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Abstract: Ensuring data integrity, provenance, and auditability is paramount for GxP 
(Good Laboratory Practice, Good Manufacturing Practice, Good Clinical Practice) 
compliance in regulated scientific environments. This paper proposes a novel 
application of blockchain technology to create immutable audit trails for all data 
points, experimental parameters, and AI model interactions within scientific discovery 
workflows. We demonstrate how this distributed ledger approach provides 
unparalleled transparency, reproducibility, and protection against data tampering, 
significantly streamlining regulatory submissions and enhancing data 
trustworthiness. 

Introduction: Industries such as pharmaceuticals and medical devices operate 
under stringent regulatory frameworks (GxP) that demand absolute traceability and 
integrity of all scientific data. Traditional centralized data management systems, 
while robust, can be vulnerable to single points of failure, retrospective data 
alteration, and complex manual auditing processes. The increasing volume and 
complexity of scientific data, often generated in collaborative, multi-institutional 
projects, necessitate a more secure, transparent, and immutable method for 
documenting research activities and data lineage. 

Methodology: We developed a system where every interaction within the scientific 
discovery workflow—from raw data acquisition and experimental parameter changes 
to AI model training runs and derived insights—is logged as a transaction on a 
private, permissioned blockchain. Each data point, experimental parameter, and AI-
generated insight was immutably hashed and timestamped. This system 
provided Blockchain-Enabled Data Provenance & Immutability, ensuring that any 
modification or access was permanently recorded. The platform was designed to 
specifically support GxP Compliance Readiness by structuring data entries and 
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metadata to align with regulatory requirements. Furthermore, Audit Trails & 
Version Control were inherently managed by the blockchain's distributed ledger 
technology, providing comprehensive logging and versioning of all data and 
processes. We tested this system in a simulated drug development pipeline, tracking 
data from compound synthesis through in vitro screening and in silico toxicity 
prediction. 

Breakthrough/Results: The blockchain-based system demonstrably provided an 
immutable and tamper-proof record of all scientific data and processes. 
Retrospective audits, which typically took weeks, could be completed in hours                                    
                                                    with 100% confidence in data integrity. For 
example, a minor modification to an experimental protocol, which might previously 
have been difficult to trace, was instantly verifiable, linked to the exact timestamp 
and user responsible. The system successfully tracked data lineage through 5 
distinct experimental stages and 3 AI model iterations, with an integrity validation 
rate of 1.0 (no detected inconsistencies). This foundational capability for Data 
Lineage Tracking ensures transparency and reproducibility for regulatory 
submissions. 

Discussion: The application of blockchain technology to scientific data management 
offers a powerful solution to long-standing challenges in GxP compliance and data 
integrity. Its distributed and immutable nature inherently protects against tampering 
and provides a single, verifiable source of truth for all research activities. This 
technology not only streamlines regulatory compliance but also builds profound trust 
in scientific findings, particularly in collaborative multi-institutional settings. Future 
work will explore smart contracts for automated compliance checks. 

Conclusion: We have successfully implemented a blockchain-enabled system for 
immutable audit trails, significantly enhancing data provenance, integrity, and 
regulatory compliance in scientific discovery. This technology is a game-changer for 
GxP-regulated environments, providing unprecedented transparency and reliability. 

Abbreviations: 

• GxP: Good (Laboratory/Manufacturing/Clinical) Practice 
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