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ABSTRACT

Amnesia is a multifactorial neurological disorder that is marked by loss in encoding, consolidation, and retrieving
memories. This review examines the clinical subtypes of amnesia- such as anterograde, retrograde, transient global
and dissociative amnesia-and the neural basis underlying these subtypes especially the hippocampus, medial
temporal lobe and the network of associated cortices. We emphasize such important molecular processes as the
disruption of synaptic plasticity, the neurotransmitter imbalance, and neuro inflammatory signalling. The animal
models have played an invaluable role in explaining the pathophysiology of amnesia. CREB, BDNF, and NMDA
receptor pathway models Chemically induced models (e.g., scopolamine, muscimol) and genetic manipulations
have provided important understanding of the dysfunction of memory and therapeutic targets. Rodent and
zebrafish models can be used to complement each other in the study of molecular cascades and behavioural
phenotypes. The cross-species comparisons are highlighted in order to increase translational relevance, to make
the difference between preclinical results and human clinical outcomes. New treatment options, such as
pharmaceutical intervention, neuromodulation and gene therapy, are addressed in terms of mnemonic recovery.

This review aim to cover the horizon of animal models used to study amnesia and its related complication.

KEYWORDS: Amnesia, muscimol, Phenotypes, neuroinflammatory, therapeutics.

Memory and Learning

Ayurveda defines intelligence as a mixture of three
mental faculties: (a) gathering and analysing knowledge,
(b) retaining that information and (c) recalling that
information. However, the degree of readiness of these
mental facilities does not always remain constant. For a
variety of reasons, memory might deteriorate over time.
The intelligence mainly depends upon the memory and
the learning ability of brain.™ Learning and memory
are crucial processes. Learning is the process of
modification within the behaviour of an organism by
acquiring new knowledge or characteristics. Memory is
the process by which knowledge is stored for future use
and retrieval. It is important to retain information for
immediate use, to form learning process easier and to
retain learned material for a protracted time.””) As the
findings on the learning and memory enhancing, there
were establishment of factors and disease that affecting
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the brain badly. The effect produce by these factors
affects the person in such a way that the person is unable
to recall some events and sometime he may completely
lost his presence with surrounding world.®! These
factors cause the abnormalities in brain and recognizing
behaviour, which is associated with involvement of
neuronal discharge of impulses. The majority of
recognizing behaviour of brain occurs inside
Hippocampus. Whenever there is disorders in brain there
will be an imbalance of neurchumoral transmission. This
imbalance often associated with other factors, which
triggers either pre synaptic transmission or post synaptic
transmission.

Types of neurons associated with memory and
learning disorders

Various types of neurons affected by the disorders of
brain cells with respect to learning are as follow
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Neurology of Brain

Disruption Causes
e Cognition
* Epilepsy Neurology of Brain
¢ Parkinson
e Psychosis
¢ Schizophrenia
o Alzheimers

Neurotransmitters in Learning and
Memory
* Acetylcholine (Cholinergic neurons)
* Glutamate (Glutamatergic neurons)
« Serotonin (Seroternergic neurons)
* Dopamine (Dopaminergic neurons)
» GABA (GABAergic neurons)

— ——

Neuron To Neuron Transmission

Production of
Neurotransmitters
at Neuronal Level
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Figure 1.1: Neurology of Brain
Process of Learning and Memory 1.2. The major parts of brain which involved in these

There are four stages of learning and memory which processes are Hippocampus, Prefrontal cortex and Cortex
plays magnificent role in memorizing all kind of as showed in Fig. 1.3.°!
information which is stored in brain as showed in fig.

Encoding Consolidation p— Storage Retrieval

Figure 1.2: Process of Learning in Normal

The process of leaming involve Encoding (first stage of leaming process which occurs in
prefrontal cortex by which individual recognize anv object bv sense).Consolidation (second stage
of leaming which occurs in Hippocampus by which it encoded information linked to existing
memory), Storage (third stage which occurs in cortex part of brain) Retrieval (forth and most

important stage in which occurs in three brain regions (prefrontal cortex, Hippocampus and

If there is any interruption in process of learning, it can Neurodegenerative disorders they affect the whole
lead to neurodegenerative disorder because learned process directly or indirectly by which mentally disabled
information which is stored in memory are linked with person are not socializing due to unrecognized
these  processes.  Whenever there are any environment.®
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Cognitive State or Memory Loss

Recognition abnormality of braindue to brain trauma,
stroke, tumour, depression, etc is termed as a Cognitive
state which includes temporary or permanent deficits.
Cognitive state is often termed as amnesia which was
taken from ancient Greek term “Forgetfulness”. This can
impair daily activities of patient and also burdens to
theassociated  caretakers.!) Memory loss always
associated with major risk so, it is very important to
understand the molecular mechanism of Learning and
memory. The studies available on learning and memory
shows, whenever our brain is learning the information is
passed by regulation of tuning in neural network. These
information’s then stored as in form of memory in our
hippocampus.®!

Amnesia

Amnesia is neurological disorders in which patient
experience memory loss. The disease may arise due to
physical cause, such as an injury, infection, or other
trauma that impairs brain function. Amnesia often arises
from oxidative stress that impairs neuron functions.
Along with cognitive decline patients also experiences
behavioural and psychological related disorders such as
psychosis, aggression, agitation, and depression. These
symptoms are related to dementia.l®?

Depending on the cause, amnesia can be temporary in
which the patient eventually regains lost memories and
have the ability to create new memories. If Amnesia is
caused by physical damage to the brain, the memory
loss may be permanent. Amnesia and dementia are
different but sometime the term used together which is
irrelevant because dementia associated with memory loss
but patient also suffers from other cognitive problems
which are not seen in Amnesia.™"

Neurology of Amnesia

learning and memory processes have the exact
mechanism ofstructural and functional modification of
neurons . The alteration of signal transmission describes
the stability of excitatory synapses to activity driven for
long lasting changes. These alteration can be classified
either long term potentiation (LTP) or long term
depression (LTD). If the alteration of neuronal signalling
lasts longer than usual, the symptoms associated with
memory loss will started to appear. In neurons the
dendrites play majority of role in neurohummoral
transmission.

The dendrites activity in its function is regulated by actin
cytoskeleton. The actin cytoskeleton is essential for
neurohummoral transmission from pre synaptic cleft to
post synaptic cleft. Usually in normal cases when the
impulse is generated, it is passed from one neuron to
other. However there is a small gap between the neuron
known as junction or synapse. When the impulse reaches
to the end of neuron there is release of chemical
mediators  known as  neurotransmitters.  These
neurotransmitters than binds to post synaptic neuron. In
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case of Cognitive deficit the whole process is interrupted
either by internal factor such as Oxidative stress or by
external factors.*

Cognitive deficit in Amnesia is linked with many factors
which include Nogo-A, deregulation of acetylcholine or
hyper activation of cholinesterase.™™ Most interestingly,
actin polymerization is regulated by many molecules
and Nogo-A is the recently identified -candidate
molecule. It plays a vital role within the regulation of
filamentous-actin dynamics. Studies on Nogo-A started
within the year 1988 by Caroni and Schwab and it was
identified as a neurite outgrowth inhibitory protein.*
Subsequent reports showed its involvement in other brain
functions like brain development and synaptic plasticity.
Its expression has been detected in plastic regions of the
brain- cerebral mantle and hippocampus. It’s down-
regulation during both activity induced neuronal activity
or drug induced neuronal activity. When this protein is
over-expressed, memory is impaired.!*!

In hippocampal slice culture, if this protein is
externally supplied, decrease in dendritic spine
density which leads to decrease in LTP. Conversely,
when function blocking antibody is applied to
hippocampal slices, increase in dendritic spine density
leads to increase LTP is reported. Additionally, Nogo-A
has been studied in memory related brain disorders like
Alzheimer’s disease. These studies suggested that the
role of Nogo-A in memory and related disorders, though
its involvement in amnesia and memory recovery, is still
unknown.[*®!

To study the molecular mechanism of amnesia and its
recovery, animal models with disrupted cholinergic
neurotransmission are commonly used. Scopolamine
induced amnesic model is frequently used model to
check amnesia.l'”? Scopolamine is an alkaloid derived
from plants of Solanaceae family like Belladonna,
Mandrake, Datura and Henbane. it's non-selective
muscarinic receptor antagonist that blocks the results of
acetylcholine, impairs LTP and induces amnesia in
mammals as is revealed by several behavioral paradigms
including water maze, passive avoidance latency test,
novel visual perception test, etc.!*®

The recent focus of researchers is to unfold the
molecular mechanism of amnesia using animal models
and determine the recovery approaches. The use of
muscarinic antagonist scopolamine hydrobromide for
generating amnesic rodent models became popular after
the postulation of cholinergic hypothesis for memory
dysfunction.!%]

Genrally age-related decline in cognitive functions
is primarily because of the decrease within the
integrity of cholinergic neurotransmission. Scopolamine-
induced amnesic condition is analogous to those
occurring during neurodegenerative pathologies like
Alzheimer disease (AD). On the other hand, synaptic
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plasticity is integral to memory formation and exhibits
changes within the expression of huge numbers of
molecules, multitude of intracellular signalling cascades,
synaptic strength and neural networks and provides
essence to the individual existence.”” Interestingly,
numerous studies have implicated the importance of
acetylcholine in higher brain functions like learning and
memory. Acetylcholine level is under the dynamic
regulation of an enzyme AChE at the synapse.
Alterations within the acetylcholine metabolism are also
involved in various neuropathological conditions like
mild cognitive impairment (MCI), AD and dementia.
Decreased levels of acetylcholine at the synaptic cleft
are implicated within the loss of synaptic architecture
resulting in state of amnesia in rodents.!!

Stages of Amnesia

The memory loss involved in amnesia is often started in
brain with the learning stages specifically stage 2,3 and
stage 4. Stage 2 includes the consolidation part of
memory which can be impaired either by head injury or
by disruption in cholinergic neurons by which individual
are unable to recall existing memory in hippocampus.
Stage 3 includes Storage which is impaired by oxidative
stress and it can be associated due to loss of cholinergic
neurons. It is occurs in cortex in which usually the
unwanted information is removed in normal but in
amnesic patient they were unable to recognize what is
important and what is not. The process of learning
complete at stage 4 which is retrieval. In this all the
stages of learning is repeated in prefrontal Cortex,

European Journal of Biomedical and Pharmaceutical Sciences

impaired which ultimately leads to interruption of stage
4[22]

These interruptions are due to

« Oxidative stress: In our body there are many
enzymes which performs there specified work as per
there nature so, in case of stress condition there is
question about cell survivality. The oxidative stress
involves various enzymes such as activity of
superoxide  dismutase, catalase,  glutathione
peroxidase and lipid peroxidase.®!

< Increased Activity of Cholinesterase: The
acetylcholine is the main neurotransmitter in
involved in memory and learning. Whenever there is
impulse generation in learning and memory the
Acetyl CoA is binded with choline to form
Acetylcholine which is stored in vesicles then
released to synapse.?! The Acetylchloline binds to
M1-M5in postsynaptic neuron. After the completion

of process the excess of Acetylcholine is taken by
cholinesterases which hydrolyse it to Choline+
Acetate. In case of low acetylcholine production and
more cholinesterase activity the neurohumoral
transmission is interrupted which further impairs
the learning and recognizing ability.”!

< Interruption by Nogo-A in Neurohummoral
Transmission: The studies showed that in brain
there is a protein involved in storage and
consolidation stage. When the interruption of Nogo-
Ais less it will lead to temporaory memory loss but
it was severe then permanent memory loss may

Hippocampus and in Cortex which have important role observed.8!

in learning. In amnesic patient the first 2 stages are
Stage -1 Stage-2 Stage-3 Stage-4
Encoding | consolidation |~ Storage [ Retrieval

T

Interruption in Learning Due to:
e Oxidative stress
e Increased Activity of

Cholinesterase
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Types of Amnesia

Amnesia can be identified by seeing inability of
individual to recall information, event and
experiences??”

% If patient is unable to recall past events that
occurred before the beginning is called
retrograde amnesia.

If patient has remembering new information or
event that occur after beginning of amnesia is
called

anterograde amnesia.

If Amnesia is caused by traumatic events is called
dissociative amnesia which is further categorized

5

%

5

%

into:
s Generalized amnesia: In this patient forget
everything about themselves including their

identities and life history.

% Localized amnesia: In these cases patients suffers
memory loss for particular event.

«+ Selective amnesia: In this patient forget only some
part of specific event.

«» Systematized amnesia: The patient loses specific
information such as memories of particular person.

+« Continuous amnesia: In this case patient is not able
to form new memory.

European Journal of Biomedical and Pharmaceutical Sciences

« Dissociative  fugue:  These cases involve
generalized amnesia, and the patient leaves his
or her E)revious routine after losing his own
identity.®

Factors Involved in Amnesia
Some factors as described in figure 1.5 might increase
the chances of developing amnesia.

< Age Related Memory Changes: Earlier clinical
trials on memory loss showed that the loss of
memory is progressed with aging which may be due
to oxidative stress conditions. Our body has self-
damaging and its prevention function in which
when the cell faces high oxidative stress they try to
change morphologically for the survival but these
changes are also self-damaging in nature which
leads to cell death.” In neuronal cell death
(apoptosis and necrosis) associated with protein
release in form of granules likely f amyloid in case
of Alzheimer’s and Nogo-A in case of Cognitive
deficits. In both the cases the Neurohumoral
transmission is impaired. Aging is also associated
with loss of cholinergic neuron or lack of enough
acetylcholine which also leads to memory loss.”!

f) lead to

Systemic Conditions

\?ﬁy

]
§,

Psychic Conditions

Age Prog'réssmn

|5

?>

Amnesia

ea|

lead to » A
< " a |

Neurologic Conditions

%

& 1
e \

Head Injury

Figure 1.5: Factor Influencing Amnesia
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¢+ Neurologic Disorders: These include Alzheimer’s
disease, Picks disease, Parkinson’s disease and
Huntington’s disease in which the memory loss start
after the neurologic transmission interruption. The
individual can recall the memory in flashback or
whenever they unable to recall information in
systemic presentation may help. However in other
neurologic disorder like Picks disease the frontal and
temporal lobes are predominantly affected which
leads to prominent memory loss."

¢ Head Injury: Head injury has been described from
decade for the cause of memory loss. The clinical
trials on patients with least affected and most
affected were observed. In which it was found that
in least affected patient have been responding
quickly recalling everything has problem solving
skills while in most affected they were suffering
from delayed response. The head injury induced
memory loss is often classified as retrograde
amnesia to the period of post traumatic period of
anterograde amnesia.*

+«+ Psychiatric Condition: The disorders like episodes
in depression, manic and schizophrenia cause
individual to impair attention and concentration. In
depressive episodes the pseudo dementia is showed
in which concrete thinking is impaired which is
related to problem-solving ability. The ones with
psychiatric condition also have multiple personality
disorder which make the individual to learn new
things faster and these conditions often seen in short
term amnesia.'*

% Systemic Condition: Memory loss is most often
seen in systemic diseases. This is due to impaired
memory consolidation in temporal lobe or inability
to recall memory at retrieval process which affects
thalamus.® The systemic condition often occurs
due to hypoxia in which brain is affected by
shortage of oxygen. Hypoxia affects the
hippocampus and permanent impairment in
consolidation part of memory. Hypoxia induced
memory loss often seen in the patient with Asthma
and patient with poorly controlled diabetes mellitus.
Sometime systemic memory loss is also termed as
pure amensetic syndrome.®

Animal Model Used in Amnesia

The amnesia is cognitive deficit which affect everyone in
their life however it can be short term. The safer drug
testing in human is important to study amnesia. The
researchers provide various investigations on the disease
by using humans and animals. The drug investigation
directly on humans challenges the guideline of Helsinky
and to avoid that animal testing is needed.™"!

The animal models used in amnesia are

“ Monkeys (Macaca fascicularis):  Macaca
fascicularishave  significantly  contributed to
expanding our knowledge of various neurological

and cognitive functions, including memory and

amnesia. Employing monkeys as models for
www.ejbps.com | Vol 12, Issue 11, 2025.
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amnesia research provides valuable insights into the
fundamental mechanisms of memory creation,
consolidation, and retrieval. This research also holds
promise for developing potential treatments for
memory-related disorders in humans. Monkeys
share a remarkable level of anatomical,
physiological, and cognitive resemblance with
humans. Their brain structures and functions closely
parallel those of humans more than other animal
models. This likeness positions monkeys as apt
subjects for investigating intricate cognitive
processes like memory and amnesia, which are
deeply pertinent to human brain activities.*”)
Researchers can establish controlled experimental
settings with monkeys, enabling meticulous
manipulation of variables and standardized testing
protocols. This facilitates the focused examination
of factors contributing to memory impairment or
amnesia, allowing scientists to methodically explore
their impacts. Monkeys engaged in memory-related
tasks can be monitored using cutting-edge
neuroimaging methods like functional magnetic
resonance imaging (fMRI) and positron emission
tomography  (PET).  Additionally, invasive
techniques like neural recordings offer real-time
insights into the firing patterns of individual neurons
involved in memory processes. Targeted brain
lesions, such as those in the hippocampus or
prefrontal cortex, can be induced in monkeys to

replicate specific memory deficits. Controlled
experiments involving pharmacological
interventions, including drugs that modulate

memory functions, permit the exploration of
potential therapeutic avenues for amnesia. The
relatively lengthy lifespans of monkeys, along with
their extended cognitive development, enable
researchers to conduct longitudinal studies. This
approach facilitates the observation of memory
changes over extended periods, proving especially
useful in studying age-related memory decline and
neurodegenerative conditions.®® Monkeys can be
trained to perform diverse memory-related tasks,
such as spatial memory challenges, object
recognition tests, and delayed response exercises.
These tasks closely mirror the cognitive demands of
similar tasks in humans, offering researchers
valuable insights into the mechanisms underlying
memory formation and retrieval. Insights gained
from studies involving monkeys can be extrapolated
to human conditions, aiding in the formulation of
potential therapies for memory disorders like
Alzheimer's disease, traumatic brain injuries, and
other forms of amnesia. The structural and
functional similarities between monkey and human
brains enhance the reliability of extrapolation.*"!

Limitations

Cynomolgus monkeys, specifically Macaca fascicularis,
have been a prominent fixture in biomedical research due
to their genetic and physiological proximity to
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humans.”? However, the utilization of these primates in
research endeavours presents multifaceted limitations
and ethical considerations. The inclusion of cynomolgus
monkeys in research precipitates ethical concerns
regarding animal welfare. Particularly in cases of
invasive experiments, these animals may endure pain,
stress, and suffering. Notably, the social nature of
monkeys renders them susceptible to distress and
behavioral disturbances when subjected to isolation or
placed in non-natural group settings, which amplifies the
ethical discourse surrounding their research use,
especially in situations involving harm or suffering.*!

Despite their genetic resemblance to humans, discernible
genetic disparities subsist, necessitating validation of
findings from monkey studies prior to extrapolation to
human biology. The financial cost associated with
housing and attending to monkeys in research facilities is
considerable, and the intricate task of breeding and
sustaining monkey populations entails substantial time
and financial investments. The availability of
cynomolgus monkeys for research purposes frequently
falls short of the demand, further exacerbating the
constraints.*?! The potential carriage of zoonotic diseases
by monkeys introduces plausible risks to researchers and
handlers. Furthermore, the generalizability of research
outcomes from one monkey species to other monkey
species or to humans is constrained, underscoring the
complexity of translating findings across these groups.
To mitigate these challenges, progressive advancements
in alternative research methodologies, such as in vitro
cell culture models and non-invasive imaging
techniques, are diminishing the imperative for
animal testing. Simultaneously, the application of
monkeys in research is subject to exacting regulatory and
ethical oversight, culminating in logistical hurdles and
delays.”® Their extended lifespans can elongate study
durations and introduce intricacies into long-term
experiments. The potential need for invasive procedures
in certain research scenarios may inflict pain and distress
upon these animals. Additionally, akin to humans,
monkeys exhibit inter-individual variability in their
responses to treatments or interventions, compounding
the complexity of deriving definitive conclusions from
limited sample sizes. Researchers and institutions
engaging cynomolgus monkeys in biomedical research
are frequently compelled to adhere to stringent guidelines
and ethical tenets to minimize harm and uphold the
animals' welfare. Concurrently, continuous endeavors
persist in the development of alternative methodologies
and technologies aimed at diminishing reliance on
animal models, including monkeys, in the realm of
scientific research. 4

« Rodents: Rodents, notably mice and rats, have
proven to be indispensable models within the realm
of neuroscience, particularly in the study of memory
and amnesia. The extensive application of rodents in
research is owed to their biological parallels with
humans, their well-established genetic backgrounds,
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and their cost-effectiveness. These creatures offer
unparalleled insights into the underlying
mechanisms  governing  memory  formation,
consolidation, and retrieval, along with the potential
interventions for conditions linked to amnesia. Mice
and rats share substantial genetic homology with
humans, enabling researchers to manipulate specific
genes linked to memory processes. This genetic
likeness positions rodents as potent tools for
investigating the roles of diverse genes and
molecular pathways in memory creation and
amnesia.l*®! Laboratory settings provide researchers
with  meticulous control over environmental
variables, allowing for the manipulation of factors
that impact memory function. This controlled
environment facilitates methodical examinations of
the effects of particular interventions, substances, or
circumstances on behaviors associated with
memory. Rodents can be trained to execute a
spectrum of memory-related tasks, such as the
Morris water maze for spatial memory or fear
conditioning for associative memory. These tasks
offer insights into the intricacies of learning and
memory processes, facilitating the assessment of
memory impairment due to experimental alterations.
Rodents serve as a platform for administering drugs
that influence memory processes, enabling the
evaluation of their effects on memory formation and
amnesia. This approach aids in the identification of
potential targets for therapeutic interventions
targeting memory disorders and in gauging the

efficacy of drug-based approaches. Invasive
techniques like electrophysiological recordings
permit the observation of neuronal activity

during memory-related tasks.[*® These recordings
offer real-time glimpses into the firing patterns of
neurons within specific brain regions associated with
memory processing. Advanced imaging methods,
including functional MRI (fMRI) and two-photon
microscopy, empower researchers to visualize and
analyze alterations in brain activity and connectivity
correlated with memory tasks in rodents.
Discoveries derived from rodent studies can inform
the development of potential treatments for memory
disorders, encompassing conditions like Alzheimer's
disease and traumatic brain injuries.*”! The ability to
manipulate genes and assess the consequences of
various interventions in rodents contributes to
understanding their potential effects on human
conditions. While rodents offer profound insights,
ethical considerations pertinent to animal research
must be addressed. Researchers and institutions are
committed to upholding stringent animal welfare
standards, ensuring responsible and ethical
utilization of these models.!®!

Limitations

The utilization of mice and rats, collectively referred to
as rodents, has become pervasive in biomedical research
due to their pragmatic attributes, cost-effectiveness, and
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genetic  affinities with humans across various
dimensions. Nevertheless, there exist a cadre of
constraints intricately associated with their application in
this domain. Rodents, notwithstanding  shared
physiological and anatomical congruities with humans,
manifest considerable idiosyncrasies.[*!

These variances engender restrictions upon the direct
transference of research findings from rodents to the
human context. Of particular import is the relatively
truncated lifespan of rodents vis-a-vis humans, a factor
that begets constraints in the investigation of protracted
effects or chronic maladies whose emergence unfolds
over extended temporal frames in the human sphere. The
metabolic variances and pathways exhibited by rodents
in comparison to humans precipitate ramifications for
drug metabolism dynamics and responses to therapeutic
modalities. The diminutive physical dimensions of
rodents impart constraints upon certain research realms,
particularly those necessitating elaborate surgical
interventions or comprehensive scrutiny of specified
anatomical structures.™”

Concurrently, the behavioral and cognitive dispositions
delineated in rodents are disparate from those of humans,
thereby posing methodological challenges in the precise
exploration of intricate neurological or behavioral
pathologies. Divergences in the immunological apparatus
between rodents and humans wield discernable impacts
upon their responses to infectious agents, vaccination
regimens, and immune-mediated afflictions. Not all
maladies that afflict humans can be faithfully
recapitulated within the confines of rodent models. A
subset of diseases, notably those that are intrinsically
human or inherently tied to larger mammalian
physiology, eludes faithful emulation within rodent
models.

The congruence in gene expression profiles shared by
rodents and humans is tempered by substantive
genetic disparities that may, in turn, delimit the
translational scope of rodent-derived research findings.In
the pursuit of experimental consistency, a preponderance
of rodent investigations leans upon inbred strains.®"
However, this stratagem may falter in adequately
mirroring the spectrum of genetic heterogeneity
witnessed within the human population, potentially
circumscribing the extensibility of research outcomes.
Ethical considerations germane to animal welfare, with
heightened pertinence in studies involving pain, distress,
or invasive procedures, underscore the ethical discourse
within rodent research.The ubiquity of rodent models
engenders a propensity toward their overreliance,
thereby bearing the risk of introducing biases into
scientific  conclusions.  Issues germane to the
reproducibility of outcomes have surfaced in select
rodent investigations.  Environmental  variables,
encompassing dietary regimens, housing conditions, and
stressors, wield the capacity to exert influential effects
upon research outcomes, thereby inserting confounding
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elements.  Intriguingly,  significant  inter-species
disparities may exist even within the broader class of
rodents, culminating in the situational inapplicability of
findings derived from one species to others. In efforts to
surmount these constraints, investigators commonly
employ a hybridized investigative paradigm integrating
diverse animal models, including larger mammalian
organisms and non-human primates, in concert with in
vitro experimentation and computational modeling. In
tandem, the ethical treatment of rodents within the
research milieu assumes paramount significance as a
corollary to animal welfare preservation. The
concomitant limitations imprinted upon rodent models
underscore the imperativeness of a judicious and
meticulously  orchestrated framework for  result
interpretation and validation.® In this context, the
synergistic amalgamation of multiple model systems,
when deemed feasible, ascends as a pivotal stratagem for
the augmentation of scientific research's dependability
and translational relevance within the sphere of
biomedicine.

«» Zebrafish: Zebrafish (Danio rerio) have risen to
prominence as a valuable model organism across
diverse scientific domains, including the exploration
of memory and amnesia. Despite their evolutionary
distance from mammals, zebrafish possess distinct
advantages that make them exceptional candidates
for delving into memory processes. Their genetic
manipulability, transparent embryos, and well-
characterized behavioral responses contribute to
their role in amnesia research, offering insights into
the core mechanisms of memory formation,
impairment, and prospective therapeutic
interventions. The genetic makeup of zebrafish can
be easily altered, empowering researchers to target
specific genes linked to memory functions. Despite
the genetic disparity from mammals, conserved
genes and pathways associated with memory
between zebrafish and higher organisms allow for
investigations into the molecular foundations of
memory and amnesia.® Zebrafish showcase a
spectrum of behaviors that can be quantitatively
assessed, rendering them amenable to efficient high
throughput screening. Automated behavioral assays
enable the evaluation of learning and memory-
related behaviors, providing effective means to
study memory in large groups of fish. The
transparency of zebrafish embryos facilitates direct
observation of brain development and neural
activity. This unique trait proves particularly
beneficial for imaging techniques like calcium
imaging, enabling the visualization of neuronal
responses associated with memory tasks. Zebrafish
can be trained in various memory-related tasks,
including  fear  conditioning, novel object
recognition, and spatial learning. These tasks yield
insights into associative and spatial memory
processes, facilitating the exploration of memory
impairment resulting from genetic modifications
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or experimental interventions. Zebrafish can be
exposed to pharmacological agents that influence
memory processes, offering a platform to scrutinize
the impact of drugs on memory formation and
amnesia. The relatively small size and aquatic
habitat of zebrafish make drug administration and
monitoring a practical endeavor.! Advanced
imaging techniques, encompassing two-photon
microscopy and confocal imaging, can be
employed to visualize neural activity during
memory tasks in zebrafish. These methodologies
permit the tracking of neuronal and neural circuit
dynamics associated with memory processing.
Despite notable differences from mammals, specific
brain regions and processes linked to memory
exhibit evolutionary conservation in zebrafish. This
positions zebrafish as a pertinent model for
uncovering the fundamental principles of memory,
with potential implications for comprehending
similar processes in diverse species. In comparison
to mammalian models, zebrafish research entails
fewer ethical complexities due to their lower
position on the phylogenetic scale. Nevertheless,
ethical mindfulness regarding their care and
utilization remains essential throughout research
endeavors.®
< Limitations
Zebrafish (Danio rerio) have gained popularity as a
model organism in biomedical research due to their
genetic resemblance to humans, transparent embryonic
development, and the ease with which their genetics can
be modified. Nonetheless, there are several limitations
associated with their utilization in research.’® Despite
sharing certain genetic and anatomical traits with
humans, zebrafish also exhibit significant disparities.
These distinctions can curtail the direct relevance of
research findings from zebrafish to humans. Zebrafish
are ectothermic, meaning their body temperature is
influenced by their environment. This can impact how
they respond to specific drugs and environmental factors,
which may not directly correlate with human physiology.
Zebrafish possess less intricate organ systems compared
to humans, rendering them less suited for investigating
complex human diseases or systems involving intricate
organ interactions.’”? Zebrafish have a relatively brief
lifespan, limiting their utility in the study of chronic
diseases and research focused on aging. Zebrafish tissues
are less complex than those of mammals, which
constrains the study of certain diseases and tissue-
specific functions. Differences in the zebrafish immune
system compared to humans affect their responses to
infections and immune-related diseases. Zebrafish have
limited cognitive and behavioral complexity compared to
mammals, which can hinder the study of specific
neurological and behavioral disorders. Differences in
drug and chemical metabolism between zebrafish and
humans can complicate drug development studies.®®

While zebrafish are seen as a more ethically acceptable
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model organism due to their small size and relatively
simple nervous system, concerns about animal welfare
persist, particularly in studies involving pain, suffering,
or invasive procedures. Variations in environmental
conditions, such as water quality and temperature, can
influence research outcomes and introduce potential
sources of error. As with any model organism, issues
related to the reproducibility of results have been
observed in some zebrafish studies, especially when
genetic backgrounds are not precisely defined. Genetic
variations can exist even among zebrafish populations,
and findings in one population may not necessarily apply
to others. Despite these constraints, zebrafish research
has contributed valuable insights into various biological
processes and diseases. Researchers often employ
zebrafish in conjunction with other model organisms, in
vitro experiments, and computational modeling to
complement their findings. Additionally, ongoing efforts
to enhance genetic manipulation techniques and broaden
the utility of zebrafish as a model organism in
biomedical research continue to progress.’*”

DEVLOPMENT OF AMNESIA

MODELS

Amnesia can be developed by interfering cholinergic

neuronal conduction in which acetylcholine major role.

The conduction can be stop by either damaging

cholinergic neurons, increasing activity of acetyl

cholinesterase or by using anticholinergic drugs.

% Chemically induced Amnesia: The chemically
induced amnesia involve the use of anticholinergic
drugs to stop the binding of acetylcholine on
cholinergic neurons. Scopolamine is anticholinergic
drug which produce its effect by cholinergic receptor
blocking activity.[*@ The different studies have been
established till now that contain use of scopolamine
to induce amnesia in mice as well as in zebrafish.
For inducing amnesia by using scopolamine is non-
invasive procedure simply involves immersing
zebrafish in scopolamine aqueous solution for 30
min.l%4

IN  ANIMAL

Scopolamine and benzodiazepine are the drugs of choice
for cognitive deficit. The most commonly animals
preferred for this method are mice, rat and zebrafish with
Scopolamine induced memory deficit. The dose of the
drug varies for each model for mice and rat the
scopolamine  concentration used 3m/kg by i.p.
administration.®? The zebrafish model involves the
immersion of zebrafish in 100mM concentration of
scopolamine for 30 minute.®®

« High fat induced: High fat induced amnesia
involve development of diabetes to induce amnesia.
For the development of this method 22 days the
mice are fed with high fatty diet and glucose level is
regularly monitored. After the development of
diabetes the mice were tested on Morris maize test
for memory recognition and for further investigation
acetylene cholinesterase level were measured.®
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% Hypoxia Induced: Hypoxia involves lowering the
oxygen level in animal body. The animal is
subjected to inhale pure nitrogen and the oxygen
levels were kept to 3.5%.0xygen plays crucial role
in consolidation part of learning phase so if there is
hypoxia then process of learning will be stopped. As
a result of it the process of learning will fail the
recognition.®

% Brain injury Induced: Concussive head trauma
includes striking a weight (30mg) directly on the
skull. The weight is placed over the head of rat at
80cm distance. Then the rat were analysed for
memory loss by behavioural analysis. !

% Electroshock induced: The Han’s wvariable-
intensity electroshock seizure apparatus is used to
deliver electroshock. The electroshock involves use
of electrode to deliver shock in alternative manner.
The time and duration of shock is 0.10 sec. to 6sec.
at a 0.10 sec. interval with 60cps a.c.waveform.!®”]

% Thiamine Deficiency Induced: The thiamine

deficiency result in cognitive deficit which involve

Table 1.2: Test for Behavioural Analysis.

European Journal of Biomedical and Pharmaceutical Sciences

feeding mice or rat with thiamine deficient chow.
The method allows continuation of therapy for up to
11month to 22months. The further evaluation is
done by behavioural analysis.’*®

ASSESSMENT OF AMNESIA

The development of amnesia can be confirmed by
behavioral analysis, biochemical estimation and
histopathology analysis. The behavioral testing involves
the light-dark test, shoaling test and Y maze test;
biochemical estimation involve recognition of enzyme
superoxide dismutase, nitric oxide synthase and
histopathological analysis shows neurological changes in
brain cell.®]

Behavioral Analysis

Behavioral analysis involves analyzingthe animal for
behavior after administration of negative control, test
drug and standard drug. Behavioral test involve Novel
Tank Diving Test, Y- maze test and Novel object
recognition test.

Apparatus Name Parameters Observed

Novel tank diving test:

The tank is divided into two zones
No. of entries and time spent in each zone is recorded.

Shoaling Group of animal is added to Novel tank
' The mean distance in each member is recorded.
\ maize Test Y maze divided into three zone

No. of entries and time spent in each zone is observed.

Test contain three zone

Plus Maze test

Each zone is numbered accordingly

On side of plus the animal is irritated while other side animal is provided
with some rewards like feed.

® No. of entries in both zone at Plus is counted.

Biochemical Estimation

The biochemical estimation involves enzymatic
estimation related to specific disease. These involve the
diagnostic parameters or protein involvement in disease
progression. Usually in Neural disease progression, there
are certain enzymes whose level either increased or
decreased. At initial steps of neural disease there is
oxidative stress by which cell tried to change their

structure internally and morphologically for survival.
During the change process the level of enzymes like
superoxide dismutase (SOD), Glutathione peroxidase
(GPX) and lipid peroxidase  will  change.
Acetylcholinesterase (AchE), Catalase (CAT) and
Malondialdehyde (MDA) enzyme has major involvement
in cognitive deficit with respect to learning and memory,
which is related to acetylcholine."®

Table 1.3: Enzymatic estimation of normal and diseased condition.

BIOCHEMICAL ENZYME ESTIMATION
Enzyme |Reagent Inference Normal |Diseased |Reference
e  Sodium Phosphate buffer
solution 0.25mM YeIIovy colour due to
e 5,5-dithiobis-2- nitrobenzoic fc_)rmatlon of 2- .
IAChE "~ nitrobenzoate-5- Decreased |Increased (il
acid 1ImM . .
. . thiobenzoate anion at
®  Acetylcholine chloride 5mM |415nm.
e Acetone
e Nitro Blue Blue color due to
SOD Tetrazonium 1.5mM formazan which is Increased |Decreased (72l
o Potassium Phosphate buffer @nalyse at 560nm.
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0.067mM
Riboflavin 0.12mM
e  Sodium Phosphate Buffer
0.25M Yellow color due to
w u
PX : gclij-li-fmzii?r:\i/lrite 0.4M glutathione which is  |Decreased |Increased 73l
' analyse at 412nm.
e GSH50mM
e DTNB 0.04%
* Sodium Hydroxide 3M Greeencolorappear ance
CAT °  Sulphuric Acid 0.5M like chromic acetate  [Increased |[Decreased| ™
° TCA20% analyse at 570nm.
° Monopotassium
phosphate 30mM
®  Sodium Hydroxide 3M  IFormation of pink color
. Sulphuric acid 0.5M due to 1,1,3,3
MDA 0 TCA 20% tetraethoxypropane Decreased |increased 73]
e TBAO0.335% analyse at 532nm with
o Monopotassium phosphate [1PLC  uv detector.
Histopath Analysis AYURVEDA AND ITS CLINICAL
TheHistopath analysis involves extraction of organ like IMPORTANCE
brain and its fixation with 10% formalin. The 10um 2. Okano, H., Hirano, T., & Balaban,
slides were made and embedded in paraffin and stained E. (2000). Learning and memory.

with staining reagents like hematoxylin and eosin
staining to evaluating cell decays for e.g. neuronal loss in
hippocampus. The prepared slide were analysed under
stereomicroscope at different resolution. The presence of
dead cell related to necrosis and cell population is
counted.®

CONCLUSION

In conclusion, amnesia represents a cognitive deficit that
can impact individuals across their lifespan, with both
short-term and chronic manifestations. This prevalent
condition affects more than 5% of the global population,
and its repercussions are felt even among those dealing
with other neurological disorders. Extensive research by
scientists, employing both human subjects and animal
models, has shed light on the clinical manifestations of
amnesia. However, direct drug testing on humans
challenges the ethical guidelines set by the Helsinki
Declaration, making animal models crucial for
preliminary investigations.

The investigation of amnesia spans various animal
models, each offering unique advantages. Monkeys
provide insights into complex cognitive functions due to
their resemblance to humans, rodents bridge genetic
gaps, and zebrafish offer innovative opportunities for
research. These models collectively contribute to the
advancement of our understanding of memory processes
and the development of potential interventions for
memory-related disorders.
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