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Description
Disease models serve as essential tools in biomedical research, 

allowing scientists to explore disease causes, test therapeutic 
approaches, and create new treatments in a controlled setting. These 
models simulate specific elements of human diseases and are used to 
investigate pathophysiological processes that are difficult to examine in 
humans. They are essential to accepting complex biological 
interactions, detecting illness signs, and determining therapeutic 
efficacy and toxicity. Disease models help to bridge the gap between 
basic research and clinical application by allowing for controlled 
experiments. Diseases models have advanced modern medicine and 
will continue to evolve as new technologies emerge, including genetic 
engineering, stem cell technology, and computational modeling [1]. 
Their utility stems from their capacity to imitate crucial aspects of 
human diseases, either in person (in a living creature) or in laboratory 
(in a laboratory environment such as cell cultures). Disease models can 
be broadly divided into four types: Animal models, cellular models, 
organoid models, and computational models. Each type offers 
advantages and disadvantages, depending on the severity of the 
condition and the research issue [2,3].

Animal models
Animal models have long been the accepted standard in disease 

study. They are essential for evaluating diseases in the context of a 
whole living organism, which comprises interconnected systems such 
as the immune, neurological, and endocrine. Because of their genetic 
and physiological similarities to humans, non-human primates are 
utilized in disease studies, including HIV/AIDS, Parkinson's disease, 
and cardiovascular disease. They are frequently used when animal 
models fail to reproduce complicated human disorders, especially in 
neurology and immunology [4-6]. However, their use is restricted due 
to ethical concerns, high expense, and extended life spans, which 
make longitudinal studies challenging.

Cellular models
Cellular models use cells obtained from species to investigate 

disease mechanisms at the cellular level. These models provide an 
easier more regulated environment than complete organisms. These 
are cells extracted straight from living tissues, allowing researchers to 
examine disease in its natural state. For example, human cancer cells 
can be cultivated to study tumor growth, metastasis, and treatment 
responses. These are cells that have been genetically modified to

reproduce continuously. They are often utilized in in vitro 
investigations because they offer a reliable and reproducible model 
system. Immortalized cell lines, on the other hand, may not fully 
simulate normal physiology or disease situations since the 
immortalization process frequently alters cell properties [7].

Organoid models
Organoids are three-dimensional constructs made from stem cells 

that resemble the architecture and function of living organs. These 
models are becoming used for researching organ-specific disorders 
and developmental biology. These mini-brain models are used to 
investigate neurological illnesses like as autism, schizophrenia, and 
Alzheimer's disease, providing insights into human brain development 
and pathology that animal models cannot [8]. These models are used 
in studies of gastrointestinal illnesses, liver damage, and metabolic 
disorders. Organoids might resemble complex tissue architecture and 
cellular variety, making them suitable for personalised treatment and 
drug testing.

Computational models
Computational disease models employ mathematical algorithms and 

simulations to better understand disease processes and predict their 
results. These models are frequently used in systems biology to 
combine massive datasets from genomics, proteomics, and 
metabolomics. These models use computer algorithms to reproduce 
biological processes, allowing researchers to analyze disease 
progression in cancer, diabetes, and cardiovascular disease without 
conducting in vitro or in vivo trials [9]. They can predict medication 
treatment outcomes and contribute to more successful clinical trial 
design.

Disease models are essential throughout the drug discovery process, 
from target identification and validation to preclinical testing. Before a 
medicine is tested in humans, it must be evaluated in a variety of 
disease models to determine its efficacy and safety. Animal models, 
particularly mouse models, are frequently employed in preclinical 
studies to assess the therapeutic potential and possible negative effects 
of novel drugs. Models of cancer, cardiovascular disease, and 
infectious diseases, for example, are critical for evaluating treatment 
candidates before they enter human trials. Models enable researchers 
to investigate the underlying mechanisms of diseases, such as genetic, 
molecular, and cellular components [10]. They serve as essential for 
understanding disease development and progression, which can lead to 
the identification of new treatment targets.
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One of the fundamental disadvantages of disease models,
particularly animal models, is that they may not always accurately
represent human situations. Despite genetic and physiological
similarities between model species and humans, there are major
distinctions that might cause inconsistencies in disease progression
and treatment effectiveness.

Conclusion
Disease models are necessary tools in biomedical research,

providing knowledge about disease mechanisms, improving drug
discovery, and developing personalized therapy. With these
limitations, current technology advances such as genetic engineering,
organoids, and computer models help to refine these models and
improve their relevance to human health. The potential of disease
modeling depends on the integration of multiple methodologies,
utilizing each model's capabilities to overcome translational gaps and
develop more effective treatments for a wide range of disorders.
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