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Fig. 5. Effect of donepezil on DMTP performance at the 0-s (A and B) and 8-s delay (C and D) following bilateral microinjections of AB1-40 into the
hippocampus in control, AB-vehicle and AB-memantine groups. (A and C) Percent correct response and (B and D) response time. Donepezil (2.5 mg/kg, p.o.)
was administered to all animals in the control, AB-vehicle and AB-memantine groups 1 h before the test sessions. Values indicate the mean -+ S.E. (n=3 for

control group, n=4 for AB-vehicle and AB-memantine groups).

the test session. It appears that donepezil ameliorated
the APB-induced impairment of DMTP performance on
days 51-72. A one-way ANOVA with repeated measures
revealed that there were no significant effects of group on
DMTP performance from days 52 to 73 at the 0-s (Fig. 5A
for choice accuracy: F(2,8)=2.996, P>0.05; Fig. 5B for
response time: F(2,8)=3.427, P>0.05) and 8s delay
(Fig. 5C for choice accuracy: F(2,8)=1.304, P>0.05;
Fig. 5D for response time: F(2,8)=0.218, P>0.05). The
effect of donepezil on the AB-induced impairment of DMTP
performance was analyzed by comparing the average DMTP
performance in the AB-vehicle group from days 51 to 72
when distilled water but not donepezil was administered 1 h
before test sessions (Fig. 6). A two-way ANOVA revealed
significant effects of delay (Fig. 6A for choice accuracy:
F(4,164) =36.860, P<0.0001; Fig. 6B for response time:
F(4,163) =4.170, P<0.01) and group (Fig. 6A for choice ac-
curacy: F(2,41)=7.598, P<0.01; Fig. 6B for response time:
F(2,41)=6.547, P<0.01), but not delay x group interaction
(Fig. 6A for choice accuracy: F(8,164)=1.630, P>0.05;
Fig. 6B for response time: F(8,164) = 1.201, P>0.05). A post
hoc analysis with the Student-Newman-Keuls test revealed
that the AB-vehicle group showed a significant decrease
in choice accuracy (P<0.05) and an increase in response
time (P <0.05) compared with the control group. Donepezil
significantly ameliorated the Ap-induced decrease in
choice accuracy (P<0.05) and increase in response time
(P<0.05).

Fig. 7 shows the effects of memantine, donepezil and
their combination on the AB-induced impairment of DMTP
performance at the 0- or 8-s delay from days 51 to 73
following bilateral microinjections of AB1-40 into the
hippocampus. Bilateral microinjections of AB1-40 into the

hippocampus in rats caused a significant decrease in choice
accuracy (Fig. 7A, F(5.82)=11.355, P<0.05 by post hoc
comparison) and a significant increase in response time
(Fig. 7B, F(5,82)="7.915, P<0.05 by post hoc comparison)
in the DMTP task at the 0-s delay. The AB-induced impair-

ment of choice accuracy and response time was ameliorated
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Fig. 6. Effect of donepezil on AB-induced impairment of DMTP perfor-
mance from days 51 to 73 following bilateral microinjections of AB1-
40 into the hippocampus. (A) Percent correct response and (B) response
time. Donepezil (2.5mg/kg) or the vehicle was administered p.o. 1 h be-
fore the DMTP test sessions. Values indicate the mean 4 S.E. (n=3 for
control group, n=4 for AB-vehicle and AB-donepezil groups). A two-way
ANOVA revealed a significant effect of group on percent correct response
[F(2,41)=7.598, P<0.01] and response time [F(2,41)=6.547, P<0.01].
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Fig. 7. Effects of memantine, donepezil and their combination on AB-induced impairment of DMTP performance from days 51 to 73 following bilateral
microinjections of AB1-40 into the hippocampus at the 0-s (A and B) and 8-s delay (C and D). (A and C) Percent correct response and (B and D) response
time. Memantine (20 mg/(kg day)) was continuously infused s.c. with the Alzet osmotic pump for 4 weeks from 3 days before to 25 days after AB1-40
infusion. Donepezil (2.5 mg/kg) or distilled water was administered 1h before the test session. Values indicate the mean = S.E. (r2=3 for control group, n=4
for AB-vehicle and AR-memantine groups). *P<0.05 vs. control-distilled water group. #P<0.05 vs. AB-distilled water group.

by memantine (P<0.05) and donepezil (P<0.05). Almost
the same results were observed at the 8-s delay (Fig. 7C
for choice accuracy: F(5,82)=4.155, P<0.0l; Fig. 7D
for response time: F(5,82)=5.007, P<0.001). However,
donepezil significantly decreased choice accuracy (P<0.05
by post hoc comparison) without affecting the response
time at the O-s delay in control animals although the same
treatment in AB-injected rats resulted in an improvement of
DMTP performance. The combination of memantine and
donepezil failed to produce any additive or synergic effects.

On days 79 and 80 (7 days after the last test session
of the DMTP task) after the bilateral microinjections of
APB1-40 into the hippocampus, the locomotor activity of the
animals was measured. Locomotor activity in the control,
Ap-vehicle and AB-memantine groups was 687+ 33,
616 =58 and 732 £ 38 counts/(60 min), respectively. There
was no difference in locomotor activity among the three
groups of animals (F(2,19)=1.394, P>0.05).

Histological examination by Nissl staining indicated AB-
induced neurodegeneration in the CA1 and CA3 subfields
of the hippocampus. Moreover, it appeared that memantine
treatment provided neuroprotection against AB-induced neu-
rodegeneration in the hippocampus (Fig. 8).

4. Discussion

In the present study, we have demonstrated that memantine
prevented the development of, while donepezil symptomati-
cally alleviated, AB1-40-induced short-term memory deficits
in rats that received bilateral microinjections of aggregated
AB1-40 into the CA1 and CA3 subfields of the hippocampus.

Although we did not examine the mechanisms underlying
Ap-induced short-term memory deficits, it has been shown
that water-reconstituted A 1-40, but not water alone or AB1-
28, injected into the hippocampus is associated with marked
neurodegeneration that exhibits the characteristics of apop-
tosis [20]. Furthermore, it has been reported that memantine
protects against neuronal degeneration induced by A1-40
[19]. Accordingly, it is plausible that prevention by meman-
tine of AB-induced short-term memory impairment may be
associated with its protection against Af-induced neurode-
generation in the hippocampus.

Miguel-Hidalgo et al. [19] have reported that neither the
acquisition nor retention of the spatial discriminative learn-
inginaT-maze is impaired in AR 1-40-treated animals despite
the neurodegeneration of the CA1 subfield of the hippocam-
pus. The discrepancy may be due to the differences in the
amount of AB1-40 injected into the hippocampus, injection
site or especially the timing and difficulty of the behavioral
task. While Miguel-Hidalgo etal. [ 19] examined learning and
memory on day 8 after the A injection when we failed to find
any impairments of DMTP performance, an impairment of
short-term memory was evident in AB1-40-treated animals
more than 50 days after Af injections.

Consistent with the present findings, previous studies have
demonstrated that injection of aggregated AP into the hip-
pocampus results in a delayed (approximately 30 days after
the treatment) memory impairment [2,24.31], whereas A3
injection into the nucleus basalis impaired cognitive func-
tion at 60 days post-injection {8]. Richardson et al. [31] have
suggested that delayed behavioral effects are due to damage
to neurons following AB-induced activation of glial cells.
They showed that aggregated AR was present in the brain
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Fig. 8. Micrographs of Nissi-stained sections on day 82 following bilateral microinjections of aggregated AB1-40 into the CAl and CA3 subfields of the

hippocampus. (A) CAl and (B) CA3. Scale bar, 200 wm.

of AB-injected rats 80 days post-injection, and substantial
astrogliosis was evident in rats with aggregated A. In this
regard, memantine has been reported to suppress the gliosis
in the brain of rats treated with ibotenic acid [1] or AB1-40
[19].

Under the experimental conditions in the present study,
acute oral administration of donepezil almost completely
ameliorated the short-term memory deficit on the test day
in AB-injected rats, but no ameliorating effects were evident
in the next DMTP test session when the animals were
administered distilled water but not donepezil, indicating
that donepezil produced a symptomatic alleviation of
AB-induced short-term memory impairment. Furthermore,
it is suggested that cholinergic activation by cholinesterase
inhibitors can restore the Ap-induced memory dysfunction.
This assumption may be consistent with the fact that acute or
chronic AB infusion into the brain results in an impairment
of the cholinergic neuronal system [8,12,36]. However, it has
been reported that donepezil shows high affinity for sigma
receptors [13]. Furthermore, an interaction of donepezil with
NMDA receptors could be supposed due to the similarities
of the chemical structure with ifenprodil. Thus, further
investigation with other selective cholinesterase inhibitors

such as rivastigmine [7] is necessary to conclude the
effectiveness of cholinesterase inhibitors on AB-induced
memory dysfunction.

A recent study has indicated that donepezil protects
cortical neurons against glutamate neurotoxicity via a4B2-
and a7-nicotinic acetylcholine receptors [34]. Accordingly,
we cannot exclude the possibility that donepezil may have
neuroprotective effects on AB-induced memory impairment
under different experimental conditions. Continuous infusion
of denepezil could lead to neuroprotective effects through
the activation of nicotinic and/or muscarinic acetylcholine
receptors.

The combination of memantine and donepezil failed to
produce any additive or synergic effects on AB-induced
short-term memory impairment although a clinical study
has demonstrated that memantine treatment resulted in
significantly better outcomes than placebo in patients with
moderate to severe AD already receiving donepezil [35].
This is probably due to the ceiling effect because each drug
showed almost complete amelioration of memory deficits
in AB-treated animals. Thus, further studies are required
to investigate the effect of co-treatment of memantine with
donepezil on AB-induced memory impairment.
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2.5 1 | &~ Donepezil 5 mg/day
: =&~ Donepezil 10 mg/day
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T, AHIEZ O 221200 TBELLET,

Donepezil DX X I DWW THOERERBAL &
§o BB F 2— 7 %Mz RA, BHELBR
X% in vivo dialysis 2179 &, EHWOPRIZT
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Rogers S.L. et al.: Eur. Neuropsychopharmacol., 8 : 67-75, 1998.
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+ Cognitive deficit —Glutamate, Acetylcholine, Dopamine
— Short-term memory

— Language
— Orientation in time and space
* Functional deficit
— Activities of daily living
— Self organization ‘ »
- Behavioural deficit =~ —Serotonin, GABA, Dopamine
~ Depression
~- Anxiety, aggressive behavior, hallucmatlons
—Nicotinic deficit may also affect other transmission sys-
tems, due to loss of modulatory potentxal (“plastic-

ity”) i
By A. Maelicke, Univ. Mainz Med. Sch.

LTwEd, ThonsESEPEra v b
—VTEBENPLEEINET, Thdb, HBHTE
BEIZiIZET b=V, GABA, FR3VEwoi
HREEWEFEboTwET, ’
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Presynaptic
nerve terminal

Galantamine 4

%%é @

Postsynaptic’
nerve terminal

® (] ® o
9 . rs ® e® o @ : @ @:‘
_ . Acetyl sterase’ e ACh, @ @ ¢ i
S~ 0® o © - @

N = nicotinic
M = muscarinic
ACh = acetylcholine

F6 Galantamine = & 3 21 ) S AEBIMERBROEMAL 1 2 DDRE B4

By A. Maglicke

Nicotinic agonist

Nicotinic

agonist@ [ -

Nicotinic
receptor

“The agent binds to the nicotinic
receptors at the
same binding site as ACh

Acetylcholine

Galantamine £57

Nicotinic APL (Allosteric
potentiating ligand )
Ca++

T

Nicotinic
receptor

The agent binds to the nicotinic
receptor at a different binding
site as ACh ’

M7 Galantamine it =3 F >0 APL T4 3
(APL =3 F Y RBFEOT £F VY VRGBS LW
By A. Maelicke, Univ. Mainz Med. Sch.
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E :

(192) 824
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2D L, MBEANA LYY AWK o TGS

PRI 7). =3F Y EBEIIERS

BRI 02 b TT, LA, =aF 4k
BETEDTYVRVERPBETHERA, LML

‘galantamine i3, =3 F Y SHEOFH Y D7 T 2

7Y 7F4 M o2&, RHERDOT £F Vo
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Mean:=xSE Change From Baseline
in ADAS-cog/11 Score

20
22
24 -4

=g §-mo Placebo Group
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=@« Estimation of Decline

~8— Galantamine-Treated -
Group, 24-32/24 mg

a
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e
e,
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e

T T T T
Baseline 3 6 2] 12

= T T
18 24

Time, mo

8 Galantamine I- & 338 %ﬂ*&ﬁ%ﬁ&%%%(i”‘& { EH3I6x ABEET %)
Raskind, M. A. et al. ; Arch. Neurol Vol. 61, FEB 2004.

150 - [] Galantamine

. . 24 mgid

90 min reduction (n= 1965)

* Placebo

Change From  4qg - . (n=160)
Baseline in H
Daily Time at 6 H
Months (min) E
50{~ %

A 4 .
]

9 Galantamine c & 3
#P<, 001 vs baseline.

ﬁ%u@ga1agtumﬁﬁmaw

Lilienfeld, S., Parys, W.: Dement Geriatr Cog Disord., ll(suppl 1) 1 19-27,

2000.

Wilcock, G. et al. World Alzheimer Congress, 2000

B ECHE, ANYYADRABE LTS,
D EHray
b, HRLLT, TEFLIY D OEAL2 BT
To TORF Yy ZREHLT, TEF1ay v
ﬁ%@éﬂ?T<LiTo%5W5CtT,@L

antamine 13 APL (allosteric potentiating ligand) -

EEDRTBY I, ,
B 8 23 ER T — ¥ T ¥ ADAS-Cog T36% F

RTWET, 75 R BT & BmiBiEs12 B
T7H6WVWTFRoTWET, 18% A UBEOKIL S

FEIRRHEETE Vol 8 No.5, 2005

FE—-VOHEFETEETTH

2 b—¥a ¥ T, Galantamine BT3B 5H
DR—=AFA4A XD EHFD T, 1084 ~ F
ADAS-Cog 2 T A5 DI 7 5 & KB T Idi8»
R, galantamine B TiX36% A 5 0 £ 4, g3
DEHI8H BTF, 187 BB R ) $F. 85
ﬁ3$<6mu9i<:/FU~wT85@Tu
bl v F—TF,

B9 Tit, AEOFVRERSHW 1 HIiEE%
) DPERIRERERLE L, TAYNL =
=TT, BELBODTHLL6 % BB, 1205
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<Neurdpsychiatric Inventory>

Medication,
mg/kg per d

Subjects,

Source No.

Trial
Length, d

Favors Favors

Cholinesterase Inhibitor Placebo

Galantamine, 8,16,

Tariot et a},23 2000 978 or 24mg/d 1

386

Rockwood et ai,24 2001 Galantamine, 24 or 32me/d

Winblad et al, 41 2001 286 Donepezil, 10mg/d

90

. 365

50

-6

The weighted mean difference method

Points

10 7Y N T —EmOBBENIERICH T3 7EF 00 L IXF S5 —TREEOMRD £ £ 8EF
JAMA January 8, Vol. 289, No. 2210216, 2003. : :

[0 Galantamine total (n=94)"
B Galantamine MMSE 12-18 (n=81)
® Donepezil total (n=87) :
25 @ Donepezil MMSE 12-18 | (n=75)
o2 2.0 Imiprovement
£E% 15 A
g 10
w2 05
“n E 0 NN
£ -05 =
E < :
Y
=H oA ¢
- 25~ AN
] ) I ¥ ) 1 v
0 - 13 26 : 52 LOCF Deterioration
. Weeks
Between-group difference ) .
Total NS . P<0.1- P<0.1 P<0.1
MMSE 12-18 - - Ps0.05 P<0.005 P<0.005 . P<0.005
Galantamine & donepezil D RIS (F BHROLLE (MMSE X 3 712~18NEE)

En
- LOCF =1ast observation carried forward ; MMSE =

= standard error.
Wilcock, et al. : Drugs Aging 20(10), 2003.

< %v\)lmL’Cb\i‘i‘o ¥ Z A7, galantamine
%#24mg/day 5 L TW A BETIE, 300K HWw

&, BT HEVIHTVWET,
0%, B8, BRETICE ) v BER

5% R TWwWE T, Galantamine #, donepezil
BT, BSHHAFEIOCHERRONEEA
7%, donepezil #BE L THLEALAB o T
wEFT, TIERRBTHE NPTV ERE
Ao Galantamine & 7%, FH, BHRETICHL

(194) 826 FRER e

Mini-Mental State Examination ; NS = not significant ; SE

LV F—FTF,

B111d galantamine & donepezil & % 5 H B #%
EL7zE &0hERBKTY, MMSE 2 v T&
i LT %9, Galantamine B 134k 55238 { & -
FCREHOR—ATA Vick LEo TR BN
% LT, donepezil TW52BTIX#&E LTS TH

D, HEEEFBDLNTVET,
B12i% galantamine & donepezil % & B ?x%?
LI EDVAR T —DUBOEALEZRTE
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