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100 300 mg/kg
amyloid & peptide-(1-40)

100 300 mg/kg
amyloid & peptide-(1-40)
300
100 300 mg/kg

0.2mg/kg Vitamin C/E
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w32
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amyloid a peptide-(1-40)
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100 300 mg/kg 0.2mg/kg Vitamin C/E
amyloid & peptide-(1-40)
3D

100 300 mg/kg
amyloid & peptide-(1-40)
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.39
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40
100 300 mg/kg 0.2mg/kg Vitamin
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.41
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C/E amyloid a peptide-(1-40)
cortex hippocampus GSSG
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cortex hippocampus GSH
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Ferulic acid attenuating amyloid a-peptide-(1-40)-
induced memory impairment in rats
Tsal Fan Hsiu
Institute of Chinese Pharmaceutical Science
China Medical College
Abstract

The magjor clinical sign of Alzheimer’ s disease (AD) is memory
loss. The pathogenic character of AD is senile plaques from aggregation
of amyloid & peptide (Ad). We established AD anima model by
continuous intracerebroventricular infusion of Aa-(1-40) in rats, and
evaluated the memory function by passive avoidance learning and water
maze. Then we further measured superoxide dimustase,
acetylcholinesterase activity, monoamine and glutathione levels in rat
cortex and hippocampus to understand the mechanism of the attenuating
effects of ferulic acid.

In the present studies five groups of rats were used. 1. infused
with vehicle, 2. infused with A&-(1-40), 3. Aa-(1-40)-infused rats treated
with ferulic acid, 4. Aa-(1-40)-infused rats treated with huperzine A, 5.
A&-(1-40)-infused rats treated with Vitamin C/E. The A&-(1-40)-infused
rats induced the impairment of passive avoidance learning performance
and water maze spatial performance, and deficits in reference and
working memory. Ferulic acid 300 mg/kg and Vitamin C/E al attenuated
the performance impairment and memory deficit induced by continuous
intracerebroventricular infusion of Aa-(1-40), while huperzine A only
attenuated the impairment of passive avoidance performance.

We re found in the A&-(1-40)-infused rats in cortex and
hippocampus higher of SOD and AChE and lower GSH than the rats
treated with solvent. For the concentrations of monoamines and their
metabolites, the Aa-(1-40)-infused rats had higher levels of DA, DOPAC
and HVA in hippocampus. Ferulic acid reversed the deterioration of the
activities of SOD and AChE, GSSG and GSH levels in cortex and
hippocampus, and concentrations of DA and DOPAC in hippocampus.
Vitamin C/E only selectively reversed the deterioration hippocampus.
However, huperzine inhibited higher AChE activities induced by
Aa-(1-40).

From these above results, A&-(1-40) infusion performance



impairment and memory deficits in AD rats might be due to the
deterioration of neuronal system especially DA via oxidative stress.
Ferulic acid repaired the Aa-(1-40) induced performance impairment and
memory deficits in rats througt its, antioxidant and inhibition of
acetylcholinesterase activity. Vitamin C/E also repaired the performance
impairment and memory deficit, might mainly related to their antioxidant
activity. However, the attenuating effects of huperzine A on the Aa-(1-40)
impairment of passive avoidance learning performance might mainly be
due to inhibition of acetylcholinesterase activity.
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1. 3-(4-hydroxy-3-methoxyphenyl)-2-propenoic acid
CioH1004 194.19
3. 174
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OH

trans-ferulic acid

__ (Ferula assafoetida L.) __(F foetida)
___ (Ligusticum chuanxiong Hort.)
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Ferulic acid

Sigma-Aldrich 1 N NaOH
100 300 mg/kg Huperazine A
Sigma-Aldrich L(+)-Ascorbic acid Vitamin
C Ferak  (+)-a-Tocopherols acetate Vitamin E
Sigma-aldrich Vitamin C/E  3/1 150 mg/ kg
(76)
1. Amyloid a-peptide 1-40 human Tocris
35% Acetonitrile/0.1% Trifluoacetic acid 25 pmolée/i |
2. Pentobarbital Sodium Chriskev

3. Monosodium Phosphate Disodium Phosphate  EDTA
Acetonitrile Trifluoacetic Acid  Ortho-Phosphoric acid
J.T. Baker
4. Sodium 1-Octanesulfonate TCl
4-Hydro-3-Methoxymandelic acid VMA  Norepinephrine
NE Dopamine DA Dehydroxyphenylacetic Acid
DOPAC Serotonin 5-HT  5-Hydroxyindoleacetic Acid
5-HIAA Riboflavin  Vitamin B, L-Methionine
Nitroblue Tetrazolium NBT Acetylthiocholine lodine
ACtCh 5,5 -Dithio-bis(2-nitrobenzoic) Acid DTNB
2-Vinylpyridine Acetylcholinesterase AChE
Sigma-Aldrich
Glutathione GSH Assay kit Cayman



Sprague-Dawley 250 300g

23 +1 12 12 ( 08:00
20:00 )
ALZET (Mini-Osmotic Pump Model 2002
0.5 pl/hr 200p  Alzet 4-5 cm
8opl Brain Infusion Kit 1l 3-5mm  Alzet ®




26x26x30cm
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2 cm (
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160 cm 50 cm 15 mm
11 cm 22 cm
lcm 23+1
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Columbus Instruments VIDEOMEX-V video tacking
Video camera Video monitor COLUMBUS INSTRUMENTS
INTERNATIONAL CORPORATION
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Microplate Spectrophotometer
Powerwave X 340 Bio-TEK instruments INC.
HPLC High performance liquid chromatography
HPLC PM80 BAS Electrochemical Detectors LC-4C
BAS Bioanalytic system MF-6026



Amyloid a-peptide 1-40 solution Alzet osmotic
pump brain infusion kit amyloid &-peptide 1-40 solution
Pump Kit PE Sodium Pentobarbital 45 mg/kg

Brain infusion kit Alzet osmotic pump
Sham
Alzet osmotic pump 35% Acetonitrile/0.1% Trifluoacetic
Acid
(6)
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/assive avoidance (day8-9)

Water-maze (spatial memory test,day10-12)

Water-maze (reference memory test,day12)

Water-maze (non-spatial memory test,day13)

Water maze (working memory,day14)
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Acetylcholinesterase
Acetylcholinesterase AChE Modified Ellmen method

(10D aeetylthiocholine DTNB AChE
standard 0.1 M Sodium phosphate buffer pH=7.4 3 5
0511 sample standard microplate
4511 DTNB 26 10
5 1l Acetylthiocholine ACtCh 190 il Sodium
phosphate buffer pH=8.0 microplate
412 nm 1
GSH GSSG
GSSG standard 35 50 p | Standard
Sample plate  well 150 p | Assay
Cocktail MES Buffer 11.25 ml  Reconstituted Cofactor Mixture
045 ml Reconstituted Enzyme Mixture 2.1 ml  water 2.3 ml
Reconstituted DTNB 0.45 ml 405 414 nm
30 6 5 1 A

Monoamine Levels

801l cortex hippocampus 201 | internal standard
solution 200 ng/ml Isoproterenol 40 ng/mi 0.22 im Micon
Ultrafree-MC centrifugal filter units 14000 rpm 4 min 4

HPLC injection
HPLC 0.4 ml/min o-Phosphoric

acid 6001l EDTA 2Na 100mg Sodium octylsulfonate 660 mg
phosphate-citrate buffer 0.02 M NaaHPO, 0.01 M Citricacid 80
120 pH=2.8 87 ml Acetonitrile

phosphate-citrate buffer 1L 0.221 m filter
(103)



ECD electrochemical dector Egen
+0.05 V AppE +0.75 V Range
10nA



data non-parametic  method

Mann-Whitney Utest Kruskal-Wallis non-parametic
one way analysis P
0.05
SOD GSH
AChE data one-way ANOVA
anaysis Dunnet stest  Scheffe test

P 0.05



Amyloid a peptide-(1-40)

Amyloid a peptide-(1-40)
VEH P 0.01 300 mg/kg
0.2 mg/kg Vitamin C/E
P 005 P 0.01

o H H #
(16) (16) (10) (10) (14) (10)
300 S

> 200 -

o

B

<

(@)

>

o

S 100 |

03

n

— 1
0 e 1
Sham VEH 100 300 HupA VitC/E
FA (mg/kg)
Ab (1-40)
100 300 mg/kg 0.2mg/kg Vitamin C/E amyloid

a peptide-(1-40) *k P

0.01 #P 0.05 #P 0.01 Amyloid & peptide-(1-40)



VEH 300

sec 100 Amyloid a peptide-(1-40)
300 sec 25 P 0.01
100 300 mg/kg 0.2 mg/kg
100
Hit
75
S
Q
8 50t i i
:
%%
25
O .
Sham VEH 100 300 HupA VitC/E
FA (mg/kg)
Ab (1-40)
100 300 mg/kg 0.2mg/kg Vitamin C/E amyloid
a peptide-(1-40) 300
**P 0.01 #P 0.05 ##P 0.1 Amyloid &

peptide-(1-40)



Morris
Amyloid & peptide-(1-40)

Amyloid a peptide-(1-40)
P 0.01 300
mg/kg Amyloid & peptide-(1-40)
P 0.01 Vitamin C/E P
0.01 Huperazine A P 0.05



(A) Time to hidden platform

—e— VEH
120 —o— Ab4
—— FA 100 mg/kg
—— FA 300 mg/kg
90 t —=— HupA
— —o— Vit CIE
o 60}
£
|_
30
0 1
0 1 2 3 4
Day
(B) Length to hidden platform
2500
2000 +
E 1500
e
©
$ 1000
—
500
0 Il Il Il ]
0 1 2 3 4
Day
100 300 mg/kg 0.2mg/kg VitaminC/E amyloid

a peptide-(1-40)



Amyloid a peptide-(1-40)

Amyloid a peptide-(1-40)

P 0.05 300
mg/kg Amyloid a peptide-(1-40)
P 0.01 Vitamin C/E P
0.01 Huperazine A 100 mg/kg

P 0.05



(A) Time spent in the target ring
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0.2mg/kg Vitamin C/E amyloid

100 300 mg/kg

*p

a peptide-(1-40)

0.05

Amyloid & peptide-(1-40)

#P 0.05 ##P 0.01



Amyloid a peptide-(1-40)

Amyloid a peptide-(1-40)

P 0.01 100 300 mg/kg
Vitamine C/E Amyloid & peptide-(1-40)
P 0.05 Huperazine A

Vitamin C/E P 0.05



*% I VVEH
0 T 1 Ab4
—~ S 100 mg/kg
3 RXXA 300 mg/kg
= vzzA Hup A
o) [ VitCIE
® 60 F
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g | =
e == —
= ] ]
(0] 30 r %ot — * —
£ — ]
[ ] ]
0 - ]
Reacquisition Retrieval
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£ 2500 t =
J 1 |
£
S 2000 +
B
o
& 1500 | ) #
9 # l
5 |
S 1000 | #l0 T_
< # ]
S - — —
o — ]
- 500 r ] ]
0 - ]
Reacquisition Retrieval
100 300 mg/kg 0.2mg/kg Vitamin C/E amyloid
a peptide-(1-40) *P

0.05 **P 0.01 #P 0.05 #P 0.01 Amyloid a peptide-(1-40)



Amyloid a peptide-(1-40)

Amyloid a peptide-(1-40)

)

0.05 300 mg/kg Vitamine C/E
Amyloid a peptide-(1-40)

P 0.05

(A) Timeto visible platform (B) Length to visible platform

50 . 1500

wf T w I

1000 |

g o s l

20 2 ol T .

10+ L L T T

. ,
(C) Swimming speed
0. = \/EH
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=—=3 100 mg/kg

B 0r T c=zz 300 mg/kg

5 1. . 7oL =zz= Hup A

§ —— VitE/C

7 20

& 10t

0
100 300 mg/kg 0.2mg/kg Vitamin C/E amyloid

a peptide-(1-40) *P
0.05 Amyloid & peptide-(1-40) #P 0.05

Amyloid & peptide-(1-40)



Tota-SOD Mn-SOD Cu,Zn-SOD

Amyloid a peptide-(1-40)
Tota-SOD
Amyloid a peptide-(1-40)
Tota-SOD P 0.01
300 mg/kg Amyloid & peptide-(1-40)
Total-SOD P 0.01
Huperazine A Vitamin C/E P 0.01
0.10
N SHAM
L 1Ab4
0.08 XXX FA 100 mg/kg
B FA 300 mg/kg
Hup A
g E=3 VitCIE
c wx (XN
T 006 KOS
5 0% I
5 K S
Q S K<
o %% 0%
= K5 KX
= K5 KX
D 0.04 - %020 K
< K5 KX
K5 KX
K5 KX
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5% SE
KXy # 020
0.02 - :::‘4 ;’:’:;'oze% "
8 o REE A
oo K, /
e W27
e s
S 5/
OOO (XXX
cortex hippo
100 300 mg/kg 0.2mg/kg Vitamin C/E  amyloid
a peptide-(1-40) cortex
hippocampus hippo Total-SOD **pP  0.01 #HP

001  Amyloid & peptide-(1-40)



Amyloid a peptide-(1-40)

Mn-SOD
Amyloid a peptide-(1-40)
Mn-SOD P 0.05
300 mg/kg Amyloid a
peptide-(1-40) Mn-SOD P
0.05 Vitamin C/E P 0.05
100 300 mg/kg Amyloid a
peptide-(1-40) Mn-SOD P
0.01 Huperazine A Vitamin C/E
P 005 P 0.001
HEl SHAM
016 - * C_1Ab4
% K& FA 100 mg/kg
T B2 FA 300 mg/kg
0.14 - Hup A
== VitCIE
012+
Q
@ o10f 1
=
= 008
£
> 006} ;
0.04 -
0.02 - i # )
0.00 . %
cortex Hippo
100 300 mg/kg 0.2mg/kg VitaminC/E  amyloid
a peptide-(1-40) cortex
hippocampus hippo Mn-SOD *P 0.05 #P

005 #P 001 ##P 0.001 Amyloid & peptide-(1-40)



Amyloid a peptide-(1-40)

Cu,Zn-SOD
Amyloid a peptide-(1-40)
Cuw/Zn-SOD P 0.05
300 mg/kg Amyloid a peptide-(1-40)
Cu,Zn-SOD P 0.05
Vitamin C/E P 0.05
05
BN SHAM
] Ab4
04l &KX FA 100 mg/kg
' B FA 300 mg/kg
Hup A
= VitCIE
5 03}
S
D 02} 0!
= 5
%o
K]
01t ;?gg
oo
oo
o2
oo
e
0.0 22

100 300 mg/kg
a peptide-(1-40)
hippocampus hippo Cu,Zn-SOD
0.05 Amyloid & peptide-(1-40)

Hippo
0.2mg/kg VitaminC/E  amyloid
cortex
*P 0.05 #P



Amyloid a peptide-(1-40)

Cu/Mn-SOD
Amyloid a peptide-(1-40)
Cu/Mn-SOD
Amyloid & peptide-(1-40)
Cu/Mn-SOD P 0.05
Huperazine A Cu/Mn-SOD P 0.05
BN SHAM
6l 1 Ab4
XXX FA 100 mg/kg
By FA 300 mg/kg
Hup A
== VitCIE
4 -
.| = 1
0 — —
cortex Hippo
100 300 mg/kg 0.2mg/kg VitaminC/E  amyloid
a peptide-(1-40) cortex

hippocampus hippo Cu,Zn-SOD  Mn-SOD *P 0.05



Acetylcholinesterase

Amyloid a peptide-(1-40)
Acetylcholinesterase P 005 P
0.001
100 300 mg/kg Amyloid a
peptide-(1-40) Acetylcholinesterase
P 0.05 Vitamin C/E P
0.05
300 mg/kg Amyloid a peptide-(1-40)
Acetylcholinesterase P
0.001 Huperazine A Vitamin C/E
P 0.05
BN SHAM
R 1 Ab4
1t l B FA 100 mglkg
B FA 300 mg/kg
l 222 Hup A
== VitCIE
c
2
e H*
o
I
e * —
L —
0 — —
100 300 mg/kg Vitamin C/E ~ amyloid
a peptide-(1-40) cortex
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