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ABSTRACT

Liver diseases are a major global health concern, significantly contributing to the
mortality rates worldwide. According to the World Health Organization, liver diseases result
in approximately 2 million deaths per year globally. Among the myriad complications
associated with liver diseases, cirrhosis and its consequent susceptibility to bacterial sepsis are
particularly lethal. Bacterial sepsis in cirrhotic patients has a mortality rate up to five times
higher than that in non-cirrhotic patients with sepsis. The diagnostic challenges posed by the
onset of bacterial sepsis in liver cirrhosis patients are severe due to the inadequacies of
traditional diagnostic methods. These methods, which include culture-based or molecular tests
such as polymerase chain reaction (PCR) and enzyme-linked immunosorbent assay (ELISA),
are often slow and fail to meet the urgent need for rapid and accurate diagnosis necessary for
effective early intervention. Recognizing these challenges, this thesis introduces innovative
diagnostic and therapeutic advancements through the development of a 3D in-vitro platform
designed specifically for liver diseases. The research utilizes advanced microgel technologies
combined with electrochemical techniques to enhance the rapid detection and precise
quantification of protein biomarkers in plasma, particularly for liver cirrhotic patients. This
doctoral work covers several chapters. Each chapter builds on the idea of improving and taking
up a step closer to true point-of-care sepsis diagnostics. The work also enhances understanding
of liver pathophysiology through advanced bioengineering approaches.

Chapter 1 sets the foundational knowledge and urgency for the development of a new
diagnostic platform by reviewing the critical limitations of existing methods in the timely
detection of sepsis, particularly in cases of liver cirrhosis. It highlights the need for rapid
diagnostics that can surpass the limitations of current culture-based and molecular diagnostic
techniques, which are often too slow to facilitate timely therapeutic interventions. Chapter 2
discusses the development of a non-invasive, rapid electrochemical sensing platform tailored
specifically for the detection of bacterial sepsis in liver cirrhotic patients. This platform
integrates microgels with electrochemical sensors to capture and detect bacterial growth
dynamically and accurately. By utilizing cyclic voltammetry, this system reads the redox
changes with the help of carbon nano dots co-encapsulated in microgels. The redox changes
are caused by bacterial growth over time which gets recorded by the carbon nanodots. The
optimized platform significantly reduces the time required for diagnosis from days to mere
hours. The chapter presents validation results using clinical samples from liver cirrhotic

patients, demonstrating the platform's effectiveness in real-world settings. Chapter 3 expands
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the functionality of the electrochemical sensing platform developed in the previous chapter by
incorporating a multiplexed approach capable of detecting both host and pathogen biomarkers
simultaneously. This chapter emphasizes the importance of detecting host inflammatory
markers such as Procalcitonin (PCT), Interleukin-6 (IL-6), and C-reactive protein (CRP),
alongside pathogen markers like lipopolysaccharide (LPS), to provide a comprehensive
diagnostic profile. This enhanced capability allows for more accurate and timely clinical
decision-making, leveraging the platform’s increased sensitivity and specificity to surpass
traditional diagnostic methods like ELISA.

Further, to obtain better understanding of the role of sepsis associated host and pathogen protein
markers, the co-relation between the markers and disease progression is a must. This
understanding will provide important host information like cell-interactions and cell-stiffness.
Therefore, Chapter 4 focuses on developing a dynamic, modular hepatocyte co-culture
platform that more accurately mimics the physiological conditions of the liver. This microgel-
based modular system is designed to allow precise control over cell-cell and cell-matrix
interactions, essential for studying liver infections and the inherent cellular functionality
critical to liver health. This chapter details the technological advancements that enable the
simulation of liver tissue dynamics, including nutrient exchange and waste accumulation, in a
controlled in-vitro environment. Chapter 5 further advances the modular model developed in
Chapter 4 by incorporating vascular networks to better replicate the complex vascular structure
of the liver. This enhancement is crucial for studying the diffusion of biomarkers and their role
in disease progression and liver function. By integrating endothelial cells into the 3D liver
model, this chapter aims to provide a more physiologically relevant system that can support
extended studies of liver regeneration, disease progression, and the effects of therapeutic
interventions.

Overall, this thesis presents a significant advancement in the fields of biomedical engineering
and healthcare diagnostics by integrating electrochemical diagnostics with advanced 3D cell
culture technologies. The development of these platforms addresses a critical need in the
management of sepsis in liver diseases, particularly through the early detection and enhanced
understanding of sepsis in cirrhotic patients. By providing rapid, sensitive, and multifunctional
diagnostic and therapeutic capabilities, the platforms developed in this thesis hold the promise
of transforming the landscape of liver disease diagnosis and treatment, paving the way for more
effective clinical applications and improved patient outcomes. In conclusion, the work detailed
in this thesis not only proposes innovative solutions to pressing healthcare challenges but also

opens new avenues for the application of 3D cell culture technologies in studying complex
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diseases. The integration of vascular components into 3D models represents a particularly
novel approach that could significantly enhance the fidelity of in-vitro systems to in-vivo
conditions, thereby improving the predictive accuracy of pre-clinical models in drug
development and disease modeling. Chapter 6 includes detailed conclusions and future

outlook of the thesis.
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