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Abstract

The cholinesterase inhibitor, rivastigmine, ameliorates cognitive dysfunction and is approved for
the treatment of Alzheimer's disease (AD). Rivastigmine is a dual inhibitor of acetylcholinesterase
(AChE) and butyrylcholinesterase (BuChE); however, the impact of BUChE inhibition on
cognitive dysfunction remains to be determined. We compared the effects of a selective BUChE
inhibitor, N1-phenethylnorcymserine (PEC), rivastigmine and donepezil (an AChE-selective
inhibitor) on cognitive dysfunction induced by amyloid-f peptide (Ap1_40) in mice. Five-week-old
imprinting control region (ICR) mice were injected intracerebroventricularly (i.c.v.) with either
AB1_40 or the control peptide AP4o_1 on Day 0, and their recognition memory was analyzed by a
novel object recognition test. Treatment with donepezil (1.0 mg/kg), rivastigmine (0.03, 0.1, 0.3
mg/kg) or PEC (1.0, 3.0 mg/kg) 20 min prior to, or immediately after the acquisition session (Day
4) ameliorated the AB1_40 induced memory impairment, indicating a beneficial effect on memory
acquisition and consolidation. In contrast, none of the investigated drugs proved effective when
administrated before the retention session (Day 5). Repeated daily administration of donepezil,
rivastigmine or PEC, on Days 0-3 inclusively, ameliorated the cognitive dysfunction in AB1_40
challenged mice. Consistent with the reversal of memory impairments, donepezil, rivastigmine or
PEC treatment significantly reduced AB1_4¢ induced tyrosine nitration of hippocampal proteins, a
marker of oxidative damage. These results indicate that BuChE inhibition, as well as AChE
inhibition, is a viable therapeutic strategy for cognitive dysfunction in AD.
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1. Introduction

Alzheimer's disease (AD) is the leading cause of dementia in the elderly population and is
characterized by progressive cognitive decline and neuropsychiatric disturbances.
Accumulation of extracellular amyloid-beta (Ap) and the formation of Ap plagues and
intracellular neurofibrillary tangles in the brain are pathological hallmarks of AD [1].
Aberrant proteolytic processing of amyloid precursor protein (APP) [2—4] results in the
formation of AP oligomers and diffusible ligands that may damage synapses, impair
memory, and ultimately induce neuronal dysfunction and neurotoxicity [5-8]. Since the
major form of AP contains 40 amino acids (AP1-40) [2—4], we and others have generated
partial models of AD in rodents by intracerebroventricular (i.c.v.) injection of AB1_4g to
induce clinical signs reminiscent of AD, including learning and memory deficits and
impairment of the cholinergic system [9,10].

The deficit of presynaptic markers is indication of a neuronal degeneration which is the real
cause of the profound depletion of acetylcholine (ACh) within the hippocampus, basal
forebrain and cortical areas [1-4]. Since changes in cholinergic regulation are a contributing
factor to the cognitive dysfunction observed in AD patients, the selective
acetylcholinesterase (AChE) inhibitor, donepezil, is widely utilized for symptomatic
treatment of patients [11]. The cholinesterase inhibitor rivastigmine also ameliorates
cognitive dysfunction and is similarly used in the treatment of AD. Unlike donepezil,
rivastigmine is a dual inhibitor of AChE and butyrylcholinesterase (BuChE) [12-14].
However, the functional relevance of BUChE inhibition in cognitive dysfunction remains
largely unknown.

ACNhE is principally associated with neurons and axons, while BuChE is primarily expressed
and secreted by glial cells within the brain [15]. Yet studies by Darvesh et al. [16,17]
indicate that specific neurons use BUChE rather than AChE to cleave presynaptic ACh.
Indeed, some 10-15% of cholinergic neurons in the human hippocampus and amygdala
express BUChE in their cell bodies and proximal dendrites, in lieu of AChE [16,17]. In the
healthy human brain, AChE and BuChE are found in the ratio of 4:1. However, in the brains
of AD patients AChE activity can decline by up to 45% during disease progression,
reflecting the disappearance of neurons and axons to which it is associated, while BuChE
activity can be elevated by up to 2-fold [17], thereby altering this ratio considerably.

Highly selective, reversible, central nervous system (CNS)-penetrable BUChE inhibitors,
e.g., N1-phenethyl-norcymserine (PEC) and its analogues, have recently been developed and
are permitting elucidation of the physiological role of brain BuChE. Selective BUChE
inhibition has been shown to elevate cortical extracellular ACh levels in rats in a manner
similar to that achieved by selective AChE inhibition using donepezil or by dual AChE/
BuChE inhibition using rivastigmine [18]. In addition to elevating brain ACh, PEC has been
shown to augment long-term potentiation (LTP; a molecular correlate of learning), improve
cognitive performance in aged healthy rats, and lower brain levels of Ap1_49 and AB1_42 in
transgenic mice overexpressing human Ap [19]. However, the effect of selective BUuChE
inhibition on AB-induced cognitive dysfunction remains unclear.
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AP is widely recognized to mediate oxidative stress in the brain, particularly in AD [20,21].
An increase in protein nitration, a marker of widespread oxidative damage, is correlated with
the severity of cognitive dysfunction in humans as well as animals [22-27]. We have
previously demonstrated that continuous /.c.v. infusion of Apy_49 Stimulates a time-
dependent expression of inducible nitric oxide synthase (iNOS) and an overproduction of
nitric oxide (NO) within the rat hippocampus [28]. In addition, tyrosine nitration contributes
to Ap-induced, and oxidative damage-mediated, cognitive dysfunction in rats and mice [29-
32]. Recently, we have also demonstrated that tyrosine nitration of hippocampal proteins,
specifically neurofilament light chain, correlates with the severity of cognitive impairments
in mice [29,31].

In the present study we compared the effects of rivastigmine and PEC with those of
donepezil on cognitive dysfunction in Ap-injected mice using a novel object recognition
test, and investigated any correlation with oxidative damage via tyrosine nitration of
hippocampal proteins.

2. Materials and methods

2.1. Animals

Male, 5-week-old imprinting control region (ICR) mice were used throughout the study
(Nihon SLC Co., Shizuoka, Japan). They were housed in a controlled environment (23

+ 1 °C, 50 £ 5% humidity), maintained on a 9:00 a.m. to 9:00 p.m. light cycle and allowed
access to food and water ad /ibitum. All experiments were performed in accordance with the
Guidelines for Animal Experiments of Nagoya University Graduate School of Medicine. All
animal procedures and care conformed to the Guidelines for Proper Conduct of Animal
Experiments (Science Council of Japan, 2006).

2.2. Treatment and experimental design

AP1_4¢ (obtained from Bachem, Bubendorf, Switzerland) was dissolved in saline to a stock
concentration of 1.0 mg/ml and stored at —20 °C before use. The reverse peptide, AB4o_1
(Bachem) was utilized as a control and prepared in the same way. The dissolved stock
solutions of AB1_40 and AP4o_1 peptides were incubated at 37 °C for 4 days, to allow
aggregation prior to administration [31]. Incubated AB1.49, Or AB4g_1 Was administered by
f.c.v. injection as described previously [29,31,33,34]. Briefly, a microsyringe with a 28-
gauge stainless-steel needle 3.0 mm long was used for all experiments. Mice were
anesthetized lightly with ether, and the needle was inserted unilaterally 1 mm to the right of
the midline point, at an equal distance between the eyes and the ears and perpendicular to
the plane of the skull. Thereafter, an 7.c.v. injection of 5 pl peptide (5 pg) or vehicle was
delivered gradually over 3 min. Mice recovered rapidly and within 1 min post-injection
exhibited normal behavior. The administration site was confirmed in preliminary
experiments and neither the insertion of the needle, nor the volume of injection, significantly
influenced survival, behavioral response or cognitive function.

Donepezil (Aricept™:; Eisai, Tokyo, Japan) and rivastigmine (Exelon®, Novartis Pharma
AG, Basel, Switzerland) were dissolved in saline. PEC (kindly supplied by Dr. Nigel H.
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Greig, synthesized to >99.9% chiral and chemical purity [35] to provide a characterized
compound with an ICgq value for BUChE: 5 nM and AChE: <30 uM) was dissolved in saline
containing 0.05% ethanol and 0.15% Tween 80. Donepezil (0.3, 1.0 mg/kg), rivastigmine
(0.03, 0.3, 1.0 mg/kg) and PEC (1.0, 3.0 mg/kg) were administered via the intraperitoneal
(7.p.) route at various time points before and during the different phases of the novel object
recognition test (described in Section 2.4).

2.3. Locomotor activity

Locomotor activity was measured using an infrared detector (Neuroscience Company,
Tokyo, Japan) in a plastic box (32 x 22 x 15 c¢m), as described previously [36]. Mice were
injected with donepezil (0.3, 1.0 mg/kg), rivastigmine (0.03, 0.3, 1.0 mg/kg) or PEC (1.0,
3.0 mg/kg) and the locomotor activity was measured for 60 min.

2.4. Novel object recognition test

Novel object recognition analysis was performed on Days 3-5 after the /.c.v. injection of
AB1_40 (Day 0) [29,37]. This method has been previously used as a measure of cognitive
dysfunction in mouse models of natural aging and AD [38]. A plastic chamber (35 x 35 x 35
cm) was used in low light conditions during the light phase of the light/dark cycle. The
procedure consisted of three different phases: a habituation phase, an acquisition phase and a
retention phase. On Day 3 (habituation phase), mice were individually subjected to a single
familiarization session of 10 min, during which time they were introduced into the empty
arena to become familiar with the apparatus. On Day 4 (acquisition phase), the animals were
subjected to a single 10 min session, during which two floor-fixed objects (A and B) were
placed in a symmetric position from the center of the arena, 15 cm apart from one another
and 8 cm from the nearest wall. Mice were allowed to explore the objects in the open field.
On Day 5 (retention phase), mice were allowed to explore the open field in the presence of
two objects: the familiar object A and a novel object C, each of a different shape and color
but of similar size (A and C). A recognition index, calculated for each mouse, was expressed
as the ratio (TC x 100)/(TA + TC), where TA and TC are the times spent during the retention
phase on object A and object C.

The time spent exploring individual object (nose pointing toward the object at a distance <1
cm) was recorded by a blinded investigator. Drug and vehicle treatments were administrated
once /p., either 20 min before the acquisition phase, immediately after the acquisition phase,
or 20 min before the retention phase. Alternatively, the drugs were administered once a day
for 4 days (Day 0-3 inclusively) after 7.c.v. injection of AP1_49 and then the mice were
subjected to novel object recognition analysis on Days 3-5 as before.

2.5. Sample preparation for Western blot analysis

Removed hippocampus were placed on an ice-cold glass plate and immediately frozen and
stored at —80 °C. Hippocampal protein extracts were obtained by homogenization in ice-cold
radioimmunoprecipitation assay (RIPA) lysis buffer containing 20 mM Tris—HCI (pH 7.6),
150 mM sodium chloride, 2 mM EDTA-2Na, 50 mM sodium fluoride, 1 mM sodium
vanadate, 1% (v/v) Nonidet P-40, 1% (w/v) sodium deoxycholate, 0.1% (w/v) sodium
dodecyl sulfate (SDS). The RIPA buffer was supplemented with complete protease inhibitor
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cocktail tablets (Roche Applied Science, Mannheim, Germany). Homogenates were
centrifuged at 13,000 x g for 20 min to obtain the desired supernatant of the extracts.

2.6. Western blot analysis

Following protein content analysis by Lowry method, equal amounts (20 pg) of protein
sample were resolved by 10% SDS—polyacrylamide gel electrophoresis and transferred to a
polyvinylidene difluoride membrane (Millipore, MA, USA) for 1 h with 15 V. Membranes
were incubated in 3% (w/v) skimmed milk in phosphate-buffered saline containing 0.05%
(v/v) Tween 20 for 2 h at room temperature, and probed with anti-nitrotyrosine mouse
monoclonal 1A6 antibody (1:1000 diluted in 3% (w/v) skimmed milk, Millipore, catalog
number 05-233) for overnight at 4 °C and anti-p-actin goat polyclonal antibody (1:1000
diluted in 3% (w/v) skimmed milk) for 1 h at room temperature (Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA). Immunoreactive complexes on the membrane were detected
using Enhanced Chemiluminescence Plus Western Blotting Detection Reagents (GE
Healthcare Japan, Tokyo, Japan) and analyzed by Atto Light-Capture system (Atto, Tokyo,
Japan). Exposure time was 3 min.

2.7. Statistical analysis

All results are expressed as mean + standard error (SE) values. Statistical significance was
determined with a one-way analysis of variance (ANOVA) followed by the Bonferroni's
multiple comparisons test, with p < 0.05 as the threshold to define a significant level of
difference.

3. Results

3.1. Effects of donepezil, rivastigmine and PEC on baseline locomotor activity

Donepezil (0.3, 1.0 mg/kg), PEC (1.0, 3.0 mg/kg) and rivastigmine (0.03 mg/kg) had no
significant effect on baseline locomotor activity. At higher doses (0.3 and 1.0 mg/kg)
rivastigmine significantly decreased locomotor activity in a dose-dependent manner (p <
0.05, p<0.001 vs. control mice, respectively, Fig. 1).

3.2. Effects of a single administration of donepezil, rivastigmine and PEC on cognitive
dysfunction induced by AB;_40 in mice

Mice were challenged with AB1_49 by /.c.v. injection and their cognitive ability was
examined using a novel object recognition paradigm. First, the effect of cholinesterase
inhibitors (ChEIs) on memory acquisition was investigated. Donepezil (1.0 mg/kg),
rivastigmine (0.03, 0.1, 0.3 mg/kg) or PEC (1.0, 3.0 mg/kg) was administered 7p. 20 min
before the acquisition phase on Day 4 (Fig. 2A). The time exploring the two objects during
the acquisition session (Day 4) was unaffected by Ap1_40, AB4o-1, donepezil or PEC
treatment (Table 1). Rivastigmine (0.03 and 0.1 mg/kg) similarly had no effect, but the drug
at a dose of 0.3 mg/kg significantly reduced interaction time with the two objects compared
with saline-treated AB1_49 controls (p < 0.001, Table 1). During the retention phase of the
task (Day 5), mice challenged with AB1_4¢ proved unable to discriminate between the
unfamiliar and familiar objects, and displayed a significantly decreased recognition index
compared with those challenged with the control reverse peptide, Ap4g-1 (0 < 0.001, Fig. 2B
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and C). Treatment with donepezil, rivastigmine or PEC 20 min before acquisition fully
ameliorated the Ap1_40-induced impairment of memory recognition (p < 0.001 for all drugs
at all doses vs. saline-treated APB1_49 controls, Fig. 2B and C).

The effect of ChEls on memory consolidation was then investigated. When donepezil,
rivastigmine or PEC was administered immediately after the acquisition session on Day 4
(Fig. 3A), they significantly ameliorated the Ap1_4¢ induced cognitive dysfunction
compared with the saline-injected AfB1_4¢ control mice (p < 0.001 for all drugs at all doses
vs. saline-treated AB1_4q controls, except for rivastigmine 0.3 mg/kg where p < 0.05, Fig. 3B
and C).

Finally the effect of ChEls on memory retrieval was investigated. When donepezil,
rivastigmine or PEC was administered 20 min before the retention session on Day 5 (Fig.
4A), none of the drugs improved the cognitive dysfunction induced by Ap1_4¢ (Fig. 4B and
C), in contrast to the previous dosing regimens

3.3. Amelioration of an Ap1_40-induced cognitive dysfunction by repeated daily
administration of donepezil, rivastigmine or PEC

Subsequently, we evaluated the effects of repeated daily treatment of donepezil (1.0 mg/kg),
rivastigmine (0.03 mg/kg) or PEC (1.0 mg/kg) on memory impairment induced by Ap1_4o.
No intergroup differences were evident with regard to the overall object exploration time
during the acquisition session (data not shown). During the retention phase (Day 5), mice
challenged with AB1_40 and administered saline proved unable to discriminate between
unfamiliar and familiar objects, and displayed a significantly decreased recognition index in
comparison with the reverse-peptide controls (p < 0.001 and p < 0.01 for treatment groups A
and B, respectively, Fig. 5A-C). Repeated treatment with donepezil, rivastigmine and PEC
significantly enhanced new object discrimination in Apq_4g-injected mice (v < 0.001 for all
drugs vs. saline-treated Apy_49 controls, Fig. 5B and C), fully ameliorating the impairment.

3.4. Tyrosine nitration of proteins induced by AB1_49 in the hippocampus of mice

We have previously demonstrated that memory impairment induced by Apy_40 in mice is
associated with an increase in oxidative stress and tyrosine nitration of hippocampal proteins
[31]. Accordingly, we evaluated the effects of repeated daily treatments of donepezil,
rivastigmine and PEC on tyrosine nitration of hippocampal proteins. Injection of AB1_49
1.c.v. induced extensive tyrosine nitration compared with Ap4¢_1, which was detected as a
single band of approximately 70 kDa (p < 0.05 vs. AP4g_1 control, Fig. 6). Repeated 4-day
treatments with donepezil, rivastigmine and PEC fully reduced the elevated tyrosine
nitration generated by Ap1_40 (p < 0.05 for all drugs vs. saline-treated Ap1_49 controls, Fig.
6). By contrast, acute treatment with donepezil, rivastigmine or PEC failed to change the
levels of tyrosine nitration of hippocampal proteins (data not shown).

4. Discussion

In the current study, the independent roles of BUChE and AChE in the cholinergic
amelioration of Alzheimer-associated cognitive impairment were evaluated, using a novel
object recognition paradigm. This behavioral test is considered to involve visual learning
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and recognition processing, which are particularly affected during AD [39,40]. Aggregated
APB1-_40 oligomers have been previously shown to impair LTP and synapse formation and
induce neuronal dysfunction using /n vitro and in vivo model systems [5-8]. Following /.c.v.
injection of aggregated AP1_49 into the brains of mice in our model of AD, a clear and
consistent deficit in recognition index was apparent when measured 4 days later, in
accordance with prior studies [9,10,41]. We demonstrate for the first time that a selective
BuChE inhibitor, PEC, completely reversed the cognitive impairment induced by Ap1_49, in
a way comparable to that achieved by either selective AChE inhibition (donepezil) or by
dual inhibition of AChE and BuChE (rivastigmine). A single treatment with donepezil,
rivastigmine or PEC reversed the impairment of recognition memory when mice were
treated 20 min before, or immediately after, the acquisition session. However, when these
same drugs were administrated 20 min before the retention phase, they had no impact on
memory impairment in AB1_4o-challenged mice. Wise et al. [42] examined the effect of
donepezil on spatial memory by radial-arm maze task and demonstrated that donepezil (0.3
and 1.0 mg/kg) improved spatial memory when administered 20 min before the acquisition
session. Alternatively, when given immediately after the acquisition phase or 30 min prior to
the retention test, donepezil failed to affect spatial memory [43]. These results together with
our present findings suggest that both AChE and BuChE inhibitors, separately (i.e.,
donepezil and PEC) or in combination (i.e., rivastigmine), have beneficial effects on memory
impairment induced by AB1_40, likely through an action on memory acquisition and/or
consolidation, but not via the process of memory retrieval. Moreover, it has been reported
that PEC at the dose of 5 mg/kg induced an increase in cortical extracellular ACh levels with
a moderate BUChE inhibition [18]. Greig et al. [19] have also demonstrated that the
extracellular ACh level in rat parietal cortex slightly but significantly increase after PEC
(1.25 mg/kg) treatment. Since the doses of PEC (1.0, 3.0 mg/kg) used in this experiment
have been previously shown to have no effect on AChE activity [18,19], ameliorative effect
of PEC on Ap-induced cognitive impairment may be associated with transient increase in
extracellular level of ACh through BChE inhibition. Interestingly, it has been noted by Wise
et al. [42] that the combination of two effective drugs with separate mechanisms at
subthreshold doses can provide synergistic action. Since rivastigmine inhibits both of AChE
and BUChE, the effective dose of rivastigmine (0.03 mg/kg) that ameliorated memory
impairment in our study proved lower than that of donepezil (1.0 mg/kg) and PEC (1.0 mg/
kg). It remain unclear if the effective dose of rivastigmine increase ACh level in the brain
although approximately 2-3 fold increases in cortical extracellular ACh level has been
detected followed the administration of the drug at the dose of 0.6 mg/kg [18]. Furthermore,
whether or not such a benefit of dual cholinesterase inhibitor vs. a selective one would
translate into any clinically relevant difference remains unknown. These points should be
addressed in future studies.

Similarly, repeated daily treatment with donepezil, rivastigmine or PEC for 4 days, fully
reversed the memory impairment induced by AP1_49. The mechanism(s) underpinning this
action remain to be elucidated but are likely different from that associated with the cognitive
improvement evident after acute treatment. The repeated drug treatments ended 24 h before
the acquisition phase, at a time when the cholinergic actions of all the assessed drugs are
predicted to be minimal. In contrast, the single acute administration of the same drugs closer
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to the time of the acquisition phase, produced elevated brain ACh levels during acquisition
[18]. A potential mechanism underlying the behavioral improvements provided by repeated
administration of AChE and BuChE inhibitors may derive from protection against the
AB1_40 challenge that induces behavioral deficit.

During the early stages of AD pathology, peroxynitrite-mediated damage is associated with
progressive cognitive impairment [22,43-45]. It has been reported that injection of
preaggregated AP1.42 peptide into the nucleus basalis magnocellularis of rats results in an
increase in the level of INOS immunoreactivity through cyclooxygenase-2 induction [46].
Recent proteomic studies have identified several protein targets of oxidative modification in
rat brain injected with Ap1.4» into the nucleus basalis magnocellularis [47]. Ap upregulates
iNOS, mediating peroxynitrite protein damage via hyperphosphorylation of extracellular
signal-regulated kinase (ERK), while the selective inhibition of ERK or iNOS abolishes Ap-
induced neurotoxicity [48,49] and memory impairment [50].

More specifically, our previous studies indicate an involvement of tyrosine nitration of
hippocampal proteins, especially neurofilament light chain, by A peptides [29-31], which
was associated with memory impairment in AB-challenged mice [31]. We subsequently
investigated whether treatment with ChEls could alter this observed nitration of
hippocampal proteins. Repeated daily treatment with donepezil, rivastigmine and PEC
prevented the increase in tyrosine nitration of proteins in the hippocampus while
ameliorating AB1_4¢-induced memory impairment. In contrast, single administration of the
same agents failed to affect the tyrosine nitration of hippocampal proteins in similarly
challenged mice, implicating the involvement of cholinergically-mediated neuro-protective
actions with repeated administration. ACh has known anti-inflammatory actions; therefore it
is possible that increased expression of AChE and BuChE reduces ACh levels, triggering a
process of inflammation, characteristic of AD [51,52]. The restoration of such balance by
AChE and/or BUChE inhibition may have the potential to mitigate pro-inflammatory
signaling cascades. Hwang et al. [53] suggested that donepezil may attenuate microglial
production of NO and tumor necrosis factor-a (TNF-a) and suppress iNOS, interleukin-1-p,
and TNF-a gene expression. Together with results in the current study, these findings
suggest that inflammatory responses, including tyrosine nitration of proteins, may be
reduced by chronic therapeutic treatment with AChE and/or BUChE inhibitors.

5. Conclusions

In the current study, we demonstrated that both selective BuChE inhibition mediated by
PEC, and selective AChE inhibition mediated by donepezil, provide beneficial effects on the
cognitive dysfunction apparent in Ap1_4o-challenged mice. Furthermore, the dual AChE/
BuChE inhibitor rivastigmine also demonstrated beneficial effects on memory acquisition
and consolidation. This may involve direct classical cholinergic augmentation, together with
a cholinergically-mediated protective action, potentially via the reduction of inflammation.

These data support further investigation of dual AChE/BUChE inhibition in preclinical and
clinical studies to maximize therapeutic efficacy, and the evaluation of selective BuChE
inhibition as a new therapeutic strategy for cognitive dysfunction in AD.
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Fig. 1.

Effects of donepezil, rivastigmine and PEC on baseline locomotor activity in mice. Mice
were injected /.p. with donepezil (0.3, 1.0 mg/kg), rivastigmine (0.03, 0.1, 0.3 mg/kg) or
PEC (1.0, 3.0 mg/kg) and the baseline locomotor activity was measured over 60 min, in the
absence of AP peptide injection. Control mice were injected (/.p.) with saline. Values
indicate the mean + SE (n=5). A7,32) =5.736, p< 0.001; *p< 0.05 and ***p < 0.001 vs.

control.
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Effects of donepezil, rivastigmine and PEC on memory acquisition in AB1_4¢-injected mice.
Mice were injected with AB1_40 on Day 0, and subjected to the novel object recognition task
on Days 4-5 (A). Donepezil (1.0 mg/kg), rivastigmine (0.03, 0.1, 0.3 mg/kg) or PEC (1.0,
3.0 mg/kg) were administered 7p. 20 min before the acquisition session on Day 4 (B and C).
Values indicate the mean + SE (=8 for B, n=8 for C). A5,42) = 18.4, p< 0.001 (B);
A4,35) = 28.32, p< 0.001 (C); ***p < 0.001 vs. AB4g_1control; p< 0.001; ## vs, vehicle-

treated AB1_40 control.
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Fig. 3.
Effect of donepezil, rivastigmine and PEC on memory consolidation in Apy_4g-injected

mice. Mice were injected with AB1_40 on Day 0 and subjected to the novel object
recognition task on Day 4-5 (A). Donepezil (1.0 mg/kg), rivastigmine (0.03, 0.1, 0.3 mg/kg)
or PEC (1.0, 3.0 mg/kg) were administered 7 p. immediately after the acquisition session on
Day 4 (B and C). Values indicate the mean + SE (n= 8 for B, n= 6 for C). F(5,42) = 17.99,
p<0.001 (B); A4,26) = 25.25, p< 0.001 (C); ***p < 0.001 vs. ABag_1 control; #p< 0.05
and ##p < 0.001 vs. vehicle-treated AB1_sq control.
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Effect of donepezil, rivastigmine and PEC on memory retrieval in Ap1_gg-injected mice.
Mice were injected with AB1_40 on Day 0 and subjected to the novel object recognition task
on Day 4-5 (A). Donepezil (1.0 mg/kg), rivastigmine (0.03, 0.1, 0.3 mg/kg) or PEC (1.0, 3.0
mg/kg) were administered 7p. 20 min before the retention session on Day 5 (B and C).
Values indicate the mean + SE (7= 6 for B, n= 4 for C). F(5,30) = 11.76, p< 0.001 (B);
F(4,11) = 24.56, p< 0.001 (C); ***p < 0.001 vs. AB4g_1 control.
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Effect of repeated treatment with donepezil, rivastigmine and PEC on cognitive dysfunction
in AP1_4p-injected mice. Donepezil (1.0 mg/kg), rivastigmine (0.3 mg/kg) and PEC (1.0
mag/kg) were repeatedly administered /.p. once a day for 4 days, starting immediately after
the /.c.v. injection of AB1_40 on Day 0. The mice were subjected to the novel object
recognition task on Day 4-5. Values indicate the mean + S.E. (7= 8 for B, n= 10 for C).
A3,29) = 42.28, p< 0.001 (B); A3,40) =9.42, p<0.001 (C); **p< 0.01 and ***p< 0.001
vs. ABag_1 control; ##p < 0.001 vs. vehicle-treated AB1_sg control.
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Fig. 6.

Effect of repeated treatment with donepezil, rivastigmine and PEC on tyrosine nitration of
hippocampal protein in Ap1_4¢-injected mice. Donepezil (1.0 mg/kg), rivastigmine (0.3
mg/kg) and PEC (1.0 mg/kg) were repeatedly administered once a day for 4 days, starting
immediately following the /7.c.v. injection of AB1_49 on Day 0. On Day 4, tyrosine nitration
of hippocampal proteins was analyzed by Western blotting. Values indicate the mean + SE
(n=8for C, n=15 for D). A3,28) = 4.77, p< 0.01 (C); A3,56) = 3.968, p< 0.05 (D); *p<
0.05 vs. AB4g_1 control; #p < 0.05 vs. vehicle-treated AB1_sq control.
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Effects of donepezil, rivastigmine and PEC on the combined exploration time of two objects during the

Table 1

acquisition session in the novel object recognition test.

Drug Dose (mg/kg) Time(s)
Treatment group A
APy, Saline - 39.6+14
ABy.4 Saline - 422+14
AB140 Donepezil 1.0 420+13
ABi40 Rivastigmine 0.03 41.0+£0.9
APB140 Rivastigmine 0.1 39.2+14
ABi.40 Rivastigmine 0.3 19.0+2.7 HAE
Treatment group B
APy, Saline - 56.0+4.1
ABy.40 Saline - 57.0+6.1
AB140 Donepezil 1.0 50.3+4.2
ABis PEC 1.0 55.5+3.8
ABrg PEC 3.0 65.9+3.6

Page 19

Mice were injected with AB1-40 on Day 0, and were subjected to the novel object recognition test on Day 3-5. Donepezil (1.0 mg/kg), rivastigmine

(0.03, 0.1, 0.3 mg/kg) and saline (A) or donepezil (1.0 mg/kg), PEC (1.0, 3.0 mg/kg) or saline (B) were administered 7.p. 20 min before the

acquisition session on Day 4. Values indicate the mean + SE (n= 8 for A, n=5 for B). A5,42) = 31.67, p< 0.001 (A); A4,20) =1.98, p=0.137

(B)

Aok

p<0.001 vs. saline-treated AB1-40.
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