(amnesia)

cholinergic agents

tacrine, nootropics  pi racetam™

huperizine A

C)

monnieri(L.)Cusson)

1997

(hydrocortisone)

28
(5)
testosterone estradiol

formation ©) estrogen

1

()

(Cnidium

@

16

hi ppocampal



disease

(passive avoidance learning)

(osthole)

scopolaming(SCOP)

muscarinic receptor

(piracetam)

glucose

Alzheimer’s

™

(water maze)

acetylcholine

nootropics

(8)
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2.
(1)
6 1
(2) 29
2ml
(3) 0.3g

Im  1mg

(19)

2~4mm,

20ml 30
(365nm)

1~2

5ml 5

16

2mm



2l

(30 1)
(365nm)
3.
)19 20ml
1l TLC
(30 1)
A 365nm
(C15H16 03) 1.0

4.
(1)

Cnidum monnieri(L.)Cusson

Apium graveolens L. var. dulce DC

17



(2)

(20

A.
42° 39°
0.263g/ml 0.481g/ml
0.392¢g 0.385g
B.
TLC 29(60mesh)  flask ether 6ml
4hr
10ml, osthole
1 1
C.
(a)
(b)
(c)

(d)

18



(@
(b)
(©)
(d)

(Cnidium formosanumYY agg)

4-75

19



13

(L-pinene) (L-camphene)
(bornyl-isovalerate) (isoborneal)

(osthole) @
(isopimpinellin) (bergapten)
(columbianetin) (columbianaclin)
(archangelicin) (cnidiadin) o
(o-acetyl -columbianetin) o-
(o-isovaeryl-columbianetin)  3'- -0-

(3 -isobutyloxy-o-acetylcolumbianetin) <Y

2. (coumarins)
(esthole) (osthole)
(xanthotoxin) (isopimpinellin)
(imperatorin) (edultin)
(xanthotoxol) (aloimperatoring) Y
3.

(palmitic acid) [ -sitosterol

(cnidimine)

(bergapten)



B2

200mg/kg

20mg/mi
510 20

200mg

(23-24)

15mg 5

200mg/kg

0.5mg/ml

22 23

15mg/

es)

50mg/kg  100mg/kg
56.40 78.60
(23) 100

200 g/ml 40y g/ml

30u g/ml Schultz-Dale
100 mg

(PCA)

21



50g/kg
8.75g/kg
(25
4.
1 2 37 17.5
(26)
1
@) 1g/ml
1 10
1 20
(29)
5.
20mg/ 1

21

(29

32



100

10

23

10
15.3+9.2

0.2ml

(30

(31)



B MS-G:  HuH7
B

° (glycostlation) ¥

9.

NO

phosphodiesterase GMP  cAMP @

10.

W 20g/kg

48
LDg  2.44+0.05g/kg??
(2) Wistar 60 mgkg

(22)

24



500 972 ©4
82 100 ©
2.
2000m
56 96 9
250m 156 100 @9
3.
2~4 2
82 7561 &
4,
1 5~8 524

94 ©

25



10

(1)
39 9236 “O
(2)
(41)
(3
624 4920 “
6.
1500m
54 098.15
20~30 2
90 g7 @
7.
512 91.96 “

104 100 @
)

26



143 9560

80mg/
118 873
36 962

27



1. (osthole): 1972 Hata
b, , 1959

(Angelica dahurica Bent. €t Hoox var. formosana Yen)

(Angelica
hirsutiflora Liu, Chao €t Cauanc) (52)
2.
(53)

3. (4

(1)

7-methoxy- 8- 3-methyl pent-2-enyl] coumarin
(2)
HsCO 0
CH,CHC(CHy),
(3)

CisH1603
244.29

28



(4)

83-84
145-150

29



(55)

(acquisition) (consolidation)

(retrieval) )

1. Acetylcholine(Ach)
Drachman Leavitt 1974

acetylcholine scopolamine
(anterograde amnesia)  ©" Quartermain
Leo scopolamine Ach
9) Worms M1

pirenzepine® Glicks
mecamylamine® Walsh
AF64A Y
Ach

scopolamine



2. Norepinephrine
Pisa  Fibiger norepinephrine

(62)

(locus ceruleus) (norepinephrine)

dopamine (3 -hydroxylase

©3) Zis 6-OHDA nigro-striatal
bundle (64) striatum
amygdala
©®)  amygdala B - propranolol
amygdala propranolol
(66)
3. Serotonin
Arai
(dorsal raphe nucleus) (serotonin)
63 Essman
serotonin () serotonin
p-chloroamphetamine serotonin

(68) cycloheximide

serotoninergic system
cholinergic system )
5-HT 5-HT 14

8-OH-DPAT (70

31



serotoninergic neurotoxin 5,7-DHT neocortex

(71)

acetylcholine, norepinephrine  serotonin

(excitatory amino acid)

enkephalin

32



Bialik 1984
(72 Adem 1994
dentate granule CA1-4
(73)
adrenocortical hormone(cortisol)
gonadotropin releasing hormone(GnRH)
adrenocorticotropic hormone(ACTH)
cortisol cortisol
1-3
7 ACTH
3 7
(74) ACTH corticosterone  aldosterone
(catecholamines)

(75,76) piracetam

corticosterone  aldosterone piracetam

corticosterone adosterone

(74,77)



2. Estrogen
Estrogen (arcuate nucleus)

gonadotropin releasing hormone(GnRH)

follicle-stimulating hormone(FSH) estrogen
estrogen
( )

?  (choline
acetyltransferase) (78) acetylcholine
estrogen (79 estrogen

(80)
estrogen (81)
estrogen
(nerve growth factors)
(trks) (62,89
-amyloid protein  kainic acid estrogen

Bcl-xL

(84 ? (extracellular

(85)

signal-regulated kinase)



(Cnidii Fructus)

Cnidium monnieri (L.)Cusson

( CP 6.26

osthol e(OST) ( ) 95

Tween 80

Sigma( )
(1)SCOP, M- SCOP, PHEN, PROP  sdline
(2)6-OHDA, 57-DHT  sding{ 05 vit C,

(3)AF64A  NaNO, INHCI  pH 7.4
(4YOH 0.2



Scopolamine hydrobromide SCOP |muscarinic receptor antagonist
Scopolamine methylbromide M-SCOP
6-hydroxydopamine 6-OHDA |catecholaminergic  neurotoxin
Ethylcholine aziridinium AF64A |cholinergic neurotoxin
5,7-dihydroxytryptamine 5,7-DHT |serotoninergic neurotoxin
Phenoxybenzamine PHEN a
Propranol ol PROP B
Yohimbine YOH a,
Sprague-Dawley 220 250
23%1 12 12
(08:00 20:00 )




(Muromachi Kikai Co. Ltd.

Japan) (Shuttle Box)
(48x20x30cm)
(MCU-101 Controller Muromachi Kikai Co. Ltd. Japan)
20W
2 ( 1.5 mm)
2.
160 cm 50 cm 15 mm
( 11 cm 22 cm
lcm ) 23+1 ©®9
( ) A B C (

A B C )

37



3
16

Columbus  Instruments'
VIDEOMEX-V video tracking Video Camera Video
monitor(COLUMBUS INSTRUMENTS INTERNATIONAL
CORPORATION)

Columbus Instruments' Water Maze Program.



90

(ImA 2sec)
5
24
(step-through latency STL)
5 (300 )
@87)
scopolamine(0.5 mg/kg  i.p.)®
Morris Water Maze (8990
B
2 2
30 30
2
30 30
3 (91



(reference memory)

1cm 4
(91

1 cm

120

(retrieval) 3

(working memory)

5

pentobarbital (45 mg/kg)

30
30

2-4

60

(92)

(non-spatial memory)

120

(reacquisition)

2-4

sodium

osthole



21 sodium pentobarbital (45
mg/kQ)
osthole 30
30

a4



measures analysis of variance

P 0.05

T Test

Kruskal-Wallis

Mann-Whiteny U-test
0.05

42

data one -way repeated
Dunnet's test

Independent-Sample
P 0.05



30

60

scopolamine

scopolamine 0.5 mg/kg

0.05 0.6 g/kg
( 2)

scopolamine

scopolamine 0.5 mg/kg

0.1 0.6 gkg

( D
30

60

scopolamine



a2

300 r
ittt
(8)
>
8
2 (8) (8)
; |
o)
>
o
S . 8
5 100 (8)
n * %%
(8)
At
i
O —1

VEH VEH 005 01 0.3 0.6
CF (949)

SCOP 0.5 mgkg

Fig 1. Effect of petroleum ether fraction of Cnidii Fructus (CF)on
impairment of passive avoidance performance induced by SCOP with
high stimulus (1 mA, 2 sec) footshock in male rats. *** P<0.001
compared with VEH group. ##P<0.001 compared with VEH/SCOP

group.



120

—e— VEH

—6— SCOP

—A— CF 0.05 gkg + SCOP
—=— CF 0.1 gkg + SCOP
—a— CF 0.3 gkg + SCOP
CF 0.6 gk&g + SCOP

100

Swimming Time (sec)
3 S

N
(@)
T

20

Days
Fig 2. Effect of petroleum ether fraction of Cnidii Fructus (CF)
on impairment of water maze performance induced by SCOP in male
rats.*** P<0.001 compared with SCOP group.



1. M-SCOP

scopolamine
methylbromide(M-SCOP)
scopolamine
methylbromide(0.5 mg/kg) 30
M-SCOP
60 0.1 g/kg

( 3)



(12) (8)

300 —
NS
‘ |

~ (8)
g 200
9
£ (8)
c —‘7
(@)
2
(@)
=
& 100
2
w *k*

(8)

_'_ —

0
VEH VEH CF VEH CF+SCOP

SCOP 0.5 mg/kg M-SCOP 0.5 mg/kg

Fig 3. Effect of scopolamine methylbromide (M-SCOP, 0.5 mg/kg) on the reversal
from SCOP-induced impairment of passive avoidance performance treated
with petroleum ether fraction of Cnidii Fructus(CF 0.1 g/kg) in male rats.
*** P<0.001 compared with VEH group.NS:Not significant.
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2. catecholamine 6-OHDA

6-hydroxydopamine(6-OHDA)

catecholamine

6-OHDA 25 mg/kg

6-OHDA
60 0.1 g/kg
4

catecholamine



(12) (8)

Step-through latency (sec)

300 ¢ 7
NS
200 | ‘ ‘
(8)
T (8)
100 | 1
(8) L
)
0
VEH VEH CF  VEH CF+SCOP

SCOP05mgkg  6-OHDA 25 mg/kg

Fig 4. Effect of 6-hydroxydopamine (6-OHDA, 25 mg/kg, i.v.) on the reversal
from SCOP-induced impairment of passive avoidance performance
treated with petroleum ether fraction of Cnidii Fructus (CF 0.1g/kg) in
male rats.*** P<0.001 compared with VEH group. NS:Not significant.
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60

2

ACTH

0.1 g/kg
(P<0.01,

5



(12)

300 r _—
g aa p<0.01
~ 200 + ‘
g ®)
C —‘7
S HiHH
o
= 100t
)
()] *** FAE (8) aa
(8) (8) L
1 1
N e e
0
VEH VEH CF VEH CF
Intact rats ADX rats
SCOP 0.5 mg/kg

Fig 5. Effect of petroleum ether fraction of Cnidii Fructus(CF 0.1g/kQ)
on impairment of passive avoidance performance induced by SCOP
with high stimulus (1 mA, 2 sec) footshock in intact or ADX male
rats.*** P<0.001 compared with VEH group. ##P<0.001
compared with VEH/SCOP group. aa P<0.01 compared with
SCOP/CF intact group.
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scopolamine

scopolamine(SCOP 0.5 mg/kg)

60
0.3 g/kg SCOP
6

30 SCOP 0.5 mg/kg

60 0.3 0.6 gkg SCOP
7
estradiol  progesterone SCOP
estradiol
estradiol

progesterone 8

52



Step-through latency (sec)

(12)

300 1
200 | (8)
100 |

8

(T) ®

—]
0
VEH VEH 0.3 0.6
CF (g/kg)

SCOP 0.5 mg/kg

Fig 6. Effect of petroleum ether fraction of Cnidii Fructus (CF)
on impairment of passive avoidance performance induced by SCOP
with high stimulus (1 mA, 2 sec) footshock in femalerats. ** P<0.01
compared with VEH/SCOP group.



Swimming Time (sec)

120

—e— VEH
—0— SCOP
—+— CF 0.3 g/lkg + SCOP
—&— CF 0.6 g/lkg + SCOP

90

60

30 -

O | | |
0 1 2 3 4

Days
Fig 7. Effect of petroleum ether fraction of Cnidii Fructus (CF)
on impairment of water maze performance induced by SCOP in
female rats. **P<0.01 compared with SCOP group.



Concentration (pg/ml)

75

60

45

30

15

1 Edtradiol
EE Progesterone

>(.

* %
* %

VEH VEH 0.3 0.6
CF (g/kqg)

SCOP 0.5 mg/kg

Fig 8. Effect of petroleum ether fraction of Cnidii Fructus (CF)

in combination with SCOP on the levels of plasma estradiol
and progesterone in femalerats. * P<0.05, ** P<0.01 compared
with VEH/SCOP group. ## P<0.01 compared with VEH group.



0.6 g/kg
estradiol



Step-through latency (sec)

(12)

300
200 +
(8)
100
(8) (8)
—
0
Sham VEH 0.3 0.6
CF (g/kg)
OVA

Fig 9. Effect of petroleum ether fraction of Cnidii Fructus (CF)
on impairment of passive avoidance performance with high stimulus
(1 mA, 2 sec) footshock in ovariectomized (OVA)female rats.
* P<0.05 compared with VEH/OV A group.

57



osthole

osthole
osthole
3, 10 mg/kg osthole
( 10
3, 10 mg/kg osthole
(
11) osthole (10, 30 ng/brain) SCOP
( 12
( 13
( 14
osthole(10, 30 ny/brain)
(19

osthole



120

—e— VEH
—o— OVA
—0— OST 3mg/kg + OVA

100 —A— OST 10 mg/kg + OVA

Swimming Time (sec)
3

* %

20

**
* %

0 1 1 1 |
0 1 2

w
N

Days
Fig 10. Effect of osthole (OST 3 and 10 mg/kg, s.c.) on impairment of water

maze performance in ovariectomized(OVA) femaerats. ** P<0.01
compared with OVA group.
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BN Sham
1 OVA
S0 r OST 3 mg/kg
BRI OST 10 mg/kg

|

**

_|

N
o
T

Timeto target (sec)
w
o

N
o
— #HH
—

[N
o
T

Reacquisition Retrieval
Fig 11. Effect of osthole (OST 3 and 10 mg/kg, S.C.) on reacquisition
and retrieval of water maze in ovariectomized(OVA) female rats.
** P<0.01 compared with sham group, ## P<0.001 compared with
OVA group.



120

—e— VEH
—o— SCOP
—0— OST 10 ng + SCOP
100 - —2— OST 30 ng + SCOP
@ 80
@
£
|_
> 60F
=
&
E
3 401
20 |
O | | | |
0 1 2 3 4

Days
Fig 12. Effect of osthole (OST 10, 30 ng/brain, i.c.v.) on swimming
time to target on the hidden platform of water maze in female rats.
** P<0.01 compared with SCOP group.

61



Time to target (sec)

s VEH

120 r 1 SCOP
OST 10 ng + SCOP
KXX< OST 30 ny + SCOP
90 r w
60 l
30 + l
O i

Reacquisition Retrieva

Fig 13. Effect of osthole (OST 10, 30 ny/brain, i.c.v.) on reacquisition
and retrieval of water maze in female rats.
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120

—e— Sham
—O0— VEH + OVA
100 r d —0— OST 10 ng + OVA
—4&— OST 30 ng + OVA
@ 80
°
£
|_
o 60 B
=
-
=
% 40 -
20 r
0 | | | 1
0 1 2 3 4
Days

Fig 14. Effect of osthole (OST 10, 30 ng/brain, i.c.v.) on swimming time
to target on the hidden platform of water maze in ovariectomized(OVA)
female rats. ** P<0.01 compared with sham group.



Time to target (sec)

150 EE \/EH
[ OST 10ny + OVA
OST 30ng + OVA
120
0 -
60 -
30 - -
T
0
Reacquisition Retrieval

Fig 15. Effect of osthole (OST 10, 30 ng/brain, i.c.v.) on reacquisition
and retrieval of water maze in ovariectomized(OVA) female rats.
***P<0,001 compared with VEH group.



AF64A

osthole
AF64A
osthole
AF64A (3ng/brain) 10
osthole(10n)
(16

17 18 AF64A

osthole

osthole



—e— VEH

120 r —O0— AF64A
*% —0— OST 10 ng - AF64A
* %
100 | * %
- NS
§;§ 80
e NS
£
|_
(@)] 60
=
=
£
G O
20
O | | | |
0 1 2 3 4
Days

Fig 16. Effect of osthole(OST 10ng/brain, i.c.v.) on impairment of water maze
performance induced by AF64A. ** P<0.01 compared with VEH group.
NS: Not significant.



Time spent in target (sec)

15

12

B \VEH
[ AF64A
IREA OST 10 g + AF64A

NS

VEH

VEH OST 10

AF64 A (3 ng/brain)

Fig 17. Effect of osthole(OST 10ng/brain, i.c.v.) on reference memory
of water maze induced by AF64A. NS: Not significant.
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120

Timeto target (sec)
(o)} (@)
o o

W
o

Fig 18.

s VEH

1 AFB4 A
) NS XXX OST 10 ng + AF64 A
NS
|

|

—

|

Reacquisition Retrieval

Effect of osthole(OST 10ng/brain, i.c.v.) on reacquisition and
retrieval of water maze induced by AF64A. NS: Not significant.



2. 5,7- DHT

5,7- DHT
osthole
5,7- DHT (25my/brain) 14
osthole(10ng) ( 19)
20 21 5,7- DHT

osthole
osthole
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—e— VEH
—O— VEH+5,7-DHT
—0— OST 10 ny + 5,7-DHT _

& |

NS

120

100

Swimming Time (sec)
3

20

0 1 1 1 I
0 1 2 3 4

Days
Fig 19. Effect of osthole(OST 10ng/brain, i.c.v.) on impairment of water
maze performance induced by 5,7-DHT. NS: Not significant.
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15

12}
g I VVEH
T 1 VEH+5,7-DHT
> 9t RXX) OST 10 g + 5,7-DHT
c
5 ol
3 O NS
L |
j= ‘
l—

3 |

0

VEH VEH OST 10

5,7-DHT (25 ng/brain)
Fig 20. Effect of osthole(OST 10ng/brain, i.c.v.) on reference memory of
water maze induced by 5,7-DHT. NS: Not significant.
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E_ﬁ,ﬁ
> 9 O
R EBERRRERELRBLEL
_ | ZRLKERRERRRRRERERLRRLRKS
LRERRRRLERRLKEREERELLREKRKKS
7p) _ RRRLELRLRRLEERRELELRLKLLLKLRLKLS
Z
)
N <
L 1 1 1
o o o
S 8 8 8

(08s) 196421 01 BWI |

Reacquisition
Fig 21. Effect of osthole(OST 10 ng/braini.c.v.) on reacquisition and retrieval

Retrieval

of water maze induced by 5,7-DHT. NS: Not significant.
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catecholamine

catecholamine

osthole(10ng)

catecholamine

catecholamine 6-OHDA
6-OHDA
osthole
6-OHDA (25ng/brain) 14
22)
23 24 6-OHDA
osthole
osthole
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—e— VEH
120 —o— 6-OHDA
—— OST 10 ny + 6-OHDA

100 -

Swimming Time (sec)
3

20

0 1 1 1 |
0 1 2

Days
Fig 22. Effect of osthole(OST 10 ng/brain, i.c.v.) on impairment of water maze

performance induced by 6-OHDA. *P<0.05, ** P<0.01 compared with
6-OHDA

w
N
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Time spent in target (sec)

15

r I \VEH

1 6-OHDA
XXH OST 10 ng + 6-OHDA

12 # P<0.05

or T#

6 L

__**
3 -
0
VEH VEH OST 10

6-OHDA (25 ng/brain)
Fig 23. Effect of osthole(OST 10 ng/brain, i.c.v.) on reference memory of
water maze induced by 6-OHDA. ** P<0.01 compared with VEH
group. #P<0.05 compared with 6-OHDA group.
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Timeto target (sec)

. \VEH
—1 6-OHDA

XXX3 OST 10 ng + 6-OHDA
P<0.01 P<0.01

120 * %%k ’_‘ ’—‘

90 |
°l %
i
30 |
_ T
0

Reacquisition Retrieva

Fig 24. Effect of osthole(OST 10 nyg/brain, i.c.v.) on reacquisition and retrieval
of water maze induced by 6-OHDA. ***P<0.001 compared with VEH
group. ##P<0.01 compared with 6-OHDA group.
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B propranol ol

B propranolol (PROP)
B osthole
PROP (80ng/brain)

osthole(10ng) ( 25)
26 27 PROP
osthole
osthole



Swimming Time (sec)

—e— VEH
—O0— PROP

—0— OST 10y + PROP

120

100

NS

N
o
T

0 1 1 1 |
0 1 2

Days
Fig 25. Effect of osthole(OST 10 ng/brain, i.c.v.) on impairment of water
maze performance induced by PROP. NS: Not significant.

w
N
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Time spent in target (sec)

15

12 -
B VEH
1 PROP
9 KXX3 OST 10ny + PROP
61 NS
|
di ]
T
0
VEH VEH OST 10
PROP (80 ng/brain)

Fig 26. Effect of osthole(OST 10 ng/brain, i.c.v.) on reference memory of
water maze induced by PROP. NS: Not significant.
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I \VEH

— PROP
NS RXXX OST 10 ng + PROP
—

120 r NS

% L

Time to target (sec)
3

8

O -

Reacquisition Retrieval
Fig 27. Effect of osthole(OST 10 ng/brain, i.c.v.) on reacquisition and retrieval
of water maze induced by PROP. NS: Not significant.




5.
a o
a o
osthole(10 ny)
29
osthole

a -, yohimbine

yohimbine(Y OH)
osthole
Y OH (80ng/brain)

( 29

30 Y OH
osthole
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—e— VEH
—o— YOH

—o— OST 10ng + YOH

120

100 NS

60

40

Swimming Time (sec)

20

O | | | |
0 1 2

w
D

Days
Fig 28. Effect of osthole(OST 10 ny/brain, i.c.v.) on impairment of water maze
performance induced by YOH. NS: Not significant.
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15

12 + BN VEH
o 1 YOH
é RXXA OST 10nyg + YOH
S 9
8 [ NS
£ | |
E ol \
4 |
£
|_

3| |

0

VEH VEH OST 10

Y OH (80 ng/brain)
Fig 29. Effect of osthole(OST 10ng/brain, i.c.v.) on reference memory of
water maze induced by YOH. NS: Not significant.



I \VVEH

—1 YOH
NS KXXX OST 10 g+ Y OH
120 - NS
* %% |—_‘_
Q0 r

Timeto target (sec)
(o))
o

w
o
T

O -

Reacquisition Retrieval
Fig 30. Effect of osthole(OST 10 ng/brain, i.c.v.) on reacquisition and
retrieval of water maze induced by Y OH. *** P<0.001 compared
with VEH group. NS: Not significant.



6. a phenoxybenzamine
a phenoxybenzamine(PHEN)
a1 osthole

PHEN (80ng/brain)

osthole(10ng) ( 31)
32 33 PHEN

osthole osthole



—&— VEH
—o— PHEN

{

80

Swimming Time (sec)
3

20

O | | | |
2

o
[EEN
w
AN

Days
Fig 31. Effect of osthole(OST 10ng/brain, i.c.v.) on impairment of water
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