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Abstract

We have previously reported the possibilities that anticholinergic activity (AA) appeared endogenously in
Alzheimer’s disease (AD) and accelerated AD pathology. In this article we reviewed the reasons why AA endogenously
appeared in AD and accelerated AD pathology and that the serum anticholinergic activity (SAA) was suitable as one
of the biological marker of AD. We argued firstly that an acethycholine (Ach) played a role to maintain an endogenous
anti-inflammatory pathway in the brain and the peripheral tissue. Secondarily, the deficiency of Ach in the brain might
trigger the inflammatory process in AD patients by way of the suppression of cholinergic anti-inflammatory pathway
and AA might be generated by inflammatory process. At third, AA disturbed not only memory functions but also
accelerated AD pathology (increasing of amyloidgenic), and at fourth, we proposed a possibility that the SAA was
useful as a marker of rapid progression of AD pathology in the moderate stage. SAA was considered to appear at
moderate stage of AD when the symptoms rapidly were progress and an inflammation was occurred in the brain.
The activities of N-methyl-D-aspartate (NMDA) receptors were accelerated and it progressed an inflammation in
the brain. Memantine should be prescribed to AD patients with positive SAA in order to suppress inflammation by
antagonizing the NMDA receptor. Therefore, when SAA was detected in AD, it should be considered to prescribe
memantine. Finally, we speculated that down regulation of Ach and up regulation of NMDA receptor were involved in
the pathology (increasing of amyloid) of AD disease and commented that cholinesterase inhibitors in mild stage and
NMDA receptor antagonist in moderate stage in AD should be prescribed to prevent appearance of AA as well as to

ameliorate symptoms by way of the up-regulation of Ach and the suppression of inflammation process.

Keywords: Alzheimer’s disease; Serum anticholinergic activity;
Inflammation; N-methyl-d-aspartate receptor; Anti-inflammatory
pathway; Biomarker

Abbreviation: AD: Alzheimer’s Disease; SAA:  Serum
Anticholinergic Activity; NMDA: N-Methyl-D-Aspartate Receptor

Introduction

We have reported the relationships between serum anticholinergic
activity (SAA), a marker for anticholinergic burden, and clinical
symptoms in Alzheimer’s disease (AD) [1,2]. The articles described
that SAA correlated with a number of prescribed psychotrophic
medications, a severity of dementia, a reduction of global cognitive
dysfunction and a severity of psychotic symptoms. In the case of
psychotic symptoms, patients with higher SAA value show higher rate
of delusion and diurnal rhythm disturbance [1]. In cognitive function
in AD assessed with Mini-Mental State Examination (MMSE), there
were the relationships between SAA and global cognitive disturbances
as well as memory disturbances (registration and recall) [2]. From these
results we pointed out that the possibilities that AA might accelerate the
AD pathology and the SAA was endogenously generated in AD [1,2].
In this article we reviewed the role of AA to progress AD symptoms and
discussed the reasons why AA was detected in AD. Moreover, we also
proposed that SAA was possibly useful as a biological marker for rapid
deterioration of AD symptoms.

Anticholinergic activity appears endogenously in Alzheimer’s
disease and accelerates Alzheimer’s pathology (amyloidgenic
process)

Needless to say, to prescribe psychotropic medicine with AA

have to be paid attention because of an adverse effects of worsening
of cognition, extra pyramidal symptoms and psychotic symptoms
in elderly patients, especially on AD or Lewy body disease patients
[3]. SAA was measured by receptor-binding assay using muscarinic
receptors in the forebrains excised from rat and this assay measures
inhibition of quinuclidinyl benzilate, L-[benzilic-4, 4 3H]( 3H-QNB))
binding to rat brain muscarinic acetylcholine receptors [4]. Therefore,
it is included all substances those have capacity to bind to muscarinic
receptors. The substances those appear in the serum or in the brain
and related to positive SAA or AA are not identified. Therefore, it is
important to identify these substances, especially in AD. Although
those include agonist and antagonist on muscarinic receptors, generally
speaking, all most of those have antagonistic actions. SAA is regarded
as the peripheral marker for the burden of AA in the central nervous
system because SAA is correlated with the severity of delirium [5-10]
and SAA was correlated with the AA in the cerebrospinal fluid [11,12].
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In generally, SAA is considered mainly to come from prescribed
medicines, especially with potent AA and complex medication regimen
[13].

According to the cognitive functions, patients with schizophrenia,
elderly people at their homes or nursing homes were investigated in view
of the relationships between cognitive disturbances and anticholinergic
burden [14-22]. Beside the correlation between SAA and MMSE score
(global cognitive function), there was correlation between SAA and
memory disturbances, especially in demented patients with low central
cholinergic activity [16,18]. In the BPSD, there was correlation between
SAA and delusion or hallucination. Moreover, Cummings [23] and
Lemstra et al. [24] described that the central cholinergic deficiency was
characterized by neuropsychiatric symptoms rather than by cognitive
dysfunctions.

In this context, we reported a positive relationship between SAA
and clinical symptoms of AD patients [1,2]. Among 76 AD patients,
26 AD patients were positive for SAA [SAA (+)], and the remaining
50 patients were negative [SAA (-)]. The SAA (+) group showed a
significantly higher numbers of prescribed psychotrophic medications,
significantly lower total score of the MMSE, especially registration and
recall domain. Moreover, SAA (+) group showed significantly higher
scores of the Functional Assessment Staging (FAST), and the items of
paranoid and delusional ideation, hallucinations and diurnal rhythm
disturbances of the Behavioral Pathology in Alzheimer’s Disease
Rating Scale (BEHAVE-AD). By means of logistic regression analysis,
the items of paranoid and delusional ideation, and diurnal rhythm
disturbances in BEHAVE-AD were positively correlated with SAA.
We considered at first that prescribed psychotorphic medicines were
one of main origins of positive SAA, because there was a correlation
between number of prescribed psychotorphic medicines and the SAA
value in AD patients. Our paper also described that delusions and
diurnal rhythm disturbance i.e., behavioral and psychotic symptoms
of dementia (BPSD), were more strongly affected by SAA than the
cognitive function. These results were consistent with previous reports.
However, in these two articles, we found two novel findings. First, we
also considered that there might be cyclic relationships among three
factors of BPSD, the prescription of psychotropic medicines and
SAA. The main reason for the appearance of AA is the prescription of
psychotropic medicines and AA induces BPSD. Moreover, in general we
prescribe psychotropic medicines for the clinical psychiatric symptoms
of agitation and psychosis in AD [25,26]. Therefore, relationship among
prescription of psychotropic medications, SAA and BPSD (especially
hallucination and diurnal rhythm disturbance) might be cyclic. We
termed the cyclic relationships as “vicious cycle of anti-cholinergic
activity in AD (VCAA)”. Then we commented that there might be also
a possibility that the SAA was endogenously generated [1] because
we had not prescribed psychotropic medications except antidementia
agents for AD patients who were not show psychotic symptoms. In fact
we found some patients show positive SAA in spite of no medications.
Second, we considered that AA not only disturbed cognitive functions
but also accelerated the process of Alzheimer’s disease by amyloidgenic
pathology, which is irreversible. In fact, patients with positive SAA
showed memory disturbances [2], those are related to AD symptoms
[27]. Moreover, these patients showed not only disturbed higher
cognitive function but also higher severe FAST scores.

Lowering cholinergic activity progresses an inflammatory
processes in the brain

Why and how does the AA endogenously generate in AD? We
speculate that lowering cholinergic activity generated anticholinergic

substances by way of inflammatory processes. AD is well known as a
disease with reduction of cholinergic neuronal activity in the brain
by the degeneration of cholinergic neurons [28]. The deficiencies of
cholinergic neuronal activities worsen not only the clinical symptoms
in AD but also the reduction of activity in anti-inflammatory system
which is called “the cholinergic anti-inflammatory pathway” [29-34].
For examples, Pavlov et al. [31] reported that muscarinic acetylcholine
receptors agonists inhibited the overproduction of serum TNF (tumor
necrotic factor), a cytokine. Marbley et al. [33] reported that activation
of cholinergic system reduced mortality and organ failure in mice
induced by ricin, a proinflammatory toxin, which activated a stress-
activated protein kinase which causes systemic inflammation. On the
other hand, acetylcholine (Ach) reduces this systemic inflammation by
way of the activation of cholinergic anti-inflammatory pathway [32].
Therefore, there may be possibility that neuronal immuno-reactions
(inflammation) are induced by the reduction of Ach neuronal activity
in the brain of AD patients.

Anticholinergicactive substanceis generated by inflammatory
process

There may be also the possibility that AA appears endogenously
by way of inflammation process. Flacker and Lipsitz [7] reported that
SAA disappeared without the changes of medications in patients in
accordance with the amelioration of acute physical illnesses and they
pointed out that SAA might reflect a nonspecific stress response to
illness in elderly people. Moreover, Nazarov et al. [35] reported that
C-reactive protein (CRP), which increases at inflammation state, might
show AA itself, with capturing Ach or binding to a part of Ach receptor.
They discussed the cross talk between Ach and inflammatory pathways.
However, there is only one article that commented the relationship
between AA in peripheral tissue and CRP. Tsuruta et al. [36] reported
that plasma AA were related with delirium in critically ill and injured
patients. There Horiuchi et al. [37] reported that endogenously and
immunologically active peptide, apelin, inhibited cholinergic activity
by way of binding to the Ach receptor. In fact, many reports published
as new concept that AD was caused by the neuronal inflammation
[38-41] or that endogenous ligands binding to Ach receptors in the
AD brain were generated [42-44]. Indeed, an endogenous ligand
binding to muscarinic receptor in the AD brain has been detected with
higher concentration than in the non-demented elderly control and is
supposed to be a low molecular substance of 100-1000 Da which has
been catalyzed by oxidation [42,44].

Plaschke etal. [45] reported a correlation between cortisol levels and
SAA. They commented that stress was causal main factor for SAA and
that SAA was appeared not only by extrinsic factors, e.g. medications
or physical illnesses, but also by intrinsic factors e.g. stress. Therefore
we consider that even if AA comes from prescribed medications, the
intrinsic factor also may be attributed to the generation of AA. Therefore,
the anticholinergic load in each patient is not inferable proper by AA of
individual medication alone. We consider that anticholinergic burdens
are not estimated by AA in each medicines i.e., using Anticholinergic
Drug Scale [46], Anticholinergic Risk Scale [47] etc. We should measure
SAA in order to estimate the anticholinergic load in each patient [48].

Recently it is pointed out that neuropsychiatric disorders such
as schizophrenia or bipolar disorder are attributable to hyper-
inflammatory state or conditions by the appearance of AA. In fact, there
are some reports that AA is detected in sera in schizophrenic patients
[49] and patients with Sojgren syndrome [50]. These diseases show
psychiatric symptoms, such as delusions, hallucinations and diurnal
rhythm disturbances, similar to elderly patients who show high SAA
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[5-10]. The central cholinergic deficiency is characterized clinically
by neuropsychiatric symptoms rather than by cognitive impairments
[23,24]. Therefore, relatively younger patients with high SAA have
tendency to show neuropsychiatric symptoms as is elder patients
are tended to show delusion [51] or delusion and diurnal rhythm
disturbances [1] rather than cognitive impairments.

In case of bipolar patients, it is hypothesized that AA contribute
to manic switch in bipolar patients [52]. Dysfunction of dopaminergic
system is found out in bipolar patients [53] and the manic switch is
thought to relate to rapid up-regulation of dopaminergic system [54].
Therefore, in steady state (remitted state); the hyper-dopaminergic
activity is inhibited by the up-regulation of Ach system [55]. In those
states, when AA acts on the bipolar patients, Ach system is down-
regulated and dopaminergic system is up-regulated, then manic switch
is induced in bipolar patients. Therefore, use of tricyclic antidepressants,
sleep deprivations and exogenous steroid hormone should be prohibited
[52]. However, even if these treatments (use of tricyclic antidepressants,
sleep deprivations, exogenous steroid) are stopped, the manic switch
will be occurred, because AA endogenously appears in bipolar patients.

Moreover, there was reported that the prevalence of Parkinson’s
disease (PD) was increased with the increased numbers of concurrent
use of medications, i.e., polypharmacy increased the risk of PD [56]. We
also speculate that there might be the possibility that AA accelerated
the pathology of PD. We consider that in PD or LBD AA also appears
endogenously and accelerates PD pathology (increasing LB) [57].

Anticholinergic  activity accelerates

(amyloidgenic process)

AD  pathology

The relationship AA and progression of AD pathology or cognitive
dysfunction is already reviewed [2]. The previous articles demonstrated
that memory domains were more confidently vulnerable by AA in
AD patients [2,16,18]. Therefore, we supposed that memory functions
were more highly dependent on the cholinergic function than other
cognitive domains of MMSE. In generally, it is considered that AA by
medications is disappeared by the interruption of medications, and
then cognitive impairments by AA would be principally reversible
[58]. However, the recovery of cognitive impairment takes longer time
and sometimes it is partial, even though the prescribed medications
are completely quitted [59]. Therefore we considered that AA mainly
disturbed the memory domain, which is mostly characteristic to
AD [27] with irreversible manner. In fact, Perry et al. [60] reported
that amyloid plaque densities increased to more than 2.5-fold by
treatment of antimuscarinic medications as long as more than 2 years,
when compared with untreatment or short term (less than 2 years)
treatment. Lu and Tune [61] commented that the chronic exposure of
medications with AA accelerated the clinical course of AD. Moreover,
Fisher [62] and Jones et al. [63] reported that muscarinic 1 receptor
agonist processed amyloid precursor protein to nonamyloid protein
(a processing), preventing the amyloidosis. Therefore, antagonistic
action of muscarinic 1 receptor (i.e., AA) induces to process amyloid
precursor protein to amyloid protein.

From these results, we consider that AA directly worsens the
cognitive functions especially memory domain as well as exacerbates
AD pathology through increasing amyloid plaques (amyloidgenic
process), though how AA increases amyloid plaques remains to
be elucidated. However, it is a fact that a long-term exposure of
anticholinergic medications may irreversibly change the AD pathology.

Therefore, we speculate that AA is generated endogenously through

the activation of the inflammatory processes, which is caused by the
down-regulation of Ach activity (Figure 1). These processes more
accelerate the cholinergic neurons deficiency and the symptoms worsen
more rapidly. We refer these process “endogenous anticholinergic
cascades in Alzheimer’s disease”. We also refer this accelerate progression
of AD by endogenous AA as “Alzheimer’s disease is progress by the
mechanism of its own”

Serum anticholinergic activity: possibility of a biomarker for
rapid progression of Alzheimer’s symptoms

As previously noted, a level of Ach gradually decreases from early
stage of AD, then the Ach level goes down to sub-threshold level to
suppress “a cholinergic anti-inflammatory activity” and the neuronal
inflammatory pathway is activated in the brain at the moderate stage.
The activation of neuronal inflammation pathway generates AA
endogenously. In summary, the deficiencies of cholinergic activities
cause anticholinergic activities by way of inflammatory processes.
Because AD is well known as a disease with degeneration of cholinergic
neuronal activity in the brain, the deficiencies of cholinergic neuronal
activities cause the reduction of anti-inflammatory activity which is
called “the cholinergic anti-inflammatory pathway” and then it changes
to up-regulation of inflammatory process. Moreover, AA is thought
to appear by way of inflammation process. Therefore, AA appears
endogenously in AD. We refer this “endogenous anticholinergic
cascade in Alzheimer’s disease”. Of course, the more AD pathology is
progress, the lower cholinergic neuronal activity is accelerated (Figure
2). Therefore, these relations are considered cyclic relationships (Figure
1). The increased amyloidogenic pathplogies more deteriorate Ach
system, suggesting vicious cycle in progression of AD.

There are no biological markers for AD until now. However, based
on a growing body of evidences concerning the pathophisiology of AD,
many candidate biomarkers are evaluated in AD. These are beta amyloid
in plasma or cerebrospinal fluid (CSF), total or phosphorylated tau
protein in plasma or CSF, Apolipoprotein E, Cholesterol, antioxidant,
interleukin-6, etc [64]. There are three putative biomarkers, ie., a
diagnostic marker, a classification marker and a prognostic marker
[65]. Among them, especially CSF beta and CSF phosphorylated tau

Suppression of Ach system e e —

l
Down-regulation of anti-inflammatory pathway

1

Up-regulation of inflammatory system
\)

Appearance of anticholinergic activity
\)

Progression of Alzheimer’s pathology — — —

e N N

Figure 1: The deficiencies of cholinergic activities cause anti cholinergic ac-
tivities (AA) by way of inflammatory processes. Because Alzheimer’s disease
(AD) is well known as a disease with degeneration of cholinergic neuronal
activity in the brain, the deficiencies of cholinergic neuronal activities cause
the reduction of activity in anti-inflammatory process, which is called “the
cholinergic anti-inflammatory pathway”, and then the up-regulation of inflam-
matory process. Moreover, AA is thought to appear by way of inflammations
process. Therefore, in AD AA appears endogenously. We refer this “endog-
enous anti cholinergic cascade in Alzheimer’s disease”. Of course the more
AD pathology is progressed, the more the deficiency of cholinergic neuronal
is accelerated. Therefore, these relations are considered cyclic relationships.
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of AD
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Figure 2: When the level of Acetylcholine (Ach) is down-regulated
substantial level in Alzheimer’'s disease (AD), inflammatory process
is up-regulated through down-regulated of anti inflammatory pathway.
Then anticholinergic activity (AA) appears through up-regulation of in-
flammatory process and AA accelerates amyloidgenic pathologies. The
increased amyloidgenic pathologies deteriorate Ach system more and
more and the level of AA increased more and more. The amyloidgenic
pathologies increase more and more. The severity of AD is faster and
faster.

x T T >
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Figure 3: Down-regulation of acethycholines (Ach) and up-regulation of
N-methyl-D-aspartate (NMDA) receptors are not the secondary phenome-
na from Alzheimer’s disease (AD) pathology (%) but are involved in AD pa-
thology (o). Therefore, up-regulation of Ach and down-regulation of NMDA
receptors, e.g. antidementia agents, are not only symptomatic treatment
but also disease modifying treatment. When the up-regulation of NMDA
receptors is occurred, serum anticholinergic activity (SAA) appears.

are mostly evaluated [64-67]. However, until now candidate markers
are almost diagnostic markers and classification markers, i.e., those
discriminate AD from normal aging or other demented diseases.
These only a prognostic marker is alpha-1-antichymotrypsin. The AD
pathology is slowly progressed during mild stage, while it is progress
after at the moderate stage [68]. At moderate stage, behavioral and
psychological symptoms (BPSD) are increased [69,70] and BPSD in
AD becomes complicated [71]. These induce institutionalizations.
Therefore, it important to know the prognosis of diseases. We propose
a possibility that the SAA value is useful marker if the deterioration
of AD pathology is rapidly progressed at the moderate stage. If SAA
is positive, this will suggest the rapid progression of AD. The faults of
evaluating SAA are methodolical issue, i.e., plasma proteins bind [3H]
QNB [72] and the extent which peripheral anticholinergic activity
reflects AA in central nervous system (not all studies supported the
relationships between SAA and cognitive dysfunction or clinical
manifestation). However, as mentioned before SAA was correlated with
the AA in the cerebrospinal fluid [11,12], AD patients are vulnerable
to AA and memory functions and behavioral symptoms are especially
vulnerable to anticholinergic burden. Therefore we consider that SAA
might be a candidate biological marker for AD (a prognostic marker).
Longitudinal study are needed to elucidate the endogenous appearance
of AA in amnesic patients.

The medications for the prevention of AA appearance in
Alzheimer’s disease

On the other hand, there are several reports that activation of
NMDA receptor enhances the inflammatory process in AD brain [73-
75] and that activation of nicotinic cholinergic receptor inhibits the
inflammatory system [76,77]. From these results we consider that the
down-regulation of cholinergic neuronal activity and an up-regulation
of NMDA receptor activity are not the secondary events form caused
by the amyliodgenic process but the primary events in AD pathology
(Figure 3), antidementia agents of cholinesterase inhibitors (ChEIs)
and NMDA receptor antagonist works not only as symptomatic
treatment but also as disease modifying treatment. Indeed, ChEIs
and NMDA antagonist, memantine are proven to protect neuronal
cell death caused by amyloid toxicities [78-81]. As a reduction of Ach
neuronal activity and a hypoactivity of nicotinic receptor are reported
in AD [82], ChEIs should be prescribed for maintaining the Ach
neuronal activities because the enhancement of Ach activity prevents
the appearance of AA. Memantine, an open channel uncompetitive
NMDA receptor antagonist [83], is used for SAA positive AD patients
to inhibit hyperactive NMDA receptor system. We consider that SAA
might be also a marker for the hyperactivity of NMDA receptor system
and progress the AD disease. Therefore, it should be considered that
when SAA is detected in AD, it is a timing to prescribe memantine.

Elevation of SAA is observed not only in AD but also in
schizophrenia, bipolar disorder and Sojgren syndrome etc., and we
speculate that these neuropsychiatric disorders are also caused by
neuronal inflammation. Therefore, the antidementic agents such as
NMDA antagonist and ChEIs are effective to these neuropsychiatric
disorders regarding to prevent neuronal inflammation related AA
and that antidementia agents might to be used these neuropsychiatric
disorders in near future. In fact, there are two reports. One is that
galantamine was effective to schizophrenic patients those were
responding to clozapine but not tolerated because of side effect [84]
and the other is that memantine was effective to obsessive-compulsive
disorder patients [85].
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