoeytic ac-
tivity in murine macrophage RAW 264.7 cells were measured,

ny etal,,

2. Materials and methods

2.1. Reagents

Cells were cultured in Dulbecco’'s modified eagle’s medium (DMEM)
and fetal bovine serum (FBS) purchased from Welgene (Gyeongsan,
Korean). Thiazoy] blue tetrazolium bromide (MTT) was acquired from
Biosesang (Seongnam, Korea) to measure cell viability. Griess reagent,
dimethyl sulfoxide (DMS0), and lipopolysaccharide (LPS, E. cali 0111
B4) were purchased from Sigma-Aldrich (5t Louis, MO, USA) to conduct
cellular assays, Antibodies specific for eyelooxygenase-2 (COX-2),
tubulin (Santa Cruz Biotechnology, Dallas, TX, USA), and INOS (BD
Bigsciences, San Jose, CA, USA) were used for Western blot analyses, All
antibodies specific for cytokines (TNFa, IL-10, 1L-6, and 1L-12) were
purchased from BD Biosclences (San Jose, CA, USA).

2.2 Plant extrocts

The stem bark of K plctus was obtained from a commereial marker
(hanyakjae.net, Seoul, Korea) in 2017, The crude drug was conlirmed
and authenticated by Prof, 5-Y Park, and all voucher specimens were
stored in the Pharmacognosy laboratory at the Dankook University
College of Pharmacy. A dried sample (100 g} was pulverized and boiled
in hot water ata temperature that ranged between 80 and 90 °C until the
wolume of the water added at the beginning was reduced to half, Then,
the filtrate was lyophilized to acquire the hot water extract of K, pictis
(KPW), Generally, the pulverized sample was extracted 3-4 times with
an equal volume of water snaking all powder samples,

23 Cell cuinre

RAW 264.7 cells (Korean Cell Line Bank, Seoul, Korea) were cultured
in DMEM supplemented with 10 % FBS. The cells were incubated in a
humidified 5% COy atmosphere at 37 “C.An MTT assay was employed to
evaluate cytotoxicity, RAW 264.7 cells (2.0 « 10 cells per well) were
seeded in a 96 well plate and menbated for 24 h to allow for attachment
before being tested and treated with or without KPW at various con-
centrations (10, 20, 50, and 100 pg/mL) for 22 h. MTT solution (5 mg/
mb) was added to each well for 3 h, the supernatants were harvested,
and formazans were dissolved with DMSO. Absorbances were measured
with a microplate reader {(Biotek, Winooski, VT, USA) at 540 nm. A
DMEM-only-treatad group wias used as the vehicle control,

2.4, Measurement of NO

Cells were incubated with or without KPW for 22 h, and the super-
natants were introduced to an equal volume of Griess reagent for 15 min,
The absorbance of the samples was measured at 540 nm, The positive
control was an LPS-treated group (1 pg/mL].
2.5, Western blot analysis of immune-related engymes

RAW 264.7 cells (2 x 10° cells per well) were placed in a 6-well plate

- 4
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and incubated for 24 h to encourage attachment. The cells were then
treated with or without KPW at various concentrations {10, 20, 50, and
100 pg/ml) for 22 h. To prepare cell lysates, the media was discarded,
the cells were rinsed with phosphate-buffered saline (PBS), and lysed
using Laemmli buffer. Proteins were separated by SDS-PAGE and
transferred to nitrocellulose membranes by electroblotling. The mem-
rranes were blocked in 5 % skim milk in PBS. The blots were incubated
overnight at 4 °C with each primary antibody diluted in PBS. Next, the
membranes were exposed (o secondary antibodies conjugated to
horseradish peroxidase in 5 % skim milk for 2 h. Target protelns were
visualized by enhanced chemiluminescence (ChemiDoe XRS5+, Biorad,
Hercules, CA, USA). The positive control was an LPS-treated group (1
pg/mL}.

2.6, Enzyme-linked immunoserbent assay (ELISA)

After treatment with various concentrations of KPW extracts (10, 20,
50, and 100 pg/mL) for 22 h, the concentration of each cytokine in cell
supematants was determined by ELISA. Briefly, 96-well plates were
coated (overnight at 4 “C) with antibodies specific for certain cytokines
{i.e, TNF-a, TL-1f1, [L-6, and [1-12), Each well was rinsed three times with
0,05 % Tween 20 in PBS (PBS-T), incubated with blocking solution for 1
h at room temperature, and rinsed four times with PBS-T. Diluted
standards and cell supernatant media collected were added to the plate
and the plate was incubated overnight at 4 "C. The secondary antibodies
were added after washing away excess primary antibodies. The reaction
‘was terminated after 45 min. Wells were treated with avidin-conjugated
alkaline phosphatase (Jackson ImmunoResearch, West Grove, PA, USA)
and incubated at room temperature for 30 min. Wells were incubated
with the substrate solution at room temperature for 5—30 min before the
addition of a stop buffer. The absorbance of each sample was measured
at 405 nm on a microplate reader (Emax, Molecular Devices, San Jose,
CA, USA)L An LPS {1 pg/mL)treated group was used as a positive
control,

2.7, Phagocytic activity measurement

A CytoSelect™ 96-well phagocytosis assay kit (Cell Biolabs Inc,, San
Diego, CA, USA) was used to evaluate the phagocytic activity of RAW
264.7 cells according to the manufacturer's instructions. Briefly, cells
were placed in a 96-well plate at 1 = 10% cells/well and incubated for 24
h, The cells were then treated with or without KPW (10, 20, 50, and 100
pg/ml.). Subsequently, non-opsonized zymosan was added to each well,
and the amount of engulfed zymosan was measured at 405 nm after 2h
of incubation at 37 “C using & microplate reader (Biotel, Winooski, VT,
USA). Vehicle and LPS (1 pg/mLi-treated groups were used as negative
and positive controls, respectively.

2.8. HPLC

A Waters LG (Waters Corp., Milford, USA) and empower software
were used for HPLC analysis. Chromatographic separation was con-
ducted using a C18 column (Kromasil, 250 « 4.6, 5 pm particle size}
with a gradient solvent system composed of water with 0.05 % phos-
phoric acid (i) and acetonitrile (i) (gradient profile: 0-30 min, lingar
624 % [i). The fow rate was set to 1.0 mL/min and the detection
wavelength used was from 200 1o 400 nm. KPW was prepared at 5 mg/”
mL, and content analysis was performed by comparison with a standard
curve of each standard (chlorogenic acid and  syringaresinol
diglucoside).

2.9, Swatistical analysis
All valies are represented as means £ standard deviation, Statistical

analyses were conducted using a two-tailed Student's t-test in Microsoft
excel ver, 2016, p Values = 0,05 were considered statistically significant,
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3. Results
3.1 KPW increazsed NO levels without any cytotoxicity

EPW treatment did not show any cytotoxicity at the concentrations
tested and increased the levels of NO in a concentration-dependent
manner (Fiz. 1) Although eytotoxicity tended to increase in a dose-
dependent fashion, it did not reach below 80 %, which was considered
loxie when compared to the vehicle-treated group (11, 1A} On the
other hand, KPW upregulated NO production up to 3 tmes more than
that of the vehicle-treated group (Fin. 1B).

3.2 Two enzymes producing smmne mediators were upregulated by
KPW treatment

The levels of the immune-related enzymes INOS and COX-2 were
determined by Western blot analysis. KPW inecreased the production of
these two enzymes when compared to the vehicle-treated group in a
dose-dependent manner; however, there was a difference in the
magnitude of upregulation (e, the level of INOS was not as strongly
affected by KPW treatment as COX-2) (Fig. ). Although a small amount
of KPW treatment (100 pg/mL) showed a statistically significant in-
crease in INOS expression, COX-2 expression increased from 20 pg/mL
of KPW treatment up to 100 pg/mb (Fig 7).

3.8 Cytokines that regulate irmune reactions were stimulated by KFW

Cytokines that facilitate immune cascades such as IL-1§, [L-6, [L-12,
and TNF=i were stimulated by KPW treatment (Fig. 2) All 4 cytokines
were upregulated by KPW treatment in a dose-dependent manner, but
not all were statistically significant. TL-6 levels increased as the KPW
concentration increased, but the increase was not statistically significant
(Fig. 3B). On the other hand, TNF-it levels were highly affected by KPW
treatment and significantly increased at all points (10 ~ 100 pg/mi)
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Fig. 1. The cytotoxicity of EPW (A) and is effect on NO production {B). The
first left bar, colored white, represents the DMSO-treated group. Cell viability
below B0 % of the vehicle-treated group was considered cviotoxic, Cells were
supplemented with KPW extracts at varying concentrations (10, 20, 50, and 100
pe/mLE The increase in MO production was analyzed using a nwo-tailed Sto-
dent's test [* p < 0,05 DMSO-treated group vs each concentration-treated
group). The values are presented as means + standard deviation,
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(Fig. 3D). In addition, 1L-1 and 11-12 were upregulated more obviously
by KPW when compared ta T1-6 (Fig. 24 and Fig. 3C).

3.4, KPW enhanced phogocytic activity

Phagocytosis is a basic and erucial mechanism for macrophages, Tt is
non-selective and improves immune system responses, The phagocytotic
activity was determined with a commercial kit that enabled the counting
of engulfed zymosans extracted from yeast. KPW enkanced phagocytotic
activity when compared to the vehicle group at all concentrations
(Fig. 4). The 50 pz/mL KPW-treated group showed equivalent phago-
cytic activity to the LPS (1 pg/mL)-treated group.

3.5, Qualitative and quansitative analyses of the mai active compounds
in KPW

The main active compounds in KPW were separated via HPLE, and
chlorogenic acid and syringaresinol diglucoside were detected at 10.7
and 17.6 min, respectively (Fig. 5). HPLG isoabsorbance profile was seen
in (A) and separaled chromatograms was displayed at three different
wavelengths 230 (B), 254 (C) and 330 (D) nm to confirm the optimal UY
absorbance of each peak. The contents of chlorogenic acid and syrin-
garesinol diglucoside were resolved between 4.5 and 158.7 ug/ml,

4, Discussion

Macrophages are polarized into two phases based on their micro-
environmental conditions., Once a macrophage is exposed to T1 cyto-
kines, IFN-y, TNFu, and GM-CSF, or LPS, it becomes polarized and
converts into an M1 type macrophage (Solinas o ol 20090, However,
M2 polarization of macrophages is affected by cytokines IL-4 and -13,
which are produced by Th2 cells, mast cells, and basophils [Varin and
Gordon, 2009), Macrophages behave differently within the immune
system depending on their phenotype.

M1 macrophages produce proinflammatory cytokines such as TNF-u,
TL-1{}, TL-6, TE-12, and IL-15, and they coordinate with chemokines like
CXCL10, as well as immune mediators including reactive oxygen in-
termediates (ROT) and NO, to kill pathogens and/or collect other im-
mune cells (Solinas of al, 2000). Additionally, macrophages express
MHC class 11 on the surface to communicate with other immune cells,
which is essential for a proper immune response (Movehed) eoal., 2000),
Consequently, the M1 phenotype is more likely o auack or defend
against xenoblotics or cancer through immune activation. [n contrast,
M2 macrophages increase antl-inflammatory [actors such as TGE-f and
IL10 to diminish inflammatory reactions and Th immune signals and
1o induce angiogenesis, allergy responses, and tissue regeneration
(Follard, 2009, Wynn et al,, 2013), Therefore, the M2 phase is advan-
tageous in suppressing an abnoermally activated immune reaction that
can damage the host. Even though these two phases are crucial, severe
problems can occur when either one is abnormally activated, Over-
activated M1 polarization is closely related to inflammation and auto-
immune diseases, and overactivated M2 polarization allows xenobiotics
and cancer to settle inside the host. Therefore, natural products that
encourage M1 polarization could be beneficial at maintaining M1 stage
macrophages that defend against bacterial and cancerous invasions. The
current study shows that K'W stimulates macrophages and encourages
them to remain in an M1 state.

In regard to the present results obtained in this stedy, KPW increased
the level of enzymes related to immune reaction such as iINOS and COX-2
from macrophages. In addition, KPW also upregulated the production of
proinflammatory cytokines including IL-1f, IL-6, IL-12, and TNF-« from
BAawW264.7 mactophages. Furthermore, KPW significantly increased the
phagoeytic activity of RAW264.7 macrophages within the conceniration
range of 10-100 pg/mL. These results suggest that KPW exhibits
immunecstimulatory activity by increasing the production of immune-
related enzymes (iNOS and COX-2), cytokines, and the phagocyfic
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Fig. 2. The effect of KFW on the relative
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at varying comcentrations (10, 20, 50, and 100 pg/mL). The frsy left bar,
eolored whire with cross stripes, represents the zymosan-free group, and the
second Ieft bar, colored black, and the third bar, colored white, represent the
LPS- and DMSO-treated groups, respectively. The relative phagocytic activity
was normaltieed against the DMSO-reated group. The inereased refative
expression of the enzymes was smatistceally analyzed using a two-tailed Stu-
dent's ttest (7 p = (.05; DMSO-treated group vs. LPS-treated group and * p <
0.05: DMSO-treated group vs each concentration-treated group), The values are
presented as means £ sandard deviation.

1 a0
KW jmgimL

activity in RAW264.7 macrophages. However, the limitation of this
study is that the expression of INOS and COX-2 was determined at
protein levels, but not mRNA level. In addition, the effects of KPW on M1
macrophage polarization including [L-1f, 1L-6, I1-12, and TNF-ir were
determined, but those on M2 macrophae plarization such as 1L-10 and
TGF- were not evaluated. Therefore, additional studies regarding
mRNA level changes on iNOS and COX-2, and M2 macrophae plarization
such as IL-10 and TGF-§ will be performed in the future to confirm the
beneficial effects of KPW on immunostimulatory activity.

Previous pharmacological studies on K. pictes mainly examined its
anti-inflammatory effects in vitro and in vivo (Kim el ol 2002;
2002). In addition, aleoholic extracts of K pictus were mainly used in
these studies. Anti-inflammatory and immune-enhancing effects may
not be strictly oppaosing phenomena since both modulate the Immune
svatem, Depending on the basal situation, some components of K, pletus
can have varying effects on certain functlons like adaptogenic activity.
Also, these results may suggest that different extraction methods of the
same medicinal plant can yield completely opposite biological effects
due ro the different composition of chemical constituents that are
included. The methanol extract of K. pictus was reported to have

it al,
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A s : Fig. 5. HPLE analysis of a KEW exmract, HPLC
£ ] iznabsorbance profile was seen in {A) and
; separated chromatograms was displayed at
a0 " L] & : P , three different wavelengths 230 (B), 254 (C)
20 50 000 1500 R won am 3500 20 #m WO ond %30 (D) nm ia confirm the optimal UV
B oo absorbance of each peak. Chromatographic
[ b analysis was performed using 8 C18 column
s i I' (250 = 4 mm.f, Sum particle sized with a
Y gradient solvent system composed of warer
m__J- b .,r'-w Luw S =e——— with (.05 % phospheric acid (1) and acetonitrile
2 i e [E™ e ) Wi %00 e £ sue (1) (gradient profile: 0-30 min, linear 6-24 %
Rl ii]. The flow rate was 54 to 1.0 mL/min, the
’ detection wavelength was 250 nm, and 10 gl of
oz | EPW ({1 mg/ml) was injected. The peaks
— || Irl' represent chlorogenic acid (a), and syringar-
. e SR A e N esinol dighucoside (b),
o i 1000 500 am %I nm 3500 1000 m 00
D
nos.
Qe I|
e 1
0 it o o o | Ld\-._u‘u\_,-.r\.i_____ __J__ﬂ—«r'lk—nr—\_mﬂ_,_.__—.._._
nm ng Sl |5|oe EIEU = nlxr o 0 Hlm =2m
et
anti-inflammatory activity inanimal models (Lee et al, 2001, Saponing Acknowledgments

like kalopanax saponin derdvatives or lignans obtained by alcohol
extraction can have antl-inflammatory effects (L er al., 2002), but the
profile of the components obtained by hot water extraction might be
different. Oligo- or polysaceharides or hydrophilic compounds having
several monosaccharides in their structures can be extracted by hot
witer extraction {Jang et al., 2016; Chan et al.. 2009), These substances
might boost the immune system by activating immune cells, or they
might be able to act as a bio-adjuvant, such as LPS, without any toxic
response, Two well-known natural immune system enhancers are
f-gluean, a polysaccharide isolated from mushrooms, and ginsenosides,
triterpene glycosides with several sugars, and they are known to stim-
ulate immune reactions {Block and Mead, 2003 Wynn et al,, 2013), To
summarise, our results suggest that KFW enhances the immune response
through stimulating macrophages, and this means that: 1) some phy-
tochemicals of K pictus could be adaptogens, 2) the gap between
component-profiles is dependent on the extraction method and in-
uences activity, or 3) both could be relevant

5. Conclusions

In conclusion, KPW have immunostimulatory activity, which is
determined by the expression levels of immune mediators (e.g. NOJ,
proteins (e.g, iNOS and COX), cytokines (e.g. TNF-a, IL-1J, T1-6, and IL-
12), and phagocytic activiry. Therefore, the authors suggested that KPW
could be used to develop narural medicines or dietary supplements to
enhance the immune system. However, further in vivo studies are
necessary to confirm these effects and their underiying mechanizm(s).
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Anti-Amyloidogenic Effects of Triterpenoids Isolated from Perilla Leaves

Ji-Yun Yeo, Chung-Hyun Lee, and So-Young Park*
Callege of Pharmacy, Dankook Universivy, Cheonan 31116, Korea

Abstract — Perilla frutescens Britton var. acufa Kudo, an annual plant primarily cultivated in China, Japan, and Korea, has been
used as a traditional medicine to treat inflammatory diseases, depression, and many anxiety-related disorders. Previously, we
reported the inhibitory effects of n-hexane laver of P frarescens var, acwta extract against beta-amyloid (A aggregation, and
the isolation of asarone derivatives as active constituents from s=hexane laver. In this study, dichloromethane layer of P frute-
scens var. acifa was applied to bioassay-guided isolation methods accompanied with Thioflavin T {Th T) fluorescence assay
te mvestigate the inhubitory effect on Aff aggregation and disaggregation. As the results, three triterpenoids including ursolic
acid (1), tormentic acid (2) and corosolic acid (3) were isolated. All compounds reduced A aggregation and increased dis-
ageregation of preformed AR aggregates in a dose-dependent manner, However, the inhibitory effect of three compounds on
Al aggregation was not correlated with antioxidant activity, which was measured by DPPH assay. Taken together, these results
suggest that the triterpenoid derivatives from P fFutescens have the polential to be developed as good therapeutics or pre-
ventatives lor AD.

Keywords — Perifla frutescens var, acute, Beta-amyloid, Ageregation, Disaggregation, Triterpenoids
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B Held 222k o 2 5] oAl Fie3] of
2]2) B & FERARS Bdle] 2 g48 gelsidc)

HE W L

AT - 5ol AFEE AH(P fiwescens var, acuta)
& AE A (Samhong medicinal herb markel; Seoul, Korea)
oA 201980 elalE e, efehfel was] waert 2
g A dgol AREESIN, 1 ER{2019-012-PF-DKU- T
sl opah e Aleke -] Batalg)

2171 % M2 —'H 2 "C-NMRE Ascend TMS00{500
MHz, Bruker, Karlsruhe, Germany)ys ©]8-8le] 2785}
{Center for Biomedical Engineering Core Facility, 1]
at, g, AFEA 7= AB SciexAH2] 4000QTrap
(Framingham, MA, USAS AREE1ICE, Column chromato-
graphy-8 &4 #+= WatchersAt2] Silica gel Si 60, 40-63
pmE AREEST TLC plaes] W42 20% ethanold
H,50, &8 ARgsRich, e)4 7] Bvie SEAEE,
gatyel A S+ S ch Beta-amyloid(1-42)% GL Biochem
¢ale], el Thioflavin T(Th Th= Sigma Aldrich{Saint
Louis, MO, USA)el4 ¢ 5t3lch Dimethyl sulfoxide
{DMS0)r= Wako pure chemical{Tapanyell 4] ¢} &k

& gl B2 - polsh Ao kers B F 100%
oflgh-&8 38 F&(10 LY 383 § A3t of 2 715}
FEale] 650 2] I EE FHEE s BEE o
B FaEuol 45k gEE 7ie) mel F Bl {9
3t m-hexane, dichloromethane, ethylacetae® 45302 2
B &le] p-hexane(116.1 g), dichloromethane(30 g), ethylace-
tate(263.3 g), 225 E3(226.79) & FREUL, o] &
dichloromethane 3§ 4l2]7}2& A HFO R ALLH 22
P AR nRE el F(chloroform : methanel = 100 ; 1-3 : 5-0
c1yell HBake] e ANEES s o F PFD
28 S IAde R AN o E HEazriE
| (n-hexane : acetone = & : 2)2 ¥ &30 A (chloroform :
methanol = 100 : 1-50: )8k 3HHE 1(120 mg)E D3t
AR-HE PFD 48 Hel7PlE yAde s AMRE o #
& F R oz 2] #(chloroform : methanol = 100 1-20: 1-0:
1yl A88te] 22 ARHES 270E Aal((chloroform :
methanol = 20: 1) 25 {chloroform : acetone=4.5: 1-1: 1))
dta] B1RHE 2(41 mg)et FHEHE H11LTmgys 2gich

SEE 1-White powder; C,H,0, MS m& 457
[M+H]": 'H NMR (500 MHz Pyridine-d5): & 547 (1H,
brs, H-12), 3,44 (1H, dd, /~10.0, 5.5 Hz, H-3), 2.62 (1H,
d, /~=11.0 Hz, H-18), 231 (1H. wd, J=13.0, 3.5 Hz, H-153),
2,10 (1H, wl, J=13.5, 4.0 Hz, H-16), 1.23 (3H, s, Me-23),
1.21 (3H. s, Me-27), 1.03 (3H, s, Me-26), 1.01 {3H, s,
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Me-24), 09% (3H, d, J=6.0 Hz Me-29), 095 (3H, d,
J=6.0 Hz, Me-30), 0.7 (3H, s, Me-25); “C NMR (125
MHz, Pyridine-d3): & 181.2 (C-28), 140.5 (C-13), 1269
(C-12), 794 (C-3), 37,1 (C-5), 54.8 (C-18), 49.3 (C9, -
17), 437 (C-14), 41.2 (C-8), 40.7 (C-19), 40.6 (C4, C-
200, 40,3 (C-1), 38.7 (C-22), 38,5 (C-10), 348 (C-7), 323
(C-21), 30.1 (C-23), 299 (C-15), 294 (C-2), 262 (C-16),
252 (C-27), 249 (C-11), 223 (C-30), 199 (C-6), 186
(C-29), 185 (C-26), 17.5 (C-24), 16.4 (C-25).

S}8HE 2 - White powder; CyH, 0, MS mi 489
[M+H]|"; 'H NMR (500 MHz, Pyridine-dS): & 5.52 (IH,
brs, H-12), 4.04 (1H. ddd. J=10.5, 9.5, 45 Hz, H-2), 332
(IH, d. /=95 Hz, H-3), 306 (1H, ddd, =135, 12.5, 4.5
Hz, H-16), 2.98 (1H. s, H-18), 1.65 (3H, s, Me-27), 137
(3H, s, Me-29), 1.20 (3H, s, Me-23), 1.05 (3H, d, /=60
Hz, Me-30), 1.04 (3H, s, Me-26), 1.01 (3H, s, Me-24),
093 (3H, s, Me-253 “C NMR (125 MHz, Pyridine-ds):
5 1804 (C-28), 1446 (C-13), 127.7 (C-12), 83.6 (C-3),
724 (C-19), 68.3 (C-2), 55.7 (C-5), 54.3 (C-18), 485 (C-
17), 48.1 (C-9), 48.0 (C-1), 42.6 (C-20), 42.1 (C-14), 40.1
(C-8), 39.8 (C-4), 38.5 (C-10, C-22), 33.2 (C-7), 29.2 (C-
233, 2900 (C-15), 26,8 (C-29), 267 (C-21), 26.1 (C-16),
246 (C-27), 245 (C-11), 189 (C-6), 175 (C-24), 17.1
(C-26), 16.7 (C-25), 16.4 (C-30).

ElEHE 3 - White powder; C,H,0O. MS miz 489
[M+H]"; 'H NMR (500 MHz, Pyridine-d5): & 538 (1H,
brs, H-12), 4.18 (1H, d, J=11.0, 90, 45 Hz, H-2), 348
(IH, d, J=6.0 Hz, H-19), 318 (IH, d, /=9.0 Hz, H-18),
319 (IH, d, J=90 He, H-3), 1.62 (3H, 5, Me-27), 125
(3H, s, Me-23), 1.17 (3H, s, Me-29), 109 (3H, s, Mc-30),
106 (31, s Mc-24), 1.05 (3H, s, Me-25), 1.00 (3H, s,
Me-26): "C NMR (125 MHz Pyridine-d5): & 179.1 (C-
28), 1390 (C-13), 125.3 (C-12), 835 (C-3), 68.3 (C-2),
556 (C-5), 532 (C-18), 478 (C9, C-17), 47.7 (C-1),
423 (C-14), 39.7 (C-R), 39.6 (C-4), 39.2 (C-20), 39.1 (C-
19), 382 (C-10), 37.2 (C-22), 332 (C-7), 308 (C-21),
29,1 (C-23), 284 (C-15), 24.6 (C-16), 23.6 (C-27), 234
(C-=11), 21.1 (C-29), 18.6 (C-6), 17.4 (C-24), 17.2 (C-26,
C-30), 16.7 (C-25).

Th T MER - vlef-old =] =(1-42) (GL Biochem,
Shanghai, China}® DMSO] 1 mg/mLe] TR o] w3k
i, AR5 DMSO] meja AREFC) AlEe] el
zol= 23] oA HaE S8 ) wWelelmelsF
TEE 20 pM)R} chekgt el AlRES W e 37°C
g1t olc] o) 24 AZF WHRIFHCE Th TG pM)E F=7Fka
308 A g § H3HE Emax precision microplate reader
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(Molecular Devices, CA, USA}S o] &&fe] excitation
442 nm, emission 485 nmell s S S DMSOYE 3 2]
i deleldRe)s 23 4 FEF JFoR AN Ln
B HYE 33 ke g e, ou] A4 -
el Ro|=E sk AE B8k $isiA dlekebd
FZO|S(HBFE 20 pMyTE 37°Cel A 24 A4 wba)Ehed v
Efelt 2ol =yt S SlES s 2 F A PER) &
ANEE #7158 3770 24 AT HAS F Th TS
Frlet & dlape] WElE St o] A4elx DMSOTH
Az g delollgols & HEER Algflon] vE A
Hi 38 yhEalgick

gutslald &3 - gt S408 2, 2-diphenyl-1-picryl-
hydrazy(DPPH)E ol--8lo] S sk 914 02 mM2]
DPPH A1 2190 uL)zt M@ 3k} &l A B0 plyE 2
o] 3TCH M 3087 A g F 2] HEE E-max
precision microplate readenMolecular Devices, San Jose,
CA, USAYE <148 540 nmellM 57 3. dah-2e)
% PINFe R AHREYon RE 432 33 dE
it

BAXM2| - 28 49 23 e s Ay Ase] o
b+ @xpE gAlERE EA2] r2l4E One-Way Analysis
of Variance followed by Tukey post hoc text(SPSS version
17.0, Ammonk, NY, USA)2 2 #2lslgion] p<0.059 7
& BAFOR foulsickn WA,

il

=
=

Th T assay (% of AR only group)

i)

EtOH

Kor [ Pharmacogn,

48 3 E

A o5t Ao A4y vEhE 2280 Ao I 3
#lakzo] Feojuk weleldRe| s 23 oa] &abE vER)
gew o fFREAVLE 72 oAlE fEAES weE
k'™ gabe o|s]2] 282 FoM WehoplzeS &
TE AAshe FENEE 2osaa £35S webo}
HRol= &3 oA E3E Th T assay® A Falsich 2
A3 vIE 22 @FEe] S5 AIE JehlelFie 1)
bivassay-guided isolations 2418587 3 sll2] Euld 2
rol=g Fajdlyon, Faid EE 1, 2 2 32 NMR,
Ms A3E #97 v 78S usolic acid™"™ tormentic
acid,"™" % corosolic acid'"'"E 2 F2E 7t A&
v} (Fig. 2).

o9 BgE 1-32) delopEze)= 23 o) Ede
Th T assayE o|-&&t=] AlstsckFig 3) = A=, sy
B 132 AR vielePdsels &3 AdE vEpie,
FE gFFHo R FFE dAE 53, 8 pgmle] 5
o+ #EHE 1-32 velolRo| e 238 500 o) o
A=

w3l BlEE 1-30] 7] £3E velellmols 2HAE
Baflabs Babr) 814 Th T assay® o] &ato] H9lsbs]
ChFig. 4). = 3, 348 138 9902 welelds
o]z &34 S Reshe A9E Jehles, o Adlk=

a

*
1 *
*
Rl
w
*
100 20 4 10 n 4 20 4 pgiml
DCM EA oW

+ AP

Fig. 1. Inhibitory effects of ethanol extract of P favescens van aewra and its solvent-partitioned fractions on AP ageregation. The
effect of extract and solvent-partitioned fractions of P frurescens var. acwta at 4, 20, and 100 pg/mL on the aggregation of A} was
determined by Th T assay, EtOH:ethanol, Hx:hexane, DCM:dichloromethane, EAethylacetate, DWdistilled water), The AR treated
with DMSO was used as a control and each experiment was repeated three times, *p < 0.05 compared to AR only-treated group.
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1

Fig. 2. Chemical structures of triterpenoids isolated from dichloromethane layer of P frutescens var acuta. (1) Ursolic acid, (2) tor-

mentie acid, and (3) corosolic acid,

120 9
’glﬂﬂ 1
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g i x *
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Fig. 3. Effect of triterpenoids isolated from P fFutescens var aewfa on A} aggregation. The effect of triterpenoids at 0.5, 1, 2, 4 and
8 pg/mL on the aggregation of A} was determined by Th T assay. The Af treated with DMS0) was used as a control and each
experiment was repeated three times, *p <005 compared to Af-treated group.
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Fig. 4. Effect of triterpenoids isolated from P frutescens var acuwta on AP disaggregation, The AR preaggregated for 24 h was incu-
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the levels of AP aggregation. The AP treated with DMS0O was used as a control and each experiment was repeated three times, *p

<005 compared 1o AR only-treated group.
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EI_; Neuroprotective effects of Perilla leaf extract and its equality
1 evaluation

Chung Hyeon Lee, Min-Seong Ko, So-Young Park”
Callege of Pharmacy, Dankook University, Cheanan 31116, Republic of Korea

Abstract

Perilla fravescens var. ocue KUDOD has been used as a traditional medicine 1o treat inflammatory diseases, depression, and many anxiety-related disorders, W have reporied that hexane
layer of P flutescens war acuhio extract inhibited the aggregation of beta-amyloid (A, which is one of the canses for Alzheimer's disease. In this study, whether the inhibition of Ap
aggregation by ethanol extracts of P frarescens var. acuts could rescue PCI2 cells from Af-aggregate induced toxicity was determined by MTT assay. Perilla leaf extracts extracted with 100,
80 and 60% ethanol were not cytotoxic to PCI2 cells. Pre-incubation of AP with the extracts significantly reduced A[-aggregate induced toxicity in PC12 cells, suggesting that the inhibition of
Al aggregation rescued PC12 cells from toxicity. In addition, for the standardization of Perilla leaf extract, simultaneous determination method using HFLC for 6 major compounds has been
developed. Using this method, 10 different Perilla leaf extracts were evaluaied and RS0 was less than 25%, which confirmed equality. Taken together, these resulis suggest that Perilla leaf
extract could be developed as anti-dementia functional foads

Introduction

Perilia frutescens var. acute KUDO (Perilla beaves) is a perennial plant of Lewilecece. It i primanly cultivated in China, Japan, India, Korea and other Asian countries. Perilla leaves long been used o
improve coughing, vomiting, and chronic bronchitis, and pharmacological effects such as anti-inflammatory, anti-allergic, antibacterial and sntioxidant effects have also been reported. Flavonnids, and
terpenaids along with phenolic compounds were isolated from Perilla beaves inchuding rosmarinic acid, caffeic acid, elemicin and perilladelyde. Among these compounds, rosmarinic acid is suggested w
be the most switable indicator component due B the smalless deviation,

Previousty, we have reparted that the hexane kayer of Perilla leal extract inhibsied the aggregation of beta-amyloid (AB), one of the causes of Alcheimer's disease. Asarone derivatives and triterpenoids
wiere separuted and wentified as active constituents. As a follow-up study, optimal extraction solvent has been determined by comparing the effect of 100, 80 or 60% ethanol extracts of Perlla leaves on
Af agpregation. In addition, methods for evaluating the equivalence of crude drugs were developed and evaluated.

Methods

Cytotoxicity of Perilla leaf ethanol extract was evaluated by MTT assay. In addition, protective 260 nm using pholadiede armay detector (PDA, Water 2998, USA), Equivalence evaluation was
effect of Perilla leaf extract against A} aggregate-induced toxicity by inhibiting Afi aggregation was conducted based on the developed evaluation method,

alsa evaluated by MTT assay. Tabie 1. Ferdia feaf Eqaivalence Evatustivn HFLC Selvess ftatia Carditian
The equivalence evaluation method of Perilla leaf was developed using HPLC [e26%. Waters, Temajroni
USA) system with C18 columms (2300¢4.6 mm, 5 um, Shigheido). As the nwobile phase, 0.1% formic ER—— | o [ = B | & | & | &
acid in CAM (A) and 0.1% Formic ackd in Water (B) were wed, and the conditions are shown in L] o | » 55 w [0} 00 9
Table |, Sample injection volume was 10 ul, and mobile phase Now rate was 0.8 mlmin analyzed at | B G i ] L . L]
Results
# Efect of Perilla leal extracted with various percentage of ethanol on the viability of PC12 cells # Development of & method to evaluate the quality equivalence of Perilla leaves using HPLC
LTS
i~ 1
t F
ii - \ |"..
Ez i = ) P T [ = W
n Fig 1. Chromaregram of Perilla Ll standand
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The pratective effects of Perilla leaf ethanol {100, &0, and &0%) extracts by inhibiting AP apgregation 50 i3 TR e 21N (L 1amar
were determined by MTT assay. Briefly, AP and exiracis were mixed and inscubated for 24 h. Then, ihis Ll B M nE e ak un
mixtare was treated on PC1 cells, and the cell viability was evaluated by MTT assay. + Perilla beaves purchased from 10 different companies wiere exiracted with 60% ethanal and the
Perilla |caf ethanol (100. B0, and 50%) extracts significantly incrensed the cell viability of PC12 cells by relative concentration was evabuzied. As a result, the RSDs (%) of the six indicator components
inhibiting aggregation of A in a dose-dependem manner. were less than 25%, confirming the quality equivalence.

These results suggest that Perilla leaf extracts extracted with100, 80 and 60% ethanol were not cytotoxic up to 100 ug/mL and Perilla leaf extracts rescued the cells from A aggregated-induced
toxicity by inhibiting A} aggregation. In addition, the method which evaluates the quality equivalence of Perilla leaves was developed. RSD% of wen different Perilla leaf extracts applied to
this method was less than 25%, which confirmed equality. Taken together, Perilla leaf extracts could have potential to be developed as a functional food.
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Anti-Amyloidogenic Effects of Triterpenoids Isolated from

Perilla Leaves

Ji-Yun Yeo, Chung Hyeon Lee, So-Young Park*
College of Pharmacy, Dankook University, Chungnam 31116, Korea

Perilla frutescens var. acuta KUDO, an annual plant primarily cultivated in China, Japan, and Korea, has been used as a traditional medicine to treat
inflammatory diseases, depression, and many anxiety-related disorders. Previously, we reported the inhibitory effects of hexane layer of P, frutescens var.
acuta extract against beta-amyloid (A[) aggregation, and the isolation of asarone derivatives as active constituents. In this study, dichloromethane layer
of P frutescens var, acuta was applied to bioassay-guided isolation methods accompanied with Thioflavin T (Th T) fluorescence assay to investigate the
inhibitory effect on A[} aggregation and disaggregation. As the results, three triterpencids including urselic acid (1), tormentic acid (2) and corosolic acid
(3) were isolated. All compounds reduced AP aggregation and increased disaggregation of preformed AP aggregates in a dose-dependent manner.
However, the inhibitory effect of three compounds on AP aggregation was not correlated with antioxidant activity, which was measured by DPPH assay.
Taken together, these results suggest that the triterpenoid derivatives from P frudescens var. acufa have the potential to be developed as good therapeutics

or preventatives target for AD
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Ei'; Standardization of Perilla leaf extract as the agent inhibiting
1 beta-amyloid aggregation
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Abstract
Previgusly, we have reported that hexane layer of P frescens var, acute extract inhibited the aggregation of beta-amyloid (A[}), which is one of the causes for Alzheimer's disease. In this sudy, the
polential cytotoxicity of ethanel extracts of P fritescens var aowa extracted with different extraction salvent (100, 30 and 0% ethanol} was determined by MTT and LDH assay, and ne toxicity was
exhibited up to 100 ug'ml. In addition, A} pre-aggregated in the presence of ethanol extracts significantly reduced Afl-agoregate indwced towicity in PCI2 cells, suggesting that the inhibition of Af
aggregation by the ethanol extracts protected PC12 cells from toxicity. In addition, for standardization of leal extract, sinnilianesus determination of 6 majr compounds in the 16 exiracts of Perilla leaves
using HPLC was developed. RSD% values of 5 compounds including protocatechuic acid, Luteolin-7-O-gluceside, caffeic acid. Loganin, scutellarem-7-O-glucoside were less than 25%, which confinmed
cquality. Conversely, in case of rosmarinic acid, RSDY% was higher than 25%, indicating the contents of rosmarinic acid in Perilla leaves are variable and not suitable as a reference compound for Perilla

leaves, In addition, stability of the extract up 225 days was also analyzed by HPLC, and The content of 6 compenents was not significantly changed. Taken together, these results suggest that Penilla leaf
extract is good to be developed as anti-dementia functional food.

Introduction

Perilia frutescens var. acuta KUDD (Perilla leaves) is a perennial plant of Lamisceac. It is primarily cultivated in China, Japan, India, Korea and other Asian countries. P, frivescens var aciia s long
teen used to improve cowghing, vomiting, and chronic bronchitis, and pharmacological effects such as anti-inflammatory, anti-allergic, antibacterial and antioxidant effects have also been reported.
Flavoaoids, and terpeneids aleng with phenolic comgpounds were isolated from P jrutescens var aowe including rosmarinic acid, caffeie acid, elemicin and perilladehyde. Among these compounds,
rosmmarinic achl is suggested 1o be the most suitable indicatos component due 1o the smallest deviation,

Previously, we have reported that hexane layer of B frutescens vier, aceia extract inhibited the aggregation of beta-amyboid (AR, which is one of the canses for Alzheimer's disease. As a follow-up stady,
in order 1o establish an aptimal extraction method of P frutescens var. aouta with excellent beta-amyloid oggregation mhibitory effect, extraction was performed with ethanol extractant at a ratio of 100, 80,
or 6% Cell viability of the ethanol extracts of different ratios wos evaluated through MTT amd LDH assays, and the cytoprotective effect was also evaluated. In addition, methods for evaluating the
equivalence of erude drugs were developed and evaluated. And using this method, stability evaluntions were made for six compaounds.

Methods

Cytatoxicity of P frurescens var goie ethanol extract was evaluated by MTT and LDH assay. In 0.8 mL/min analyzed at 260 nm using photodiode amay detecror (PDA, Water 2998, USA).
uddition, protective effect of F. frutescens var. acuta extract against AP aggregate-induced toxicity by Equivalence and stability evaluation was conducted based on the developed evaluation method.
inhibiting AP aggregation was also evaheted by MTT assay.

The equivalence evaluation method of P ffutescens var. gesie leaves was developed using HFLC

Table: L. Perilla beal Eqivalenie Evaliation HPLC Seluest Ratio Canlithan

Timajming
[e26%, Waters, USA) system with C18 columns (2504.6 mm, 5 um, Shisheido). As the mobils e~ [] ™3 o [7] _a a T
phase, 0.1% formic acid in CAN (A) and 0.1% Formic acid in Water (B) were used, and the i o E 55 ] ] 100 1
conditions are shown in Table 1. Sample injection volume was 10 pL, and mobile phase flow rate was el L L] .l " o Ll L]
Results
#  Effect of Perilla beal extracied with various perventage of ethanel on the viability of PCI12 cells #  Evaluatien of quality equivalence of Perilla bkeaves
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. sutn aroie- T glecosade wor s thon 5%, confirming the quakiy equivalonce
Perilla keai'cthanal {1061, £0. and 1F'6} coomats o grificardy iaesemed the ool vishiliy of PC2 cells by inbibiing aggregaiion of AR in  dose * Wawever, rosmarin acid 0ot sakable s an indes compone for qealioy cosiss becasss RSP b anslyzed m be highes than 23%.
dependenl manne,
#  Evaluatiss of stability of Perilla caves b indiestor components,
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Conclusion
These resulis suggest that Perilla leaf extracts extracted with 100, 80 and 60% ethanol were not cytotoxic up to 100 ug'mL and Perilla leaf extracts rescued the eells from AP aggregated-induced
toxicity by inhibiting AR aggregation. In addition, the method which evaluates the quality equivalence of Perilla leaves was developed. As a result of analyzing 16 kinds of Perilla leaf extracts
using this method, the RSD% of five indicator components(protocatechuic acid, Luteolin-7-O-glucoside, caffieic acid, Loganin, scutellarein-7-0-glucoside) was less than 25%. Conversely, the
RSD% of rosmarimic acid was higher than 25%. These results suggest that rosmannic acid s unsuitable as an indicator component for quality control. Stability evaluation was conducted
through the developed equivalence evaluation method. There was almost no difference m the change of the six indscator components according to the temperature. After 180 days, Loganin and
Cafleic acid tended 1o decrease, but not significantly. Taken together, Perilla leal extracts could have potential 1o be developed as a functional food.
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; Anti-Amyloidogenic Effects of Asarone Derivatives
= Isolated from Perilla frutescens Leaves
Against Beta-Amyloid Aggregation and Nitric Oxide Production

Jae Eun Lee'f, Na Yeon Kim', Ji Yun Yeo!, Dae-Gun Seo', Sunggun Kim', Jae-Sun Lee!, Kwang Woo Hwang?, So-Young Park'*
! College of Pharmacy, Dankook University, Chungnam 31116, Korea; ? College of Pharmacy, Chung-Ang University, Seoul 06974, Korea

Alzheimer’s discasesi AD) is & progressive, newrodegenerative brain disorder associated with loss of memory and cognitive function. Beta-amyloid (Af), paricularly Al aggregates are
known to be highly newsotoxic and lead to newrodegeneration in AD. Theretore, blockade or reduction of Af} aggregation is a promising therapeutic approaches in AD. As the results, hexane
fraction of Perifla fluiescens was subjected to diverse column chromatography based on the activity-guided isolation methodology. As the results, five asarone derivatives including 2,3-
dimethoxy-5-{ 1 E}-1-prapen-1-yl-phenol (1), f-asarone (2), 3-(2.4,5-mmethoxypheny|j-(2E)-2-propen-1-ol (3}, asaronaldehyde (4), and o-asarone (5) were isolated. All five asarone denvatives
efficiently reduced the aggregation of Af and disaggrengated preformed AP aggreagation in a dose-dependent manner as determined by The Thioflavin T (Th T fluorcscence assay.
Futhermore, five asarone denvatives protected PC12 cells from A aggregate-induced toxicity by reducing the aggregation, and sigmificantly reduced NO production from LPS-stimulated BY2
microghial cells. Taken together, these results suggest that P fruvescens are neuroprofective and have the potential to be developed as goodd therapeutics or preventatives for AD. Futhermore,

beneficial effects of the asarone derivatives from the P jrufescens on anti-amyloidogenic effiects is under investigation with i vive animal model.

Introduction

- Peritte fratescens [L.) Brton var. et K 16 & percnial plin
of Lamisceae, which is & mint fumaly, 1t is primarily cubivared in
Chisa, Japan, India, Kosea and other Asian couniries. P frirescens
18 B0 gt Jong amd 5-8 G wide, with & Broad oval shape, poinly
ends

= i has been wsed as 2 indilional medicee to et inflammatory
discascn, dipression, and many anxicy-rehicd disorden. Many
constiments hive been isolmed from the £ funscens inchading
mosmarink acid, caffeic acid, luieolin, elemice, and apigenin. F
Fruleacens lm |l|vm-: biological actnibics such s mlmmhnl.

anticancer a.nd m!mq;mhuu- efficis

Materials & Methods

Maberialy The keaves of P frurescens (3 kg) wene purchased from Samhoag market in Seoul, Korea,

Extraction & Partilion Dried and pulverizad P frofercens leaves were entracied wilth 8% methimol Ror fheoe limes, and the
extract was eviporaied usder vacuum 1o yield meihanol exiraci, The methame! exiract was sespended (n distilled water and
then paristioned sequentially into o-hexane (1115 g, dichloromethase (5.6 gi, etiyl ocetaie {169 g) and waier (119 gi. Each
laayar was dissohapd m DMS0 for the icassay.

Thinfsvia T (Th T)assay To Evaluase the sggregate fomation of Afl, e thiallavin T (Th T) assay wis performed. The Afl,
o was dissolved in (IS0 m | mg/ml. concenirtion and § asarone denvaties were dilued m DMS0. 20 pM of AB , was
ingubated fogeiber with asarone derivatives ab 37 C for 24 h. Then, 3 gM of Th T was added and fluorescence was measuned
aifter 30 man using an Emax presision mecroplace reader with excienion a1 $42 nm and emissios o 435 nm. The A mested with
[0 was wsed as 2 conirel.

Determination of NO preduction BVI cells were culiured in DMEM medivs supplemented with 5% FES. NO produced by
(R el AV eells was determined sy Gricss reagents

1. Mdentification of the sctive constilugnts from P frafescorss eutrac

Tha active constiteents inhiteting AR apgrogation asd nitric oxide prodection were isolated basad on bicossay-guided isolation. methed
from hexame fraction from B frasescens of methanel extract. (4} The solbstion was porfoemed usng diverss column chromaiography
40T inchuding medium prossere colurn cheomatography (MPLC) and high preses liguid colusin chromeogmaphy (HPLC) As the
wewelin, five ameone derivatives were mokised, (A) The dmicties of thee five compounds were chicidned w2 3-dimethoay-5-{1 £41-
prapen-1-yl-phenal (1, frasarae {21, 3-024, Swimetheaypeny - 262 propen- 12l {3), waroneakletde (4) and o-asamae (5],
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2 Assreme derivatives inbdbited Af sggregation

To detsrreine The ishibilion sctivity of el assron: devivalives: sokited frmi P Friocen oo Afl sgancaation, 8 Th T Nuorescence
ks was performied with DMSO-treancd control groug. All § sanone corpounds inbihned the aggeegin of Afl i & dese-dependen
manger. 23-Dumesiony-34 161 propen-T-yl-phened (1) showed the highest ocarvity, redecing AR sggregaion o 8T o o

4. Asarone derhvatives probecied PC12 cells from Af-indweed dovicity

The pesshle cylouicly of manen: derivatves hemeclves on PCLT cells was determised by WMTT asey (A o-Asarore [5) a1 100
pgnel sguificmily redoced e vishiby of BC 12 colls. This, the 100 ginl. concenmation of a-aswen: (5) was excluded fem the
darther experiments. To evabsaie sie prowective effects of asarome deriaiives ageims AN2535)induced oy, FUI2 cells were
pretremed with asarome derivatives far | . fallowed by the incubation with Al Treatreem of cells with A alone sigaiticamby reduced the
wighility of PC12 cells o 60.3% compared to the DAESO-weated comeol group. The addition of as bede w4 pgml of -asarone (1) and
A S HIER2-propen-1-ol (3 significanily sttvmsaind Af-mducod toxici, mesmnbling the loevd obeereed i the
DbSmaind contrel  prowp. Migher concentrations of 100 pgiml of 2)-dimethony-5-(1 E1-|-propes-|-yl-phenel 41) amd
smaroneblelrpie (41 and 20 el of u-asarone {5) abio sigaificemly raduoal Af-inducsd texieity s PCLT cells (B
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5. The inhabitien of AP aggrigation by asarie derivarives resceed PCTT colls from AL
v order tn evaliwe whether the mbshition of AR apgregation by ssamne derivatives shown previowly cosld reseue PC 12 cells fom AR
apgregai-induond toxicity, AR was mcubaled with sarong deriveives for 24 & befors addition i calls. fraswong (25 o 130 and 20
npml significanily increased the vishdity of FUIZ el compewsed n reatment with AR alone. In addition. 20 and 4 pgml of n-varon:
Hl effuzicily protected the selks agairss Afl a indued ixicity, revalting in coll viabiling of B5. 7% and 76.2%, roxpectively, 11
sy 5 E T prope-Loiihphiemal (13 aid 3024, S-trinction b - 2E0-2-propein 1o {31 & 100 pgiml éso significandy

concermation of 180 gzl compared o AS alone. fensarone (11 5.(24,4 pbenry 25} 2 o i 151,
Adl, md o-asarone (8) were also reduced the AP agpregaion o 51.3%, J4E%. 600%, and 6T¥% respocevely, ot the same
oncenintion

£ ol i e g

3. Asarone derivatives iseressed disaggregation ;JFm-lur:pbedAﬂ

To evalume de effects of iselated amrone derivatives on A wis before ihe ndmolu'f

nedu(ed he cytieacicity of A aggregate on FC12 cell

8 o et
6. Aswrone derivatives reduced N0 production in LPS-stinslsted BY 2 mioregiial cells

Te wvaluty the posshle evtotesicity of ssamme derivasrees on BV micreghinl calls, MTT amays wese performed (A), Witk the
enphion va{IifﬁJmlhlrﬂleiF}h’vW‘-' -0l (A4 =0 compounids besd mm cffiat m e viahibty of BY2 oell witkin the
orss testedd. 32,4, 5-Tri H{ZE-2- ooy '|-Dl||rw-mhhlﬁwnbrﬁllhmn;llulr“h‘mmwdd:

A
asmone derreatives, The degnee of A was i usnga Th T amzy, All § asmeone o
afficmily raduced tha krvels of Al aggregation m 2 dosg-doperdent marner, suggesting that the asarons derivatives s ablo in dismpi
AR elipomers 2 3-Demetbany- S 1E--propen-1d-phenad (1) and 32 4 5trimathonyphery [ 2E--prepes- Lol (3F were
swgreficanlly efMetive, sedicing (he level of AR sgpregation corsqrared b DM S0Hnzned costrels to 34.4% ind 4. 9%, respactely, ol
1M pgiml, asd 61.7 % and 55 5%, respectively, 11 20 ppinl However, flasanone (2, ssonaldeliyde (4, sd o-ssanoec (55 cxibered
relatively modenie acervity in ienns of Al disaggregaion.

Te this srmly, five ssaroee derieatives were Sokned fross P fratcens based on sciving-geided solation methedelogy

ining diverse cobann chmatogregly. AT 2 asmne derivatives eMicienly rluced #e

el of sarane detivatives o LPﬁ-Imual.anMﬂnmh; B¥2 cells. AT e rethieed LPE- lated MO
pocddictiion is & doss-dependent masies (H) 2,3 Dinsethony-5- £} 1-prope-1-ylphenal (11, [l-assmae (2) il o-asamae |5} a1 § pginl
decreased NOF production 1o epproximaizly half the level observed in die LPS-mexied 0 pgimil. af L3 Dimethooy-5-(1E)-1-
prapeen- | -yl-phiersl {11 and -asarone (2) were particularly effective. reduong MO production 1o 16.3% and 4.9%, respecively, compared
10 LPS alena. 1A}

Conclusions

imcrcmad the

of AR, and

disaggregation of AR eggregaie. Consequenity, the inhibition of Afl aggregation by aswone derivatives efficiendy rescued e PCIZ colls from AR ageoegae-induced towieny. In addrion, asarone denvinrves signficanily mbibived LPS-mduced MO produciion by BY2 miceoglial
alls Taken mgethar, thess nbsereations seggent $hal fhe asamme derivatives isglated from * fvarcens coeld exert heneficial offests againet AT, Therefoes, the aswons derrvatives and I frsercons bve the potersal n be developed as therpestic or preventativg dmgs foe AT
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Rosmarinic acid £
T_“:H-E— 3{]":1 -I'l'“_]':‘] _I_.—l—} 7|—O| ?_'_HD-{Ll_
178 Zzo] ol AL s A olAAA 0,78 Zalo
2 21 Q"= dAstect
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A AE 54

B HIAE
NES _ el EE
AA 24 Bt

Agda AZ7NFEAAYFEEFADREY]

ey - A - 74 25 - o - ¥3 -

TAA A PE

=y uE

jTL_‘E,;',:_*-E,’-] 1kg, 3kg, okg
e g ozern A2 m
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A2 299

7t AA Y AR 2 FoEE
u Aol 488 ABL (FfAduaiole oA 20211 78 1990 AEH A2E
15 °C, 25 °C, 35 °C, 45 °C, 55 °C 2] vjqFr|o)] 57jE7] mMAAFIHA 7)Y 7Eos AfEE
sogelic
Y AR AR S HEUE
Au Ay |
o|shE Rosmarinic acid AAlol A HFd Al |
i A% S48 9 A07ls0Ee fE7 |
7] e ARy | 2YAY sl v §E/ BBE $u
#EdAlolERlE B 7S RA R |
ch. Algxd
e 299
M3 ex 15 *C. 25 "C. 35 C. 45 C, 55 °C
=HEF 27171 ol k=
ng 7] I
2t A
A5 A | 27
Resmarinic acid B.32 mg/ g | PE oA A st 21R(27] AR
4g, B4% U A5 R R8N
Aaw 4wy SOl | HRNE Jlelsaa V. REY1U 4B A
HoFprlo| el 8 S| EEHEY
o 3 =
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A3 A2

7t @RS MY £ Fd0A e FHUE

®|&b7)7h TE7]1=5 1) Rosmarinic acid(mg/g)
(2 25T | 35C 45°C 957 ‘ 35°C ‘ 45°C
1] 5 6.318 mg/e
30 5 5 | & 7.005 6358 | 6.327
60 5 5 5 7,308 6.590 6.759
90 5 5 5 6.147 6.183 5968
|12 5 5 5 6.072 6138 | 5604
150 5 b 5 | 6.480 6566 | 6031
L AR EE FE7I5 4E
1) SRS XA SEY A /) THE Srist 03 U 1A 9N Mg
| HE7IEs | 28 Ln{Ae) 0RPIES xRS
0 6.318 | 1.843402702 Slope | -0.0943214 | -0.013123227
1 7.005 | 1946567076 | Intercep | 6./8484 1.911745451
2 7308 | 1.980024372 corr | -0.3395 ~0.3416
3 6.147 | 1.816012961
4 6.072 | 1.803655101
5 6480 | 1.868643347
EEC IS LofAe) 0AIYI & LAphE
0 8318 | 1.843402702 Slope | 0.004854 | 0.0006686
1 6358 | 1.849713862 | Intercep | 5.34638 184786992
2 6.590 | 1.835522999 corr | 0.0496 0.0423
3 6.183 | 1821787417
4 6.138 | 1.814564122
5 6.566 | 1.881920049
AAiE4 | 48 Ln(Ae) T oamrs 17181 &
0 5318 | 1.843402702 Slape | -0.1255286 | -0.0205911
1| e327 18448578 Intercep | 6.4816714 | 1.8691342
Ao 4_
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2) A2EE vtedsdd gt

]
=

KR A S

Arrhenius equation : —_{Ea,"R}{l,"T) +Ln A |'

Z 6.759 | 1910800972 “corr | -0.5973 -0.6040
3 5968 | 1./86395107 )

4 5604 | 1723552004

5 6.031 | 1796929415

- 126 -

| eseo) | exy | /7 K InK
25 298 0.0034 |0.013586975 |-4.2986 Slope ~1645.29
35 308 0.0032 | 0.004994286 | -5.2995 Intercep | 1.501756
15 318 0.0031 |0.020591134 ' -3.8829 corr | -0.26747
10 283 0.0035 | 0.0085 50187 Fa ' -3666.59
15 | 288 0.0035 | 0.0074 -4.9055
20 293 0.0034 | 0.0083 -4.7962
25 298 0.0034 | 0.0092 ~4.6905
30 303 0.0033 |0.0102 —45387 |
35 308 0.0032 | 00112 -4.4895
40 313 0.0032 | 0.0124 -4.3937
| 45 | 318 | 00031 [00138 [-43010 ]
3) EYs Y v
FE2E(C) FENE5(A) WFS-4 = (B) A7tHSEHA x B)
10 5 0.0066 10.03307
15 T 0.0074 0.00741
20 2 0.0083 0.01652
5 2 10,0092 0.01836
30 7 0.0102 0.02034
| Sum 12 0.360460893 | 0.08570
Hagyiao) | Ao lae) | Ao-he Aaugsid | 85715
5.318 5.104 1.214 0.46939 30.6
FEIAL - 306 HE




ABL Az ERE 7k U HE mUN Y FO Ald Ail duis
AMA At o 7|E A FYsrgo. Resmarinie acid®] #4 6l5HE] 80%

o o & Za 306 HER dE2gych Oos 2 HEZ2 PR £RtoR

i ;q] 1'i_2] L?]-JEJJBI% D5k AREE

1 AEUEARAL AFY 7]1E D #475 (2020)
2, AlZolokmobxr®]: AlE A|EHIE, E2AZ L A7) 1 9278 AR

(M Fejarmeldd BA] A Z019-565)
3. MELfOrESRAL AE, 4R 9 AQ7I54BY fE7l 4AAY sl
(2019)
4. 7gd 9 AgsAE, 27 (2008)
5. 8 9 ZhEAEY shelf-life 2747]&aS p. 51-68, T4 E/NTE+(1998)

-
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A3gr 3 dFQGF

FEY WL &8

RN A7|E ChTtolrsim Atstiaict

20214 3% 1€ - 20214 108 30€

1. YR E

- 60% W 80% 2% FY FEEC| OIYR0|= HEHAMyloid B (AR)Z FETH LZESI00Y 2
oM 2x7ls S 2198 hd 20ES =RIE2| fI5H In vitro2t In vivo ZHOM 258
HASSHD olofl ChEt AE7|1HE =olstaxt &
2. gPUE
- MoK ZHo|=atelo] WE 2=sl0|HE Ko SE2E =HE
* DIRAS 157 =3 = 2 2 10012 A2 6E
* Amyloid B FOIE S8 2=s|0|E Ao 5222 =g
 Algd: HAE(Normal control), F-Ex(Negative control), CiZ={Positive control, Donepexzil
B), AlETe0% X so% 28 FH FE£E
- wEd oE 8 8t
*AlEEE 5O 2 2X] @S KB Bt
. ¥-maze test / Passive avoidance test / Novel object recognition test / Morris water maze
test
- Ho|20Pq £

* Western blot : INOS, COX-2, ADAM10, BACE

* HYEEBISHimmunihistochemistry) ©  O|A| LM 2 (microglia cell), HAM = (astrocyte) &

w
e

-+ 21t

- & A70M 60% 3 80% 28 FH FEE0| ABR Tt SEZLHAM Y-maze test, AFEEI
Z| & novel object recognition test), TS2|HE(passive avoidance test) 5! |2 F 0O
24 (morris water maze test)S 8l A4S 2t & oiEHoI 7| 9l QIX] J|E

Mol =t AZE HolsiAS.

AT =
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- A9 FE20| 7|93 Jp HBIIMES ACIT| o101 T T MU TS At 60% 2

@ Y E52 E0IZ0IM U3 OJf QXK COX-29} INOSS| 0| QOIXOR AT
248 Yolige. 1B AY 8% FH FESS HES wule) ZEMES oL RojHel
X108 LIERHK|S 2212

- A% 0% X 80% FH =ZZ20| ADAMIO0, BACET 3 PSD9S WO Ojk|= WES =iols] =2

27t HIEIOILR0|E THe| SOI2= ADAMI0, BACET H PSD952| Hdh= LIEHIX| §Rt0, 4
2 60% A 80% OIEHE FESL HoIh LIEHIA| BUE.

- BIE[OIAZO0|E0] 2[5 OMLM=ZESR; ot MzZo| EESE 13 20} HEIOIZR0|E S0

oA DMRHZE 5= 3717t LIEKESLE Relde GiRlen], o8 FE8 Foic 252 g4
CETME Ead +E22 DM ze| +8 FdoAIZieL o] 9A| fFeld2 QRS o
£ FOiE HEIO-RZ0|=0| 40| BFE 2ol MfL HWEECHE AldS 742 o
Hots =2l 0HY0| LHE ZR0 Ll HY02ID A2 BT dd ME oM
= HEIOIZR0|E Fo120M e thb| 21% F=e| d& M 42| F7Pt LIEtR 0=
FAHCo2 Foldo| AUS. 28 60% TEE 100 mg/kg FOHZE Pz +F2| dd M=

H20 Ol HEIOIEZ0|=0] oft det ME gdsPt 28 60% FE20 2 oA
E& UL, =3 COX-22t INOS2| RSPt 8 MEMM LELE Hd 5 AUSS
OIS + US.

4 HZE G DE

ZnE SEt & 0 60% % 80% A% FY 20| A2 REY SBLUN 5E oE
Moz Jjof U oIx| Tl AN Bt USS selelgion] T3 B Hjo|20p| 47
2 8o A% 0% OIEIS RSB TN YUS HIPh LEKLOL 29 s0% OIS 3
22 YuZ alol FPES HOlt fKolNel NOIE LRl Roi%8. ol 2% 80%
Y FES0| Ul YU HUS HIPOR HEIYR0ISO| of 7|9 UsiE et

= 20| oLzt & O SET 7|H0| 2oRE 7H5do] /IS OIF §1517| fi2t HEtotE 20|
E 8% o 70 Y 80% OERE FEE2 HERIER0IE SEMIE E8tEiLt SE
= YHBks 2 LIEUI2H, Ol 48 80% UEre FEE0| HERIEZ0|E2} 7|9g
HEIE Rsl| o 54 HEHR0|=EE HHst: 718 8ol 7193 ZEIS ANk

o

2 7h5d0| USE 20fF. Ol 28 80% FH FEE0| HIEIOIRRO0|=0| offt 2% Y

Vg ZEsk= Zi0| of HEIOIHR0|E AHE Yok A=A EEso|n{Eel o
A =7| T M7t Thssi2|et M5 oo M JiY Jhsdo| SET HUESEYS

MM QU
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Qureoye SFC BEQ

A1d dF 53

1. d7/1Le HF 58

- 6% 8% 4% 3 FEEL ol 2ol= HlElAmyloid B (AB)E FET Ud=dlo]

o 2dejA A71E @ 7199 A ERE A7) A b virost In vive =
1

Aol B AFsa olol tid Serde Gz B,

2. 47U &

- 2ekx] Floleelly] mE gxstelny X FETA I
* nlesE 153 28 & 4 79 1onky AEEe] ol
* Amyloid B & §3 ¢=do|od Av] FEEL F

»oAET - AT (Nomal control), FrEaf(Negative control), THE=a(Pasitive control,
Donepezil), 4| @(60% 2 80% £ 54 F28)
- REY BE 2 9}
* AHEA Fof & oQlz sigsta 2 g
: Y-maze test
Passive avoidance test
Novel object recognition test
Morris water maze ftest
- Hlel 27 £3
* Western blot

INOS, COX-2, ADAMI0, BACE
* 9 22 28 immunihistochemisiry)

o)A Al Emicroglia cell), A4HH| F(astrocyte) 5

3. AFU &

1 o AR
- 60% 2 80% =9 FH FEFE F 2
(F45F zF2 100, 250 2 500 mgke)

2) 4dF=
- Male ICR mice 653 (23-25g)
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Qureoye SFC BEQ

3) TETY &5

(1) #77 (Normal control)

(2) Amyloid B (AB) i (Negative control)

(3) FA =T (Positive control, Donepezil (5 mgkg, po.). AB + Donepezil)

(4) 60% H 80% 2% 4 FE2E (FAZF ZH2E 100, 250 B 500 mgkg) Fo ¥ AP Fo
T (AB + 60% P 80% 29 T4 FE8)

4) Al A9 Feof 73
- 19943 v 13, 100, 250 H 500 mgkg

ICR mice {5 waeks, male) YMT | ¥-maze test

NOT ; Novel abject recognstion test
PAT : Paszive avoidance test

"
‘# — MW - Morris water maze test
s

daily p.o. for 19

Day
1 L 1 | ] ] 1 | | | | LU
! | | I | | 1 I T T T I
¢ & 9 10 11 12 13 14 15 1w 17 18 1%
I - WRAT NOT PAT WM Sauilice
Afreilev] aftas P

5) 60% R 80% 4 T4 FEF=E2 A FFHH 2w G}
(1) =53] 5 A]%|(Passive avoidance test)

- T AEE AEEEL 719 FEE AAE] HElA dAlshs B 48y 4
HEES YU B4 S 048 4 e Pl SIRAA R 2R AT (o #7) AShHE
71t 5 AEEEe] X 1A #soEM O A8 719d3E Idsie AEY
4.

(2) Rel2 FZ0|2AE (Momis water maze test)

- Momis water maze® % 33 85 2 UAH Ao oiF APE olv] A A o

=2 232de] 3 dhdo s duA Sl3.
(3) Y2 U2 A& (Y-maze test)

- 7] Z1dE e s dEeR AR PFIe 5y S HWUEY] SlEe A4

g =4 Adrle A A2 HEmE FAEY f1em 2} 7] Dol 42 em, Hol

= 3 em, %9l 12 emol2 A FRAFY H= dEs 12009, o] AA= A242
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-z oy SFC B!O

polyvinyl plastic TAEe] i Al Y FHAE 24zt A, B, CE AF Hel 485
Z133%k
(4) AFE21 A Al g (novel object recognition task)

- APELIAAIEE 40 x 40 x 30 cm 2] open field boxShellA] o] FojA|m AH #H E
T 7HE box2| HellAd 5 om¥ WA ol HAS w2, 4E MA F FE box FY
of 1 SEIF EA sl S A7l B4 24413 Fell, box ke BA F &
E AZE EAE v, oA box YO FE T SR EH diE 29 AFL
ek #7F 7] oldd Eall(familiar object)$} A EE Edll(novel object)oll &l 4
A A 27, &7 54 ¥4 5L Bole ANE FAE F 4 4 o &
ABAIZE2] U]E(% of exploration time)e A4 AEE Eald] oigh &4AIF W&
FE5E g 9 7Y o] 28 el

h

6) B Z2E ez gAML 5 AFME &4 Ax AR
- iz 3 ofE FoTe AgEE F ¥ 23S 1Ase 27 g4s AA ST
3 =2 9] A48 A pentobarbital - Na 2@ v} A2l & phosphate-buffered saline © &
#5538 o paraformaldehyde (Sigma Co. USA)E TAAIZ, =3AH (40m)y> H
| =2 U E4sk= UAld #SIS AT (endogenous peroxidase) S B &4 &4 7]7] 4]
s PBSOl 343 1% H202¢04] 1583 WA o5 54 33| PBSE M3 &, Ml
Eo)4 ala] A2 A8} 3k 0.1% Triton X-100, 3% normal horse serumS 713}
of AEollH 1AZ7HE incubation®:. of7]el YAk & (BDNF, CREB, iNOS, eNOS;
Chemicon, USAYE 7Fstil 48413F 8k 4TellA 28 A A Wg-A7]5L 12F 3hA) 8-
el whge] B F FAL PBSE 5P 3 FAMF oL, 22 e
(Vectastain-Elite kit2] biotinylated anti-mouse IpG-E 1:2002.2 =49, 0.3% Triton X-100)¢]]
A OIARE F d2old wEAIZ] 23F &4 S5 ghg Fof| PBSE Si4 3t
g # avidin-biotin-peroxidase complex B (Vectastain-Elite kit2] A £ 1:100, B &
1100, 03% Triton X-100)904 1413F Feb Aol ghgAlzlan, A
3.3"-diaminobenzidine tetra-hydrochloride (Sigma Co. USA)E 0.05 M Tris $+39¢] 0.02%.
H202+= 0.003%2 AHE3te] 623 WHEAIZ| T &5 A& AA E9dstel ErAst
Al ME 4= 2 optical density 52 3§

bl

7) Western blot
- BioRad protcin assay kit(BioRad Laboratories, Zg]¥ o} u]=)& o|&sle] thild wx

- 135 -



D uraoyera S?EL J

SAT F 20 pe2] FRAE 4 WA 12% BoltTM mini gel(Novex, Life Technologies,
F|ZJolE AL}, o] =o}l)E o] &3l H7|YFdle PVDF ok ER2HE, oF
HBol3 ARE Fol7] st g swiwv) 237 YUas BEAsa, 13} gae
4T oA sHRY Feb vheAIF ol ohe MESta, 23 A9 YeAIZl ¥ ECL &
#| Al2H Amersham Pharmacia Biotech, &2H2f A~ dhy& o] &she] A z=Afe] = A|d )
o Euld HEg 9903 BE sl Wee 2NE F AZe A X2ad WA
1.0(Sigma Gel program, version 1.0, SPSS, Y| o|F, ul=)& o|4dle] Wissg| P8

H A F
TE"‘IE';!-.

AD cell culture model AD animal model

.H ‘i-w% &%

Drug screening! cellular protection Bshavior tests! memory snhancement
| i&%} <D |
Cell Sample preparation and fracticnation Brain
. lysates tissue
- Cell imaging | | Moble object -
- siRMA ¥ maze -
- Biochemical analysis Water maze -
Pratein mRHA DH Passive avaidance -
Nalecular and biochemical experiments Fear conditioning -

fiiee F—
[ el i "'?-"?l
= ; f st
i — e

Mechanistic studies

A 79 FLQUE
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A airzooa SFCBEO
A24d a7 Y

W cld=2ol= el (Amyloid B (AB) #= 719¥Y ZE FEERWE &%
&9 F3 FEE(60%, 80%)9] MU E3}p F<
1 A+
- 4=712] ICR mouse (SPF/VAF CrljBgi:CD-1) 5532 tjghute] 8 =54
F=ERE Fadol AHESEE AEEES dygedisia oeld FEAHAA 7Y
T ASAZ F AMESden 7 #9 ovRElE FASIEE, 5 23 £ 1T, % 50
+ 5% W], 29 AIZE 07:00-19:00(12413F F7)hE dAsA FAH ALSEelA oAl
vhel ¥ polycarbonate mice cageoll 88l ARg3lglen &g 7|7 B¢ AlRe 28
A glol FFoAE. 2 dyolA e FEAY dak= gi7dedsia FE4E
Feleldsle Abddelet &2l 7AHE Eaekd ek HEDHU2021-076 /
DHU2021-095).

(2) A8 Fo

- ARTEG F 100 H4EEE F Adatel 4% F4 F2E (0%, 80%) AlEE 100,
250 2 500 mgkgl & F 199 Fo AT 56l ) ETell donepesl 5 mgkg
F 5YsA F 19€ T AT TS 5o 3¢ATE FEAYS Wsigoy
1995 AHFES Ax F HE ZEse ujo|2r}y| AFE AlPEG L.

(3) AB #= 7199 78 SE=d
- AP 1-42 peptide(abcam, cambridge, UK)E 100% 1.1,1,3,3,3-hexafluoro-2-propanol (HFIP)el|

A1 memte] =2 st EFT He] § F HFP/peptide 84S 5ot 1=
A|7]3l DMSOE AHE-31e] peptide® ThAl HEAIA - 80Co] Hasis] ALESIHSE. ¢
A 913 Al Invitrogen, UK)E | pl & B4 & AR 1028 ZF 24852 o 5 ul
o] 9O F hamilton syringeS ©]£-8) mouse2] $-= | 2(intracerebroventrical, i.cv) W F
ol ADE FEIES. & 143 Al *@!ﬂ“"ﬁ‘?ﬁl 9 29 8 F2EE 1
Y A7 F39 dE e JAdse 2 A4¥ A F AR de| FoEi%E

@ YA o2 A¥™ (Y-maze test)

- B7] 198 E S48 4dos sAH o R iEde TEE Hrlslr] fldle AA
54 Al A A 7R Em)E A= 2len 2 7iAle] o= 42 em, B©
£ 3 em, ¥OIE 12 emfl2 Al 7HAI7E AHElE AEE 12009, o] FAE HeMe
polyvinyl plastic® & F/gd5o] 21a, Al 7He] 7HAE& 2 A, B, C& #HE Fol €8+
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Az SFCBIO

@ 4% 147 A &AdE IR1gtaA she s AT Fog

2 UFFEE Yomaze AHlo] 23 8 F9k 2 7pR)el) AEFEe] ne|nA 7zl &
ofd wo| Sl4e} zp 7hAlol AR St ATE SAHE.

3 M7 #-F#(altemation behavior)} ZF 7}l F3F F YA Sl (total entry)E At
g

* AR ot ASE Foty] 1A WA, acwal altemation)?] F-esti, WA
FHE A 7R 5 ARA @A Szl AR Aosn, ohge| e o))
At

W7 3153 (Spontancous alteration, %) = 2 M H(actual altermation) / F 1 7 (maximum
aliemnation) = 100(FH 1A . T Y4 35 - 2)

o 1) ABCABCABABABABCABC
T HF sl 18
A 87 210
W sllEE = [10/(18-2)}*100 = 62.5%

o 2) ABCBABCABCABCAC
F AR 351 15
AA HA 10
A SEE = [10/15-2))*100 = 76.9%

- T f:¥

Y-maze test {E}ii

(5) (novel object recognition task)

- AHEQIAIAIH 2 40 x 40 x 30 cm 2] open field boxShellA] o] Feojxw, HH A &4
T 7HE box2] WA 5 em¥ Hol el RIS} T2, k= HA F FE box TY
of Fa sEIE ZAol chal SN2 AlF) B4 24417 Foll, box ¢He] 2A F 7 )
£ AZ2% EAE dlpa, oA box Y AE w3 SET 340 dis] gL A

i E9 #A7 7184 9 EaAll(fumiliar object)2} ME-F EA|(novel object)oll hafA

HE A 27, 87 5 g9 A5E Hole AZE ST £ 2 Ao oigt g

HA1E2] W% of exploration time)y& A4E A Ealo] gt g2A7F BlEo)

LA
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Auruoyen SFCBIO

g 9 71y FEe] F55 vehd.

b= | Farmiliar Object Expomiires =]

FlGvel Obhject Taxt

0l ] ] D

24 hniire

Ve G

Fhase 1 placament (10 minutes)

Plhase 2 placement (S minutss)

Nr}vcl object recognition test

(6) A ¥(Passive avoidance test)
- i Alde HdEEES ZYFEE dAkel7] HElAM dAshE siF A Ad
TELS FH FHE 228 £ = v SF A2 HE2EE A (d 2] AEHE

7t F ddseo] I3 7HA SFoE2M 2 4gE 7dss s AEd
el

7k 2=AEE 9hE AlE AA] (Gemmini avoidance system)

Z213)9] B3 AlE A=A (Gemmini avoidance system, San Diego Instruments, San Diego,

US.A)E shuttle box (52.6 = 17.3 x21.3 em)®] 27|12 FY§ 279 5 2o v}y

o] gloy T e e Helle guillotine door (8.9 * 8.9 ecm)?} AF|=lo] glo] AHF
LR AR ogs F A HeldlE 75 el wl$ BE HFvE dRlse] Qle
AHFEC] Golsks 2 BAE 24T & YA Stk #HE ol W] HY F
o9 oA st dEEEe] AoiH e HAjkE A N

rll[o

Gemmini avoidance svstem{3=%) Shuttle Box{=11)
Passive avoidance test 3]

L} 453 3] A¥(Passive avoidance test)
- AHE LeDoux®| WHE F831e] AT HY A A7 Ao HEFEL BFT
AR &713 FEL FoF F A FL
1 &A1 (training tdal) - 19 A&}

- MEWL] 5 B 2 A ddsee] vElPt ZE"EE (gillotin door)2] HHCHE
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{ ?4,

daltA Aola YeEss 4855 10230 @447 & LERE (gillotin door)
& go] ofF& FEHoz FoiZ 4 fIA § (Gemini Avoidance System, San Diego,
USA). 495 e @37 E5Hos oFfe 5 o oFsA Hi=H),
olf AREE (gillotin door)e] Hl F 402 olffel] ojF& FoR Foj7tA =
mouse= HEA A 2fg LY mouse7l o] FE F2E Boj7iH ZEHE (gillotin
door}e] 281 0.5 mAS] HZ|FHe] 32 T grid vl FE B2 HA mouses
ol 71d%lA H. dERE (gillotin door)e] Y F mousc’t o|FE EZog Eoj
w7t 2] ARE FA3
719 A} (retention test) - 29 A}

- 719484 BEAIE (raining wial)o] B F, 447 Fo] dHFwE& AESL ¥

(M

T 103 Fob Azl & A REE (gillotin doorje] EEl1 o5 EO0 T mouse?] 4
o] o} Eoj7H= H Al AIZE (latency time; MFEEAITHE 30032712 469 S
ol Ff FoF 7l © dils Aite] A4E T3 g 71Ye] F55 oW
3

v]2HE (Momis water-maze test)

- Morris water maze§ F3F 7 G 9@ AAH o] oiFd APL ofo] Avj A4 oF

£2| ~aejde Ao s A 2 B mazed] AYE AE 9em, =] 45em
ol ZAE (white platform)2] ZE2 eemE FAHES] SlE. TEV R FEE d|
Srtvltet A% HFE Az'd £ 2318 A3 F F0 GHES Y 9HE
Al FAE AEgHHe 2= mazeol] =2 017t 30em?} HES 8 A Fa vjgr)
EREE B 4 =S £ =09 lem Lol H2I5E Mazeoll= 4702 markerE ARE-5}
o mazeE 4840 HES YrolA BE (NE), 54 (NW). 95 (SEL 94 (SW)E

TEBIH I, maze?] & 4F-<of] FAFS LA

- Morris water maze testys 5% ¢t 28l
@ 1-4%: &5l zhzte] oleart 1Y 4818 18 Fob 102 2% mazedlH FHEES

g 3k A WA Hs GNE 48R} Hs 4470 139 AEHE 00 maze Shol A
Ag ZF (£ ool 1023t 227} Sle vh2E 4EE PRI 1R oWl
BREE 24 Ed BAEA 1027 ) RIA 98 ohaE HEEE 7 A
Adow 1023 SdEol RelE ¥ UYL T, olw FAFL TAHA i
F121A17,

5¢: E9FS AASE 60 F¢ AFEA TI9E AA EREL e d5F 0F

e -
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HEPFo] 25 AHof| ojE AHE 7155k
- ®E 4% dai Ethovision program (Noldus, Wageningen, the Netherlands)& ©] 83}

Morris water maze test 2 2](Ethovision Tracking Program)

(8) Western blot
- HE HAYEE F AFEEY slvieE AE3le PBSE 23] washingdl I lysis buffer
[IXRIPA (Upstate Cell Signaling Solution, Lake Placid, NY, USA), 1 mM
phenylmethylsulfonyl fluoride (PMSF), TmM Na3VO4, | mM NaF, 1 pg/ml aprotinin, |
g/mL pepstain, and 1 g/mL leupeptin]E o] 85t 1413F 52t lysis A7l o H4E2
&ted (15000 rpm, 15 min) ©¥3F 4F9& Eeiehsls 9932 Fx= BSA kit
(Bio-Rad, USA)E AHE-ate] Heksigion] Aukst ohld & 8 - 12%2] polyacrylamide
geloll 7|9 F&3 Poly-vinylidene difluoride (PVDF) membrane (Milipore, USA)el| 200
mAZ 2AIZF F¢t HolANFE B E o7t @ membraned 5% BAEFE EFT
0.05% Tween 20/Tris-buffered saline (0.05% TTBS) el #H7}st AF2ofA blockingA] 71
&, 13F #Aleb BhE-ALE S 12 A ¥EE-2 INOS antibody (1:5000, Calbiochem. USA),
COX-2 antibody (1:1000, BD Biosciences Pharmingen, USA), ADAMIO (1:1000, SantaCruez,
USA), BACE (1:1000, SantaCruz, USA), PSD95 (SantaCruz, USA), P-actin antibody
(1:10000, Sigma, USA)E o]8ala] 4°Col|lM 244171 wiS-A 7S ©]F T/TBS &AL A}
B 54 43 M S ofE 23 &4 (Jackson ImmunoRescarch, USA)E 1:5000 &
11000022 245kl 42 1417 ¥HE ¥ TTBS &o= 33 AHsigS e
ECL kit (Bio-Rad, USA)E AF2-6+c] imaging densitometer (model (GS-700, Bio-rad, USA)
= 7o Sk

" {Immunohistochemistry)
8 Ald B AHEES 3y jooflurane 2. E 0 A7) - PRSE 4AANES B
4% paraformaldchyde™ AT F HF HEFAME 2FER H 23 %
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paraformaldehyde 24A7F F9F & 1 SHS. ol F PBSE SEH 103 MHs)
I 30% sucrose Sof =) wleto g slElekd wizbR] RyElES. olf H 22E
FAHHAY(Leica, Nussloch, Germany)s ©]4a&ts] 30 pym FAE WHF AHE bS]
HEHEH(30% ethylene glycol and 30% glycerol in DW)ell B7} 4°Cell A RPE1 &

- A Bt 2EE PBSE sEY 33 MIFSL, 0.01% H202 (in PBS) B9o] sETL of
oFdt & 584 33| pBSE MASIHE. ol F rat anti-lba-1 F2 goat anti-GFAP antibody
7F 235 0,3% Triton X-100, 1.5% normal serum& %] PBS S0l 2447} F<b vk
5192 o|F PBSE SE¥ 33 H2|5l3, biotinlyated 22}8Hal(1:1000) £<ol|A] 14]7E
304 B¢ d2elA ujekd ¥ PBSE 33 MASkAl avidin-biotin-peroxidase complex
(1:100) &l 1A Bt Ad2ollr vldsislS. PBSE 33 ME £ 0.02% 3,
3*-diaminobenzidine™} 0.01% H2027} 2355 PBS S<olA 38 F3+ LA zen &
Ao] Byt AL double gelatin-coated® Se}o|=cl F&A|Z] T XA ethanol R
e, xylene 22 93} A2 A2l & Eukitt (Riedel-deHaen, Germany)2 2-5138}55-2-

(10)

- B e e Ad AdE meansstandard error of mean(SEM) 2. FEAIEFH 20 in
vitro A 3= SPSS(Version 24.0, IBM, Armonk, NY, USA)E ALE-sle] o flu)] 2] E4HE A
(one-way analysis of variance, ANOVA)E HA1313L Duncan AME HE5& SHHEIL in vive
A7} Prism 5(GraphPad Software, Inc., San Diego, USA)E AHd-ale] gl 2] E4ki4
£ AAEF3L Newman-Keuls test2 ALF AFS AASHE ZF 2] He aolof| g
543 F244-E pvalue < 005 v|vH o Feolsidn JeER|RS.
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A 3d AT d%

1. old2ol= ¥EHAmyloid B (AB) &= 719¥ ZEH FEREE 8%
60% 3 &% FEESY AT R 7199 /AE B <

(Y 72 A (Yomaze test)

- A¥FEe] w7 Z1¢8E 97187] A5k Yemaze AHE JAHHE WAE dF
& A4 A3t 4GA2] Nomaldte 74.7+23 %S 9Ha ABE %Y  Control< 6
154221 %% Feolor kAP < 0.001), 60% T4 4£F FFE 100, 250 =
500 mgke® Folgh 2 27 670410 %, 729424 %, 739424 %= Controli3
H w3t 5 ojEHos Frlatsey Fddlzros ARESE DNPZ-E 71.7£2.2
%E VENEEAP < 001). AR FE0| E07t F YA 3= Nomali® 39.122.4%], C
ontroli 3424183, 60% T3 49 FFE 100, 250 == 500 mgkeE Fo3 72
ZYzh 3524208, 3514258, 335+3.23], DNPZT 31.3+1988 25 AT 71 Ao
7} e AL A S(Fig. 1.)

L] Z

b

weamm ey = -
1 i Duurchiss|

kg pr P -

Figure 1. Effect of 608 of Perfla frutescens on A B -induced memory deficits in Y-maze te
st. The spontaneous alternation (A) and the number of arm entries (B} during an 8 min ses
sion were measured. Data are expressed as meantS.EM, 9-10 in each group. *** P < 0.0
01 compared with normal group, ™ P < (.01 compared with the control group.

(2) AHE 212152 A9 (Novel object recognition test)

- AHE QIAFE AEE W] 719 FYE gelsket o840 AR @3 =&
g mouse2| A B FHo] F]|2E T WE3 583 g9 F4 73
9 mouseo] EYUE F EAE Al BAEEER s, 440 F F B
F e AEE BAE dAsgE b dVNEHCE mouse?t MRS A o B
L I E 714 2R EAE ©Mshks Sl AdiF ez FshA . 2=y

= Lg—
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E4E mouse?] S 7IEEAYL AEE EAE TEIF EF 7 &4
F EA el 2 AlelE BolA] g B AdddAe] AR UAFH Ad AnE
A E H(Fig 2A), A4 NomualT 2] A2 F45 21A8= vl E(Novel object)?]
68.7383.7 %E ZIEFAE A= v E(Familiar object)?] 31.2743.7 %<} v n 3l
oo s Eoksp < 0001). 9 ARE FUF Conrolit 2] A9 Ma2E =4 2l
A Hlge] 3977434 %E Z)1EEAE 1A= H29] 6023434 %S wmEle] &
gxo g ol QAT E£4E ARIEHESHP < 001). EF 60% TH 4F FF
& 100, 250 E+= 500 mgkgs FolF & 242} 5523441 %ollA 4477441 %, 59.0
6+3.6 %ol A 40.94+3.6 %, 547118 %Al 4520518 KR Z]EEA ) wlE] HR2E
=HE A= vlgo| FelHew ZEH o, control T HIZPE WE Fof
HOo B FSHP < 0.05). =3 ALEo] dish ¥ 53 ZA(Discrimination ratio)ofl 4]
= e Z2HE HAY F 2AAHP < 001, Fig 2B). ol 2HAE 60% T 49
FE20| ABE FYo® s &48 A JAsEE Adsed aol UEE

AT == AMUE

i

H -t vl
pr aplice

" -1
AN U] ep— e B [ LS I v L R T R e !
§ nirsua ol VN LR
WFIIL B T Ao s ners

Figure 2. Effect of 60% of Ferilla frutescens on A G -induced memory deficits in Novel ohje

ct recognition test, The preference ratic (A) and the discrimination index (B) in the novel
object recognition test are presented, Data are expressed as mean+SEM, 8-10 in each gr
oup. (&) *** P< 0001 * £ < 0.05 % 2 <001 novel vs. familiar; (B) * 7 < 0.01 when
compared with normal group, ** £ < 0.01 when compared with the control group.

(3) sFEFu] A F(Passive avoidance test)

- ABE FU% 7|9Y E FEERE olfsld 6% T 4F FEE 100, 250

HEE 500 mykgs] Folol 2lEte] zlojE A4S dasls Bl A o R E 4

Salu] 23 FAE o|Bale] HAAAE. ABE FUol oJF 7)ojy &4 R

Eolgk Azl =24 2 719 A"l retention trialoll A A4l Normalote] BHe el
B2 Azte] 2272416038 Bt ABE 39U ControlT2 264:492F FA|FH o

11]11
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ol gl 4RSS (P < 0.001). ol BEAIE A9l ArISAE 719EhA
Fovhs Zles Ause] AR 2§ 7ley FERde] F thEoizicka Azhg.
ghHef] 60% T4 44 FEE 100, 250 =5 500 mgke F9TE 22 90.6+8.5F,
126.9+19.8 %, 137.04922 2 ¥k 9JEHL R FIIBIGHOH(P < 0.001), FAU=EZL
& A-EFF Donepezilit2- 170.8+6 425 VPSSP < 0.001). ¥i>e] AA 2 &
E? acquisition trialofl A 2] ¥-2- e v{F-E A7H2 Normald 15.0+£1.3%, Controla
1414283 60% F4 A% FF& 100, 250 F= 500 mgkg FATE 22 12,1408
Z, 1242162, 1224133, Donepezili? 12043222 BE AHF o7} gles A
& Flskd 2(Fig. 3)

=0 I _— wodmziron | Lysp
= HOILOon j x|
300 |
o v
120 | ;I; W
100 | ="
20
0 - ' v - ! :
[AOLINH]  (OUfLO] —a—(mE\KR)
Yo A\LmEs e noushexyy

TFTEEATOT D6

Figure 3. Effert of 60% of Perslis frutescens on AG -induced memory deficits in passive av
oidance test. Latency time was measured and the values shown the mean+SEM, 8-10 in
each group. =% 2 < (L0001 compared with normal group, *** P ¢ 0.001 compared with the
control group,

(4) == 245 (Morris water-maze test)

- Momis U & F&ollA] 49 F¢b 60% oju] SUEZo wgdr)7iR|e 4AaAHE
ZHskE SaAldedA AndAcdls A (Nomal)S 49.73 + 272 ABE FYI
Control#2 51.60 + 1.7, 60% 54 2% FZE 100, 250 & 500 mgkg FoT2
Z}2} 49.8342.5%, 4544293 44.1582.7%, Donepezilit-2 49302822 2} ek 3F f9
3 Sl Aozt flolen), dhgo] g wieh vpAut 44 Aol ERE =9I
o 485 Alzbe] AT (Nomal)S 2553 + 253, ABE FU% Controla™2 3835 +
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35 , 0% F4 29 F2F 100, 250 =E 500 mgkg FTE ZHzh 29131523,
26.4+4.0%, 24.55+2.7=, Donepezil T 2128£23%2 AT 3+ fo)4 sle zo|F BHY
2 (P < 0.01). ol &3 Yol wf& F e ALEHA AT 2UARE ARE F9UT
ool el vlE SsFge] A AstEtlen v ARE =4 &% F
E&E 500 mgkg FoTelA = Sgalel] fod F3 Anp) FasHAEH, F 294
FE FhE 2k 428 Afle] ABE FYF FoFe vl FAIHLE {3
Al st on], 23] Doncpezil Tl G4 s FEOE TAde Z1E
gelalg & (P < 005, Fig 4A).

- Momis 502 SlgollA] viAuk gel A 594 79U AE AldEr] s8] 2RES
AAT F 6027 AR FH4E SIS o] F cthovision programe F3l] FAI F
ElFel 2UE 4ol T AlbE UG old EFed vREs AHxe|
e Hebd AbEzd A A4 F(Nomal)t 2424 + 18323 vhd ARE 93
Control Ee70] 1572 + 0523 f2)8h] 7h48181 (P < 0.001, Fig. 4B), 60% 7%
A28 FE2E 100, 250 =5 500 mgkg FATS ZEF 1R11£13F, 2062123,
23,641 422 ARBE FUT Control FoiiFel vls] Fol4d sle 571 #R1E9E P
< 0.001, Fig. 4B). Donepezil™ A4 2441 + 0728 F7ish= AL &@9189e (P <
0.001). ol 60% FH A% FEE] A7) £ F 7L pdEe 2 ofoid

[
] = S
# '
] 3]
0
[Fy
|
i ]
T |
caupay|y-papa) 4
b ruseceu 400 whpld 3
] -a- A Wngeenede Sa0 wihpd
e PR neceiiz g Wiyl T T
pausben) o Wy !
s Cone) Al — i { T}
0 " i ' ' e LR unchesy
k1 nik % Nk % nl 4 WL En-nc

Figure 4. Effects of 60% of Pemlla firtescens on the long-term, spatial reference memory
of AR-induced mice in Morns water maze test. (A) Escape latency in acquisiion phase; (B)
swimming time in target quadrant in probe trial Data are expressed as mean+SEM, 9-10
in each group. * £ < 0.05 *** £< 0001 compared with Normal group, * £2¢ 005, # P ¢
0.01, ** P < 0,001 compared with the Control group.
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2. 60% 4 29 F#E9 UdA7F % 7199 AA violevnd &3
(1) iNOS o)) WEF
- NOSE= B4:9| § FREL-OIEZ|H o2 RE NOE AAsH: ¥H3-& 3l NO& A&
Az FaF Plo|n], B AEEHE AAA FaFH 8L Y ME 2
SAEE 3 ANF, e RS A& ), 71131“L AEes, a2gx @
T AT AAA L] LT fEo] S AAAEEERE A4S S Yo, 7]
ool A 24 HEE Foia ¢eiA d dslE4e HIE NOSUHI A E dslas
§Hd -, endothelial NOS)®F nNOS(417 kb4 éﬁ&; neuronal NOS)E 72}
dAgEe glon w4 Fhsd e iNosE WY W dHe 2lg AnEwld
Ashe g o] datstEdANO)E st 9y 714}°I1A1 o ¥ E3 iNOS
E AgAzely 2@Er] A3l sder] g He 9F deHE #2els)
7] 918 elxE el BAHI QS 53| viegeldRo|=g 2 7|oY AEe Fa
g 71Heg g ol 29 60% ¥IL F2E0] INOS B vAE Fgs &
glstsls. 1 Axt a9 seflA B ule} o] wejelU 2elE Fofi(vehicle)ol A A
‘i nomal)oll Bl3] F2lQ iNOse| A qkel Frbrh UePEE(P < 005, Fig 3).
A9 60% FEE 100 mgkg T 250 mgkg Fool A= ol d wigeldRel=
o o/g iNOSe| ©EEF F7HE Fold A HAge]l ERIRE &Y 0% FEE
500 mgke FoFE Pz oL AL mUHlE FAFHE U felde B
oA Etort Hatgho] wetoldRol= Fofpol HlE| 42 51%, 47% W& @he] o
R o] Avh= 4% FEEo] vigloldRe|Eo 2@ o HFE MU F
, Fig. 5).

I:

v 2
g8
.!:"!__E 5
:'-.’l‘é
3 7
K
b
B o
iNOS/actin (%)
o 8 8
K —

ﬁﬁ’ T

m| =
@

| ol
H
%_H
%ﬁ‘:"{

0%

>
v

Figure 5. sfjefelal elmel] 2]3 @jnbe] 2] iNOS whEZotel] sl 49 G0% elghE
S &3 DPZ, donepezil.
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(2) COX-2 ulil= dEk

- COX (cyclooxygenase)=  prostaglandin-endoperoxidase  (PTGS)Elai=  #3A  le=
arachidonic acidZ%E] prostaglandind M sh=6] T agh F49 BE PSukiolA o
% ¥9 Ax24H coxel $dol F7HE ol# @ coxel F7lel 2lE RbEeA|=
theFe] prostaglandinEel| 23] W, 55 2 & FFUEo| difEchy 44 ¢
. elA ket o 8 COX8 AMslve 95 558 A0N7e Bl s M
A HEe LEL Holl ETAghs BYAEQ] vMmA el A el o] wirf==
H gk 45 2 A580l olF A=A coxXel 2EE F7HA7IH 53| vt}
dRol=e] S A= Wy veS Fal kg Ao F4E Fisked cox
o] WHF7IE olof iE, wEtA A9 60% dEE FEEc] veoldRo|Ee g
sl E71sle coxel gHe nAe 49 #seE 2 A7 a3 eelM B et
o) welol Rol= Folvehicle)ol| A At normalyel] Bis] S2]FHgl cox22) o
wzlgre] o) Jebtd 49 60% FEE 100 mgkg F9T 250 mgkg Foldt
% DPZE A= ¢l2]§ dlelold 2o e 2§ coX-2¢] B¥I#F F71E F2lAd 9
Al oJAEe] FEe o4t A AY FESo| veelURe| s 23 H o
& MATE 5 A& JE (P < 005, Fig 6).

L 3
LI
-,
—y
4 60% * *
rar—

-b\ N
. 2m.
FES P S

cox-2 - & -

Bactn s e " o -

COX-2/actin (%)
c 8 8 3
- H
2 H
B
¥
— H

@ P > gV

AB ‘Qﬁi&p K s £
4 60%
AR

Figure 6. welel Y 2 o]=af 25t sfuvlef 2] COX-2 G@F7el st 25 60% AetsE
ko] 53 DPZ, donepezil,
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(3) ADAMID ulA s A

- Hglold Reol== withul ] ojglRole FHythdle] Gl 4 Fsflof 2fs] AdHc
T ¢BA Slg. o7)ol dHdhs D ES A4 G-secretase?} y-secretase® T AA7}
5 ZE-E dHeof veleld o=t A4H. SHAT olURo|E Ayail s Bifishes
HANE oesecretase™ AT a-secretased] o]3f] E3E ofyEol= Ay wefo}
d2e|= & AAGE2] 8ol welA a-secretase®] TS F7HAZIAL SHFE 71
AA wEleldRo|=e] AL Fo] dzstolne] WhEE vhE S 3lE HT ol
@ a-secretase”t ADAMI0S|2HE Ao WA B A7eldE 48 6% dlgE: FE2F
o] ADAMI02] U@ F] vlA= FFE FU& Hoks 2 Adt of 1§ el v
EjotdEo|E 3] FoE2= ADAMI0Z] WE= uERbA] k3, AF 0% s
FFEEE ADAMI02] Lol opfel ko] glg-& T = UREFig. 7).

g

28 60%

g

& 4
&S PSR

ADAMIO b -

ADAMI10/adtin (%)
g 3

N
boctn N ———— SO

(=1

2% 60%
Ap

AR

e - 3

Figure 7. #l|nl=lA]2] ADAMIO el o sichelrlze]= g 49 680% ¢S 3
=9 &2 DPZ, donepezil,
(4) BACE12] #o] n|z|& ok

- Hglepd 2ol B ot E gl opdlZole Hpuiule] duE 4 Fafe] ofs 4dEn
T HHA S 7]l Boshs QMRS E4E Bsecretase (BACEL)2} v-secretase =
F 5L RS AEE sfjof vieleld 2ol =2t g wjetA olF EA: F STt
A 52 wols digeolERo| = AlAe] EIFESths 7HEE MRS E RS
AT AHEo]| B-secretase (BACE1)2F y-secretase®] @41 & At} H3E SAeh= &
ol i@ dAE Fdssts. webd £ dFdde 49 6% cEE F2E9
BACEI 48of vlx= & Ss] Bats. 1 27 ol 283 2ol vigleld o]
E ] Fe2& BACEIS] ¥z dedA @31, 29 6% des TEEE
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BACEI @#oE obfg dako] gl3-S UL + AUSS(Fig. 8).

4004
2% 60% g'é-
o8 = 300
t"fé-ﬁ*-@ P & é" 'E —
1 D eo pe mn .
04— T v v ¥ .
Bactn - ————— > P &P g
‘@s@ﬁ@” $ P & g
AR +H 60%
AB

Figure 8 @flvlelM o] BACEIS ol chdtk wicleld 2ol W 4% 60% oltts F&E2
#3}, DPZ, donepezil.

(5) PSD952] HH e vjal= G

- el gol== AlY2e] 7|5E WEliste 7192 FHE {8 rHLEE A
2ol AEdg IS FEsiA A7IFHeEE AN Abe] A4S ZAE
PSD95E F AW wile] woel EAEks 9ud FHAE AP e og |
HAF FolFe dEE Sl U wWEA Agae] L4 psSD9se| TAaE ZHd
A =1 AoHeg 7|98 ZEE 2o g £ dedMes £F 0% e
=Eo] pSDys Lo vlAi= FIE el y_,,f-.-j—. L Az ole] s} ge) wiel
offiEeo|t @3 R pSDYse| Wah= veldR| ehekn, 4% 6% olEE FEE
= PSD95¢] Fdele ol F¥e] & YT + UMS(Fig 9).

2504

- ® oo
Qﬁ’sb Pod A =

FeP LS B 150

a 1004
o

0

Facin S ————— ‘@“’ S & g
e~ 4@ i,
AB 43 60%
Ap

Figure 9. #fjulell X 2] PSD-95 el dfgl sfefeldRol= W A4 60% o9& F2 52
w7, DPZ, donepezil.
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(6)

B/ 8lo]| mAl= HEF

- oAEMEZE HolA HYresE BEdie AERAMEY. dntFoR Fuigdyely o
THERFHE B3 L. g F2le HA, s Tl FHEe Y HAE U=
olgdle AF 2378 AR F7 At A7 el FAE AE0 B2 4
& HoME AH(E) AR EL] 4 %rtEe] F. dFelv 47 HA Aldlis ofviu}
ZoF R oHi] 2eF u4 ARt FrEda dEA s R o2 thAMA
oF fAlstel 1o] ERE ciFRe] vii AAEe FHe AT #5% B4l%el
A, sH7ldlE =AEAEE GYshe 71s 9ol TAskd, dastEs A4 Qi
FhrEs A, TR AEEUUS AdEld dEAERY JE 2 R W el
¥ 20 F8 233 aoly CDagHo] slo] &Ll Aol EFglE A4t
sHe Helld de 2E MEss 489 deatde] Fad 94Ts gt 4
Zhe 3 gl WiEfold Rol= 4frde] o W HEE Fe| vjHaMEE B8 A
7|3 ol g BAsr} A]|gEe] =g dFoE QlF HMx Alde] YehprE
g wEtA B de e vleleld 2ol =ef ols] vlMmM s A HieA s
I Ag FEEo ol nA= dE$E FoUskr] s H¥EE2 sivl dyelA ba-l
gzl wE HoE dge S HlEg e seleldRols RoFellH AR
iyl 21% A=e vARARE 4 277 Jeptoy feojde glglon, 49 60% F
FH 597 25 SddzedMe AdE ELR mMaMEe 5 e
L1} of YAl FrejAE §UEFig 10). ol FoH WEleplRo|=g o] HEE
doFle dia FHEtE AN 7hedE dAsts ulande] SATE A
s Wadeletar Az,

!
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F o
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(e = @
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Figure 10. sfolefqe] ol E 48l oigk WelepdRel=s O 9] 60% oigtE
Fase g3, DPZ, donepezil.
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(7)

AX A8 e G%

- A2 MEe= "3k A9(Blood-brain barrier) & #4isle] "Hylal i Alele] EF o)F

< BAlshs pAEeln dlA L. =R AAHGEA ) LBF ol 58 FEl
A7 AxHge]| APt o|RAAEE Fi= 715E 7HHI S AT @ 4
4 Axe] 715E A7) dFueel s s 23] AgMEe] 8L s 7.
et 2 ATeM= dEleld2oler) A MRS BASE FEshsA #2Rdstn
olel i 43 FE=S EFAE HUsY] Slsl dFFE2 st EHelA GFAP ©
WA UEl AEE AGGNE T3 FUsH R viElolURo|E Rl A AT ol
H 21% A=2] 44 AE o] 37 deia ol FAHLE feof4de] AEP
< 0,05, Fig. 11). 3HARE 29 60% F2=+ 100 mgkg Fo7& A4 +52] 44 A
¥ FE Bgoy Uz FEE A4T folHel Alo]E Holx| ¢ghE o) HE
ofZo|=o ofFt A4k A= sl 49 60% FEEA o3 AFHE vehio,
F3 COX-29}F iNOSe] WRAFIPT A4 MEeAM Jehde d4Y + dES dEE
a 2&(Fig. 11).

006 .
A + vehice A + 22 (100) E 5 1
: 004
:
_ fo
<
Y

1-'-‘*;- ..,H'~" r*' - “O@iaé& & $ @QOQ
01 60%
A

Figure 11. solelsle] A4 4% sl dd Meeldme]= W &9 60% dgL 55
B2l 53 DPZ. donepezil.
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3. o}d2olE HlEHAmyloid B (AB) #% 7199 ZEH FEEDE o 8%
80% 74 49 FEEY dAVF R 719y AL =3 &

(Y 92 A% (Y-maze test)

- AdEEe 97 7198 S #Hrksl] feb Y-maze AHE eSS WA dF
gL A4g Aab A4 Nomal#2 71.7+1.2 %% 9 ABGE 59  Control 2 5
B.343.0 %E Fel3er ZHAd P < 0.001), 80% FH A F2F 100, 250 =
£ 500 mgkgS FoF 8 2H2} 704413 %, 739415 %, 72.7+1.6 %= Control® o}
Hlwsled 5= 2EH o2 Frisigler] FAd=Fo 2 ALEF Donepezilit-2 735
£1.9 %E ERESP < 0.001, Fig. 124). 4d5E¢] 5017 F 94 34= Normal
T 29.8£1.93], Control™ 27.943.03), 80% F=4 4% FF& 100, 250 == 500 mgke
E Fofdt 78 242 3102145, 28.6£2.68], 284105, DNPZF 27.7+1.33| 82 &
AT T A7t gle AL HRISHHES(Fig. 12B)

3 B
Y
2]
T
™
"
iy
"
"
B
. ¥
weam peni o qop sga gap 0 5wl welnmy pweelel oo gn g g (i)

: 2L st chee vy

SR S -

R g e

Figure 12, Effect of 80% of FPerilfa fruiescens on Ab-induced memory deficits in Y-
maze est. The spontaneous alternation (A) and the number of arm entries (B) durin
¢ an & min session were measured. Data are expressed as meantSEM, 9-10 in ea
ch group. *#++ P < 0.001 compared with normal group, ™ £ < 0,001 compared with

the control group.

(2) AFE 212158 AlE (Novel object recognition test)

- AHE 1FEE AlRE ©7] 719 FEE dklskeT olEH AEE 86 =32
H mouse?| AR & FHe 71xE £ wES 488 dFHUY 4 7|
% moused] FLE F EAME AAMZY BAAEF AN, M4 F F EA
ZF s AE2E A= dAEisE s u 9ebE o E mouse?t AE2E S ¢ B
& 7 4L 71A MEE AE S4shs Al A3z FEA 9. asid
719 ge] &4 mouse?] -5 71EEAL A2E EAE FEIA B 5 &4
F &2 e & alelE HolA] g5 B ddelAle] AL A Add AnE
AHEHFig 13A), 448 Nomal# 2] 22 E35F AAsk= vl E(Novel object)
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7357431 %2 7I1EEAE Ak vl &(Familiar object)S] 2643531 %2t vlwal
of felHen HEP < 0.001). W ARE FUF Conwolwe] ZHE M2 E4
2lz] H]go] 5571439 %E FIEEAE UAEE v82 4429839 %s}l v wEle]
T & 1F Aol gleE. =3 80% T4 A% F2F 100, 250 £E 500 mgkes
St 2 zhzl 75.80+1.9 %ollAl 24.11£1.9 %, 79.57£1.5 %olA] 204315 %, 77.20
2.3 %ol A 22.80423 %E Z]EEA ] vlE] QRS E3E A& gl oA
o2 ZrElEed, control Y HlwE S win Sel¥o g E9RS(p < 0001 E=3
Abgrol] tigh ¥ 52 ZA(Discrimination ratio)oll A= 28 AxtE 291% 5+ ¢
(P < 0.001, Fig 13B). o]2|g A2 80% 74 49 F+&80] ApE Yo ¢
8 &8 AR YASHE Adsted 230t 9Sg % 4 slsle

nn — Ain] oplecy E
B sp e

#n ]
en |

10 |

ﬂ

n i i
AL O] e — e L I s e = B 11 11 1
o WIRGIEEIE nns s — boteiwe  pueche

Figure 13. Effect of 80% of Perilfa fritescens on A -induced memory deficits in Novel obj
ect recognition test. The preference ratio (A) and the discrimination index (B) in the novel
object recognition test are presented. Data are expressed as mean=£5.EM, 8-10 in each gr
oup. (A) *** P< 0001, ** £ < 0001 novel vs. familiar; (B) ¥ 2 < 0.001 when compared
with normal group, *** P < 0.001 when compared with the control group.

(3) 5% 3] Al ¥(Passive avoidance test)

- ABE FUE 7)o" E FEEYUE o|83dlo g0 T4 49 FEF 100, 250
EE 500 mgkgs] Fool ojate roe E4e AdAsle Bt =R ARE F
FHu A AAE o|8sle] FHUsHE ABE FU &g oy &4 oRE
Eolglh 2yl S4 o 719 AP retention tialellA A4l Nomalide] ¥ el
HEE A7ho] 192.0438.03%] B ARE F9F Controlid2 27145622 EA2H0
2 foA oA HASFAE (P < 0001). ol SFAE Al #r|EHE 7|9EkA
4tk Zlo g diviElo] Apel of 7]o" FERso] # whEeiFua Azhg.
ubdel] 80% FA 49 FEE 100, 250 £ 500 mgkg Tl 7M7) 165.1443.9
1697432253, 167244335 5 o|EH o8 ZrlEtg on(p < 0.05), A=

A
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L83 Donepezili®-2 198253083 % LENGSHP < 0.05). WHHe] 3#A 2 &

F A2 acquisition trialol A 2] Y12 wie]] ofFE AZEE Nommuald 145223 Contr

ol 13.9443Z, 80% T4 4% F2E 100, 250 == 500 mgkg Fo72 72} 13
74293, 13.14233%, 13.943.1%, Donepezils 189+422 % TE AT zjel7} ¢l
= A& A 3(Fig. 14)

Step-throngh latency (sec)

N Acquisition Trial

250 o [ Retention Trial
-
* -
200 J J. I .
150
100
50
i
o mll &l el all wll &
Normal Control 100 250 SO0 5 (g leg)
P. frutescens Donepezil
Awnyvloid beta

Figure 14. Effect of 80% of Perils frufescens on A -induced memory deficits in passive a
yoidance test, Latency time was measured and the values shown the mean+SEM, 8-10 in
each group. © P < 0.05 compared with normal group, * 2 < 0.05 compared with the control

ETOup.

4 5P E24E (Momis water-maze test)

- Momis TEPIE SFellA 48 Tt 60 ol EHFA =EE|7HAY 28 A

EAsis Aol AlgAels AT Nomal)S 5585 + 21%E ABS FYT
ControliT& 53.55 + 1.9%, 80% 574 A% FE= 100, 250 =& 500 mgke Fola&
Z}Z} 54.93+1.8%, 53.98+14%, 54.8542.3% Donepezilid 2 5168£2.628 7} 3k 7
2|4 o= Aol glslend, ghre] Adlgel met opAY 4dFeles FAFA =6t
=0 A85HE Algte] AAT(Nommal)2 2423 + 163, ARE FUF ControlT2 50.35
+ 16X, 80% 54 29 FFE 100, 250 == 500 mgke FoATS ZH2}b 3773443,
34.6354.9%, 33.48:2.0%, Donepezil ™2 33.65£522 % T 7+ fofA e AolE B
e (P < 001). ool F4 Yol wh& 2FTe ARFAA A, 3YAYEH ABE T4
& EoFollA Aol Hlis] SrwEe]l AAE AstHeH vhEyRIEZ FH 49
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250, 500 mgke FoddlM®E ShEaulel F2lgh S Avprt #EE e,

IYHEE] EYE =EEle A0 AlZhe] ABE FUSE FoTtel vlE] S48

oAl Zasidon], BT Doneperil ST HA HlST FEoE 7ha

do

= S ZBela (P < 005, Fig 15A)
- Momis 70| &2 SspoflA] vpxek 2ol A 59| |YA@AAE AlElstr] ¢E EHEE

AAT F 6027 A7 7Y MBI o] F cthovision programe F3td FA F
E039 AUR 479 HF= ATE SRS oo ERT fFEE A=
i FAehd AREEA A AYT(Nomalyte 2360 = 1,728 ¥ ARS F¢%
Control Feto] 1627 + L1322 Fo|8tAl 7489l (P < 0.001, Fig. 15B), 80%
A A FEE 100, 250 £ 500 mgkg FoATE b 16755063, 22124073,
21871128 ABE U Control Folitel Blsl foldd sle F71E #elstdd (P
< 0.01, Fig. 15B). Donepezili™ HA 2352 + 1558 F7lshs Z& @9ls8s (P <
0.01). o] 80% FA 49 F28E0] A7) ¥ ¥ 719E s 2E 2nEh

| l !
1l §
5 ®
5 3
..*' i ] m
- 1”"“1"5' I
i} _'_CE"TL”W:' 0
_y it e gy
I +mbﬂwwwmmuﬂw :
| T e ”
[us0s 2 Wed SR LR b —i—dIE}
ST TE L]
!. T T T T il iag-pEin

Ul ey iy g

Figure 15. Effects of 80% of FPerilla frotescens on the long-term, spatial reference memory
of AD-induced mice in Morris water maze test. (A) Escape latency in acquisition phase; (B
Swimming time in target quadrant in probe trial Data are expressed as mean+=SEM, 9-10
in each group. ** P < 0.01, " £ < 0,001 compared with Normal group, ¥ P < 0.05, ¥ P<
(.01 compared with the Control group.

4. 80% 7 &9 FEEY AAZT R 7199 A4 vpolenA &
(1) INOS HHgo vlilE Ak
- NOSE= E49] 3 RE L0272 RE|NOE A= v18-8 Fvish NOo= M=
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FAg PAoln, B2 AE%E fAdA Fas d8&s %k A= 4
FAEE Y ANF, e 2Asla e By, =AY, d5dE, J8a ¥
# AT ARA 2] D PR SlE AL EAR AFE Frin WoiAn, 7]
AollM FAF L Tria AHA S AskAL AEE eNOSCHH A E 4kshA 4
8 B4 endothelial NOS)2F nNOS(417 4t8bd 4 A E A newonal NOS)E E-Fi+2t
dEe] glor B 7Msd dge] iNosE WY whed BEEe 1L guEdd
Agshed g oo it EANOYE Al B 7]FelA AEE 3 53] iNOS
E AgAZe BEE ] dSubselA HEder] g Hel 94F dHE gl
7] $1% 2AE wWel BEFHD gle 53 HecldRe =R A% 71YY FEe] F8
g 7|doR 4R o] 29 0% ¢EE FEFEo| iNOS THel A= dEe &
glst S 1 23 a3 15004 B vist o] wleleld Rol= el it(vehicle)el A A
A mormal)ell Hl8] F2) 2l iNOs2) ThE gke] Z7krF UeREES(P < 0.05, Fig. 16).
49 80% FEEF Ty dddETFos AL muHE FoaedAs blE #o
A& HolA| gdgkont Hytgho] vlElelYRo|E FefFel vis] W, A4 fo4
Sl #el7t Y] gdsith ol wieteldZol=of| ofF iNOS2 w2lAl S7HE A4
80% F22°| o= A= As: 37t &S YEp.

A% 80% (mg/kg) ’
> 2007 T
Ffep e
§.150*
INOS s s e i s o §1no-
o
Z 501

i 0-
Actin A - SSSF S

Figure 16. #iclelgl Ze]=e] 2@ sjujeld 2] iNOS W Z7bel ik A5 80%
olebg F&E9 53 DPZ. donepezil.

(2) COX-2 Wo| v]z]= ik

COX  (cyclooxygenase)=  prostaglandin-endoperoxidase (PIGS)Et1 = 48y <=
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arachidonic acid prostaglanding- AAshk=d] Had 49 g2 G5-SelA
F T HNERRE coxXel el 71 olEd coxXel F71 2fE wEelA
theke] prostaglandinEel 2J3) U, BF 57 #E AFukeo| nivfHg T 2 2
& WA FEEE R CoXe Al dF F5 = AR el s Hel
A HEe BHE Ao EAEE AGAMEL mAMnA et AdA e s dirisE=
o oekg 945 % ASEel olF MM coxgl LHE FMZIM 53] wElel
d2oj=e §FAE F=d dY e 33 oo Av F4E FUsh=r coX
o] HHEZIIE oldl EFE, weld 4Y 80% AEE FEEo] HeloldRo|Ee o
3 F7tH = coxe] B vlAls FEE FISHE. 2 A 18 17904 Be bt
2} 3o] wlelold ol Fod(vehicle)oll A AT nommal)el]l Blsl el 2l COX-22]
whildeke] S717 b S A9 80% FEFE S dddEves AL By
A2 ST BE feold2 Helx| wstont Bitge] wEollRels T
o "3 Wi, AT el e A7 WAl ¥tk ol wigeldze]=q 2

& CoX29) HHQ 718 49 80% FEEO| o= AR YAk A} URE

0r o

LbeRd,
k3
4£¢1 80% (mg/kg) 1507 T !
P 93
3 4 =
Ko & g
" : o~
cox-2 = B | X 501
Q
Actin WP W W - 0-
L Sg
) (&)
AB <« U R
49 80% (me/kg)
AB

Figure 17. s Elepd o] =e] 21§ Fupefjaie] COX-2 HH o] it 4% 80w <
et 3E 89 73 DPZ, donepezil.

(3) ADAMI0 2| v]X]= G
- HElobl 2| == withiljAe] ol Zole Ftrhule] chll g4 Hafe] o] A4t
YA gle o7)e Tosts RS A 4T Bseoetase?) y-secretase £ F A A7}
TF AR dof vigelg2e|=rl AldE. AT opdRels Apgu e RajEs
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a-secretase ™= ATV a-secretased] 2|8l E-alE ol EolE Ayl wielot
Yoo g gt e webd] a-seerctased] TS FUMAIFIAL WHEE S0
AA dEleldBol=s] UL Fo] Y=dlo|niHe] BE g = 3lE AT oY
g a-secretase”t ADAMI0®]2h= Zlo] E8lA B AfaldE 4% 0% oled FE2E
o] ADAMI0S] gkl m|AE PSS Qe Boks L Ad ofefl 2dHI} o) o)
Efolg2olt @3] S ADAMI0S] WH3h= vlElbA] @#9ta, 49 80% dAlEkE
FEEE ADAMI0S] H&lel= obFil HEe] RIEE RNT F U EFig. 18).

28 80% (mg/kg) __ 150+
i, =
R v £
e PSS & 8 1001
(=]
ADAMID Wl e s - - = 50
o
-

O_
L ———— e S i

*
29 80% (malked

AR
AR

Figure 18 #vtel el ADAMIO 2de| oiF viegelaze|= 9l 49 60% ¢
2 %22 &3} DPZ, donepezil.

(4) BACE1 2] Wil v|zl= ok

- vjeleld o)== vlghf Aol ojlzele Hpchue] chil g Bafe] o A
T A A els orlel Bose SRS E4s Bsecretase (BACEL)S} v-secretase =
¥ Ea7b B 288 dof vielopdRol st MAE Wty olg Ax F shptt
S 517 Yolx welopdRol=e] o] Brbsdliths M S viReR FRE
HATAHE0] B-secretase (BACEN)S} y-secretase®] 42 HAlshAv} HalE AAsh= &
Ao oig A4S APHsks g2 B AFoME 4AY 80% AEE FE5E9]
BACEl 28l vlAs 98& I3l Boks. 1 23 ol 2133} 2ol diejeld ol
= o8] Fol2& BACEIS] ¥sl= uJEUA odka, 49 0% oEd FEEE
BACE12| Loz ofF-yd die] gl&E 20T + AR Fig. 19).

— &
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4% 80% (mglkg)

150
=
eﬂfc}f’ ‘59 & < 100-
= :
BACE e o
S e amee 8 so
= Ea ‘::.-".- = Li‘ é
0

JEUTIE e ——— eé“’@%@ﬁo‘a

o
29 80% (mafke)

AB

Ap

Figure 19. sf|nlol 2] BACE1 & i3 #iclolt Roje= o 44 0% s #5858
s &3} DPZ, donepezil,

(5) PSD95  #e] oA oak

- HElelLRo|EE Ag2g 215§ Welsled 7|98 AEE fEd drHegs A
Wzo MEdg RTe fUsiAT, AVEesE A2 Ade] 4L zdF
PSD95E F AWl wle wdel EAlshs 9id FEAE AN e oekd &
BI L FolFe 9TE st U8 wetd Alg2e] 242 pPSDISe| Z4E S
A H3 AHog /4y AHE 25 2. & dFelMe 49 80% ol'E 5
FEo] pSDY5 o u|a= HWaE sels)| Bgke 1 A3 oy 13} o] HjEl
ofdzol = thd] R R pSpose| el bR edgtal 49 80% olEhE FEE
= PSDO52] @l obFd ddke] glas E1E & UNS{Fig 20).

4% 80% (ma/kg) 150,
— =
& & PR
SHF eSS §100
T3]
PSD-95 .-.... g 50+
W
a

Actin P <§b ¢‘} QQ' c-,@ QQ""

28 80% (ma/kg)

AR

Ap
Figure 20. ubel 2] PSD-95u#el o wWeleldae)s o A9 80% «&E 35

o #i}l, DPY, donepezil.

e
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(6)

243 vAE 9

- Al EE HollA HYr)sE Fesie AAuMEY Gt og Fujgdoeln o

FHHFAE BT 20 B4 F7)e B4, Sut F9j0) F@ste] Y H4H Y=
olEstd A¥ 2FE FHLE 47 Hashd 7]-1]7} UHrolal T3 AETF F. A
& HoMEs AE) dFRMZ 5 %rEe] F. dFold AF ¥4 Aol ol
Zof F o) 24 vi4& A@mrt FrHEa 99 e @HEA ot riaME
o} frARste] 1o Al diite] vid AFme| FAe ARE #F%, Bsol
U3, 7 SAEAEE FYshs 71T ool BAA, YasiEs oA et
RS EL, ZRAEEUES Adstd EFHERY 7FE 23 e o el
e U0 F8 2AAFAEIHN CD4do] gl TE3A AlelEglelE A
S AollM WY =23 AREA AW 4EAgel a8 4Te gt 4
ZE 3 Al deeldzelE Afd-e] M of A2 Fue] vAazE T4 A
Z|a ol @ BARTE H7|EH H=d dFLE U HAE Ade] U=
& wets B d7oME weteld 2ol =) 23] ujMlmAEr} TS} seA FUst
I 49 FEE0] oo A= FEE HAs7] s AP FE2] vt HHAA [ba-l
iz de ARE dqEM e B3 GUsHE velellRelE Rojitol M Hit
oiu] 24% A=e] vlMRME & F7P7F vebgoy felde gldlen, 4% 8% F
= -r“:q—? 25k M 4T FEoE mMadxe 55 T4

I 94 fFeld lEFe 21). ol o3 el Ro|=e] 24o] YSE
‘?.J.E.?fls Aird FEEOE ANE ThaAE e 2TanEe] SAE A5
ehs ddelztar Az,
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(7

“E 0.06,
]
K 0.04
2
Eﬂ.ﬂz
Bonl, T
& R
48 80%
AR

Figire 21 sjulolAle] olmAE sl e WEpebdzel= W 2% 60% e
TaEe &3 DPZ, donepezil.

X B3 s 9F

- Ak M2e daks] Ad(Blood-brain barrier) S BASe] il o Ale|e] 4 o)F

& BAshs mAZT LolA U EHUAHTEAN BE oL 5L ikl
A7 AzAge] AR o FAANER Fi= 7S 7T e S olE A
3 AEe] A5e Ay dzuse] old 4AsT 25y Hhze] WS s 1.
gets B AT AE HElelLRolsl 44 Mol TAEE SEshed RIS
olo| Y@ 4% 22Te) &3E Hsy] i3 ARFE sv} Mo GFAP T
7 4 S8 AAANE Ba) B2l vEoldaols RejReld] BAZ T
Ml 34 AEe] A4 AE o Z7h et o= EAMoE folAe gigle.
AT 49 8% FEE FATS Fo 830 HE5E AT FEe) AT
48 BYUE VT PA ARZM BARY folge derda @gtoy) velehde
ol= Eelold B AAHMESS) 277t e, oIS 4% 80% FEEC| P4
A7le A HYSF 2). E ATM velerl 2ol Salgdla AR,
AmAEe} 2o 9 B WAze] BARE Yojux Pw, dF A Am
iNOSS} COXe| #7hah BEE|E. o) wEloldEo| =0 o3t 7| 7t} F=
g @=ol oa Urht Zo] obd 4 glee oln|gh wWelojREo|s QEmut oy
2 agbE &4 9 AzRPe odx 5& 54 7oy BEE don £ gle waa
2% 80% olghe FEES PUT BANGE B8, AEA 2% A B wEk}
Weoleel B § @9F Byl opd TR 7|WE Fa 7o Al &AE e
Wtks Azhg,
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(8)

Gaegsl Haamy Unheesmy

Bazgaas SFCBIO

'En,u&
2 0,041
8
gu.u&
Eu.uz
%llm
RGP P T
Rl R S
g ¥
A7180%
A

Figure 22. sivpefl Al 9] b A S5t ofd jefetdsel= 9 490 60% o e

Fa&Ee {53, DPZ, donepezil.

<ol g At

[ 8]
1) ThT assay

- ol 2ols wiele] 24 A5 SHE 933 FHYE o]8F SensolyteR Thioflavin T
B-Amyloid(1-42) Aggregation Kit (AnaSpec, Inc.. Fremont,CA, USA)E AHg-ale] =43}
5. ot =o|= wlEHABI42) SEI== 98l s0°CollA HAstion, SA A ARR
3 HF FEE 100 pgmLE MBS, FFEAR AMEEHS thioflavin T assay
buffer (50 mMTris/150 mM NaCl (pH=7.2), 20 mM HEPES/150 mM NaCl (pH=7.2), 10
mM phosphate/150 mM NaCl (pH=8.0))ol =o] A =8| 2 mMEEE ARESIS. Al
85+ assay bufferd] 5 HF FX% |, 5, 10, 50 pgmlE AHE3HE. AB142 53 9
A H=E FA3}7] 216kl 96 well plate (blackmicroplate)ell thioflavin T (ThT) 10 uL
ot ABI-42 85 uLE 92 ¥ ¥F FEE = AR 5 L Efete] g 2 24
712 FAsHE olvl AMEE d® EE 471 9@ e 440 nm/ds4
nm{excitation/emission)©| ™, 37°Col|4] 202 (tAS® F 2A7F SsGlE. #4 vl
E f8bd HHdHELLE cwrcumind AHBEIYE, A= &3 AdlEdd dF %E
FA B on, Al4kale ool 3.

- 43 B AlEs) ThTE 4 ARI42892 4A7F B9 23N F A8 5L
7¥sta oAl 2447 F2b B9k & thioflavin T (ThT) 10 uL& 75k #3 £33 24
712 EZAEEE old AEE 3 B3 B4V SARE 440 nmidsd
nmfexcitation/emission)°] ™, 37°CellA] 20& THHo & F 247 2AEY S

aggregation inhibition (%)= 1-{(S-8)/(C-C)}1%100
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2)

S: samples (sample solution, assay buffer with ThT, amyloid-solution)

S samples (sample solution, assay bufier with ThT, without amyloid-solution)
C: control (assay buffer with ThT, amyloid-solution)

C°: control (assay buffer with ThT, withour amyloid-solution)

=224 Az

- b BY uHAL ol AETRE Agstel vhisig, A% YFse) el

AR F vl ¥ AHE FA AR F HF3}eA(95% 02/5%C02; NaCl 124
mM; KCl 3 mM;, NaHCO3 26 mM; NaH2PO4 1.25 mM; CaCl2 | mMMgSO4 1 mM:
D-glucose 10 mMyoll B7F £=42 FHa8s19 8 dlvkE MelLWAIN tissue chopperE
o]-&-8te] 400 ym FHE ATS I, hippocampal slicer= 13 32 5=2(20-25°C) 2l A
1AIZE o4 Hfiokdt o5 Aol AHESHS.

3y A 7148

- Hippocampal slice® 2F 143171 vloF3h o5 recordingchamber 2 158, Chamber™=
95% 02/5% C027F &718lE 28~30°Ce| ¢1F HH o] £9 3 mie] 58 35
EE fA3HE. dvie] cAl €9 HeelEFe] AEE AN, As A5
schaffer-colleteral pathwayoll #1ZAIZE, LTPE #5317 #13 Wi = AE WA
E A(theta-burst stimulation; TBS, 5 pulses at 100 Hz with 200ms inter-burst intervals)
& AlEElEen, LTP f% # 20837 baselined S48} =3 NMDA S&3 of
A field TEA AT A9Y(field excitatory postsynaptic potential;fEPSP)E #2915}
#8ked AMPA =84 2339 NBQX(50 uM)& RS

(e Ak
) £ 80% ole& FE2e] HefobUgo|= $4lo) g E3}

- Wiglelrl ol =t olalzels AR o mNY HANE SAEAS Sxsjelnjye]
URAEHE dejA slS viElldReloe dEFAd e offd 548 el
@ou} geinolsh Afa Yok @ A9 S4¢ Ve 53 grinoiae) ol
d2olst AZSA @ AWz 54 UL 4ia Fele seeluzelss
WFe Yorivl, mebd WrkolEol =7k SRR A& oABTHY xstolny
S ofuhg 4 eld B dPoAEs 49 80% dEE F3E3Ec] weleldRels 23
of vzl EIE dolH 7] 2l ThT assayE AAMEIE 4 80% olehe FEEL2
5,10, 50 pgmLe] FEelA fol4 e d oA ZaE Jehia, 10 pgml o
S0 pgmLelA e eRdlz=sF o 8 AR curcuminBCF $8 a9E JeRA2S(Fie
23).
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= 480+
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£ 100

[eh]

e

% 50

s | |r"5B-| [eeo
=

= 0 !!l— .
— 5 10

Ferilla frutescens (pg/ml) Curcumin
(HM)

Figure 23, 45] 80% olghs S35 &2 veleldiels L3 o4 &3

80% olghe FEEo| ujeleld ez 2FA ¥ &

- viefobd ol E WY A9 obid H4E UshiA gou} Seiueist dis

ezt 2 A5 54 vepy 538 Sejavide] weleldselEE AESA 2 A
W S48 e D, Hfa g veleldeles dFE dodA g olyF
delebdzol=2] S35 o W Az} ¢=stein] ¥ 20 AFE AFEAeH,
ol dxsleljdlog TS wow o|n welellRel=e] Sxo] s A
Al oulgh m}ﬂ»’d g=sloloiy A BAE o] F3E viglopURol=F E3
& 4 olojol 3k B e A= 49 80% olEhE F2E0] welelulsels 274
of vlals AIE Loldr] 3l ThT assayE HAISE. =% 80% oEE F5&
10 pgmL2 F2j4 Qe 3A Edazs Jelgly, ol $AdudzEo=s AT
curcumin .0} =5t S e S S(Fig. 24
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- AL + vehicle

- APB + curcumin (10)

- ApR + Perilla frutescens
150+

_§

4
o]
Y

ThT fluorescence infensity
(%to0h)
(0
2

8] 24
Incubation time (h)

Figure 24. £ B0% olgh& & &2 vieloltZel= A F3 ax

SR 27 AE2 7R A tiF 29 80% dBE FEES
a3}

- Hlgfeld 2ol EF 24A17F 37°Co A S A ookt sHefe] &d sl 4 A4

o] 4444, olE& 3lul =A o 7lstd s} =AM v oekgt AME2 7)F
o] Walg ZYsh=dl 53al 7199 A® 89 7ldela dud AN #adst
(long-term potentiation. LTPyE =A% Wiy 4% FEE0] vigeldRolE 34
& 2ilehs 837} olvidt Heleld el AY: =4S AT £ 2l=A #
&t7] 913 wigleld 2ol= Al oF AgA 7R A ot A9 FE3E9
AvHE #letaat eglS. A vl =R olA= 2819 HFS7E Ald 29| A7)7stE
T8 S W vleleld=elE SHAT F1g dinp 2R ME olHE Aldx A
717337t fr==A B3ks oleidh veloleRe|sef A2 s oA Ak
49 FEEINL] FF el ofsll AletEE ERIF 5 S ols A% FEEC] M
Elofdgels SIS Ralldtd Ald2 A7)7AstE S AskE Telg Al
AZH 5 (Fig. 25).
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< Conlrol
e Af
® AR+ Perilia frutescens

400

AR

U= - &

Mormalized fEPSF Slope
(% of baseling)

0 15 30 45 60 75 90
Time {min)

Figure 25. sjelobtl el = S ale] 2ok Mg hadl ool digh 291 80% BE FE89)
a3

4)

80% o|Eh2 FE2Eo| ¢/F ety zole L34 BaEe Algx 54 &9l
Hgpold 2ol= EHA Felle A3 R4 E8lol &fs) sl E e wEleld =
o]y}l go] AAMEE AAE 2T £ S Algzod Ui 54 Hi4 Hos
SElae o] weglepdRe| Ty 30 R offgh AY 23 A EsaTe] 2
EAo] ZrlEE AAE 2T 4 A& " ol3F FAL ASE lE A &
e velefd 2ol 2o 4£Y FE2EE 718k &lAFID o] ElEe] Algs 7k
o UAE FE HelakdS. 1 At old Ay ol3AR A divl =F A
23| ¢] HFS7} Ay ~2] #7728 S f=316S. uE deleld 2ol SHAT 7}
dlvl Z=2ol e o|23t Al Y FEEA AskE. AT &Y FEE
ols] AAE dielelHRe|= A EAEL AYA 7S AAER Z3%
ol 49 FEEo| UdF2uy oplgl &2jard wEeleldRel=x HallF

S YEHH(Fig. 26).

ge 2 & 0

o Contral
a8 Ap
®  Af + Perifla frutescens

400+
PF

I

AB
Ezu E 24 h
—
L1
=T

AR + PF
MNomalized fEFSP Slope
{% of baseling)

B B
= g

¥ 2% HFS

0 15 3 45 680 75 90
Time (min}

Figure 26. 54 WigjolW&el= EHM2] Fof &7}
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A4d HdEH 2

- A7l 60% B 80% A2 T FEEC] APE FEF FERFA Y-maze test,
A1) #(novel object recognition test), =% %74 H(passive avoidance test) W &z
2~ & U] E A H(morris water maze test) S F3| A7F A 5 2jEFHoz ey 3
A2 7% MMl Al A58 s E. = B vlelenty] A7 E Tl 60%
49 F4 FF80] INOS, COX2 UH AAE 53 A5 Avtel THo US& &
IEtEE 2y j0% 2% T4 FEBoMe #§9E Ane HEHE Holu {9
# ael7} Yeh}A] o} 2rjHoez ul]E}n}';!?r.ol o%i #Hd 78 JAs6E
1A 8% £ 78 F2E] velellRolt SAME EaiEtAt &HE AAE
€ 245 Jehigs.

- Amyloid B peptide(AB)= A48 9 free radical®] Adatell 2lall 414 M| E 2] apoptosis &
FEE7Y 48E AE2AE F7hA7E fe] HE 2R d4uA glon d=3
ojme}l re A7A| HEL Mo ofdRelt Wt WhjE S| o ofaja] dojdt
T Hase] QUE uetA Ape| W 14 AAA7 298 g E 71y 97
& A v 483 BAHY ABE U 798 Ade F407EA 71 A
ol A LA=E 23 Fabsios g du] ¢niA slen C‘lfﬁﬂ' 717l e &
ERde Ao zge] FAPESZE AE7|AS ofFslil AR FELS e o AHE
Ha &

- B AFoAME 7198 AE 298 7537 f8 2 ICR mice?] HAN ABE T4
8Y ¥ iF H¥e st

- ABE FET 719 &4 Rl Y-maze test® AT AT 0% 40 FAH FE2F
250 T 500 mykgsh 80% 4% FA F2E 100, 250 EE 500 mykg G4 HE
ol dakE vlAA] 4 frelstA 7198 E AdATIE A& A T ALS

- ABE =3 719 &4 welold AE2lA 4 Finovel object recognition test)E Z
A3 60% 49 F4 F2E 250 £ 500 mgkee) 80% 49 FF F2E 100, 250 =
£ 500 mgkg HEFollA WEeke] AR v @3 feols 71982 APATIE
Ae HA% 7 U S

- ABE FEF 719 £ mdefa] =35 8]0 ¥(passive avoidance test) B i Az}
60% 2 80% £F T FZE 100, 250 = 500 mgkg SFolA FAel) FTE 0|3
A i FolEkl Z198E A= e 898 £ U

- AR frE 7199 715 BERUS o83 60% T 80% A% FH FEE AM EF
E F<lsl7] Slske]l Momis 4% PR EgollA] 49 FRF 602 o] FeEol| =45}
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a8 AHE FAshs fhgAlgelA Sl IPWEFF NORTH 60% H 80%
a9 F4H FEE 5oL U3 =23l Aol #Asie WY AR FES
CONw A3} vlxd FE28 yigo] gldden wiAvt 42l A5 713AE
AlEE7] f3) ZHELS AAT F a0 SYUF AUvd 4 Bl oRE AS
4% A3 NORTH 60% 2 80% 29 74 F2&E FoL2 CoONT Hl& rf=
ANzbel F2l3A E71sle S
dzstolr] Auje] YAAFAA TdRE AR AA AZe] AT AT, <35 4
ko 907 wWiEel, ADE 2= o Sl AAYSFel FAE ARAFLE HeE
I S ¥IE oA AAANHAA FdFA w5 HfEHAT, AD A Fef) 1] 417
Aol M3 Fag 8Rled U4BA UL £ ATvolHe 29 FEEL 7199 A
A 2HE71dE #Rlskr] Slske] WAl 9% B A¥E A9 A 0% 29 4
25 Foold 95 vy ARl coX-22) iNOSe] Uio| frejHo R Fhashs Z1E
BoE e 2By 4% 80% T FE2EL dF a0 FIde Held feHd
ol& vehfAle 2 8lE ot 29 80% T3 FEEc] vl F9F AIE b}
Fo® wEleldRolso ogt 7]o¥ BEE AAdshe 3ol ohdet & H 3wt 7]
Aol B E 7Heddol S o1& Wal7] 28l F7HHeR el ol &3] @9
ATE AAE A 4 8% FA FE2Fo| viglotHRole SAE RaEEAY &
AL YAz Z9E vehlle A& #Usns
HElold 2ol == vkl opdRole Pl chlla s Bafjel] ofs) A4Hct
T geH g ofrlol Helels Bl a4 Boecretase (BACEN)S y-secretase =
F AL BF AEE diof vigjeldRol =7t A matA ol B4 F oshtt
58 34 Yol el 2olEe] o] Erlsdlte S vELR FHE
AAE0] [-secretase (BACEL)S} y-secretase2] A& AstAV 2HE A8k &
Aol oigt AFE Washe. =7, wElPLEolEs Ald2e] 7S WHElEte 7Y
Y FEHE fUE HoRE AYae] A3AG e A, Av|FdezE
Alf s AAle] A48 ZelFh PSDOSE F AlMA wRle gk EAshs 9dA F
A2 AY2 e okt gAE FolFe 48 3 S mEbA Agag 4
e pspose] #H4E A =Hx AdHez o™ PEHE sk E. uepM
£ delds 4% 60% 2 80% ollghE FEEo| ADAMIO, BACEI 3 PSDo5 Lo
oAl GEE @908 HUuS 2 Ad vjeoldRels dE REoE2E ADAMIO,
BACEl 9 PSD952| Wah= vhehubA] edgky, A9 60% 2 80% o€EE FE3% nizt
7HE ol F¥el flEE /U F AUE.
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HolA HYr)EE ek AAwAE. dvtHes Fdigdoln]
THHEBAE 23 S g5l 4% ¥4 Adie opldl 2 4 g =ef vl
A7 w7 ST 42F Sle, wElllRelE di4e] H W e FHe| vl
WAES B olHE B Ar|gste AEE dFeE dH HAE AR
o] vehtr|= gk A4 AlEs @3- ¥ (Blood-brain bamier)2 #/dshe] @atal i
Atolg] €4 olFd FASE nAEeln ¢uA s EFAAAGELY Ti ol
& 58 Fsle A dEdge] gHEA o|RARSE FE V1%E d2 U 5
A% ole@ A MEe] 7l A7) 4S50S 23 dAEI 2358 WMz
485 s §. wiEtd £ dTelMs vieteld 2ol Eo 2fd] viMaAlEst 44 HE
7} 243 HeA Rl &Y FFE0] ol vlAle 98E HUstr]) fsl 2EF
22| #ju} H#ol| A Iba-1, GFAP B2 TH HTE AYYAL T3 HAstAS. ol
gotdzols FaoA vHuMZ & F7p7F yEstey fold2 givlen, &9
60% R 80% F=F Fov 58 dduETeMe BT TELE vMmAEs
T8 TaMZed o] HA freld e RIS olx FoiE HlEolR o2 =4o] F
€ Yo7+ Ai4d FeHEODE AY2 7A4E sk Elan o] LAE A
F-oll Lehd= Fatelgtn Azrg. widd H4 A2 d3FeAME vEldRelE T
oA Ak gl 21% AR M AE o F7PL Yelda ol FAAHLE F
2ol AfE £ 60% FEF 100 mghkg FAT2 AT 72 44 HAx 75
Hylew ol Hielepd oo 2§t A4 ME AT £ 60% FE=C 28|
AEE dehlin], E3k COX-29} iNOSe| LRAFIPE A4 AZoA vehde AU
T d5E dFE 7 U5
ol213t ANE FH3 £ d, 60% R 80% £ FH FEEC| ABE F=T FEXY
oA ¥x ojEHor Y|oE 9 1A 7)F Add B} Sl Hlslden, =4
3 vpolontA| ATE B3 £4 60% AEE FEESL TR ¥HF AW dEb
ot &Y 80% AEE F2EL YT " AL Rolt #olFe zelE et
WA= Fehae. ols &9 80% 74 F=2E0] 9¢d ddF 35 v o= g
ol 2ol=ef 2|§ 7197 THE fdse Aol ohzt F H ST 713e] BN Y
€ 7Fs40] 3l olE Hiel7] SIj vieloliEol= 3 B AFAM &% 80% o
e FEEe veolEelE SHAE EEstAY &He dAlet: &ibE vERIN
onf, o= &Y 0% HEE FEEC| Helel2o| =7t 719 ZEE F=shz] Ao
54 Weleld 2ol F AAS= 7|HE B8l 71eE 4HE 9Ase AL 7ol
AEE Yu|F ole 2% 80% FAH FEEC] WElPLEe|=d 27 22 FA7HE

— 43 =
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Aol ohd uelold o= AAlE SAlshs AosA d2sjolome] aly
2 Z7] 7Y A7k hssieiet Azisle] elepgoas AR sbsAol FRE AAE
A9e AASIT 98,
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