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Cholinergic deficiency involved in vascular dementia:
possible mechanism and strategy of treatment
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Vascular dementia (VaD) is a progressive neurodegenerative disease with a high prevalence. Several studies have recently reported
that VaD patients present cholinergic deficits in the brain and cerebrospinal fluid (CSF) that may be closely related to the pathophys-
iology of cognitive impairment. Moreover, cholinergic therapies have shown promising effects on cognitive improvement in VaD
patients. The precise mechanisms of these cholinergic agents are currently not fully understood; however, accumulating evidence
indicates that these drugs may act through the cholinergic anti-inflammatory pathway, in which the efferent vagus nerve signals sup-
press pro-inflammatory cytokine release and inhibit inflammation, although regulation of oxidative stress and energy metabolism,
alleviation of apoptosis may also be involved. In this paper, we provide a brief overview of the cholinergic treatment strategy for VaD

and its relevant mechanisms of anti-inflammation.
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Introduction

Vascular dementia (VaD), a disease with a high prevalence
among the elderly, is the second most common cause of
dementia, after Alzheimer’s disease (AD)". Moreover, the
number of VaD patients will double by around 2020 as the
population ages”. The increasing public costs have become a
heavy burden on society and have attracted attention world-
wide. VaD is regarded as a heterogeneous clinical entity;
the disease varies in clinical-pathological phenotype and in
pathophysiological mechanisms. However, cerebrovascular
disease (CVD) resulting from vascular or circulatory patholo-
gies is a common finding among VaD patients and is either
the sole or primary cause of dementia®. Although multiple
etiopathogeneses are involved in the VaD process, cerebral
ischemia is the most common pathology, and accumulating
evidence indicates that stroke has also become one of the lead-
ing causes of the high prevalence of VaD, which shows an
exponential increase with agel”.

The precise mechanisms involved in VaD remain unclear,
but accumulating evidence from various experimental cere-
bral ischemia models indicates that in addition to cholinergic
deficiency, post-ischemic inflammation occurs in response to
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ischemic injury and contributes to delayed brain damage' .

More interestingly, cholinergic agents, including acetylcholin-
esterase (AChE) inhibitors, have shown considerable benefits
in VaD therapy, and these effects were recently reported to be
associated with the cholinergic anti-inflammatory pathway'”,
suggesting that modulation of this pathway may provide a
useful therapeutic strategy to ameliorate VaD (Figure 1).

The aim of this review is to discuss research progress in the
study of cholinergic deficiency in VaD, relevant therapeutic
strategies and inflammation-related mechanisms, focusing
particularly on ischemic vascular disease-caused dementia.

Cholinergic deficiency in VaD animal models and VaD
patients

The pathology of vascular cognitive disorder shows
focal, multifocal or diffuse vascular and/or ischemic lesions
involving various brain areas and neuronal networks, with
deafferentation of frontal and limbic cortical structures and
interruption of basal ganglia, thalamus, white matter and sub-
frontal areas’®’.. Cholinergic dysfunction which resembles that
observed in patients with AD occurs due to a dense network
of cholinergic fibers exists in the injured area. As a matter of
fact, numerous studies have documented the occurrence of
cholinergic dysfunction in murine models of cerebrovascular
injuries and in patients with VaD!"" ",

Many studies of cholinergic deficit in cerebral ischemia-
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Figure 1. Pathways of ischemic vascular cognitive impairment/dementia and possible therapeutic approaches. Following cerebral ischemia, energy
failure and subsequent events including inflammation, glutamate-mediated excitotoxicity, calcium overload, initiation of intracellular death pathways,

oxidative stress, and structural and functional changes occur.

Mediators of these events interact with each other and contribute to cellular damage,

in which a cholinergic deficit is involved, and finally cause cognitive impairment or dementia. Current neuroprotective treatment options cover all of

the molecular targets of the dementia cascades.

Interestingly, protective effects of cholinergic agents, especially AChE inhibitors, involve multiple

mechanisms (|48 12771291 ||[130-132]. | |[85. 98], |\/1127, 1331 /190,133, 134). refarences to literature regarding VI and VIl can be found throughout this review).
Abbreviations: ATP, adenosme trlphosphate, CaM, calmodulin; Hup A, huperzine A; JAK/STAT, Janus kinase/signal transducer and activator of
transcription; MMP, matrix metalloproteinase; NGF, nerve growth factor; NMDA, N-methyl-D-aspartic acid; PAF, platelet activating factor.

related VaD models have shown persistent reductions in
several cholinergic markers. First, in rats, bilateral common
carotid artery occlusion (BCCAO), which leads to chronic
cerebral hypoperfusion, has been shown to result in the loss
of cholinergic neurons, as demonstrated by decreased choline
acetyltransferase (ChAT) and AChE activities" ™, as well
as reduced mRNA expression of the m3 and m5 muscarinic
acetylcholine (ACh) receptors™. Second, decreased ACh con-
tent and corresponding impairments in learning and memory
were found in rats with 4-vessel occlusion™. Third, ChAT
immunostaining was shown to be decreased in rats with tran-
sient occlusion of the middle cerebral artery (MCAQ)!*"],
Fourth, rats with multiple small embolizations have been
shown to produce multiple infarctions and exhibit decreases
in cholinergic markers"”. Finally, there is a significant reduc-
tion in cholinergic markers, including ACh, in the neocortex,
hippocampus and cerebrospinal fluid (CSF) in the spontane-
ously hypertensive stroke prone rat (SHspR), which is the best

Acta Pharmacologica Sinica

model for essential hypertension and stroke™” 1,

It has been suggested that patients with VaD also exhibit
cholinergic deficits (reviewed in ref ™). Postmortem examina-
tions have revealed significant reductions in ChAT activity in
the hippocampus and temporal cortex of VaD patients™ >,
Tohgi et al and Wallin et al observed significantly reduced CSF
ACh concentrations in patients with Binswanger or multi-
infarct dementia (MID)™ 1. These results are consistent with
the finding that the number of cholinergic neurons in the
nucleus basalis of Meynert is reduced in MID™). Mesulam
et al and Jessica et al demonstrated cholinergic denervation
from pathway lesions in the absence of AD, in patients with
cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL), a pure genetic
form of VaD® 1. Furthermore, one study reported a loss of
cholinergic neurons in 40% of VaD patients, accompanied by
reduced ACh activity in the cortex, hippocampus, striatum,
and CSF™,
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Cholinergic anti-inflammation and current cholinergic
therapy for VaD

In view of the overlap of cholinergic pathology between VaD
and AD, cholinergic agents have been proposed for relieving
symptoms of VaD"”. Although different mechanisms may be
involved in the protective effects of cholinergic therapy in VaD
and AD, increasing evidence shows that anti-inflammation
accounts at least partially for the protective effects of cholin-
ergic therapy”'.
characteristic of VaD pathology. Inflammatory events follow-

Inflammatory injury is another significant

ing cerebral ischemia include upregulation of inflammatory
mediators such as intercellular adhesion molecule 1, selectins,
tumor necrosis factor alpha (TNF-a), interleukin-1p (IL-1pB),
nitric oxide (NO), cyclooxygenase-2 (COX-2), and inducible
nitric oxide synthase (iNOS); peripheral leukocyte recruit-
ment; and resident glial cell (microglia and astrocyte) activa-
tion™. Once activated, immune cells may release a variety of
toxic mediators, such as additional pre-inflammatory cytok-
ines and reactive oxygen species, NO, and glutamate®™. These
substances may be harmful to neurons and may disrupt the
blood-brain barrier (BBB). In turn, BBB disruption may induce
secondary ischemic brain damage by potentiating inflamma-
[34]

tion™™. In addition, the further recruitment of peripheral leu-

kocytes may lead to microvascular obstruction, which in turn

35]

worsens local brain damage™™. In fact, several studies have

shown that inhibiting inflammatory cascades may protect
against cerebral ischemic lesion®.

The concept of the “cholinergic anti-inflammation pathway”
was proposed by Tracey and coworkers at the turn of the

37

century®™. Recent work has shown that ACh released from

cholinergic axon terminals can interact with a7 nicotinic ACh

13831 The nico-

receptors (NAChRs) on vicinal immune cells
tinic receptors then translate the cholinergic signal into sup-
pression of cytokine release™ . Therefore, cholinergic agents
may ameliorate cerebral ischemia injury via their anti-inflam-
matory activity. Cholinergic agents include ACh precursors,
which increase the synthesis of ACh; nicotinic or M1 mus-
carinic agonists, which directly stimulate cholinergic recep-
tors or allosterically modulate nAChR""; and synaptic AChE
inhibitors, which prevent the degradation of ACh. Recent
preclinical and clinical evidence indicates that treatment with
cholinergic agents has beneficial effects on dementia of vascu-

lar origin>*,

Cholinergic precursors

Cholinergic precursor loading therapy was the first attempt
to relieve cognitive impairment in dementia disorders. In the
1970’s, Wecker and Schmidt observed that neurons incorpo-
rated more exogenous choline under conditions of reduced
cholinergic synthesis and increased neuronal demand™’,
which suggested that the systemic administration of a cho-
line precursor may antagonize biochemical disorders of the
cholinergic system. Clinical trials have evaluated the effects
of cholinergic precursors — including lecithin (also known
as phosphatidylcholine), cytidine 5'-diphosphocholine (CDP-
choline or citicoline) and choline alphoscerate — on dementia

of vascular origin (reviewed in ref®).
Lecithin was the first cholinergic precursor used, however,
it showed no clear clinical benefits with respect to symptoms

of dementia disorders™

. This is probably because lecithin
provides choline for ACh synthesis only under conditions
of stimulated neurotransmitter release®”. CDP-choline,
another phospholipid involved in choline biosynthetic path-
ways, promoted modest improvements in cognitive function
in dementias of vascular origin. Specifically, CDP-choline
administration improved global and neurological functions
and recovered motor and cognitive performance in a sub-
group of moderate to severe stroke cases*l. A Cochrane
meta-analysis also concluded that CDP-choline had a posi-
tive effect on memory and behavior over 20 days to one year,
primarily in patients suffering from cognitive deficits associ-
ated with CVD". The molecular mechanisms underlying
CDP-choline-induced cognitive enhancement are still unclear,
but one possibility is that CDP-choline counters the progres-
sion of ischemic damage by reducing the release of free fatty
acids™.

lecithin that does not carry the electrical charge of endogenous

Choline alphoscerate, a semi-synthetic derivative of

choline, can be incorporated into brain phospholipids within
24 h of absorption, resulting in a more rapid increase in free
plasma choline than other uncharged choline precursors®™.
Preclinical studies have demonstrated that choline alphoscer-
ate increases the release of ACh in the rat hippocampus and
facilitates learning and memory in animal models of aging®™.
In addition, choline alphoscerate also significantly attenuates
the extent of glial reaction in the hippocampus of SHspRP,
suggesting that the compound may protect the brain from
injury of vascular origin. Indeed, clinical studies have shown
that choline alphoscerate can improve memory, attention
and cognitive impairment in patients with mild to moderate
degenerative dementia disorders, VaD, or acute cerebral vas-
cular disease* 7.

The above-mentioned clinical findings regarding the treat-
ment of dementias of vascular origin with cholinergic precur-
sors showed either no effect or modest symptomatic relief in
memory and cognition. The reason for these divergent effects
is unclear, although the effect may depend on the availability
of the affected neurotransmitter’®™. However, further studies
are necessary to demonstrate the molecular mechanisms of
these drugs and how they function in VaD therapy.

Acetylcholine receptor agonists

Activation of cholinergic receptor is another way to stimulate
cholinergic system. Several nicotinic agonists, such as nicotine
and SIB-1553A ((+/-)4-[[2-(1-methyl-2-pyrrolidinyl)ethyl]thio]
phenol hydrochloride), a compound that acts predominantly
at B4 subunit-containing human nAChRs subtypes, were
reported to be efficacious in improving cognitive performance
in mice®. However, further reports of nicotine and SIB-1553A
in VaD have not been documented. Nefiracetam (DM-9384),
a pyrrolidone nootropic drug that potentiates the a4p2-type
current by acting on neuronal nAChRs, has been shown to
improve learning and memory in microsphere-embolized rats

Acta Pharmacologica Sinica
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in which sustained cerebral ischemia and stroke symptoms

%1 However, the clinical trials on nefiracetam in the

occur
treatment of post-stroke VaD were halted for lack of efficacy in
Phase III"!. This failure may be attributable to the opposing
effect of nefiracetam on rat and human nAChRs'". Another
reason for the ineffectiveness of nicotinic agonists in VaD
treatment may be due to desensitization of nAChRs, which
leads to tolerance and loss of efficacy after long-term use'® **,
Muscarinic AChRs are also implicated in learning and
memory improvement. Pooled studies suggest that stimula-
tion of M1 muscarinic AChRs may reverse cognitive deficits,
although sufficient evidence on their effect in VaD is still lack-
ing. Chotosan, a Kampo (traditional medicine of Japan) pre-
scription medicine, consists of 10 medicinal herbs and Gypsum
fibrosum and is used to treat chronic headache and hyperten-
sion. Pharmacological studies have reported that Chotosan
prevented the occurrence of stroke, prolonged the life span
of SHspR*, and ameliorated cognitive dysfunction in stroke
patients!® !

chronic cerebral hypoperfusion-induced spatial learning defi-
[42]

. Recent data indicate that Chotosan improves
cit via stimulation of M1 muscarinic AChRs Muscarinic
agonists have shown certain beneficial effects on learning and
memory in a few cases; however, clinical utility was limited
by poor bioavailability, short duration of action and exces-
sive adverse events, such as syncope, nausea and vomiting!”’.
Therefore, ACh receptor agonists do not appear to be promis-

ing for VaD therapy.

Acetylcholinesterase inhibitors
Cholinergic deficits have been found in AD patients, and
AChE inhibitors are currently the most commonly prescribed

[68]

treatment for mild to moderate AD Similarly, cholin-

ergic deficits exist in VaD patients as well; therefore, AChE
inhibitors may also provide benefit for these patients*”.
These AChE inhibitors include the active compound from
the Chinese herb huperzine A and the US Food and Drug
Administration-approved drugs donepezil, rivastigmine, and
galantamine. Moreover, as mentioned above, the cholinergic
system is probably affected in both AD and VaD and may
underlie the cognitive deficits seen in such patients. Therefore,
AChE inhibitors may represent a potential therapeutic option
for impaired cognitive status in dementia of vascular origin.
In fact, the effects of these AChE inhibitors have already been
well evaluated in the treatment of VaD. Although the results
were inconsistent, application of AChE inhibitors showed
promising benefits in ameliorating the learning and memory
impairments as well as other deficits found in VaD patients
and VaD animal models!® 773,

Huperzine A

Huperzine A, an alkaloid isolated from the Chinese folk
medicine huperzia serrata, is a reversible and selective inhibi-
tor of AChE". It has been widely used as an anti-AD drug

in China”™ 7 and has shown promising clinical effects with
low toxicity. The therapeutic effects of huperzine A in VaD

have been extensively evaluated and have consistently shown
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favorable outcomes. In a randomized, matched and double-
blinded study early in 1991, huperzine A administration was
shown to produce significant memory improvement in 56
patients with MID"L. In a subsequent study with a self-con-
trolled design, a 4-week treatment with huperzine A produced

marked improvements in memory deficits”.

In agreement
with these studies, routine treatment-controlled trials also
indicated that memory deficiency and recognition decline
were greatly improved in VaD patients treated with huperzine

AP 767980 Moreover, huperzine A was shown to be more

B However,

effective than pyritinol in the treatment of MID!
clinical trials with larger sample sizes and better-defined cri-
teria will be needed to further understand the effect of huper-
zine A in VaD therapy.

In the past decade, great efforts have been made to clarify
the clinical benefits of huperzine A. Consistent with the clini-
cal data, huperzine A exhibits neuroprotective effects against
ischemia-induced injury both in vitro and in vivo. Long-term
treatment of huperzine A showed beneficial effects on learn-
ing deficits and brain neuronal damage in rats induced by per-
manent BCCAO, a chronic cerebral hypoperfusion model®.
Similarly, in a gerbil model of transient global ischemia,
huperzine A administration significantly reduced memory
impairment and neuronal degeneration in the CA1 region of
the hippocampus and partially restored hippocampal ChAT
activity™!. Moreover, huperzine A treatment showed signifi-
cant protection from neuropathology damage and associated
behavior in the hypoxic-ischemic neonatal rat model®, the
transient cerebral ischemia and reperfusion mice model®!, and
the MCAO rat model ™.,

Although the precise mechanisms by which huperzine A
produced the above-mentioned preclinical and clinical effects
remain unclear, our previous study indicated that the benefits
of huperzine A may depend at least partly on the anti-inflam-
matory property. In agreement with previous reports® % ¥,
our study indicates that ischemia triggers a strong inflam-
matory response that involves activation of endogenous glial
cells and overexpression of various proinflammatory factors,
including TNF-a, IL-1B, NO, iNOS, and COX-2, and contrib-
utes to delayed brain damage. Interestingly, huperzine A
decreased overexpression of proinflammatory factors in the
ipsilateral cortex and striatum, and huperzine A suppressed
activation of astrocytes and microglia in the ischemic penum-
bral*®. Recently, we found that the beneficial effects of huper-
zine A on cerebral hypoperfusion-induced cognitive injury
might also involve suppression of glial activation (unpub-
lished data). In agreement with the in vivo data, huperzine A
is also able to attenuate iNOS, COX-2, and NO overproduc-
tion, and it can increase cell survival in oxygen-glucose depri-
vation (OGD)-treated C6 rat glioma cells®™. Nuclear factor-
kappa B (NF-xB) is a principal mediator of the postischemic
inflammatory response!®). Further investigation showed that
MCAO/OGD led to increased phosphorylation and degrada-
tion of IxB, as well as the nuclear translocation of p65, which
indicated activation of NF-xB signaling. However, these
phenomena could be dramatically inhibited by huperzine



A treatment!® 5,

Moreover, in mouse microglia BV-2 cells,
huperzine A reduced hypoxia-induced TNF-a production by
regulating the phosphorylation of p38 and JNK, two mitogen-
activated protein kinases (MAPKSs) (unpublished data). It
is suggested that nAChR might be involved in these protec-
tive effects because these effects can be partially reversed by
mecamylamine, a nAChR antagonist!*® *!

consistent with the “cholinergic anti-inflammation” hypoth-

, and this finding is

esis.

Although one function of huperzine A is AChE inhibition,
this function is not sufficient as the mechanism by which
huperzine A acts in VaD therapy because accumulating evi-
dence indicates that huperzine A exerts multiple neuroprotec-
tive effects through several molecular sites that do not include
inhibition on AChE activity. Previous reports have suggested
that huperzine A can improve mitochondrial dysfunction!™
and regulate anti-oxidative enzyme activities and apoptotic

gene expressions” in ischemic animal models. Whether these
effects contribute to VaD therapy and reflect responsible cel-

lular targets remain open questions.

Donepezil

Donepezil is the most widely prescribed drug for AD therapy,
and it is also used for VaD treatment in New Zealand, India,
the Philippines, Romania, South Korea, and Thailand (http://
www.eisai.co.jp/enews/enews200609.html). The safety and
efficacy of donepezil have been studied in the largest clinical
trial of pure VaD to date®™. Six-month treatment with donepe-
zil was shown to significantly improve Clinical Dementia Rat-
ing (CDR) scores and activities of daily living in VaD patients
(excluding AD and mixed dementia (VaD/AD) patients)*..
In a later study, donepezil was further demonstrated to sig-
nificantly improve cognitive function, global function, and
activities of daily living versus placebo-treated subjects in a
randomized, double-blind, placebo-controlled, 24-week clini-
cal trial comprising 1219 patients with mild to moderate cogni-
tive decline due to probable or possible VaD (according to the
NINCDS/ AIREN criteria and the Hachinski Ischemia Scale),
although adverse effects were reported in the higher-dose
group” *** %l Moreover, a recent randomized double-blind
trial of donepezil in CADASIL showed a significant benefit
on executive function and processing speed“’, although this
result was later questioned by Schneider*,

The beneficial effects and mechanisms involved in the pro-
tection by donepezil were further studied in animal models of
VaD. Fujiki et al reported that pretreatment with a single oral
dose of donepezil significantly attenuated cerebral infarction
induced by permanent MCAO in rats™. Similarly, treatment
with a single oral dose of donepezil immediately after mild
traumatic brain injury also significantly attenuated neuronal

death and cognitive impairment”.

These neuroprotective
effects of donepezil were probably related to the facilitation
of nicotinic acetylcholinergic transmission. Several studies
have found that donepezil can up-regulate the expression
of nAChR and activate them, especially a4 and a7 receptor

subtypes™ *. The subsequent action of downstream signal-
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ing pathways, including the phosphatidylinositol 3-kinase-Akt
signaling pathway and the MAPK pathway, makes neurons
more sensitive to the protection by donepezil®™ '\, Consis-
tent with this finding, Fujiki and co-workers found that the
reduction of cerebral infarct and traumatic brain injury after
donepezil administration was prevented by coinjection with
mecamylamine, indicating that protection of donepezil is
mediated by nAChR activation™ ”.. Moreover, another study
showed that donepezil could markedly inhibit lipopolysaccha-
ride-induced enhancement of AChE activity and suppress the
elevated expression of IL-2 in several brain regions in mice").
Furthermore, using collected peripheral blood from AD
patients, Reale ef al found that donepezil modulated produc-
tion of monocyte chemotactic protein-1, a positive regulator of
Th2 differentiation, and IL-4, an anti-inflammatory factor®.
Therefore, the anti-inflammation effect of donepezil may also
occur, at least in part, through the cholinergic system, which
may provide another explanation for the delayed VaD pro-
gression in patients treated with donepezil.

Rivastigmine
Rivastigmine, a dual inhibitor of AChE and butyryl-

cholinesterase!'®

|, has also shown promise in VaD therapy.
Open-label extension phase data from a preliminary study
using a small number of patients with frontosubcortical VaD
showed that 12-month rivastigmine treatment improved
executive function and behavior compared with baseline
and a control group receiving cardioaspirin. Furthermore,
these beneficial effects were maintained for 22 months"* '®l,
Another clinical trial, with 16 subcortical VaD patients,
showed similar results, indicating that rivastigmine may pro-
vide targeted treatment to brain areas that are particularly

71 Moreover, a

affected in this kind of patient population
large, double-blind, randomized, placebo-controlled clinical
trial showed that rivastigmine provided greater benefits in
patients with AD and VaD than in patients with pure AD"",
Most recently, clinical data showed the prospective result that
long-term treatment with rivastigmine may produce signifi-
cant improvements in all behavioral symptoms in subcortical
VaD and MID, except delusions".

In agreement with the clinical findings, rivastigmine also
showed promising effects in ischemic animal models. Pre-
treatment with rivastigmine mitigated the abnormalities in the
cerebral cholinergic system in the BCCAO-induced gerbil isch-

emic mode]'% 1%

. Post-ischemic administration of rivastig-
mine showed the same result in prevention of the decrease
in cholinergic activity in head trauma rats""'” together with
reduced motor and neurological deficits and faster recovery.
Moreover, the investigators also demonstrated that prevention
of delayed neuron death and amelioration of accumulation of
astrocytes in the hippocampal CA1 region contributed to the
protective mechanisms of rivastigmine™™ ", These protec-
tive effects could be prevented by the simultaneous injection
10 suggesting that
the therapeutic effects on cerebrovascular type dementia of

of mecamylamine, but not by scopolamine

rivastigmine may be related to nAChR-mediated cholinergic

Acta Pharmacologica Sinica
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enhancement. Moreover, in a mouse model of multiple sclero-
sis, rivastigmine administration ameliorated neurological dys-
function and memory deficits, and this treatment decreased
reactivity of T cells and reduced the production of TNF-a and
interferon-y (INF-y), which can also be abolished by a7 nACh
receptor antagonist™?.
saccharide-induced over-expression of IL-2 in mice through
inhibiting the enhanced activity of AChE"". The above-
mentioned findings indicate that rivastigmine may influence

Rivastigmine also lowered lipopoly-

central nervous system inflammation by up-regulating cholin-
ergic function, which may contribute to its protective effects in
VaD patients and animal models.

Galantamine
In addition to inhibiting AChE activity, galantamine also
modulates central nicotinic receptors to enhance cholinergic

transmission".

Galantamine was the cholinergic drug used
in the first large-scale, randomized, controlled trial in patients
with either probable VaD or mixed dementia (possible AD and
VaD). In this trial, 6-month galantamine treatment showed
convincing and clinically relevant benefits in cognition (ADAS-
cog), global function (CIBIC-plus), functional abilities (DAD)
and behavioral symptoms (NPI)"> 4,

provided no significant benefits over placebo in patients with

However, galantamine

pure VaD. In the second larger trial, cognition and executive
function were significant enhanced by galantamine compared
11 More-

over, a post-ischemic single administration of galantamine

to placebo, although fewer data were generated!

also showed a beneficial effect on the recovery of learning

[ which suggests a direct effect of galantamine

ability in rats
on the early pathologic changes of CNS damage. In addition,
continuous administration of galantamine could protect pyra-
midal neurons in the hippocampal CA1 region of ischemic
gerbils and lead to the recovery of spatial memory in a tran-
sient brain global ischemic model in gerbils"” . Further-
more, galantamine attenuated the release of cytokines from

activated murine microglia™!

. These protective effects were
mediated partly by nAChRs. As a potential nicotinic allosteric
ligand, galantamine facilitates synaptic transmission in the
mammalian central nervous system, which could be an impor-
tant determinant of its therapeutic effect!™ .. Indeed, galan-
tamine was able to reverse the learning impairment induced

by mecamylamine!'*!

, and the activation of nicotinic receptors
makes anti-inflammation of galantamine possible. In addition
to nAChR, central muscarinic receptors may also be involved

in the anti-inflammatory process of galantamine"*.

Other AChE inhibitors

Aside from the four AChE inhibitors described above, which
have been investigated extensively in Europe, the United
States and China, other AChE inhibitors may have potential
protective effects against dementia of vascular origin. Meth-
anesulfonyl fluoride (MSF), a highly selective CNS inhibitor of
AChE, has recently been demonstrated to promote improve-
ment in cognitive performance in patients with AD!"*"
it was also shown to attenuate simple learning and memory

, and
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deficits in the MCAO rat model"®. The seed extract of Cassia
obtusifolia (COE), which has been found to inhibit AChE activ-
ity both in vitro and ex vivo, attenuated memory impairment
induced by scopolamine or BCCAO in the passive-avoidance,
Y-maze, and Morris water-maze tests in ICR mice”). Another
agent that could increase ChAT activity and inhibit AChE
activity is Z-Ligustilide (LIG). This drug is suggested to have
significant neuroprotective effects in transient forebrain isch-

emia in mice!'®

[126]

and permanent focal cerebral ischemia in
rats' ™ via antioxidant and antiapoptotic mechanisms. LIG
has also been shown to alleviate cognitive deficits and prevent
neuronal loss and astrocyte activation in the rat hippocampus
due to chronic hypoperfusion’®. Although these findings seem
promising, further clinical studies will be needed to determine

the efficacy of these AChE inhibitors in VaD therapy.

Conclusion
Although there is currently no cure for VaD owing to its
multiple etiologies, evidence from a considerable number of
studies and controlled clinical trials support the benefits of
cholinergic agents — especially AChE inhibitors, including
huperzine A, donepezil, galantamine and rivastigmine — in
improving cognitive function, clinical global impression and
activities of daily in living patients with probable or possible
mild to moderate VaD. These findings provide new insight
into the pharmacological application of cholinergic functional
enhancement accompanied by the adoption of the “cholinergic
anti-inflammation pathway”. Additionally, the non-cholin-
ergic effects of these drugs, including anti-glutamate-mediated
excitotoxicity, anti-oxidative stress, and anti-apoptosis, might
also contribute to their clinical benefits. These findings show
promise for the use of AChE inhibitors in VaD therapy, and
will provide valuable clues for future VaD drug development.
However, certain AChE inhibitors do not always provide
consistent results in probable VaD patients, and the data indi-
cating efficacy in cognitive outcomes was derived from older
patients likely to have concomitant AD pathology. This caveat
supports an existing argument that the putative cholinergic
deficit in VaD reflects the presence of concomitant AD pathol-
ogy. Therefore, because of these controversial results, it will
be necessary to establish specific clinical diagnostic criteria
and rating scales for VaD and extend studies for longer peri-
ods in order to better evaluate the efficacy of these cholinergic
agents in future clinical practice.
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