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Abstract

Alzheimer s disease (AD) is the most common dementia type, accounting on its own for almost 70% of all dementia cases.
Behavioral and psychological symptoms of dementia (BPSD) afflict most patients with dementia, especially those with
Alzheimer s disease (AD). Treatment options for BPSD include pharmacological and nonpharmacological approaches.
However, behavioral symptoms are not always controllable with non-pharmacological intervention, and the psychotropic
class of medication more frequently prescribed for behavioral symptoms are atypical antipsychotics. Antipsychotic drugs are
often used for the treatment of BPSD. They are prescribed alone or in conjunction with anti-dementia. However, antipsychotic
therapy is not free from several, and often serious, adverse events. For instance, it is well known that antipsychotic drugs
commonly cause serious extrapyramidal side effects (EPS). It is imperative for clinicians to understand that 5-HT1A
receptors or blockade of 5-HT2, 5-HT3 and 5-HT6 receptors can alleviate EPS induction by antipsychotics agent. It is
therefore important to understand that appropriate drug choice and combination strategy are important in the treatment
of BPSD. I point out that antipsychotic drugs can have extrapyramidal side effects, including parkinsonian symptoms, also
when used in AD, and argument drug choice and combination strategies as cholinesterase inhibitors and antipsychotic

drugs. Additionally, the advantages and limitation of antipsychotic drugs have been evaluated.

Keywords: Alzheimer’s Disease, Behavioral and Psychological Symptoms of Dementia (BPSD), Anti-Alzheimer’s Disease Drugs,
Antipsychotic Drugs, D2 Receptors, 5-HT Receptors, Extrapyramidal Side Effects (EPS).

Introduction

Alzheimer’s disease (AD) is a chronic devastating irreversible
neurodegenerative disease, that affects the central nervous system,
leading to dementia [1]. Several mechanisms have been proposed
to account for the pathology of AD. The most widely accepted dis-
ease models are the amyloid cascade hypothesis, the tau hypoth-
esis, the cholinergic hypothesis, and the excitotoxicity hypothesis
[2]. The absence of any effective treatment may explain the in-
crease in the worldwide prevalence of AD expected over the next
few years [3]. Recent epidemiological data indicate that the num-
ber of people with AD worldwide will grow from the current 46.8
million to 131.5 million by 2050 [4]. AD is often seen as funda-
mentally a disorder of memory and cognition, but there are many
important behavioral symptoms associated, each potentially regu-
lated by separate neural networks. Indeed, the main consequences
of AD include progressive deterioration of cognitive functions,
such as judgment, language, memory, attention, and visuospatial
ability, and behavioral and psychological symptoms of dementia
(BPSD). Alterations in motor behavior (i.e., wandering), sleep,

and nighttime behavior may also be present [5]. According to the
definition of the International Psychogeriatric Association, BPSD
are “symptoms of disturbed perception, thought content, mood,
and behavior frequently occurring in patients with dementia” [6].
A meta-analysis suggests a prevalence of approximately 50% for
the most common BPSD symptoms [7]. Cholinesterase inhibitors
(ChEI) or anticholinesterase are typically used to improve cog-
nition and, antipsychotic drugs are commonly prescribed to treat
BPSD in patients with major neurocognitive disorders [§]. In the
present research topic, I review side-effects of AChEIs ad antipsy-
chotic drugs, especially those related to extrapyramidal side effects
(EPS), and I provide some new ideas for treating BPSD.

Current Pharmacological Treatment of Cognitive Im-
pairment in Alzheimer’s Disease

Inasmuch as its exact mechanism is not known, therapy for AD has
still not been found. As known, in the brain, acetylcholine (ACh)
is regarded as one of the major neurotransmitters [9]. The loss of
cholinergic neurons, results in a profound reduction in the neu-
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rotransmitter ACh, which affects learning and memory neuronal
circuitry. Currently, there are only these two types of drugs ap-
proved for the treatment of AD: cholinesterase inhibitors (ChEls)
and the NMDA -receptor antagonist memantine which are effective
only in treating the symptoms of AD, but do not cure or prevent
the disease. The deficiency in cholinergic neurotransmission, has
led to the development of cholinesterase inhibitors as the first-
line treatment for symptoms of this disease. Acetylcholinester-
ase (AchE), its main activity is the catalysis of ACh hydrolysis,
thus yielding choline and acetate ions. Two cholinesterase en-
zymes are present in the body, acetylcholinesterase (AChE) and
butyrylcholinesterase (BchE), and galantamine and donepezil are
ACHhE inhibitors, and rivastigmine inhibits both AChE and buty-
rylcholinesterase (BchE) [10]. The acetylcholinesterase inhibitors
(ChEIs) acts on the nervous system maximizing the availability
of endogenous acetylcholine in the brain [11]. The best-known
classes, ChEIs as donepezil, rivastigmine and galantamine and
the NMDA-receptor antagonist memantine are until now the
only specific pharmacological treatments approved for AD, the
most common cause of dementia [12]. Donepezil is a reversible
non-competitive ChEIs shown to affect cognitive function, as well
as improves cerebral blood flow (CBF) [13]. Benefits for the 10
mg dose appear marginally larger than for the 5 mg dose. A higher
23-mg dose form is available, but benefits on 23 mg/day were no
greater than on 10 mg/day [14]. Rivastigmine is a brain-selective
inhibitor of “pseudo-irreversible” AChE and BuChE that acts by
binding to two active sites of AChE (anionic and estearic sites),
which results in preventing ACh metabolism [15]. The oral form
of rivastigmine, approved for the treatment of mild to moderate
AD, is associated with a higher incidence of gastrointestinal side
effects. The transdermal form is more tolerable for many patients,
although it can cause dermatologic reactions. Galantamine a newly
available cholinergic drug that counteracts AD by specifically and
reversibly inhibiting AchE, should be considered for treatment of
cognitive and functional decline in patients with mild to moderate
AD [16-17]. NMDA receptor antagonist, memantine is also used
to alleviate the cognitive impairment. Memantine, 20 mg per day
should be considered for treatment of cognitive and functional de-
cline in patients with moderate to severe AD [18-19]. Excitatory
glutamatergic neurotransmission via N-methyl-d-aspartate recep-
tor (NMDAR) is critical for synaptic plasticity and survival of
neurons. Memantine, a low-affinity NMDA receptor antagonist,
modulates NMDA receptors to reduce glutamate-induced exci-
totoxicity and is thought to palliate cognitive decline associated
with AD in this way [20]. However, evidence shows that done-
pezil, rivastigmine, and galantamine yields modest improvements
in cognitive and clinical function in patients with mild to moder-
ate AD in the short and long term and have side effects [21]. The
N-methyl-D-aspartate (NMDA) receptor antagonist, memantine,
which has shown limited beneficial effects in clinical trials [21-
22]. Galantamine is effective in treating all aspects of AD and is
the first choice for the treatment of AD, however, data is limited
[21].

Current Pharmacological Treatment for The Behavioral
and Psychological Symptoms of Alzheimer’s Disease

BPSD are a group of behavior, mood, perception, or thought dis-
turbances manifesting with anxiety, agitation, delusions, and hal-

lucination [23]. BPSD are non-cognitive symptoms common in
the AD, associated with poorer cognitive, functional, and quality
of life outcomes, and accelerated progression to severe dementia
[24]. In the clinical setting, patients with BPSD most often present
with clusters of symptoms commonly co-occur and can, thus, be
grouped into behavioral domains that may ultimately be the re-
sult of disruptions in overarching neural circuits. Canevelli et al.
identified three clusters of symptoms: 1“psychotic” cluster (“delu-
sions” and/or “hallucinations” items); 2“emotional” cluster (“agi-
tation/aggression” and/or “depression/dysphoria” and/or “anxiety”
and/or “irritability” items); and 3“behavioral” cluster (“euphoria/
elation” and/or “apathy” and/or “disinhibition” and/or “aberrant
motor behavior” items) [25]. One major BPSD domain routine-
ly identified across patients with AD is the hyperactivity—impul-
sivity—irritability—disinhibition—aggression—agitation (HIDA)
domain [26]. The global frequency of BPSD increases with the
severity of dement, especially agitation and aggression [27]. Any-
how, occurrence of BPSD has been documented in most types of
dementias as vascular dementia (VaD), dementia in Parkinson’s
disease, frontotemporal dementia (FTD), and in mild cognitive
impairment [28]. The first-line treatment of BPSD are nonphar-
macological treatments including environmental and social tech-
niques; however, the quality of evidence for such interventions is
low [29]. Usually, nonpharmacological management is sufficient
to control symptoms, but sometimes, the severity of the disorder,
makes using drugs, including antipsychotics, necessary to control
symptoms [30]. These compounds generally can be classified as
“typical” and “atypical” antipsychotics based upon both pattern of
clinical effects and mechanism of action. The typical antipsychot-
ic drugs, represented by haloperidol and chlorpromazine, are also
called the first-generation antipsychotics (FGA) or neuroleptics.
The atypical antipsychotics, including clozapine and risperidone,
are considered as the second-generation antipsychotics (SGA).
Serotonin 5-HT2A receptor antagonism in combination with D2
receptor antagonism is thought to be the hallmark pharmacology
of the SGAs [31]. In the specific case, typical antipsychotics are
the classic standard drugs as phenothiazines (chlorpromazine and
fluphenazine), butyrophenones (haloperidol), benzamides (sulpir-
ide and tiapride) and frequently cause serious extrapyramidal
side effects (EPS), since they bind predominantly to D2 receptors
throughout the brain as powerful, long-lasting antagonists, as well
as to a broad range of other receptors, including D1, 5-HT2, his-
tamine H1 and a2 adrenergic receptors [32]. On the other hand,
atypical drugs (including clozapine, risperidone, olanzapine, arip-
iprazole, quetiapine, etc.) are favored over typical due to less EPS.
They encompass serotonin and dopamine antagonists (SDAs) as
risperidone, perospirone, lurasidone; multiple-acting receptor tar-
geted antipsychotics (MARTAS) as clozapine, olanzapine, queti-
apine; and dopamine D2 partial agonists aripiprazole [33]. In ad-
dition to the antagonistic effect on dopamine D2, they also have a
simultaneous antagonist effect on 5-HT receptors, particularly on
the 5-HT2A,; this results in increased blockage efficacy on the me-
solimbic pathways, but not on the nigrostriatal one [32]. Further,
atypical antipsychotics into a group with modest affinity for D2,
5-HT2A and other receptors such as H1 and muscarinic receptors
M1 (clozapine, olanzapine and quetiapine) and those with potent
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antagonist action on D2 and 5-HT2A, high affinity for al, 5-HT2c
and H1 and minimally affinity for M1 receptors (risperidone, pal-
iperidone, lurasidone) [32]. Except for haloperidol and risperi-
done, none of the antipsychotics are approved for the treatment of
BPSD; therefore, these drugs are generally prescribed as off-label
[34]. It is known that D2 receptor blockade by antipsychotics in
the cortico-limbic regions (e.g., nucleus accumbens) contributes
to antipsychotic activities, which alleviates psychosis (e.g., hallu-
cinations and delusions) and behavioral excitation (e.g., agitation,
aggression, and hyperactivity) [34]. Second-generation antipsy-
chotics (primarily risperidone, olanzapine, quetiapine, and aripip-
razole) are the mainstay of treatment for agitation and aggression,
although, in a systematic review of 16 meta-analyses of random-
ized, controlled trials of these agents, the effect sizes (differenc-
es between treatment and placebo) were typically quite small for
risperidone, olanzapine, and aripiprazole, ranging between 0.15 to
0.30 in most studies, and quetiapine generally did not differ from
placebo [35]. In general, both typical and atypical antipsychotics
should be avoided in patients with known cardiac disease due to
pro-arrhythmogenic effects (e.g., QT interval prolongation) [36].

Dopamine (DA) And Acetylcholine (ACH) Signaling Sys-
tems Must Be in Dynamic Balance In The Striatum For
Optimal Movement Control

The basal ganglia (BG) are a group of subcortical nuclei involved
in a diversity of functions including motor control. The BG con-
sist of four prominent nuclei, which are interposed between the
cerebral cortex and the lower centers of the brain stem and spinal
cord. These nuclei include the: striatum (caudate, putamen, ventral
striatum including nucleus accumbens), the globus pallidus (inter-
nal and external parts), the subthalamic nucleus, and the substantia
nigra pars compacta (SNpc) and pars reticulata (SNpr). They form
an important center in the complex extrapyramidal motor system,
as opposed to the pyramidal motor system represented by the
corticobulbar and corticospinal pathways and have been defined
anatomically and functionally. Most of the inputs and outputs of
the basal ganglia arise from or go to the cortex either directly or
indirectly through the thalamus. Pathology within different basal
ganglia circuits predictably leads to either hypokinetic or hyper-
kinetic movement disorders. A detailed discussion of the principal
input, intrinsic, and output connections of the mammalian BG is
beyond the scope of this review. However, for brevity we will limit
this review to striatum, that involved in planning and executing
voluntary movements as well as in cognitive processes. The stri-
atum is one of the main components of the basal ganglia which
is involved in processes related to voluntary motor control. Here,
I attempt to review its participation in a variety of processes, es-
pecially, motor functions. The striatum is traditionally subdivided
into a dorsal striatum, which includes caudate and putamen, and a
ventral striatum, which includes the nucleus accumbens that are
separated by the internal capsule, a white matter tract between
brain cortex and brainstem. The striatal microstructure compris-
es two neurochemically defined compartments, the striosome and
the matrix. Histopathological studies consistently demonstrate
that the striosome occupies 10-15% of the entire striatal volume
[37]. Indeed, the striatum is a nonlaminar, highly heterogeneous

structure with projection neurons (spiny projection neurons, SPNs,
also called medium spiny neurons, MSNs) interspersed among a
diverse range of interneuron. Most striatal neurons (~95%) are the
GABA-ergic medium spiny neurons (MSNs), also referred to as
spiny projection neurons, which are the principal output cell type,
and in addition to the MSNs approximately 4% of striatal neurons
are GABA-ergic interneurons. The MSNs that express dopamine
(DA) DI receptors project to and inhibit cells in the internal cap-
sule of the globus pallidus as well as the substantia nigra pars re-
ticulata. These projections are referred to as the direct pathway,
or the GO pathway, and activation of this class of cells leads to
enhanced locomotion. Another MSN population that expresses
dopamine (DA) D2 receptors, and these projections inhibit cells
in the external capsule of the globus pallidus. This is the indirect,
or the NO-GO pathway, and activation of this pathway decreas-
es locomotion [38-39]. Approximately 6% of MSNs in the dorsal
striatum express both D1 and D2 receptors. Furthermore, stria-
tal MSNs projecting through the indirect pathway are known to
contain the neuropeptide enkephalin, whereas the neuropeptides
substance P and dynorphin are expressed in those MSNs project-
ing directly to the GPi and SNr [39]. In addition to the MSNS,
the remaining cells are the large, aspiny cholinergic interneurons
(Chls), constitute only 1%-3% of the total neuronal population in
the striatum, but have richly arborizing axons with large termi-
nal fields [40]. The striatum receives inputs from different areas
of the cerebral cortex, including association cortical areas far on
in the hierarchy of cortical information processing as well as the
sensori-motor cortex, and has connections via the globus pallidus
and substantia nigra to the thalamus and thence to premotor and
prefrontal cortical areas [41]. In essence, the striatum has two main
efferent pathways. According direct, and indirect pathway model,
cortical inputs enter the striatum and proceed to the output nuclei
of internal globus pallidus (GPi) and the substantia nigra pars re-
ticulata (SNr)] via two distinct pathways, on the way to the thala-
mus which projects back to the cerebral cortex. The direct-pathway
(striatonigral) MSNs, that express high levels of both D1dopamine
(DA) receptors and M4 muscarinic receptors and project directly
to the internal globus pallidus (GPi in primates, GPm in rodents)
and SNr, leading to the activation of the thalamus that, in turn,
stimulate the cortex. Through these connections, the direct path-
way intensifies the motor plan prepared by the cortex. The indirect
pathway, that involves relays in the external globus pallidus (GPe)
and the subthalamic nucleus (STN), call also striatopallidal MSNs
(D2-MSN) highly express D2 dopamine receptors and adenosine
A2A receptors and project to the external globus pallidus (GPe in
primates, GP in rodents), convert stimulatory corticostriatal glu-
tamatergic input into inhibitory signals to the thalamus [42]. The
MSNs of the direct pathway promote the initiation of appropriate
movements whereas the MSNs of the indirect pathway provide a
no-go signal that suppresses competing movements [43]. Overall,
direct, and indirect pathways act in opposition to one another to
control movement. Thus, balanced regulation of the direct and in-
direct pathways is important for motor control. As noted, striatal
cholinergic interneurons (Chls), constitute the largest cells of the
striatum that are recognized for their key regulatory roles of stri-
atal and basal ganglia function in normal and diseased state [44].
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CHIs provide the striatum with a high cholinergic tone through ex-
tensive arborization and tonic firing [45]. Moreover, either MSN's
and interneurons of the striatum receive afferents from the ventral
midbrain (substantia nigra pars compacta, SNc; ventral tegmental
area, VTA), and these projections are mostly dopaminergic [46].
In the striatum, dopamine inhibits CHIs via D2 receptors and loss
of striatal dopamine is thought to elevate striatal cholinergic tone
[47]. Briefly, the striatum, has intrinsic and extrinsic cholinergic
innervation. Intrinsic cholinergic innervation is predominant and
consists of cholinergic interneurons that, despite their low number,
have been proposed to provide the striatum with one of the high-
est cholinergic concentrations in the brain; an extrinsic source of
acetylcholine is from the pedunculopontine nucleus (PPN) [48].
Of note, Chls acting via multiple receptor subtypes in postsyn-
aptic and presynaptic targets, exerts a complex modulatory func-
tion in the striatum; it contributes to the regulation of the dura-
tion, strength, and spatial pattern of MSNs activity and exerts
a dual effect on plasticity of the corticostriatal synapse [49]. In
conclusion, most striatal neurons are GABAergic medium spiny
neurons, which receive excitatory inputs from the cortico-striatal
glutamatergic neurons and from cholinergic interneurons within
the striatum, and activities of striatal medium spiny neurons and
cholinergic interneurons are tonically regulated by dopaminergic
neurons derived from the substantia nigra pars compacta (SNc). It
is well documented that blockade of dopamine D2 receptor in the
striatum and activate the medium spiny neurons and acetylcholin-
ergic interneurons in the striatum, eliciting various EPS symptoms
[50]. The clinical benefit of anti-muscarinic cholinergic drugs on
symptoms of tremor and rigidity was explained by a model of stri-
atal imbalance between loss of dopamine and hypothesized upreg-
ulation of cholinergic neurotransmission, at least in patients with
early-stage disease [51-52].

Extrapyramidal Disorders Can Be Caused by Anti-De-
mentia and Antipsychotic Drugs

ChEls are typically used to improve cognition and, antipsychot-
ic drugs are commonly prescribed to treat BPSD in patients with
major neurocognitive disorders [53]. Recent studies showed that
ChElIs, licensed drugs for cognitive impairment due to AD, po-
tentiate extrapyramidal side effects (EPS) induction with antipsy-
chotic treatments [54]. The AChEISs are relatively safe, however, as
they are used in vulnerable populations, it is even more important
to consider potential side effects. ChEIs are a class of drugs that
may disrupt the dopaminergic-cholinergic balance through their
effect on cholinergic neurotransmission [55]. Association between
cholinesterase inhibitors Pisa syndrome (PS) and cervical dystonia
(CD) has been described. PS, a relatively rare truncal dystonia,
originally described by Ekbom and co-workers in 1972 (56) and
initially it was considered a subtype of dystonia in patients taking
antipsychotic agents. It has been suggested that cholinergic-dopa-
minergic balance in the direction of cholinergic dominance is the
main cause of PS [57]. CD, is a painful condition in which neck
muscles contract involuntarily, causing head to twist or turn to one
side. Evidence for the role of acetylcholine in dystonia includes
decreased putaminal cholinergic tracer uptake in single photon
emission computed tomography (SPECT) in patients with CD, re-

sponse to anticholinergic medications, and cases of CD provoked
by ChElIs [58]. PS also known as pleurothotonus, is a posture ab-
normality characterized by lateral flexion of the trunk appearing or
worsening while standing or walking and improving with passive
mobilization and supine positioning, and the patient resemble the
leaning the ancient Pisa tower, which resolves with passive mo-
bilization or supine positioning, and a lateral flexion at least 10°,
has been suggested as a diagnostic criterion for PS, although there
is no consensus [59]. Among PS, subsequently an association be-
tween ChEIs and PS has been described. Considering that cholin-
ergic nuclei are involved in regulating the axial posture tone [60],
and disruption of the cholinergic-dopaminergic balance could
result in an asymmetric axial muscle tone activation, this is the
hypothesized pathogenic mechanism underlying the development
of drug-induced PS. The frequency of ChEI-induced EPS remains
unclear. To date, there are no randomized clinical trials investigat-
ing the long-term adverse reactions of ChEIs. Over the past few
decades, there have been several reports of PS and CD in patients
taking ACEIs, therefore AChEIs induced PS is limited to case re-
ports and case series. According to post-marketing surveillance,
PS has been reported in patients receiving AChEIs (donepezil, ri-
vastigmine and galantamine), though causality is not confirmed
[61]. This large pharmacovigilance study reports 52 cases of PS,
among them 21 were due to donepezil, 14 were due to rivastig-
mine and 17 were due to galantamine. This is believed to result
from a dopaminergic-cholinergic imbalance. The study by Sobow
and Kloszewska showed consequent motor dysfunction termed as
extrapyramidal symptoms in 2 patients under the donepezil (5—
10mg/day) group and 3 patients under the rivastigmine (6—12mg/
day) group [62]. There has been a report of three PS cases in an
Italian cohort study of 7,395 of AD patients treated with use of
the reversible ChEIs commonly prescribed for dementia, including
donepezil, rivastigmine, and galantamine, suggesting a pathophys-
iological role of cholinergic-dopaminergic imbalance in the regu-
lation of axial muscle tone, with an estimated incidence of two per
10,000 patient per year, which is fewer than with antipsychotics
[63]. Kwak et al. [64], reported two patients who developed PS
after treatment with ChEIs (donepezil and rivastigmine). PS in AD
can also be drug-induced (donepezil, rivastigmine, and galantam-
ine) [65-66]. In the case described by Panagiotis et al. [67], patient
developed acute a sustained dystonia of the trunk and head to one
side after the first dose of donepezil. Rivastigmine-induced dysto-
nia was reported with rivastigmine patch, and dystonia occurred
when rivastigmine patch was augmented, but which abated on dis-
continuation, and reemerged on the same dose patch application
[68-69]. PS was reported in a 57-year-old female, after continuous
use of rivastigmine (9 mg/d) for nearly 2 years, however, PS disap-
peared when the drug dose was decreased [70]. From a movement
disorder perspective, many cases of trunk dystonia in the form of
PS have been reported with the use of AChEIs [71-79]. Within
this context, has been accounted a clinical case of PS induced by
as witching of a ChEIs treatment from donezepil to galantamine,
despite a previous long-term use of donepezil for 5 years without
complications [80]. The present case suggests that treatment with
galantamine is associated with a higher risk of development of PS
than that with other ChEIs. It is interesting that the development
of dystonia in a patient using the rivastigmine also supports a rela-
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tionship between increased cholinergic transmission and dystonia
[81]. Overall, it has been emphasized the importance of the pe-
dunculopontine nucleus (PPN), which is one of the main cholin-
ergic nuclei involved in the regulation of postural tone [60-82].
Therefore, PS manifesting as a side effect of ChEIs may improve
after contralateral or ipsilateral stimulation of the PPN [83-84],
suggesting a pathophysiological role of cholinergic-dopaminergic
imbalance in the regulation of axial muscle tone. Based upon their
potency as dopamine D2 receptor antagonists and their actions on
serotonin 5-HT2A receptors antipsychotics are commonly classed
as either typical or atypical [31]. Clinicians ought to refer to their
country’s legislation before introducing an antipsychotic drug to
treat BPSD. Antipsychotic medication use is frequently associated
with unfavorable adverse effects such as EPS. These adverse ef-
fects also called drug-induced movement disorders include a wide
variety of movement disorders and can be classified into acute and
tardive symptoms, such as parkinsonism, dystonia, akathisia, and
tardive dyskinesia (TD). The latter movement disorders have been
proposed to be caused by a relative cholinergic deficiency second-
ary to super-sensitivity of dopamine receptors in the striatum. This
side effects can cause patients’ subjective distress, both of which
are disincentives to continue to take medication. Research-based
evidence reported that the prevalence of antipsychotic-induced
movement disorders among patients on long-term treatment with
FGAs was around to be 50 to 75% [85]. Nevertheless, even with
these newer agents SGAs, movement disorders are seen in a sig-
nificant proportion of patients [86]. In a systematic review and
meta-analysis aimed at determining the magnitude of antipsychot-
ic-induced EPSEs the prevalence of antipsychotic-induced EPSEs
was considerably high. One in five and more than one in ten pa-
tients experienced parkinsonism and akathisia, respectively [87].

Appropriate Drug Choice and Therapy-Tailoring: Com-
bination Strategy Is Important in The Treatment of
BPSD in AD in Alleviating EPS

A wide range of comorbid diseases is associated with AD and are
treated with a variety of comedications not only to address cogni-
tive impairment but also other comorbidities, along with agitation,
aggression, or sleep disturbances for which pharmacotherapy may
appear like therapeutic effect. On the other that antipsychotics are
often used in conjunction with anti-Alzheimer drugs to treat the
BPSD. To address comorbidities such as behavioral disorders,
40% on antidepressants and 20% on antipsychotics are estimated
[88]. The target symptoms of antipsychotic drugs include inappro-
priate behaviors, agitation, aggression, and psychosis. Regrettably,
the management of BPSD is complicated and challenging. The pri-
mary concern regarding the adverse reactions of antipsychotics is
induction of EPS. There is a serious difficulty in establishing the
best approach to the drug treatment of BPSD, especially regarding
the safety profile and the occurrence of EPS. Among the available
treatments, different pharmacological approaches, and new op-
tions for the treatment of behavioral symptoms have been evaluat-
ed. In the framework of an effective pharmacological approach,
treatment with a combination of drugs possessing different mech-
anisms of action may be more beneficial over monotherapy. There-
fore, many combination therapies (CT) have been tested in clinical

trials [89], focused on mitigating side effects of drugs. Any CT
which decreases BPSD, signify a relief for the caregivers as well
as providing help in the maintenance of patients’ independence
and their adhesion to treatment. Indeed, it has been observed that
CT with memantine and donepezil leads to a marked decrease, in
the deterioration of BPSD compared to patients that were only re-
ceiving donepezil [90]. Interestingly, it is well known that many
combination therapies have been tested in other clinical trials [91],
and the data have revealed that memantine has been demonstrated
to ease or improve behavioral and cognitive manifestations of
these forms of dementia, various behavioral disturbances (irritabil-
ity, agitation, aggression, and difficulty eating). In addition, data
suggests that memantine may have a favorable safety and tolera-
bility profile compared with AChEIs [92]. The galantamine and
memantine combination has also proved to be more effective in
AD than the donepezil-memantine combination [93]. The combi-
nation of these two pharmacological agents, have proved to be ef-
ficacious in the management of AD due to their combined actions
on a7nAChR and NMDA receptors [94]. As evidence suggests,
galantamine and memantine are well known for their effectiveness
in various neuropsychiatric disorders [95]. Patients who were
treated with donepezil and choline alphoscerate showed significant
improvement in certain BPSD symptoms [96]. Notably, elderly
patients, particularly those with dementia, are more sensitive than
are younger patients to medication side effects such as EPSs. It
should be borne in mind that, on the one hand, aging indicates a
reduction in the number of cholinergic and dopaminergic neurons
and dopamine D2 receptors [97]. As described previously, I point
out that antipsychotic drugs can have EPSs even when used in old-
er adults with dementia. But we should pay more attention to man-
age the EPSs, discussing drug choice and combination strategies.
In addition to the EPS, the antipsychotics also cause agitation, psy-
chosis, aggression, and inappropriate behaviors [98]. It is common
knowledge that monoamine 5-hydroxytryptamine (5-HT) or sero-
tonin, is one of the most important neurotransmitters, and is in-
volved in multiple physiological and behavioral processes [99-
100]. The pharmacological studies evidenced that the serotonergic
system plays a crucial role in regulating various physiological
functions including extrapyramidal motor disorders, through mul-
tiple serotonin (5-hydroxytryptamine; 5-HT) receptors [101]. Se-
rotonin (5-HT) neurons are in the raphe nuclei and project axons to
various brain regions including the cerebral cortex, limbic areas,
basal ganglia, diencephalons, and the spinal cord. It is highly pos-
sible that the co-clustering of BPSD into domains depends on the
circuit- and 5-HTR subunit-specific alterations that occur with AD
pathogenesis and further interact with a person’s innate neural ar-
chitecture. Furthermore, several studies also revealed that seroto-
nergic nervous system is closely involved in the pathogenesis and
treatment of EPSs and can provide therapeutic benefits. However,
before discussing drug choice and combination strategies, we must
keep in mind how motor activities are regulated by the serotoner-
gic neurotransmission system [102-103], in other words, under-
stand the physiological mechanism of the serotonergic modulation
of antipsychotic-induced EPS. I summarize the evidence for spe-
cific serotonergic system alterations across some of the well-de-
fined behavioral and psychological symptoms in AD. 5-HT recep-
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tors behaves as both a neurotransmitter and neuromodulator, acting
in both central and peripheral systems. It is thereby clearly estab-
lished that serotonergic neurotransmission is mediated by multiple
5-HT receptors consisting of at least 14 subtypes, and classifica-
tion and molecular mechanism of the biological activity of sero-
tonin receptors are discussed in [103]. Approaches such as recep-
tor autoradiography, in situ hybridization and
immunocytochemistry were used to reveal the distribution of 5-HT
receptor binding sites and mRNA expression in the brain [104].
Presynaptic serotonin (SHT) receptors include SHT1A, SHT1B/D,
and SHT2B, all of which act as autoreceptors, and their purpose is
to regulate the presynaptic serotonin neuron directly, especially its
firing and how it releases and stores its own serotonin. There are
also numerous postsynaptic serotonin receptors, which regulate
other neurotransmitters in downstream circuits. It turns out that
5-HT1A, 5-HT2, 5-HT3 and 5-HT6 receptors play an important
role in modulating extrapyramidal motor disorders (103). Advanc-
es in research on 5-HT receptors have led to the discovery of vari-
ous therapeutic agents. The serotonin 5-HT1A receptor is the most
extensively studied of the serotonin receptors. New insights indi-
cate that 5-HT1A receptors are predominantly expressed in the
limbic areas and the raphe nuclei, and moderate to low concentra-
tion of 5-HT1A receptors are also expressed in the cerebral cortex,
thalamus, hypothalamus, and striatum [105-107]. Regarding
5-HT2 receptors can be classified into three subtypes, 5-HT2A,
5-HT2B and 5-HT2C receptors, which are cognate in terms of
their molecular structure, pharmacology, and signal transduction
pathways. 5-HT2A and 5-HT2C receptors are highly expressed in
the brain [108]. Especially, 5-HT2C receptors are also widely ex-
pressed in the cortex (olfactory nucleus, pyriform, cingulate and
retrosplenial), limbic structures (nucleus accumbens, hippocam-
pus, amygdala), and the basal ganglia (caudate nucleus, substantia
nigra) [109-110]. The central nervous system distribution of
5-HT2A receptor has been mapped extensively, particularly corti-
cal areas (neocortex, entorhinal and pyriform cortex, claustrum),
caudate nucleus, nucleus accumbens, olfactory tubercle and hippo-
campus, of all species studied [111]. SHT2A receptors can both
promote and inhibit the release of other neurotransmitters. It is
well documented that several 5-HT receptor subtypes, including
5-HT1A, 5-HT2, 5-HT3 and 5-HT6 receptors, are involved in reg-
ulation of EPS induction associated with antipsychotic treatment
[112-113]. 5-HT1A receptors can be found in the brain as presyn-
aptic autoreceptors on serotonergic cell bodies in the raphe nuclei,
and postsynaptic heteroreceptors in postsynaptic regions [114],
which inhibits neural activities through activating G-protein-gated
inwardly rectifying K+ channels. It has become clear that these
receptors can be a useful target in the management of various neu-
ropsychiatric disorders. For instance, AD aggression has been as-
sociated with reduction in 5-HTRI1A in the medial temporal cor-
tex, and within the 5-HTR1 subtype, agonists acting on the
5-HTR1B have more selective anti-aggressive effects in mice than
those acting on 5-HTRI1A [115]. Further, activation of 5-HT 1A
receptors causes reduction of antipsychotic-induced EPS and mo-
tor disturbances in animal models [116-117]. Therefore, evidence
have revealed that activation of 5-HT1A receptors reduces anti-
psychotic-induced EPS by inhibiting neural activity in the striatum

and motor cortex [103]. As known, in the recent past “biased”
5-HT1A agonists with functional preference for presynaptic auto-
receptors in dorsal raphe nucleus versus postsynaptic 5-HT1A het-
eroreceptors in medial prefrontal cortex have been developed, and
it was observed that presynaptic 5-HT1A autoreceptors are also
involved to reduce EPS [118-119]. In addition, studies suggest that
blockade of 5-HT2A/2C receptors with antagonistic agents attenu-
ates antipsychotic-induced extrapyramidal side effects (EPS) tone
down 5-HT2A/2C receptor-mediated inhibition of nigral dopami-
nergic neuron activity and striatal dopamine release [113]. Name-
ly, blockade of 5-HT2 receptors determines the increase in the re-
lease of acetylcholine (ACh) and accelerates the metabolic
turnover rate of dopamine, contrary to the responses of striatal
neurons to the action of antipsychotic agents that block D2 recep-
tors [120], thus suggesting that the blockage of 5-HT2 receptors
may counteract the D2 (and/or D1) blocking activities of antipsy-
chotics in the striatum to reduce EPS. It is well known that rela-
tively high levels of 5-HT3 receptor recognition sites have been
located within the caudate nucleus and putamen whereas relatively
low levels are detected within cortical regions [121]. As a result,
and according with previous studies, some 5 HT3 receptor interac-
tions like blockade of 5HT3 receptor had been reported to be ef-
fective in decreasing EPS [122-124], possibly via acting in the
striatum. In fact, blockade of 5-HT3 receptors reduced haloperi-
dol-induced EPS [125-126]. Given that, based on the mechanisms
underlying serotonergic modulation of antipsychotic-induced
EPS, a series of atypical antipsychotics, been developed. As noted,
to reduce EPS new so-called ‘atypical’, antipsychotics have been
recently introduced. Dissimilar the typical antipsychotics, which
preferentially block dopamine D2 receptors, the second-genera-
tion antipsychotic drugs not only reduce dopamine neurotransmis-
sion, but also act on serotonin receptors, especially 5S-HT2A recep-
tors and typically as antagonists [127]. The term “atypical” refers
to an antipsychotic agent that produces minimal EPS at clinically
effective antipsychotic doses [128], and the newer agents are also
potent antagonists of serotonin receptors (5-HT2A), this results in
increased blockage efficacy on the mesolimbic pathways, but not
on the nigrostriatal one [129]. It must be noted, however, that sev-
eral studies have not demonstrated a clear and significant differ-
ence between second- and first-generation antipsychotics, at least
for schizophrenia, their better safety profile, particularly for extra-
pyramidal symptoms (EPS), would grant them some actual advan-
tage [130]. However, atypical antipsychotics mark a wider range
of receptors with different affinities. Therapeutically, we should
pay more attention to individual pharmacological characteristics
of the atypical drug, especially their interactions with 5-HT recep-
tor subtypes. However, based on a different affinity potency these
agents divide into a group of drugs with modest affinity for D2,
5-HT 2A and other receptors such as H 1 and M 1 such as clozap-
ine, olanzapine, and quetiapine, and those with potent antagonist
action on D2 and 5-HT2A, high affinity for al, 5-HT2c and H1
and minimally affinity for M1 receptors such as risperidone, pali-
peridone, lurasidone [131]. It is thereby clearly established the de-
cisive roles of 5-HT receptors, especially 5-HT1A, 5-HT2, 5-HT3,
and 5-HT6 receptors, in modulating antipsychotic-induced EPS
were revealed. Considering the actions of atypical antipsychotics
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with 5-HT receptor subtypes can reduce EPS caused by combined
treatment of antipsychotics with anti-Alzheimer’s disease drugs,
they could be a favorable BPSD treatment in terms of EPS man-
agement. We fear in mind that atypical antipsychotics block sero-
tonin 5-HT2 receptors and when the ratio of 5-HT2 to D2 receptor
blocking is greater than 1, atypical antipsychotic action such as
therapeutic effects on negative symptoms and few EPS are noted
[132]. Atypical drug as SDAs, MARTAs, and D2 partial agonists
are nowadays the first line drug to treat psychosis and inappropri-
ate behaviors in patients with dementia. Clozapine, which acts on
many different receptor types, has been proven to be the clinically
most effective drug with the least EPS. Clozapine is the prototype
of the new neuroleptics with its high affinity for the 5-HT2 recep-
tor, combined with its low affinity for the dopamine D2 receptor
and has a low incidence of Parkinsonism and tardive dyskinesia;
due to its favorable receptor profile [131]. Clozapine has served as
a template for the development of the next generation of “atypical”
antipsychotics. Risperidone was the second atypical antipsychotic
developed following clozapine. This antipsychotic drug bocks
5-HT2 receptors with a higher affinity than D2 receptors and has
shown good efficacy in treating positive symptoms and increased
dopaminergic neurotransmission in the nigrostriatal pathway with
reduced EPS [133]. The exact mechanisms by which 5-HT2 block-
ing improves negative symptoms and induces fewer EPS are un-
clear. In this regard it is common knowledge that positive symp-
toms are associated with a hyperdopaminergic state in the limbic
lobe, which is rich in dopaminergic innervation. Serotonin inhibits
DA release, and in the limbic lobe, with high 5-HT2 and low D2
receptor density, D2 receptor blocking action prevails and positive
symptoms are controlled. About the negative symptoms are asso-
ciated with a hypodopaminergic state in the frontal lobe, which is
rich of 5-HT2 and sparse distribution of D2 receptors, therefore
serotonin inhibits DA release and the hypodopaminergic state of
the frontal lobe becomes normal, thereby improving negative
symptoms [132-134]. Olanzapine is chemically like clozapine and
shares several aspects of clozapine’s in vitro pharmacological pro-
file (stronger affinities for the 5-HT2, muscarinic, and histaminic
receptors than for the dopamine D2 receptor). Indeed, Olanzapine
antagonizes multiple neuronal receptors including dopamine (D1,
D2, D4), serotonin (SHT2A, SHT2C, SHT3), histamine (H1) al-
phal-adrenergic receptors; acetylcholine at muscarinic M1, M2,
M3, and M4 receptors, therefore very important are its high affini-
ties for 5-HT 3 and 5-HT 6 receptors and acts as an antagonist,
additionally clozapie like olanzapine, two of the most effective
antipsychotics is a potent 5-HT3 receptor antagonist [135]. These
pharmacological characteristics translate into clozapine-like clini-
cal benefits, as substantially reduced extrapyramidal side effects,
less effect on prolactin, and probably a direct effect on ameliorat-
ing negative symptoms. A further improvement in their mecha-
nism of action led to the development of a third generation of anti-
psychotics. These agents are named dopamine system stabilizers
(DSSs) are a potential new class of antipsychotic agents without
motor side effects. Aripiprazole may be considered representative
of DDSs, with its reduced association with extrapyramidal side
effects and its efficacy against both positive and negative symp-
toms of schizophrenia. Aripiprazole shows a unique pharmacolog-
ical profile. This antipsychotic agent that contains a carbostyril

skeleton and acts as a partial agonist at dopamine D2 receptors
[136]. It is well known that aripiprazole is a dopamine D2 agonist,
a 5-HT receptor 1A receptor agonist, and a 5-HT2A antagonist,
acting as DSSs. This antipsychotic drug possesses moderate 5-HT2
blocking activities, it primarily acts as a dopamine D2 partial ago-
nist and, differs from the other atypical antipsychotics in that it is a
partial agonist at D2 as 5-HT1A receptors, and has antagonistic
activity at 5-HT2A and 5-HT2C receptors [137]. Aripiprazole can
be considered representative of the group third generation of anti-
psychotics, with its reduced association with extrapyramidal side
effects and its efficacy against both positive and negative symp-
toms of schizophrenia. In the presence of dopamine, aripiprazole
decreased dopamine D2 receptor-mediated transmission but did
not result in full blockade. In the absence of dopamine, aripipra-
zole produced small increases in dopamine D2 receptor-mediated
transmission consistent with its intrinsic activity [138]. Meta-ana-
lytical evidence best supports aripiprazole and risperidone, with
substantially less evidence for quetiapine and olanzapine [139].
Moreover, a network meta-analysis, which addressed the treat-
ment of BPSD and not of psychosis specifically, suggested that
aripiprazole was the most effective and safe atypical antipsychotic,
with olanzapine providing the least benefit overall [133]. Howev-
er, these atypical antipsychotics target a broader range of receptors
with different affinity. It must be noted, the higher affinity for dif-
ferent target receptors justifies the possible different or added de-
sired or adverse effects of the different drugs. We should pay more
attention that unlike the typical antipsychotics, which preferential-
ly block dopamine D2 receptors, these antipsychotics also have
additional properties such as 5-HT2A antagonism and 5-HT1A
agonism. Finally, consistent with these observations, even though
atypical antipsychotics have a better safety profile, they may pres-
ent with several adverse events, as weight gain, lipid disturbance,
and glucose dysregulation, thereby contributing to the develop-
ment of metabolic syndrome [140]. For instance, strong binding to
5-HT2C, al and H1 is responsible for the side effects, such as
weight gain, sedation, orthostatic hypotension [31].

Conclusions

BPSD represent a group of affective, psychotic, and behavioral
symptoms that occur in most patients with dementia, especially
those with AD, causing great suffering and increasing the care-
givers’ burden. Nonetheless, pharmacological treatments with
antipsychotics drugs are necessary to treat BPSD. Antipsychotic
agents are the first choice to reduce psychosis and behavioral dis-
turbances despite their frequent side effects. Since AD accompa-
nies the loss of ACh neurons ChEIs which can increase the ACh
level by inhibiting cholinesterase, are widely used to treat the
cognitive impairment. However, these drugs have a propensity to
potentiate EPS associated with antipsychotic treatment in a syner-
gistic manner. But we should pay more attention to the interactions
between anti-Alzheimer’s disease drugs and antipsychotics in in-
duction of EPS. Serotonergic circuitry has been tied to cognitive
decline and implicated in several basal and higher brain functions
that are perturbed in BPSD. Moreover, serotoninergic system
plays crucial roles in modulating EPS associated with antipsychot-
ic treatment. The fundamental role of 5-HT receptors is known,
especially of 5-HT1A, 5-HT2, 5-HT3 and 5-HT6 receptors, in
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the modulation of EPS induced by antipsychotics. Furthermore,
antipsychotics which have 5-HT1A agonistic actions or 5-HT2,
5-HT3, and 5-HT6 antagonistic actions appear to be useful for ad-
junctive BPSD treatment. Therefore, it is imperative for clinicians
to understand how activation of 5-HT1A receptors or blockade
of 5-HT2, 5-HT3 and 5-HT6 receptors can relieve EPS induction
both by antipsychotics alone and by combined antipsychotic treat-
ments with ChEIs.

References

1.

10.

11.

12.

Vecchio, 1., Sorrentino, L., Paoletti, A., Marra, R., & Arbi-
trio, M. (2021). The state of the art on acetylcholinesterase
inhibitors in the treatment of Alzheimer’s disease. Journal of
Central Nervous System Disease, 13, 11795735211029113.
Bomasang-Layno, E., & Bronsther, R. (2021). Diagnosis and
Treatment of Alzheimer’s Disease:: An Update. Delaware
Journal of Public Health, 7(4), 74.

Ponjoan, A., Garre-Olmo, J., Blanch, J., Fages, E.,
Alves-Cabratosa, L., Marti-Lluch, R., ... & Ramos, R. (2020).
Is it time to use real-world data from primary care in Alzhei-
mer’s disease?. Alzheimer’s research & therapy, 12(1), 1-9.
Caraci F, Santagati M, Caruso G, Cannavo D, Leggio GM,
Salomone S, Drago F. New antipsychotic drugs for the treat-
ment of agitation and psychosis in Alzheimer’s disease: focus
on brexpiprazole and pimavanserin. F1000Res. 2020 Jul §;9:
F1000 Faculty Rev-686.

Kim, B., Noh, G. O., & Kim, K. (2021). Behavioural and
psychological symptoms of dementia in patients with Alzhei-
mer’s disease and family caregiver burden: a path analysis.
BMC geriatrics, 21(1), 1-12.

Bessey, L. J., & Walaszek, A. (2019). Management of behav-
ioral and psychological symptoms of dementia. Current psy-
chiatry reports, 21(8), 1-11.

Sutin, A. R., Luchetti, M., Stephan, Y., & Terracciano, A.
(2021). Self-reported sense of purpose in life and proxy-re-
ported behavioral and psychological symptoms of dementia in
the last year of life. Aging & Mental Health, 1-6.

Wang, G. H. M., Man, K. K., Chang, W. H., Liao, T. C., & Lai,
E. C. C. (2021). Use of antipsychotic drugs and cholinesterase
inhibitors and risk of falls and fractures: self-controlled case
series. bmj, 374.

Kabir, M. T., Uddin, M., Begum, M., Thangapandiyan, S.,
Rahman, M., Aleya, L., ... & Ashraf, G. M. (2019). Cholines-
terase inhibitors for Alzheimer’s disease: multitargeting strat-
egy based on anti-Alzheimer’s drugs repositioning. Current
Pharmaceutical Design, 25(33), 3519-3535.

Jann, M. W, Shirley, K. L., & Small, G. W. (2002). Clinical
pharmacokinetics and pharmacodynamics of cholinesterase
inhibitors. Clinical pharmacokinetics, 41(10), 719-739.

Li, D. D., Zhang, Y. H., Zhang, W., & Zhao, P. (2019). Me-
ta-analysis of randomized controlled trials on the efficacy and
safety of donepezil, galantamine, rivastigmine, and meman-
tine for the treatment of Alzheimer’s disease. Frontiers in neu-
roscience, 13, 472.

Nichols, E., Szoeke, C. E., Vollset, S. E., Abbasi, N., Abd-Al-
lah, F., Abdela, J., ... & Murray, C. J. (2019). Global, regional,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

and national burden of Alzheimer’s disease and other demen-
tias, 1990-2016: a systematic analysis for the Global Burden
of Disease Study 2016. The Lancet Neurology, 18(1), 88-106.
Kogure, T., Sumitani, M., Ikegami, K., Abe, H., Hozumi, J.,
Inoue, R., ... & Yamada, Y. (2017). Donepezil, an acetylcho-
linesterase inhibitor, can attenuate gabapentinoid-induced
somnolence in patients with neuropathic pain: A retrospective
chart review. Journal of Pain & Palliative Care Pharmacother-
apy, 31(1), 4-9.

Birks, J. S., & Harvey, R. J. (2018). Donepezil for dementia
due to Alzheimer’s disease. Cochrane Database of systematic
reviews, (6).

Breijyeh, Z., & Karaman, R. (2020). Comprehensive review
on Alzheimer’s disease: causes and treatment. Molecules,
25(24), 5789.

Rogers, S. L., Farlow, M. R., Doody, R. S., Mohs, R., & Fried-
hoff, L. T. (1998). A 24-week, double-blind, placebo-con-
trolled trial of donepezil in patients with Alzheimer’s disease.
Neurology, 50(1), 136-145.

Olin, J. T., & Schneider, L. (2002). Galantamine for Alzhei-
mer’s disease. Cochrane database of systematic reviews, (3).
Reisberg, B., Doody, R., Stoffler, A., Schmitt, F., Ferris, S., &
Mobius, H. J. (2003). Memantine in moderate-to-severe Alz-
heimer’s disease. New England Journal of Medicine, 348(14),
1333-1341.

Bullock, R. (20006). Efficacy and safety of memantine in mod-
erate-to-severe Alzheimer disease: the evidence to date. Alz-
heimer Disease & Associated Disorders, 20(1), 23-29.

Wang, R., & Reddy, P. H. (2017). Role of glutamate and
NMDA receptors in Alzheimer’s disease. Journal of Alzhei-
mer’s Disease, 57(4), 1041-1048.

Li, D. D., Zhang, Y. H., Zhang, W., & Zhao, P. (2019). Me-
ta-analysis of randomized controlled trials on the efficacy and
safety of donepezil, galantamine, rivastigmine, and meman-
tine for the treatment of Alzheimer’s disease. Frontiers in neu-
roscience, 13, 472.

Stanga, S., Caretto, A., Boido, M., & Vercelli, A. (2020). Mi-
tochondrial dysfunctions: a red thread across neurodegener-
ative diseases. International journal of molecular sciences,
21(10), 3719.

Abraha, 1., Rimland, J. M., Trotta, F. M., Dell’Aquila, G.,
Cruz-Jentoft, A., Petrovic, M., ... & Cherubini, A. (2017).
Systematic review of systematic reviews of non-pharmaco-
logical interventions to treat behavioural disturbances in older
patients with dementia. The SENATOR-OnTop series. BMJ
open, 7(3), e012759.

Peters, M. E., Schwartz, S., Han, D. D., Rabins, P. V., Tschanz,
J., & Lyketsos, C. G. (2014). Neuropsychiatric Symptoms as
Predictors of Progression to Severe Alzheimer’s Dementia
and Death: The Cache County Study. The American Journal
of Geriatric Psychiatry, 22(3), S65-S66.

Canevelli, M., Adali, N., Cantet, C., Andrieu, S., Bruno, G.,
Cesari, M., & Vellas, B. (2013). Impact of behavioral subsyn-
dromes on cognitive decline in Alzheimer’s disease: data from
the ICTUS study. Journal of neurology, 260(7), 1859-1865.
Keszycki, R. M., Fisher, D. W., & Dong, H. (2019). The hy-

Adv Neur Neur Sci, 2022

www.opastonline.com

Volume 5 | Issue 2 | 115


https://doi.org/10.1177/11795735211029113
https://djph.org/wp-content/uploads/2021/09/djph-74-009.pdf
https://djph.org/wp-content/uploads/2021/09/djph-74-009.pdf
https://link.springer.com/article/10.1186/s12877-021-02109-w
https://doi.org/10.1007/s11920-019-1049-5
https://doi.org/10.1080/13607863.2021.1937055
https://doi.org/10.1136/bmj.n1925
https://doi.org/10.2174/1381612825666191008103141
https://link.springer.com/article/10.2165/00003088-200241100-00003
https://doi.org/10.3389/fnins.2019.00472
https://doi.org/10.1016/S1474-4422(18)30403-4
https://doi.org/10.1016/S1474-4422(18)30403-4
https://doi.org/10.1080/15360288.2017.1279500
https://doi.org/10.1002/14651858.CD001190.pub3
https://doi.org/10.3390/molecules25245789
https://doi.org/10.1212/WNL.50.1.136
https://doi.org/10.1002/14651858.CD001747
https://www.nejm.org/doi/full/10.1056/nejmoa013128
https://journals.lww.com/alzheimerjournal/Abstract/2006/01000/Efficacy_and_Safety_of_Memantine_in.5.aspx
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad160763
https://doi.org/10.3389/fnins.2019.00472
C:\Users\admin\Downloads\Stanga, S., Caretto, A., Boido, M., & Vercelli, A. (2020). Mitochondrial dysfunctions: a red thread across neurodegenerative diseases. International journal of molecular sciences, 21(10), 3719
https://bmjopen.bmj.com/content/7/3/e012759.abstract
https://doi.org/10.1016/j.jagp.2013.12.070
https://link.springer.com/article/10.1007/s00415-013-6893-3
https://doi.org/10.3389/fphar.2019.01109

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

peractivity—impulsivity—irritiability—disinhibition—aggres-
sion—agitation domain in Alzheimer’s disease: current man-
agement and future directions. Frontiers in pharmacology, 10,
1109.

Steinberg, M., Shao, H., Zandi, P., Lyketsos, C. G., Welsh-
Bohmer, K. A., Norton, M. C., ... & Tschanz, J. T. (2008).
Point and 5-year period prevalence of neuropsychiatric symp-
toms in dementia: the Cache County Study. International
Journal of Geriatric Psychiatry: A journal of the psychiatry of
late life and allied sciences, 23(2), 170-177.

Preuss, U. W., Wong, J. W., & Koller, G. (2016). Treatment of
behavioral and psychological symptoms of dementia: a sys-
tematic review. Psychiatr Pol, 50(4), 679-715.

Wang, Y. C., Tai, P. A, Poly, T. N., Islam, M. M., Yang, H. C.,
Wu, C. C., & Li, Y. C. J. (2018). Increased risk of dementia in
patients with antidepressants: a meta-analysis of observation-
al studies. Behavioural Neurology, 2018.

Calsolaro, V., Femminella, G. D., Rogani, S., Esposito, S.,
Franchi, R., Okoye, C., ... & Monzani, F. (2021). Behavioral
and psychological symptoms in dementia (BPSD) and the use
of antipsychotics. Pharmaceuticals, 14(3), 246.

Li, P., L Snyder, G., & E Vanover, K. (2016). Dopamine tar-
geting drugs for the treatment of schizophrenia: past, pres-
ent and future. Current topics in medicinal chemistry, 16(29),
3385-3403.

Li P, Snyder GL, Vanover KE. Dopamine Targeting Drugs
for the Treatment of Schizophrenia: Past, Present and Future.
Curr Top Med Chem. 2016;16(29):3385-3403.

Ohno, Y., Tatara, A., Shimizu, S., & Sasa, M. (2012). Man-
agement of cognitive impairments in schizophrenia: The ther-
apeutic role of 5-HT receptors.

Ohno, Y., Kunisawa, N., & Shimizu, S. (2019). Antipsychotic
treatment of behavioral and psychological symptoms of de-
mentia (BPSD): management of extrapyramidal side effects.
Frontiers in pharmacology, 10, 1045.

Cloak, N., & Al Khalili, Y. (2019). Behavioral and psycholog-
ical symptoms in dementia.

Masopust, J., Protopopova, D., Vali§, M., Pavelek, Z., &
Klimova, B. (2018). Treatment of behavioral and psycholog-
ical symptoms of dementias with psychopharmaceuticals: a
review. Neuropsychiatric disease and treatment, 14, 1211.
Crittenden, J. R., & Graybiel, A. M. (2011). Basal Ganglia
disorders associated with imbalances in the striatal striosome
and matrix compartments. Frontiers in neuroanatomy, 5, 59.
Lim, S. A. O., Kang, U. J., & McGehee, D. S. (2014). Striatal
cholinergic interneuron regulation and circuit effects. Fron-
tiers in synaptic neuroscience, 6, 22.

Lanciego, J. L., Luquin, N., & Obeso, J. A. (2012). Functional
neuroanatomy of the basal ganglia. Cold Spring Harbor per-
spectives in medicine, 2(12), a009621.

Bolam, J. P. (1984, January). Synapses of identified neurons
in the neostriatum. In Ciba Foundation Symposium (Vol. 107,
pp. 30-47).

Rolls, E. T. (1994). Neurophysiology and cognitive functions
of the striatum. Revue neurologique.

Do, J., Kim, J. 1., Bakes, J., Lee, K., & Kaang, B. K. (2013).

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Functional roles of neurotransmitters and neuromodulators in
the dorsal striatum. Learning & memory, 20(1), 21-28.
DeLong, M., & Wichmann, T. (2009). Update on models of
basal ganglia function and dysfunction. Parkinsonism & relat-
ed disorders, 15, S237-S240.

Pisani, A., Bernardi, G., Ding, J., & Surmeier, D. J. (2007).
Re-emergence of striatal cholinergic interneurons in move-
ment disorders. Trends in neurosciences, 30(10), 545-553.
Kreitzer, A. C. (2009). Physiology and pharmacology of stria-
tal neurons. Annual review of neuroscience, 32, 127-147.
Basile, G. A., Bertino, S., Bramanti, A., Ciurleo, R., Anastasi,
G. P, Milardi, D., & Cacciola, A. (2021). Striatal topograph-
ical organization: Bridging the gap between molecules, con-
nectivity and behavior. European Journal of Histochemistry:
EJH, 65(Suppl 1).

Calabresi, P., Picconi, B., Tozzi, A., Ghiglieri, V., & Di Filip-
po, M. (2014). Direct and indirect pathways of basal ganglia:
a critical reappraisal. Nature neuroscience, 17(8), 1022-1030.
Dautan, D., Huerta-Ocampo, 1., Witten, I. B., Deisseroth, K.,
Bolam, J. P., Gerdjikov, T., & Mena-Segovia, J. (2014). A ma-
jor external source of cholinergic innervation of the striatum
and nucleus accumbens originates in the brainstem. Journal of
Neuroscience, 34(13), 4509-4518.

Benarroch, E. E. (2012). Effects of acetylcholine in the stria-
tum: recent insights and therapeutic implications. Neurology,
79(3), 274-281.

Ohno, Y., Shimizu, S., & Tokudome, K. (2013). Pathophysio-
logical roles of serotonergic system in regulating extrapyrami-
dal motor functions. Biological and Pharmaceutical Bulletin,
36(9), 1396-1400.

Barbeau, A. (1962). The pathogenesis of Parkinson’s disease:
a new hypothesis. Canadian Medical Association Journal,
87(15), 802.

Duvoisin, R. C. (1966). The mutual antagonism of cholinergic
and anticholinergic agents in parkinsonism. Trans Am Neurol
Assoc, 91, 73-79.

Wang, G. H. M., Man, K. K., Chang, W. H., Liao, T. C., & Lai,
E. C. C.(2021). Use of antipsychotic drugs and cholinesterase
inhibitors and risk of falls and fractures: self-controlled case
series. bmj, 374.

Shimizu, S., Mizuguchi, Y., Sobue, A., Fujiwara, M., Morim-
oto, T., & Ohno, Y. (2015). Interaction between anti-Alzhei-
mer and antipsychotic drugs in modulating extrapyramidal
motor disorders in mice. Journal of Pharmacological Scienc-
es, 127(4), 439-445.

Taylor, P. (1998). Development of acetylcholinesterase inhib-
itors in the therapy of Alzheimer’s disease. Neurology, 51(1
Suppl 1), S30-S35.

Ekbom, K., Lindholm, H., & Ljungberg, L. (1972). New
dystonic syndrome associated with butyrophenone therapy.
Zeitschrift fiir Neurologie, 202(2), 94-103.

Suzuki, T., & Matsuzaka, H. (2002). Drug-induced Pisa syn-
drome (pleurothotonus). CNS drugs, 16(3), 165-174.

Ikeda, K., Yanagihashi, M., Sawada, M., Hanashiro, S.,
Kawabe, K., & Iwasaki, Y. (2014). Donepezil-induced cervi-
cal dystonia in Alzheimer’s disease: a case report and litera-

Adv Neur Neur Sci, 2022

www.opastonline.com

Volume 5 | Issue 2 | 116


https://doi.org/10.3389/fphar.2019.01109
https://doi.org/10.1002/gps.1858
http://dx.doi.org/10.12740/PP/64477
https://doi.org/10.1155/2018/5315098
https://doi.org/10.3390/ph14030246
https://www.ingentaconnect.com/content/ben/ctmc/2016/00000016/00000029/art00004
https://www.ingentaconnect.com/content/ben/ctmc/2016/00000016/00000029/art00004
https://psycnet.apa.org/record/2013-01999-014
https://doi.org/10.3389/fphar.2019.01045
https://europepmc.org/article/nbk/nbk551552
https://doi.org/10.2147/NDT.S163842
https://doi.org/10.3389/fnana.2011.00059
https://doi.org/10.3389/fnsyn.2014.00022
http://perspectivesinmedicine.cshlp.org/content/2/12/a009621.short
https://doi.org/10.1002/9780470720882.ch3
https://psycnet.apa.org/record/1995-43010-001
http://learnmem.cshlp.org/content/20/1/21.short
http://learnmem.cshlp.org/content/20/1/21.short
https://doi.org/10.1016/S1353-8020(09)70822-3
https://doi.org/10.1016/j.tins.2007.07.008
https://doi.org/10.1146/annurev.neuro.051508.135422
https://doi.org/10.4081/ejh.2021.3284
https://www.nature.com/articles/nn.3743
https://doi.org/10.1523/JNEUROSCI.5071-13.2014
https://doi.org/10.1212/WNL.0b013e31825fe154
https://doi.org/10.1248/bpb.b13-00310
https://doi.org/10.1136/bmj.n1925
https://doi.org/10.1016/j.jphs.2015.03.004
https://doi.org/10.1212/WNL.51.1_Suppl_1.S30
https://link.springer.com/article/10.1007/BF00316159
https://link.springer.com/article/10.2165/00023210-200216030-00003
https://doi.org/10.2169/internalmedicine.53.1857

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

ture review of dystonia due to cholinesterase inhibitors. Inter-
nal Medicine, 53(9), 1007-1010.

Doherty, K. M., van de Warrenburg, B. P., Peralta, M. C., Sil-
veira-Moriyama, L., Azulay, J. P., Gershanik, O. S., & Bloem,
B. R. (2011). Postural deformities in Parkinson’s disease. The
Lancet Neurology, 10(6), 538-549.

Pahapill, P. A., & Lozano, A. M. (2000). The pedunculopon-
tine nucleus and Parkinson’s disease. Brain, 123(9), 1767-
1783.

Zannas, A. S., Okuno, Y., & Doraiswamy, P. M. (2014). Cho-
linesterase inhibitors and Pisa syndrome: a pharmacovigilance
study. Pharmacotherapy: The Journal of Human Pharmacolo-
gy and Drug Therapy, 34(3), 272-278.

Sobow, T., & Kloszewska, 1. (2006). Cholinesterase inhibi-
tors in the “real world” setting: rivastigmine versus donepezil
tolerability and effectiveness study. Archives of Medical Sci-
ence, 2(3), 194-198.

Vanacore, N., Suzzareddu, G., Maggini, M., Casula, A., Ca-
pelli, P., & Raschetti, R. (2005). Pisa syndrome in a cohort of
Alzheimer’s disease patients. Acta neurologica scandinavica,
111(3), 199-201.

Kwak, Y. T., Han, I. W., Baik, J., & Koo, M. S. (2000). Rela-
tion between cholinesterase inhibitor and Pisa syndrome. The
Lancet, 355(9222), 2222.

Miyaoka, T., Seno, H., Yamamori, C., Inagaki, T., Itoga, M.,
& Horiguchi, J. (2001). Pisa syndrome due to a cholinesterase
inhibitor (donepezil): a case report. The Journal of Clinical
Psychiatry, 62(7), 14583.

Cossu, G., Melis, M., Melis, G., Maccioni, E., Putzu, V.,
Catte, O., & Putzu, P. F. (2004). Reversible Pisa syndrome
(pleurothotonus) due to the cholinesterase inhibitor galantam-
ine: case report. Movement Disorders: Official Journal of the
Movement Disorder Society, 19(10), 1243-1244.

Panagiotis, 1., Pantelis, M., George, B., & Dimitris, K. (2012).
Acute Pisa syndrome after administration of a single dose of
donepezil. The Journal of Neuropsychiatry and Clinical Neu-
rosciences, 24(3), E26-E26.

Dhikav, V., & Anand, K. S. (2013). Acute dystonic reaction
with rivastigmine. International psychogeriatrics, 25(8),
1385-1386.

Diaz, M. C. B., & Rosales, R. L. (2015). A case report on
dyskinesia following rivastigmine patch 13.3 mg/24 hours for
Alzheimer’s disease: perspective in the movement disorders
spectrum following use of cholinesterase inhibitors. Medi-
cine, 94(34).

Hsu, C. W, Lee, Y., Lee, C. Y., & Lin, P. Y. (2017). Revers-
ible Pisa syndrome induced by rivastigmine in a patient with
early-onset Alzheimer disease. Clinical Neuropharmacology,
40(3), 147-148.

Chen, C. F.,, Hsu, H. C., Ouyang, W. C., & Lin, Y. C. (2008).
Galantamine-induced pisa syndrome: memantine as an al-
ternative. International journal of geriatric psychiatry, 23(6),
660-661.

Chao, P. C., Li, J. C, Yeh, T. C., & Yeh, C. B. (2018). A very
low dose of rivastigmine-induced Pisa syndrome in a clozap-
ine-treated patient. Australian & New Zealand Journal of Psy-

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

chiatry, 1, 2.

Pollock, D., Cunningham, E., McGuinness, B., & Passmore,
A. P. (2017). Pisa syndrome due to donepezil: pharmacoki-
netic interactions to blame?. Age and Ageing, 46(3), 529-530.
Shinfuku, M., Nakajima, S., Uchida, H., Watanabe, K., Ko-
cha, H., & Kashima, H. (2011). Pisa syndrome caused by an
acetylcholinesterase inhibitor in a patient with dementia with
Lewy bodies. Psychiatry and clinical neurosciences, 65(3),
299-299.

Villarejo, A., Camacho, A., Garcia—Ramos, R., Moreno, T.,
Penas, M., Juntas, R., & Ruiz, J. (2003). Cholinergic—dopami-
nergic imbalance in Pisa syndrome. Clinical neuropharmacol-
ogy, 26(3), 119-121.

Huvent-Grelle, D., Roche, J., Camus, F. E., Dewalilly, P., &
Puisieux, F. (2007). Relationship between cholinesterase in-
hibitors and Pisa syndrome in a cohort of five French patients
with Alzheimer’s disease. Journal of the American Geriatrics
Society, 55(9), 1472-1475.

Huvent-Grelle, D., Roche, J., Gaxatte, C., Dewailly, P., & Pui-
sieux, F. (2009). Relation between Pisa syndrome and choline
esterase inhibitors in a cohort of Alzheimer’s disease patients.
Presse medicale (Paris, France: 1983), 38(1), 150-153.
Leelavathi, M., Rosdinom, R., & Suguna, M. (2012). Pisa
syndrome secondary to rivastigmine: a case report. La Clinica
Terapeutica, 163(1), 31-32.

Mukku, S. S. R., Achary, U., Sivakumar, P. T., & Varghese, M.
(2018). Recurrent truncal dystonia (Pisa syndrome) due to do-
nepezil-A case report. Asian Journal of Psychiatry, 35, 47-49.
Mimura, Y., Kurose, S., Takata, T., Tabuchi, H., Mimura, M.,
& Funayama, M. (2020). Pisa syndrome induced by switch-
ing of a choline-esterase inhibitor treatment from donepezil to
galantamine: a case report. BMC neurology, 20(1), 1-5.
Pavlis CJ, Kutscher EC, Carnahan RM, Kennedy WK, Van
Gerpen S, Schlenker E. Rivastigmine-induced dystonia. Am J
Health Syst Pharm. 2007 Dec 1;64(23):2468-70.

Takakusaki, K., Habaguchi, T., Ohtinata-Sugimoto, J., Saitoh,
K., & Sakamoto, T. (2003). Basal ganglia efferents to the
brainstem centers controlling postural muscle tone and loco-
motion: a new concept for understanding motor disorders in
basal ganglia dysfunction. Neuroscience, 119(1), 293-308.
Shih, L. C., Vanderhorst, V. G., Lozano, A. M., Hamani, C.,
& Moro, E. (2013). Improvement of pisa syndrome with con-
tralateral pedunculopontine stimulation. Movement disorders:
official journal of the Movement Disorder Society, 28(4), 555.
Ricciardi, L., Piano, C., Bentivoglio, A. R., & Fasano, A.
(2014). Long-term effects of pedunculopontine nucleus stim-
ulation for Pisa syndrome. Parkinsonism & Related Disor-
ders, 20(12), 1445-1446.

Janno, S., Holi, M., Tuisku, K., & Wahlbeck, K. (2004). Prev-
alence of neuroleptic-induced movement disorders in chron-
ic schizophrenia inpatients. American Journal of Psychiatry,
161(1), 160-163.

Caroff, S. N., Hurford, I., Lybrand, J., & Campbell, E. C.
(2011). Movement disorders induced by antipsychotic drugs:
implications of the CATIE schizophrenia trial. Neurologic
clinics, 29(1), 127-148.

Adv Neur Neur Sci, 2022

www.opastonline.com

Volume 5 | Issue 2 | 117


https://doi.org/10.2169/internalmedicine.53.1857
https://doi.org/10.1016/S1474-4422(11)70067-9
https://doi.org/10.1093/brain/123.9.1767
https://doi.org/10.1002/phar.1359
https://doi.org/10.1111/j.1600-0404.2005.00388.x
https://doi.org/10.1016/S0140-6736(00)02412-0
https://doi.org/10.1002/mds.20164
https://doi.org/10.1176/appi.neuropsych.11070158
https://doi.org/10.1017/S104161021300029X
https://journals.lww.com/md-journal/Fulltext/2015/08040/A_Case_Report_on_Dyskinesia_Following_Rivastigmine.11.aspx
https://journals.lww.com/clinicalneuropharm/Abstract/2017/05000/Reversible_Pisa_Syndrome_Induced_by_Rivastigmine.7.aspx
https://doi.org/10.1002/gps.2021
https://doi.org/10.1177/0004867417741983
https://doi.org/10.1093/ageing/afw253
https://doi.org/10.1111/j.1440-1819.2011.02196.x
https://journals.lww.com/clinicalneuropharm/Abstract/2003/05000/Cholinergic_Dopaminergic_Imbalance_in_Pisa.4.aspx
https://d1wqtxts1xzle7.cloudfront.net/50061389/j.1532-5415.2007.01283.x20161102-29352-gf0q79-with-cover-page-v2.pdf?Expires=1656399309&Signature=JE7DZoM9HS3huAkqf1zrAHLEg-noucnuE6nrWYy-Ibr4oTgVZOD4oFcdPKqbw6lwEzq7~TCTLFXfygOx7nvHsQqWGZgWlpjBUT9JonmT68foY1AoG8rLWFAskivfo8FwHKXyFlMQmUFX-3n0O6Jenc7YFojzWb~ss0qwYSU3nLS4eDq-Uawi1eADH3SNVaLl1G7ntT~yRvZGRZguee1Iz0Bt7J0eslOJ16lhdY7drf1KIqTg3mgdPOPAo3NEbWJHpee5p9pwm2U9uaProOmWrvoPSWNsEVdWacluTCdBjPG1KkEcrMVgIQoQdmIXANfVN59BVzAoX0Bpka3E6kZ8uw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.lpm.2008.08.007
https://europepmc.org/article/med/22362231
https://doi.org/10.1016/j.ajp.2018.05.003
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-020-01769-2
https://doi.org/10.1016/S0306-4522(03)00095-2
https://doi.org/10.1002/mds.25301
https://doi.org/10.1016/j.parkreldis.2014.10.006
https://doi.org/10.1176/appi.ajp.161.1.160
https://doi.org/10.1016/j.ncl.2010.10.002

87.

88.

89.

90.

Tilahun Ali, M. S., Tariku, M., Mekuria, A. N., & Desalew, A.
(2021). Antipsychotic-induced extrapyramidal side effects: A
systematic review and meta-analysis of observational studies.
PLOS ONE, (9), €0257129.

Clague, F., Mercer, S. W., McLean, G., Reynish, E., & Guth-
rie, B. (2017). Comorbidity and polypharmacy in people with
dementia: insights from a large, population-based cross-sec-
tional analysis of primary care data. Age and ageing, 46(1),
33-39.

Kabir, M. T., Uddin, M. S., Mamun, A. A., Jeandet, P., Aleya,
L., Mansouri, R. A., ... & Abdel-Daim, M. M. (2020). Combi-
nation drug therapy for the management of Alzheimer’s dis-
ease. International journal of molecular sciences, 21(9), 3272.
Tariot, P. N., Farlow, M. R., Grossberg, G. T., Graham, S.
M., McDonald, S., Gergel, I, ... & Memantine Study Group.
(2004). Memantine treatment in patients with moderate to
severe Alzheimer disease already receiving donepezil: a ran-
domized controlled trial. Jama, 291(3), 317-324.

adverse outcomes. European journal of epidemiology, 36(1),
89-101.

99. Marston, O. J., Garfield, A. S., & Heisler, L. K. (2011). Role
of central serotonin and melanocortin systems in the control
of energy balance. European journal of pharmacology, 660(1),
70-79.

100.JA, B. M. G., & Roth, B. L. (2009). The expanded biology of
serotonin. Annu Rev Med, 60, 355-66.

101.Baumgarten, H. G., & Grozdanovic, Z. (1995). Psychophar-
macology of central serotonergic systems. Pharmacopsychia-
try, 28(S 2), 73-79.

102.Sangkuhl, K., Klein, T., & Altman, R. (2009). Selective sero-
tonin reuptake inhibitors (SSRI) pathway. Pharmacogenetics
and genomics, 19(11), 907.

103.0hno, Y., Shimizu, S., Tokudome, K., Kunisawa, N., & Sasa,
M. (2015). New insight into the therapeutic role of the seroto-
nergic system in Parkinson’s disease. Progress in neurobiolo-
gy, 134, 104-121.

104.Palacios, J. M. (2016). Serotonin receptors in brain revisited.

91. Cummings, J. L., Schneider, E., Tariot, P. N., & Graham, S. Brain research, 1645, 46-49.

M. (2006). Behavioral effects of memantine in Alzheimer dis-  105. Pucadyil, T. J., Kalipatnapu, S., & Chattopadhyay, A. (2005).
ease patients receiving donepezil treatment. Neurology, 67(1), The serotonin 1A a receptor: a representative member of the
57-63. serotonin receptor family. Cellular and molecular neurobiolo-

92. Jones, R. W. (2010). A review comparing the safety and toler- gy, 25(3), 553-580.
ability of memantine with the acetylcholinesterase inhibitors.  106.Luna-Munguia, H., Manuel-Apolinar, L., Rocha, L., & Mene-
International Journal of Geriatric Psychiatry: A journal of the ses, A. (2005). 5-HT1A receptor expression during memory
psychiatry of late life and allied sciences, 25(6), 547-553. formation. Psychopharmacology, 181(2), 309-318.

93. Matsuzono, K., Hishikawa, N., Ohta, Y., Yamashita, T., Degu-  107.Kusserow, H., Davies, B., Hortnagl, H., Voigt, 1., Stroh, T.,
chi, K., Nakano, Y., & Abe, K. (2015). Combination therapy Bert, B., ... & Theuring, F. (2004). Reduced anxiety-related
of cholinesterase inhibitor (donepezil or galantamine) plus behaviour in transgenic mice overexpressing serotoninlA re-
memantine in the Okayama Memantine Study. Journal of Alz- ceptors. Molecular brain research, 129(1 '_2)’ 104-116.
heimer’s Disease, 45(3), 771-780. 108.Barnes, N. M., & Sharp, T..(1999). A review of central 5-HT

94. Koola, M. M. (2018). Galantamine-memantine combination receptors and their function. Neuropharmacology, 38(8),
for cognitive impairments due to electroconvulsive therapy, 1083_.1152' )
traumatic brain inj and neurologic and psychiatric disor- 109.Palacios, J. M., Raurich, A., Mengod, G., Hurt, 8. D., &

Jury, 0g psy . . . ;
ders: kynurenic acid and mismatch negativity target engage- Cortés, R. (1995). Autoradiographic analysis of S_H.T recep-
y g y targ gag
ment. The primary care companion for CNS disorders, 20(2), tor subtypes labeled by [3H] 5-CT ([3H] 5-carboxamidotrypt-
27296 amlr}e). Behavioural brain research, 73(1-2), 239-243.
) . . 110.Radja, F., Laporte, A. M., Daval, G., Vergé, D., Gozlan, H.,

95. Wu, H. M., Tzeng, N. 5., Qian, L., Wei, 8. J., Hu? X., Chen, & Hamon, M. (1991). Autoradiography of serotonin receptor
S. H., ... & Lu, R. B. (2009). Novel neuroprotective mecha- subtypes in the central nervous system. Neurochemistry inter-
nisms of memantine: increase in neurotrophic factor release national, 18(1), 1-15.
from astroglia and anti-inflammation by preventing microglial 111. Lépez-Giménez, J. F., Mengod, G., Palacios, J. M., & Vilaro,
activation. Neuropsychopharmacology, 34(10), 2344-2357. M. T. (1997). Selective visualization of rat brain 5-HT2A

96. Carotenuto, A., Rea, R., Traini, E., Fasanaro, A. M., Ricci, G., receptors by autoradiography with [3H] MDL 100,907.
Manzo, V., & Amenta, F. (2017). The effect of the associa- Naunyn-Schmiedeberg’s archives of pharmacology, 356(4),
tion between donepezil and choline alphoscerate on behavior- 446-454.
al disturbances in Alzheimer’s disease: interim results of the  112.0hno, Y., Shimizu, S., Tokudome, K., Kunisawa, N., & Sasa,
ASCOMALVA trial. Journal of Alzheimer’s Disease, 56(2), M. (2015). New insight into the therapeutic role of the seroto-
805-815. nergic system in Parkinson’s disease. Progress in neurobiolo-

97. Ruangritchankul, S., Chantharit, P., Srisuma, S., & Gray, L. C. gy, 134, 104-121.

(2021). Adverse drug reactions of acetylcholinesterase inhibi- ~ 113.0Ohno, Y., Shimizu, S., & Tokudome, K. (2013). Pathophysio-
tors in older people living with dementia: a comprehensive lit- logical roles of serotonergic system in regulating extrapyrami-
erature review. Therapeutics and Clinical Risk Management, dal motor functions. Biological and Pharmaceutical Bulletin,
17.927. 36(9), 1396-1400.

08. Ml,leller, C., John, C., Perera, G., Aarsland, D., Ballard, C., 114. Newman-Tancredi, A. (2011). Biased agonism at serotonin
& Stewart, R. (2021). Antipsychotic use in dementia: the re- 5-HT1A receptors: preferential postsynaptic activity for im-
lationship between neuropsychiatric symptom profiles and proved therapy of CNS disorders. Neuropsychiatry, 1(2), 149.

Adv Neur Neur Sci, 2022 www.opastonline.com Volume 5 | Issue 2 | 118


https://doi.org/10.1371/journal.pone.0257129
https://doi.org/10.1093/ageing/afw176
https://doi.org/10.3390/ijms21093272
https://jamanetwork.com/journals/jama/fullarticle/198033
https://doi.org/10.1212/01.wnl.0000223333.42368.f1
https://doi.org/10.1002/gps.2384
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad143084
https://doi.org/10.1038/npp.2009.64
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad160675
https://doi.org/10.2147/TCRM.S323387
https://doi.org/10.1007/s10654-020-00643-2
https://doi.org/10.1007/s10654-020-00643-2
https://doi.org/10.1016/j.ejphar.2010.12.024
https://doi.org/10.1146/annurev.med.60.042307.110802
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-2007-979623
https://doi.org/10.1016/j.pneurobio.2015.09.005
https://doi.org/10.1016/j.brainres.2015.12.042
https://link.springer.com/article/10.1007/s00213-005-2240-4
https://doi.org/10.1016/j.molbrainres.2004.06.028
https://doi.org/10.1016/S0028-3908(99)00010-6
https://doi.org/10.1016/0166-4328(96)00104-0
https://doi.org/10.1016/0197-0186(91)90029-D
https://link.springer.com/article/10.1007/PL00005075
https://doi.org/10.1016/j.pneurobio.2015.09.005
https://doi.org/10.1248/bpb.b13-00310

115.Chakraborty, S., Lennon, J. C., Malkaram, S. A., Zeng, Y.,
Fisher, D. W., & Dong, H. (2019). Serotonergic system, cog-
nition, and BPSD in Alzheimer’s disease. Neuroscience let-
ters, 704, 36-44.

116.0hno, Y., Shimizu, S., & Imaki, J. (2009). Effects of tandospi-
rone, a 5-HT1A agonistic anxiolytic agent, on haloperidol-in-
duced catalepsy and forebrain Fos expression in mice. Journal
of pharmacological sciences, 109(4), 593-599.

117.Shimizu, S., Tatara, A., Imaki, J., & Ohno, Y. (2010). Role
of cortical and striatal 5-HT1A receptors in alleviating anti-
psychotic-induced extrapyramidal disorders. Progress in Neu-
ro-Psychopharmacology and Biological Psychiatry, 34(6),
877-881.

118.1derberg, H., McCreary, A. C., Varney, M. A., Cenci, M. A., &
Newman-Tancredi, A. (2015). Activity of serotonin 5-HT1A
receptor ‘biased agonists’ in rat models of Parkinson’s dis-
ease and L-DOPA-induced dyskinesia. Neuropharmacology,
93, 52-67.

119.Mombereau C, Arnt J, Merk A. Involvement of presynaptic
5-HT1A receptors in the low propensity of brexpiprazole to
induce extrapyramidal side effects in rats. Pharmacol Bio-
chem Behav. 2017 Feb; 153:141-146.

120.0hno, Y., Ishida-Tokuda, K., Ishibashi, T., Sakamoto, H., Ta-
gashira, R., Horisawa, T., ... & Nakamura, M. (1997). Poten-
tial role of 5-HT2 and D2 receptor interaction in the atypical
antipsychotic action of the novel succimide derivative, pero-
spirone. Polish journal of pharmacology, 49(4), 213-219.

121.Barnes, N. M., & Sharp, T. (1999). A review of central 5-HT
receptors and their function. Neuropharmacology, 38(8),
1083-1152.

122.Politis, M., Wu, K., Loane, C., Brooks, D. J., Kiferle, L., Tur-
kheimer, F. E., ... & Piccini, P. (2014). Serotonergic mech-
anisms responsible for levodopa-induced dyskinesias in
Parkinson’s disease patients. The Journal of clinical investi-
gation, 124(3), 1340-1349.

123.Lindenbach, D., Palumbo, N., Ostock, C. Y., Vilceus, N., Con-
ti, M. M., & Bishop, C. (2015). Side effect profile of 5-HT
treatments for P arkinson’s disease and L-DOPA-induced
dyskinesia in rats. British journal of pharmacology, 172(1),
119-130.

124.Bishop, C., George, J. A., Buchta, W., Goldenberg, A. A., Mo-
hamed, M., Dickinson, S. O., ... & Eskow Jaunarajs, K. L.
(2012). Serotonin transporter inhibition attenuates 1-DOPA-
induced dyskinesia without compromising 1-DOPA efficacy
in hemi-parkinsonian rats. European Journal of Neuroscience,
36(6), 2839-2848.

125.Tatara, A., Shimizu, S., Shin, N., Sato, M., Sugiuchi, T., Imaki,
J., & Ohno, Y. (2012). Modulation of antipsychotic-induced
extrapyramidal side effects by medications for mood disor-
ders. Progress in Neuro-Psychopharmacology and Biological
Psychiatry, 38(2), 252-259.

126.0hno, Y., Imaki, J., Mae, Y., Takahashi, T., & Tatara, A.
(2011). Serotonergic modulation of extrapyramidal motor
disorders in mice and rats: role of striatal 5-HT3 and 5-HT6
receptors. Neuropharmacology, 60(2-3), 201-208.

127.Mocci, G., Jiménez-Sanchez, L., Adell, A., Cortés, R., & Ar-
tigas, F. (2014). Expression of 5-HT2A receptors in prefrontal
cortex pyramidal neurons projecting to nucleus accumbens.
Potential relevance for atypical antipsychotic action. Neuro-

pharmacology, 79, 49-58.

128.Freedman R. Schizophrenia. N Engl J Med. 2003 Oct
30;349(18):1738-49.

129.0hno, Y., Kunisawa, N., & Shimizu, S. (2019). Antipsychotic
treatment of behavioral and psychological symptoms of de-
mentia (BPSD): management of extrapyramidal side effects.
Frontiers in pharmacology, 10, 1045.

130.Kantrowitz, J. T. (2020). Targeting serotonin 5-HT2A recep-
tors to better treat schizophrenia: rationale and current ap-
proaches. CNS drugs, 34(9), 947-959.

131.Calsolaro, V., Femminella, G. D., Rogani, S., Esposito, S.,
Franchi, R., Okoye, C., ... & Monzani, F. (2021). Behavioral
and psychological symptoms in dementia (BPSD) and the use
of antipsychotics. Pharmaceuticals, 14(3), 246.

132.Ananth, J., Burgoyne, K. S., Gadasalli, R., & Aquino, S.
(2001). How do the atypical antipsychotics work?. Journal of
psychiatry and Neuroscience, 26(5), 385.

133.Yunusa, I., & El Helou, M. L. (2020). The use of risperidone
in behavioral and psychological symptoms of dementia: a re-
view of pharmacology, clinical evidence, regulatory approv-
als, and off-label use. Frontiers in Pharmacology, 11, 596.

134.Mansour, A. (1998). Biochemical anatomy: Insights into cell
biology and pharmacology of the dopamine and serotonin sys-
tems in the brain. Textbook of Psychophamacology.

135.Kapur, S., Zipursky, R. B., Remington, G., Jones, C., DaSilva,
J., Wilson, A. A., & Houle, S. (1998). 5-HT2 and D2 receptor
occupancy of olanzapine in schizophrenia: a PET investiga-
tion. American Journal of Psychiatry, 155(7), 921-928.

136.Tadori, Y., Miwa, T., Tottori, K., Burris, K. D., Stark, A.,
Mori, T., & Kikuchi, T. (2005). Aripiprazole’s low intrinsic
activities at human dopamine D2L and D2S receptors render
it a unique antipsychotic. European journal of pharmacology,
515(1-3), 10-19.

137.Keck Ir, P. E., & McElroy, S. L. (2003). Aripiprazole: a partial
dopamine D2 receptor agonist antipsychotic. Expert opinion
on investigational drugs, 12(4), 655-662.

138.Kikuchi, T., Maeda, K., Suzuki, M., Hirose, T., Futamura, T.,
& McQuade, R. D. (2021). Discovery research and develop-
ment history of the dopamine D2 receptor partial agonists,
aripiprazole and brexpiprazole. Neuropsychopharmacology
Reports, 41(2), 134-143.

139.Ismail, Z., Creese, B., Aarsland, D., Kales, H. C., Lyketsos, C.
G., Sweet, R. A., & Ballard, C. (2022). Psychosis in Alzhei-
mer disease—Mechanisms, genetics and therapeutic opportu-
nities. Nature Reviews Neurology, 18(3), 131-144.

140.Pillinger, T., McCutcheon, R. A., Vano, L., Mizuno, Y., Ar-
umuham, A., Hindley, G., ... & Howes, O. D. (2020). Com-
parative effects of 18 antipsychotics on metabolic function in
patients with schizophrenia, predictors of metabolic dysreg-
ulation, and association with psychopathology: a systematic
review and network meta-analysis. The Lancet Psychiatry,
7(1), 64-77.

Copyright: ©2022 Rocco Galimi. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,

provided the original author and source are credited.

Adv Neur Neur Sci, 2022

www.opastonline.com

Volume 5 | Issue 2 | 119


https://doi.org/10.1016/j.neulet.2019.03.050
https://doi.org/10.1254/jphs.08313FP
https://doi.org/10.1016/j.pnpbp.2010.04.005
https://doi.org/10.1016/j.neuropharm.2015.01.012
https://doi.org/10.1016/S0028-3908(99)00010-6
https://doi.org/10.1172/JCI71640.
https://doi.org/10.1111/bph.12894
https://doi.org/10.1111/j.1460-9568.2012.08202.x
https://doi.org/10.1016/j.pnpbp.2012.04.008
http://dx.doi.org/10.1016/j.neuropharm.2013.10.021
https://doi.org/10.1016/j.neuropharm.2013.10.021
https://doi.org/10.3390/ph14030246
https://doi.org/10.3389/fphar.2020.00596
https://doi.org/10.1176/ajp.155.7.921
https://doi.org/10.1016/j.ejphar.2005.02.051
https://doi.org/10.1517/13543784.12.4.655
https://doi.org/10.1002/npr2.12180
https://doi.org/10.1016/S2215-0366(19)30416-X

