\ﬁ Eﬂ"‘\%@

.#-
&
i
g

L

A

ISSN: 2347-6346

International Journal of Pharmaceutics and Drug Research

Available online at http://ijpdr.com

L
x FAF
- F
=

Review Article

Sanskar Jain*, Samrat Biswas, Sameer Khan, Rohit Sahu, Rituraj Singh Lodhi, Sunayana

Kesharwani

Adina Institute of Pharmaceutical Sciences, Sagar (M.P.)

*Correspondence Info:
Sanskar Jain

Adina Institute of Pharmaceutical
Sciences, Sagar (M.P.)

Email:
jainsanskar7580@gmail.com

*Article History:

Received: 12/04/2024
Revised: 28/04/2024
Accepted: 07/05/2024

ABSTRACT

Dementia-associated diseases, including Alzheimer's disease (AD),
Parkinson's disease (PD), and other neurodegenerative disorders,
represent a significant burden on global health. To advance our
understanding and develop effective treatments, animal models have
been extensively utilized. These models, ranging from invertebrates
like Caenorhabditis elegans and Drosophila melanogaster to
vertebrates such as rodents and non-human primates, offer invaluable
insights into the pathophysiology of dementia. Transgenic rodent
models, in particular, have been instrumental in elucidating the genetic
and molecular mechanisms underlying AD and PD, by replicating
human-like amyloid-beta plaque formation, tau protein tangles, and
alpha-synuclein aggregation. Additionally, these models are pivotal
for preclinical drug testing and biomarker discovery. Despite their
contributions, limitations such as differences in brain structure and
function between humans and animals, and the complexity of human
dementia, necessitate continuous refinement of these models. Future
directions include the development of more sophisticated models that
better mimic human disease pathology and the integration of multi-
species data to enhance translational relevance.

Keywords: Dementia, Alzheimer's disease, Parkinson's disease,

Animal models, Neurodegeneration, Transgenic rodents, Amyloid-
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INTRODUCTION

broad understanding of risk factors is essential

Dementia is a disabling clinical syndrome
characterised by a progressive deterioration of
cognition associated with impairment in
activities of daily living (Van der Flier and
Scheltens, 2005). It is on the increase in high-
income countries and even more so in low-
and middle-income countries (Kalaria et al.,
2008). At present, about 36 million people in
the world live with dementia and this number
will almost double in the next 20 years, thus
imposing a great burden on patients, their
families and society as a whole. Because the
current dementia treatments are still limited, a

for the prevention of these diseases (Ferri et
al., 2005; Silva et al., 2013). Affective
disorders are associated with cognitive
disturbances that are not just limited to acute
mood episodes. Even after major depression
has remitted, patients show impairment in
executive function and attention (Paelecke et
al., 2005). A wide gap prevailed between this
observation made at the start of the twentieth
century and the recent interest in affective
disorders as risk factors for late-life dementia.
A growing number of epidemiological studies
have addressed this link, most of them
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focused on depression as a risk factor for
Alzheimer's disease. In fact, two meta-
analyses found that having a history of
depression  approximately doubled the
probability of developing Alzheimer's disease
or dementia in general (Ownby et al., 2006;
Jorm, 2001).

Although there are more than 70 diseases that
cause dementia, Alzheimer’ disease (AD) is
the most common cause and accounts for 50-
70% of dementia, and combination of
Alzheimer’s disease and vascular dementia
account for between 80-90% of cases (Black
et al., 2001). It is a brain disorder usually in
elderly, associated with slow progressive loss
of brain function notably lapses in memory,
disorientation, confusion, mood swings,
changes in personality, language problems,
such as difficulty in finding the right words
for everyday objects, loss of behavioral
inhibitions, loss of motivation and paranoia.
Other subtypes of dementia are vascular
dementia associated with vascular risk factors
(Hachinski et al., 2006), lewy body dementia
associated with eosinophilic cytoplasmic
inclusion (Wild et al., 1996) frontotemporal
dementia most commonly caused by
frontotemporal degeneration (Rosen ef al.,
2002) and mixed dementia a combination of
Alzheimer’s disease and vascular dementia
(Zekry et al., 2002).

Dementia is a syndrome due to disease of the
brain - usually of a chronic or progressive
nature in which there is disturbance of
multiple higher cortical functions, including
memory, thinking, orientation,
comprehension, calculation, learning capacity,
language, and judgement. Consciousness is
not clouded. The impairments of cognitive
function are commonly accompanied, and

occasionally preceded, by deterioration in
emotional control, social behaviour, or
motivation. This syndrome occurs in a large
number of conditions primarily or secondarily
affect- ing the brain (Deore et al., 2024).
Causes and types of Dementia

It is known that dementia is a progressive
neurodegenerative disease so over the coming
decades, it has become a set of the world’s
largest socio-economic healthcare burden
issues. Alzheimer Society UK, claims that
more than 60%-62% disease accounts as a
Alzheimer’s disease with the elderly followed
by vascular dementia (17%), mixed (AD and
vascular) dementia (10%), dementia with
Lewy bodies (4%), fronto-temporal dementia
(2%) and Parkinson’s dementia (2%) (Ashraf
etal.,2013)

There are many diseases that result in
dementia. The most common types of
dementia are outlined below:

Progressive dementias:

Alzheimer's disease: Alzheimer’s disease
(AD) accounts for around 60 percent of all
cases of dementia (Fratiglioni et al., 2007).
AD is a progressive neurodegenerative
condition that may be of presenile or senile
onset depending on whether the occurrence of
disease is before or after the age of 65 years.
These gene changes can be passed down from
parent to child. While several genes are
probably involved in Alzheimer's disease, one
important gene that increases risk is
apolipoprotein. Alzheimer's disease have
plaques and tangles in their brains. Plaques
are clumps of a protein called beta-amyloid.
It's thought that these clumps damage healthy
brain cells and the fibers connecting them.
Vascular dementia: Vascular dementia
(VaD) remains the second most common form
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of dementia (upto 20% of all cases) in the
elderly after AD (Roman, 2002). This type of
dementia is caused by damage to the vessels
that supply blood to the brain. Blood vessel
problems can cause stroke or affect the brain
in other ways, such as by damaging the fibers
in the white matter of the brain. It is the result
of brain injury produced by cerebrovascular
disease, either hemorrhagic or ischemic, or by
hypoperfusive lesions resulting from cardiac
disease or circulatory failure (Roman, 2005).
Lewy body dementia: Dementia with Lewy
bodies (DLB) accounts for 15 to 20 per cent
of dementia cases. Lewy bodies are
balloonlike clumps of protein. The disease
seems to lie somewhere between Alzheimer's
disease (AD) and Parkinson’s disease. DLB
has distinct microscopic features: patients
present with Lewy bodies and amyloid
plaques in the subcortical and cortical regions
of the brain. Symptoms also include problems
with focus and attention. Other signs include
uncoordinated or slow movement, tremors,
and stiffness, known as parkinsonism
(Husband and Worsley, 2006).

Fronto temporal dementia: FTD, sometimes
also referred to as fronto-temporal lobar
degeneration (FTLD), 1is the second
commonest cause of dementia in younger
people (< 65 years) (Ratnavalli et al., 2002),
and produces focal atrophy of the frontal and/
or anterior temporal lobes, with concomitant
cognitive features. This is a group of diseases
characterized by the breakdown of nerve cells
and their connections in the frontal and
temporal lobes of the brain. These areas are
associated with personality, behavior and
language (Neary et al., 2005).

Other disorders linked to dementia:
Huntington's disease: Huntington’s disease
(HD) is an autosomal dominant disorder with
an average course of 15 to 20 years. It
typically affects patients between 30 and 50
years of age and has a prevalence of between
four and seven per 100,000 worldwide. The
disease causes certain nerve cells in the brain
and spinal cord to waste away. Symptoms
include a decline in thinking skills, known as
cognitive skills. Symptoms usually appear
around age 30 or 40 (Roze et al., 2010).
Parkinson's disease: The one-third patients
with Parkinson’s disease are prone to
subcortical and progressive dementia. The
neurodegeneration is not only confined to
substantia nigra but spread to other
subcortical nuclei including the limbic system
and the cerebral cortex. Furthermore, the
underlying neurochemical deficits associated
may be losses of cholinergic, dopaminergic
and noradrenergic innervations (Kulisevsky
and Pagonabarraga, 2009; Hindle, 2010).
Creutzfeldt-Jakob disease: It is a dementia
with an extremely rapid course, caused by
transmissible infectious agent, the prion.
Cognitive  deterioration is  progressive,
widespread and accompanied by pyramidal
and extrapyramidal signs i.e myoclonic jerks,
ataxia and muscle rigidity. Death generally
occurs in 6-12 months. The pathological
changes are widespread in the cortex and the
subcortical structures. Spongiform change in
neurons is characteristic and neuronal loss and
astrocytic proliferation occur (Dupiereux et
al., 2009).

Stages of dementia

Dementia has three progressive and
successive stages from mild to moderate to
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severe (Fymat, 2018). The features of each
stage is given below (Three stage Model)
Early stage - (Mild degree): Symptoms
(memory difficulties, anomia, executive
function problems, personality change, social
withdrawal, etc.) are more noticeable.

Middle stage - (Moderate degree):
Symptoms  (problem-solving  difficulties,
impaired social judgment, preclusion of
outside-of-the-home  functioning, needed
assistance for personal care and hygiene)
generally worsen.

Late stage - (Severe degree): Symptoms
(required assistance for personal care and
hygiene, needed supervision for personal
safety, changes in diet and sleep patterns, etc.)
change significantly.

Diagnosis

Symptoms are similar across dementia types
and it is difficult to diagnose by symptoms
alone. Diagnosis may be aided by brain
scanning techniques. In many cases, the
diagnosis requires a brain biopsy to become
final, but this is rarely recommended (though
it can be performed at autopsy) (Lin et al.,
2013). Normally, symptoms must be present
for at least six months to support a diagnosis.
Cognitive dysfunction of shorter duration is
called delirium. Delirium can be easily
confused with dementia due to similar
symptoms. Delirium is characterized by a
sudden onset, fluctuating course, a short
duration (often lasting from hours to weeks),
and is primarily related to a somatic (or
medical)  disturbance. In  comparison,
dementia has typically a long, slow onset
(except in the cases of a stroke or trauma),
slow decline of mental functioning, as well as
a longer trajectory (from months to years)
(Caplan and Rabinowitz, 2010).

Some mental illnesses, including depression
and psychosis, may produce symptoms that
must be differentiated from both delirium and
dementia (Rivera et al., 2022). These are
differently diagnosed as pseudodementias,
and any dementia evaluation needs to include
a depression screening such as the
Neuropsychiatric Inventory or the Geriatric
Depression Scale (Lai, 2014).

Risk factors

Risk factor for dementia include high blood
pressure, hearing loss, smoking, obesity,
depression, inactivity, diabetes, lower levels
of education and low social contact. Over-
indulgence in alcohol, lack of sleep, anemia,
traumatic brain injury, and air pollution can
also increase the chance of developing
dementia (Livingston ef al., 2020).

In addition to the above risk factors, other
psychological features, including certain
personality traits (high neuroticism, and
low conscientiousness), low purpose in life,
and high loneliness, are risk factors for
Alzheimer's disease and related dementias
(Sutin et al., 2021). The two most modifiable
risk factors for dementia are physical
inactivity and lack of cognitive stimulation
(Cheng, 2016).Sensory impairments of vision
and hearing are modifiable risk factors for
dementia (Dawes, 2019). These impairments
may precede the cognitive symptoms of
Alzheimer's disease for example, by many
years (Panza, 2019). Hearing loss may lead
to social isolation which negatively affects
cognition (Thomson et al., 2017).
Management

There are limited options for treating
dementia, with most approaches focused on
managing or reducing individual symptoms.
There are no treatment options available to
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delay the onset of dementia (Hafdi er al.,
2021). Acetylcholinesterase inhibitors are
often used early in the disorder course;
however, benefit is generally small (Schneider
et al., 2014). Palliative care interventions may
lead to improvements in comfort in dying, but
the evidence is low (Walsh er al., 2021).
Exercise programs are beneficial with respect
to activities of daily living, and potentially
improve dementia (Forbes et al., 2015).
Animal models to evaluate dementia and
cognitive deficits

Various animal models of dementia:
Spontaneous models: Memory loss is a
primary characteristic feature of old age
therefore aged animals can serve as natural
model of memory deficits and dementia.

Aged induced dementia: Aging animals are
used routinely in drug development due to age
related cognitive decline and behavioral
alterations which mimic not only the
neurochemical and morphological alterations
(Erickson and Barnes, 2003) but also the
cholinergic hypofunction (Sherman and
Friedman, 1990) that 1is similar to
pathophysiology of Alzheimer's disease.
Reports indicate that dopaminergic and
glutamatergic ~ dysfunctions may also
contribute to age related dementia (Collier et
al., 1988).The advantage of this model is that
it is non-invasive, natural and without any
central neurochemical manipulations.

Sam models: Senescence-accelerated prone 8
(SAMP8) mice mimic many of the salient
features of Alzheimer's disease (AD) (Chen et
al., 2014). The SAM models were developed
in early 1981 including nine major senes
cence accelerated mouse-prone (SAMP) sub-
strains that undergo accel erated aging and
three senescence accelerated mouse-resistant

(SAMR) sub-strains that undergo normal
aging process (Okuma and Nomura, 1998).
Chemically induced models: Manipulations of
central neuronal/neurotransmitters pathways
by chemical means form the basis of these
models.

Scopolamine induced memory deficits: 1t is
well documented that cholinergic system
plays a central role in the memory function
(Roloff et al., 2007). Decrease in function of
central cholinergic system may induce aspects
of dementia like loss of memory and
disorientation as seen in Alzheimer's disease
(Dhingra et al., 2003).
Intracerebroventricular streptozotocin
induced dementia: Streptozotocin (STZ) is a
glucosamine nitrosourea compound (STZ,
(C8HI15N307, 2-deoxy-2- (3-ethyl-3-
nitrosoureido)-D-glucopyranose)) present in a
strain of the soil microbe Streptomyces
achromogenes discovered in 1956 (Wiley,
1981). Streptozotocin is an alkylating agent
which  mimics some  properties  of
nitrosoureas, a class of anticancer agents
which is applicable in pancreatic carcinoma.
STZ has been widely explored for its
diabetogenic potential in animals (Haidara et
al., 2008).

Alcohol induced memory deficits: High doses
of ethanol have been reported to induce
retrograde amnesia and impair memory,
disruption of encoding, storage, consolidation,
and retrieval capability (Spinetta et al., 2008).
The advantage of this model is that it does not
require any surgical procedures when used for
assessment of various memory enhancers. The
limitation of this model is that the procedure
is very long and time-consuming because
pregnant female rats are employed.
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Amyloid B-peptide (AP) induced memory
deficits:  Amyloid beta plaques are
characteristic ~ feature @ of AD  and
administration of AP peptide has been noted
to induce memory loss (Flood et al., 1994).
This model is highly specific for screening of
drugs used in AD.

Methionine induced dementia: Chronic
hyperhomocysteinemia have been reported to
cause endothelial dysfunction and cognitive
impairment (Streck et al., 2004).

Okadaic acid (OKA) induced memory deficit:
It is proposed that an imbalance between tau
phosphorylation and dephosphorylation is
critical to AD (Gong et al., 2006). Okadaic
acid induced memory loss mimics many of
the salient features of Alzheimer's disease
(AD) (Bai et al., 2013).

Excitoxins, neurotoxins and cholinotoxins
induced memory deficits: Excitotoxicity
occurs due to overstimulation of glutamate
receptors is a major cause of neuron death in
several neurological diseases, including AD
and epilepsy (Ramirez et al., 2011).
Miscellaneous animal models: 1t has been
reported  that  bioactive  phospholipid
lysophosphatidic acid (LPA) causes neurite
retraction in neuronal cells. It has been shown
that there is a site specific increase in
Alzheimer's disease like tau phosphorylation
during LPA induced retraction in neuronal
cells (Bhattacharya et al., 1995).

Transgenic animal models: Alzheimer's
disease (AD) is an ideal disease for modeling
in the transgenic animals. Transgenic models
are generated either by introducing genetic
modification in existing genetic makeup or by
altering the gene of interest in its normal
chromosomal position called gene targeting
(Elder et al., 2010).

Amyloid B peptide related models: The initial
transgenic rat models of AD results in
accumulation of in tracellular AB but no
senile plaques.Reports suggest to develop
animal models that express human amyloid
precursor protein (APP), amyloid B (AB) and
the amyloid precursor protein (APP) genes
carrying familial AD mutations (Balducci and
Forloni, 2010). A number of amyloid
precursor protein (APP) transgenic (Tg) mice
harboring APP mutations have been generated
as animal models of AD (Umeda et al., 2014).
PDAPP mouse model: The first transgenic
mouse (PDAPP) model was developed by
Games et al., (1995) by using a platelet-
derived growth factor-B promoter driving a
human amyloid precursor protein (APP)
minigene encoding APP V717F mutation
associated with familial Alzheimer's disease
(FAD). The advantage of this mouse is that it
shows numerous extracellular thioflavin-S-
positive AP deposits, neuritic plaques,
synaptic loss, microgliosis and astrocytosis
(Yamada and Nabeshima, 2000). Amyloid
plaques develop at 6—9 months of age.

Tg2576 mouse model: Tg2576 mouse model
of AD is one of the most widely used model
expressing human APP695 containing the
double mutation K670N/M671L, which
shows neuronal loss in CAl region of
hippocampus and deficits in learning with
similar effects as produced by PDAPP
transgenic mouse such as prominent gliosis
and neuritic dystrophy (Hsiao et al.,1996).
APP23 mouse model: APP23 model was
developed by Sturchler-Pierrat and
Staufenbiel (2000) on similar lines to Tg2576
mouse. It also carries a Swedish double
mutation at positions 670/671. The APP23
mouse model carries an APP751 isoform and
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the transgene is under the control of Thy-1
promoter (Richardson and Burns, 2002).
Neurofibrillary and tau related models:
Transgenic mouse that express the mutated
form of human tau has been generated to
mimic the characteristics of neurofibrillary
tangles (NFT) in Alzheimer's disease (AD)
(Carmo and Cuello, 2013).

R406W mouse model: R406W tau mutations
have also been used to generate transgenic
mouse because it closely resembles to
Alzheimer's disease (AD) (Lindquist et al.,
2008).

ApoE mouse models: ApoE plays a pivotal
role in the pathogenesis of Alzheimer's
disease (AD) (Youmans et al., 2012).
Presenilin transgenic mouse models: 1t is well
documented that mutation in presenilin 1
(PS1) is one of the major cause of familial
Alzheimer's disease (AD) associated with
locus on chromosome 14 (Ertekin-Taner,
2007). These transgenic mouse models result
in plaque formation, synaptic dysfunction, and
loss of memory which are the characteristic
features of AD (Parent and Thinakaran,
2010).

Axonal transport models: Axonal transport
deficits have been reported in tau and amyloid
precursor protein (APP) and this deficit is
implicated in the pathology of Alzheimer's
disease (AD) (Higuchi et al., 2005).

Knock out animal models: In addition to
transgenic mouse models that result in
overproduction of amyloid beta and
hyperphosphorylation of tau which are the
characteristic features of AD, genetically
modified mice that lack genes have been
produced (LaFerla and Green, 2012).

Htau mouse model: Htau mouse model has
been generated by crossing a mouse that

expresses human tau transgene with tau knock
out mouse (Tucker et al., 2001)

Insulin degrading enzyme knock out models:
The gene for insulin degrading enzyme (IDE),
which is located at chromosome 24, has been
proposed as an important gene for late-onset
Alzheimer's disease (AD) based on its ability
to degrade amyloid beta-protein (APP)
(Vepsalainen et al., 2007).

Mutated human A-synuclein mouse model:
Transgenic mouse expressing wild type or
mutant human oa-synuclein has been
successfully  developed  with  similar
pathological changes like motor
neurodegeneration and effects on axonal
integrity similar to that seen in AD (Putten et
al., 2000).

Other models

Brain injury induced animal models: Reports
showed that injury to specific areas of the
brain such as diencephalons and medial
temporal lobe produces memory impairment
(Squire and Zola-Morgan, 1988). There are
many advantages of such models since most
of the procedures do not require surgical
manipulations and injury to nucleus basalis
magnocellularis (NBM) produces memory
impairment similar to that of Alzheimer's
disease (AD). The only limitation is that
certain brain injury procedures are very
tedious (Savage et al., 1997).

Concussion like brain injury induced animal
model: This model has been developed in
mice by Tang et al., (1997a).

Thiamine deficiency induced animal models:
Experimental thiamine deficiency paradigm
model induces Alzheimer's disease and
neurodegeneration that typifies nutritional
deficiencies associated with chronic alcohol-
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induced Wernicke Korsakoff syndrome
(WKS) (Savage et al., 2012).

Thiamine deficiency induced memory deficits:
Thiamine deficiency can be induced in mice
by exposing to thiamine deficient diet for an
extended period of time (3—4 weeks) (Zhao et
al., 2008; Nakagawasai et al., 2000).
CONCLUSION

Dementia is common, worldwide health and
social care issue.Dementia can be caused by
many different diseases. These diseases affect

the brain in different ways, resulting in
different types of dementia. Namely, new
animal models that faithfully recapitulate
dementia pathology and new technologies that
accurately detect dementia symptoms are
required.
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Table 1: Animal models of dementia

S. No. Model Dementia disease Reference
1 Spontaneous models Alzheimer's disease (Erickson and Barnes,
2003)
2 Mlsc§llaneous chemically Alzheimer's disease (Singh et al., 1997)
induced models
Hypoxia induced memory Vascular dementia, (Santo-Yamada et al.,
3 . .
deficits amnesia 2001)
4 Chemically 1nd1}ced memory Alzheimer's disease (Winslow and Camacho,
deficits 1995)
5 Transgenic amma} models Alzheimer's disease (Bilkei-Gorzo, 2014)
of dementia
Pyr'lthl‘a mine m.d uced Wernicke—Korsakoff | (Butterworth and Heroux,
6 thiamine deficiency
. syndrome 1989)
dementia
7 Benzodlazeplngs induced Retrograde amnesia or (Dhingra ef al., 2004)
dementia anterograde amnesia
Colchicine induced sporadic dementia of
8 dementia AD (Kumar ef al., 2006)
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