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ABSTRACT

The central nervous system (CNS) governs essential physiological processes including cognition, emotion, motor
coordination and behavior. Disorders affecting the central nervous system represent a significant global health
burden, necessitating the development of effective and safe pharmacological interventions. Preclinical evaluation
plays a crucial role in central nervous system discovery by enabling the assessment of therapeutic efficacy, safety
and mechanisms of action before clinical translation. Various experimental models have been developed to study
central nervous system pharmacology, including behavioral paradigms and seizure models. This review
summarizes widely used preclinical models such as the Open Field Test, Elevated Plus Maze, Rotarod Test,
Morris Water Maze, pentylenetetrazole-induced seizures and maximal electroshock-induced seizures,
highlighting their applications, advantages and limitations in central nervous system drug development®-3,
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INTRODUCTION
Author for Correspondence: The central nervous system (CNS), consisting of the
brain and spinal cord, plays a vital role in
integrating sensory input, regulating motor output
Anupriya Thomas, and controlling higher cognitive and emotional
functions. central nervous system disorders such as
epilepsy, anxiety, depression, Parkinson’s disease
Ahalia School of Pharmacy, and Alzheimer’s disease are associated with
. significant morbidity and mortality worldwide!*.
Palakkad, Kerala, India. Despite advances in neuroscience and molecular
pharmacology, the development of effective central
nervous system therapeutics remains challenging
due to the complexity of neural networks and
limitations in translating preclinical findings to
clinical success®.
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Preclinical models are essential tools for
understanding disease mechanisms and evaluating
the safety and efficacy of central nervous system-
active drugs before human trials. Animal-based
behavioral and seizure models continue to serve as
the foundation of central nervous system drug
discovery due to their ability to mimic key features
of human neurological disorders®®.

Importance of Preclinical Evaluation of central
nervous system Drugs

Drugs acting on the central nervous system are used
to treat a wide range of neurological and psychiatric
conditions, including schizophrenia, epilepsy,
depression and neurodegenerative  diseases®?.
However, these drugs may produce adverse effects
such as sedation, motor impairment, cognitive
dysfunction, tolerance and dependence. Therefore,
preclinical evaluation is critical for identifying
therapeutic benefits while minimizing safety risks®.
Key objectives of preclinical central nervous system
drug evaluation include assessment of therapeutic
efficacy, neurobehavioral safety, neurotoxicity and
pharmacokinetic-pharmacodynamic relationships®’.
Robust experimental models enhance translational
predictability and reduce attrition during clinical
development.

Experimental Models Used in central nervous
system Drug Evaluation

Animal Models in central nervous system
Research

Animal models play a central role in central
nervous system research by allowing investigation
of complex neurobiological processes that cannot
be adequately replicated in vitro. Rodents,
particularly rats and mice, are the most commonly
used species due to their genetic similarity to
humans, ease of handling and availability of
standardized behavioral assays*®. Animal models
have contributed significantly to understanding
disease mechanisms in stroke, Parkinson’s disease,
epilepsy and neurodegeneration®®.

Despite  ethical concerns and interspecies
differences, animal models remain indispensable for
evaluating whole-organism responses to central
nervous system-active drugs®.

Available online: www.uptodateresearchpublication.com

In vivo Models

In vivo models enable the assessment of drug
effects on the intact central nervous system,
providing information on  pharmacokinetics,
pharmacodynamics, efficacy and toxicity. These
models capture complex interactions between
neural circuits, neurotransmitter systems and
peripheral organs®’. However, high costs, ethical
considerations and translational limitations must be
carefully addressed.

In vitro Models

In vitro models utilize isolated cells or tissues under
controlled laboratory conditions and are useful for
mechanistic studies and early-stage drug screening.
These models offer advantages such as reduced
cost, high reproducibility and ethical acceptability’.
Nevertheless, they lack the physiological
complexity of intact organisms and are best used in
combination with in vivo approaches.

Behavioral Models for central nervous system
Drug Evaluation

Open Field Test

The Open Field Test (OFT) is widely employed to
assess locomotor activity, exploratory behavior, and
anxiety-like responses in rodents. The test is based
on the natural conflict between exploratory drive
and fear of open spaces. Parameters such as total
distance traveled, rearing behavior, and time spent
in central versus peripheral zones are commonly
analyzed®!. The OFT is frequently used to screen
anxiolytic, anxiogenic, sedative, and stimulant
compounds??13,

Elevated Plus Maze

The Elevated Plus Maze (EPM) is a validated
model for evaluating anxiety-related behavior in
rodents. It exploits rodents’ aversion to open and
elevated spaces, with anxiolytic drugs increasing
open-arm exploration and anxiogenic drugs
producing the opposite effect'?'4.  Although
locomotor activity may influence outcomes, the
EPM remains a reliable screening tool for anxiety-
related pharmacological studies®®.

Rotarod Test

The Rotarod Test is commonly used to evaluate
motor coordination, balance and muscle strength. It
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is particularly valuable for assessing neurotoxicity
and motor impairment induced by central nervous
system-active drugs or neurological disorders.
Reduced latency to fall from the rotating rod
indicates compromised motor performance!®. This
test is widely applied in studies involving
neurodegeneration, traumatic brain injury, and
sedative drugs™1°.

Morris Water Maze

The Morris Water Maze (MWM) is a well-
established paradigm for evaluating spatial learning
and memory in rodents. Animals learn to locate a
hidden platform using external visual cues, and
performance is measured by escape latency and
time spent in the target quadrant!’. The MWM is
extensively used in studies of cognitive enhancers
and  neurodegenerative  disorders such as
Alzheimer’s disease®®.

Seizure Models in Antiepileptic Drug Screening
Pentylenetetrazole-Induced Seizure Model

The pentylenetetrazole (PTZ) model is a chemically
induced seizure paradigm used to assess compounds
that increase seizure threshold. PTZ acts as a
GABA receptor antagonist and induces clonic and
myoclonic seizures resembling absence epilepsy
in humans'®22, Drugs enhancing GABAergineuro
transmission demonstrate protective effects in this
model, making it valuable for screening
antiepileptic agents?>.

Maximal Electroshock-Induced Seizure Model
The Maximal Electroshock Seizure (MES) model is
a widely used experimental paradigm for
identifying drugs that prevent seizure propagation.
It mimics generalized tonic-clonic seizures and is
highly predictive of clinical efficacy?®. Suppression
of tonic hind limb extension is considered an
indicator of anticonvulsant activity. The MES
model remains a gold standard in antiepileptic drug
discovery!®2,

Recent Advances and Emerging Trends

Recent advancements in automated behavioral
tracking, artificial intelligence-based analysis and
neuroimaging have significantly improved the
sensitivity and reproducibility of central nervous
system drug evaluation. Emerging approaches such
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as brain organoids, computational modeling and
machine learning-assisted  phenotyping  offer
promising opportunities to enhance translational
relevance and reduce dependence on animal
models”?°,

CONCLUSION

Preclinical models are indispensable for evaluating
central nervous system-active drugs. Behavioral and
seizure models provide critical insights into
therapeutic efficacy, safety and mechanisms of
action. Integrating in vivo, in vitro and emerging
technologies improves predictive validity and
supports the development of safer and more
effective central nervous system therapeutics.
Continued refinement of these models will play a
crucial role in advancing central nervous system
drug discovery.
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