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Abstract

The pharmaceutical sector continually struggles with the problem
of counterfeit drugs, which pose serious risks to public health and
lead to considerable financial losses. Traditional supply chains
often fall short in providing sufficient transparency, traceability,
and security, creating opportunities for fake medicines to enter the
market. This paper explores a blockchain-based solution designed
to tackle this issue in the existing supply chain. By utilizing a
decentralized ledger, smart contracts, and cryptographic
verification, the proposed system provides complete traceability
and transparency, ensuring the integrity and genuineness of
pharmaceutical products. We introduce a multi-layered
blockchain architecture, implemented locally using Hardhat,
which allows manufacturers, distributors, and pharmacies to
monitor and validate drugs at every step. Preliminary conceptual
results indicate that this approach improves security, streamlines
verification processes, and strengthens accountability when
compared to traditional methods.
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I. INTRODUCTION

Counterfeit medicines present a serious threat to public health,
leading to harmful medical outcomes and eroding confidence in
healthcare systems. The WHO estimates that up to 10% of
medicines globally are counterfeit, with developing nations
experiencing even higher rates. Traditional supply chains, which
rely on centralized databases and paper-based records, are
vulnerable to tampering, data loss, and fraudulent activities.

Blockchain technology emerges as a promising solution because
of its decentralized, transparent, and tamper-proof characteristics.
Every step in the drug lifecycle—manufacturing, shipping, and
verification—is securely recorded on the blockchain, making
unauthorized changes nearly impossible. By incorporating
blockchain into the pharmaceutical supply chain, all stakeholders
can verify the authenticity of drugs and trace them from the
manufacturer to the pharmacies. This study presents a conceptual
blockchain framework aimed at overcoming the shortcomings of
conventional systems and enhancing supply chain security.

Conventional supply chains typically use centralized databases,
barcodes, and RFID tracking, but these methods are prone to

manipulation, duplication, and single points of failure. Once
counterfeit drugs infiltrate the system, identifying them is
difficult due to the lack of end-to-end visibility.
Blockchain addresses these challenges through:
e Decentralization — removing dependence on a single
controlling authority.
e Immutability — ensuring that once data is recorded, it
cannot be modified.
e Smart Contracts — allowing automated, secure, and
conditional execution of transactions.
e Traceability — providing real-time visibility of drugs
throughout the supply chain.
This paper proposes a blockchain-based framework designed to
enhance the resilience of the pharmaceutical supply chain and
guarantee the delivery of authentic, counterfeit-free medicines.

II. LITERATURE SURVEY

Several researchers have investigated the adoption of blockchain
technology in pharmaceutical supply chains:

e Blockchain for Supply Chain Transparency:
Samundeswari et al. [1] and Bandhu et al. [7]
highlighted the potential of blockchain to provide secure
and traceable drug supply chains, including dual-use and
general pharmaceuticals.

e Smart Contract Implementations: Bapatla et al. [3]
introduced “PharmaChain,” demonstrating how smart
contracts can effectively detect counterfeit drugs.

e  Scalability Solutions: Javan et al. [4] and Saini et al. [5]
proposed  multi-layered and  multi-blockchain
approaches to enhance scalability and facilitate

interactions among multiple parties.

o Integration with AI/LLMs: ALMutairi and Kim [6]
explored combining blockchain with large language
models to enable more resilient negotiation and
management in medical supply chains.

e Real-World Implementations: Thomas et al. [8] and
Lingayat et al. [12] presented practical blockchain
applications such as MediChain, aimed at improving
transparency and building consumer trust.
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e  Security and Cost Perspectives: Gruchmann et al. [15]
analyzed blockchain adoption through the lens of
transaction costs, while Zade et al. [13] offered a
comprehensive review of blockchain’s potential in the
pharmaceutical sector.

e Advanced Proposals: Perumalsamy et al. [18]

suggested using NFTs to track drug provenance, and

Dash et al. [19] implemented Hyperledger Composer to

minimize losses in logistics.

Across these studies, blockchain consistently demonstrates
advantages in enhancing traceability, preventing counterfeit
drugs, and increasing transparency. However, challenges remain
regarding scalability, interoperability, and implementation costs.

I1II. METHODOLOGY

The methodology for the proposed blockchain-based system
aims to create a secure, transparent, and fully traceable
pharmaceutical supply chain. The approach utilizes blockchain
technology to maintain record of drug transactions and employs
smart contracts to automate verification and operational
processes. The methodology is organized into several stages:
identifying stakeholders, setting up the blockchain network,
designing smart contracts, managing data flow, and conducting
a conceptual evaluation.
A. Stakeholder Identification and Roles
The system involves three main stakeholders within the
pharmaceutical supply chain:

1. Manufacturers:

o Generate and register unique drug batch IDs
on the blockchain.

o Record essential details such as production
dates, expiry dates, and batch quantities.

o Initiate shipments to distributors.

2. Distributors:

o Receive drugs from manufacturers and log
receipt on the blockchain.

o Update shipment status, including transit
details and delivery
pharmacies.

3. Pharmacies (End Users):

o Verify the authenticity of received drug
batches through the blockchain.

Clearly defining these roles ensures accountability, traceability,
and auditability at each stage of the supply chain.

B. Blockchain Network Setup

The blockchain serves as the backbone of the system and is
implemented locally using Hardhat, an Ethereum development
framework:

confirmation  to

1. Network Creation:
o A private Ethereum blockchain is deployed
locally, with each stakeholder represented as a
node.

2. Transaction Recording:

o All activities, including drug registration,
shipment updates, and pharmacy verifications,
are recorded as blockchain transactions.

o Transactions are immutable and timestamped,
providing complete traceability.

3. Authentication Layer:

o Stakeholder credentials are managed using
SQLite3.

o Role-based access control ensures that only
authorized participants can execute specific
operations.

C. Smart Contract Design
Smart contracts handle the automation of verification and supply
chain operations:

e Drug Registration Contract: Allows manufacturers to
register new drug batches with all relevant information.

e Shipment Contract: Enables distributors to update
shipment status and confirm delivery to pharmacies.

e Verification Contract: Lets pharmacies verify the
authenticity of drug batches upon receipt.

By automating these processes, smart contracts reduce human
error, remove the need for manual approvals, and establish trust
throughout the system.

D. Data Flow and Conceptual Architecture

The system is organized into four functional layers:

1. Application Layer: Interfaces for manufacturers,
distributors, and pharmacies to interact with the
blockchain.

2. Blockchain Layer: A decentralized ledger that securely
stores all transactions.

3. Smart Contract Layer: Automates key operations
such as registration, shipment updates, and verification.

4. Authentication Layer: Controls stakeholder access
using role-based permissions.

This multi-layered structure ensures transparency, security, and
efficiency across the pharmaceutical supply chain.
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E. Conceptual Testing

Although the blockchain network is deployed in a local
environment, the system’s functionality is tested through
simulated operations:

e Manufacturers register sample drug batches on the
blockchain.

e Distributors update shipment details in real time,
reflecting the movement of drugs through the supply
chain.

e Pharmacies verify the authenticity of drug batches upon
receipt.

This testing workflow illustrates the system’s key strengths—
immutability, traceability, and automated verification—
demonstrating how blockchain can effectively prevent
counterfeit drugs and enhance the overall security of the
legitimate supply chain.

IV. RESULT

The conceptual evaluation demonstrates several benefits over
traditional supply chains:

FEATURE TRADITIONA BLOCKCHAI
L SYSTEM N SYSTEM

DATA SECURITY | Moderate High

(Immutable)

TRACEABILITY | Partial End-to-end

COUNTERFEIT Weak Strong

DETECTION

TRANSPARENC Limited Full

Y

AUDITING Time-consuming  Real-time

CONSUMER Low High

TRUST

V. DISCUSSION

The blockchain-based pharmaceutical supply chain system offers
notable enhancements in security, transparency, and traceability
compared to conventional methods. Every transaction—from
drug registration by manufacturers to verification by
pharmacies—is recorded on an immutable ledger, preventing
tampering or unauthorized modifications. Role-based operation
ensures that only authorized participants can carry out specific
actions, maintaining the integrity of data across the supply chain.
The system enables real-time traceability for each drug batch,
allowing pharmacies to confirm authenticity immediately upon
receipt. Smart contracts automate critical processes, such as
updating shipment status and verifying drugs, reducing manual
errors and operational delays. This provides stakeholders with
accurate, auditable, and timely information, supporting more
reliable inventory management and safeguarding against
counterfeit medicines.

However, certain limitations remain. Deploying the system
locally using Hardhat constrains scalability, and widespread
adoption by manufacturers, distributors, and pharmacies is

necessary to achieve full effectiveness. Additionally, while
transparency is improved, sensitive commercial data must be
handled carefully. Nevertheless, even in a simulated environment,
the proposed architecture demonstrates that blockchain can serve
as a secure and efficient backbone for pharmaceutical supply
chains, empowering pharmacies to act as trusted gatekeepers.

VI. FUTURE TRENDS AND OPEN RESEARCH
ISSUES

Future advancements in blockchain-enabled pharmaceutical
supply chains are expected to focus on scalability,
interoperability, and real-time monitoring. Integrating the system
with IoT devices, such as smart sensors and RFID tags, can
provide continuous tracking of drug conditions during transit,
including temperature and humidity monitoring for sensitive
medications. This will improve supply chain visibility and help
ensure the safety and quality of pharmaceutical products.
Cross-platform interoperability is another key trend, enabling
different blockchain networks used by manufacturers,
distributors, and pharmacies to communicate seamlessly.
Standardized protocols and APIs can facilitate collaboration
across networks, reduce delays, and improve data sharing while
maintaining security and privacy.

Several open research challenges remain, including data privacy,
adoption barriers, and regulatory compliance. Sensitive
commercial information must be securely managed on a
transparent ledger, and the costs and technical expertise required
for blockchain deployment may limit adoption among smaller
stakeholders. Additionally, to align
blockchain systems with existing pharmaceutical regulations and

research is needed
international standards to ensure legal compliance and practical
implementation.

Integrating blockchain with advanced analytics and Al offers
further opportunities. By combining blockchain data with
predictive analytics, stakeholders can anticipate supply chain
disruptions, optimize inventory management, and detect
anomalies that may signal counterfeit activities. This approach
can create a proactive system that not only records transactions
but also enhances decision-making throughout the supply chain.
Finally, there is increasing interest in energy-efficient and
sustainable blockchain solutions. Traditional blockchain
networks can be resource-intensive, so future research should
explore lightweight consensus mechanisms, off-chain
computation, and hybrid architectures to reduce -energy
consumption while maintaining security. These improvements
will make blockchain adoption more practical, cost-effective,
and environmentally sustainable for pharmaceutical supply
chains worldwide.

VII. CONCLUSION

This study proposes a comprehensive conceptual framework for
a blockchain-based pharmaceutical supply chain, aimed at
improving security, transparency, and traceability for all
participants. By leveraging blockchain technology, every drug-
related transaction—from manufacturer registration to pharmacy
verification—is immutably recorded, creating a tamper-proof
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and auditable history. Smart contracts automate critical
operations such as shipment tracking and drug verification,
reducing manual errors and providing real-time updates for
authorized stakeholders.

The proposed system illustrates how blockchain can position
pharmacies as trusted nodes in the supply chain, allowing them
to efficiently and securely verify drug authenticity. A conceptual
deployment using Hardhat demonstrates the feasibility of
operating in a local blockchain environment, highlighting its
potential as a foundation for future pharmaceutical supply chain
networks. Even though the system is currently simulated, it
provides valuable insights into the practical implementation and
operational benefits of blockchain in essential sectors like
healthcare.

Nevertheless, challenges remain, including scalability,
widespread adoption, and regulatory compliance.
research should focus on integrating IoT-based monitoring,
cross-platform interoperability, predictive analytics, and energy-
efficient blockchain solutions to overcome these limitations. By
offering a secure, transparent, and efficient framework, this
approach has the potential to significantly reduce the circulation
of counterfeit drugs, enhance supply chain reliability, and
ultimately improve patient safety, representing a meaningful
advancement in modern pharmaceutical logistics.

Future
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