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Abstract

Regulatory compliance in the pharmaceutical industry is a complex and demanding process that requires
dedicated monitoring, precise documentation, and adherence to quality standards. To ensure data integrity
and quality, compliance must align with ALCOA+ principles — Attributable, Legible, Contemporaneous,
Original, Accurate, Complete, Consistent, Enduring, and Available. Through network analysis methods, the
system identifies data inconsistencies, verifies conformity with ALCOA+ standards, and supports decision-
making in both educational and industrial contexts. The results highlight the potential of network-based
modelling in simplifying the complexity of regulatory management and enhancing transparency in
pharmaceutical education and manufacturing systems.
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1. Introduction

The rapid digitalization of healthcare has transformed
the way medical data is stored, accessed, and utilized.
With the continuous expansion of pharmaceutical
products, selecting the most appropriate medication
has become increasingly complex. Patients and
healthcare professionals often face challenges due to
the presence of multiple brands for the same drug,
lack of awareness about generic alternatives, and
incomplete information regarding drug interactions
and side effects. Traditional drug selection methods
rely on manual references, pharmacist expertise, or
isolated digital tools, which may not always provide
comprehensive insights into drug composition and
therapeutic equivalence. These limitations can result
in medication errors, higher treatment costs, and
reduced patient safety. Hence, there is a strong need
for intelligent systems that can assist in analyzing
medical drugs and recommending suitable
alternatives efficiently. The proposed Medical Drug
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Analysis and Recommendation System aims to
overcome these challenges by providing a centralized
platform for drug information analysis. The system
analyzes active ingredients and therapeutic properties
to recommend equivalent or generic medicines that
offer similar clinical effectiveness at a lower cost. By
integrating structured databases and analytical
mechanisms, the system improves drug transparency
and supports informed medical decision-making.

2. Related Work

Several healthcare-related projects and systems have
been developed to improve drug management,
medical decision support, and patient safety. Early
pharmaceutical information systems primarily
focused on storing and retrieving drug-related data
such as dosage, indications, and manufacturer details.
Graph-based deep learning has significantly
advanced the analysis of complex drug interactions.
In 2018, Zitnik et al. proposed a graph convolutional
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network (GCN) model to predict adverse side effects
caused by polypharmacy [1]. By representing drugs
and their interactions as a multirelational graph, the
model effectively captured higher-order
dependencies among drug combinations, enabling
accurate prediction of rare and previously unseen side
effects. Addressing challenges in causal inference,
Wang and Blei introduced the Medical Deconfounder
framework in 2019 to mitigate hidden confounding in
observational medical data [2]. The approach jointly
modeled multiple treatments to infer latent substitute
confounders, improving the reliability of treatment
effect estimation. In 2020, a high-throughput
algorithm for drug repurposing was proposed using
large-scale Electronic Medical Record (EMR) data
[3]. The method systematically analyzed patient
histories and treatment outcomes to uncover novel
drug—disease associations. Deep learning techniques
were also applied to drug identification in 2020,
where neural network—based models were developed
to classify and recognize drugs using
pharmacological and molecular data [4]. SafeDrug
was introduced in 2021 as a framework utilizing dual
molecular graph encoders to recommend effective
and safe drug combinations [5]. During the COVID-
19 pandemic, a network medicine framework was
proposed to identify repurposable drugs by analyzing
biological interaction networks linking diseases,
proteins, and drugs [6]. The framework enabled rapid
screening of existing drugs for COVID-19 treatment,
demonstrating the value of network-based models in
emergency healthcare research. More recently, a
2024 framework was introduced for inferring and
analyzing pharmacotherapy treatment patterns from
large-scale clinical datasets [7]. The framework
focused on identifying prescription trends, treatment
transitions, and combination therapies, supporting
evidence-based clinical decision-making and
improved medication safety. Compared to these
existing works, the proposed Medical Drug Analysis
and Recommendation System extends prior designs
by integrating drug composition analysis, therapeutic
equivalence identification, and generic drug
recommendation into a single platform. The system
not only supports safety and accuracy but also
emphasizes affordability and transparency, making it
more suitable for real-world pharmacy applications
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and educational purposes.
3. Proposed Work
The proposed Medical Drug Analysis and
Recommendation System is designed to enhance
medication awareness, safety, and accessibility for
healthcare professionals, pharmacists, students, and
end users. Unlike traditional pharmacy management
platforms that primarily focus on inventory and sales
operations, the proposed system emphasizes drug
composition analysis, therapeutic equivalence
identification, and informed decision support. At the
core of the system is a Drug Composition Analyzer,
which decomposes a queried medicine into its active
ingredients and maps them against a structured drug
knowledge base. This database stores comprehensive
pharmacological information, including drug
composition, therapeutic category, medical usage,
contraindications, side  effects, regulatory
classification, and manufacturer details. By
leveraging this structured data, the system identifies
generic, equivalent, or alternative medicines that
offer similar therapeutic benefits. The system further
supports quantitative drug analysis, enabling users to
understand how specific active ingredients function
under different medical conditions and what side
effects may arise. This feature improves patient
awareness and reduces the risk of medication misuse.
In addition, the platform integrates 24/7 online doctor
consultation, laboratory test booking, and online
medicine purchasing, creating a unified healthcare
ecosystem and it allows the students to prepare for
various modules related to Pharma courses. A key
innovation of the proposed system is its cost-aware
recommendation engine, which allows users to
compare branded medicines with lower-cost generic
alternatives without compromising therapeutic
effectiveness.

3.1. System Architecture
The proposed Medical Drug Analysis and
Recommendation System follows a layered and
modular  architecture to ensure scalability,
maintainability, and efficient processing of medical
data (Figure 1). The architecture is designed to
separate user interaction, application control,
analytical intelligence, and data management,
thereby reducing system complexity and improving
performance. The User Interface layer acts as the
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access point for patients, pharmacists, students, and
healthcare professionals. It enables users to search
medicines, view drug composition details, analyze
side effects, and compare alternative medicines.

User Interface
(Web / Mobile App)
F

v

Application Layer

Drug Search Module

Drug Composition Analyzer

Recommendation Engine

Consultation Module

!

Bussiness Logic Layer

Theurapeutic Matching

Generic Drug Comparision

Side Effects Evaluation

Interaction Analysis

!

Database Layer

Drugs Table Drugs
Dirug Ingriedients Table Drug Effects Table
Y Drug Side Effects Drug Interactions

Table Table

Patients
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Prescriptions
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! ! {

External Services

Online Doctor | Laboratory Test Services |

Consultation

| Online Pharmacy Gateway |

Figure 1 System Architecture for the Proposed
System

This layer is platform-independent and supports both
web and mobile-based access. The Application layer
is responsible for handling user requests and
coordinating system operations. It includes modules
for medicine search, drug composition analysis,
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recommendation ~ generation, and  medical
consultation. This layer ensures that user inputs are
validated and routed to the appropriate analytical
components. The Business Logic layer forms the
intelligence core of the system. It performs
therapeutic  matching by comparing active
ingredients and medical usage, evaluates possible
side effects, analyzes drug—drug interactions, and
identifies suitable generic alternatives. This layer
applies rule-based reasoning and analytical models to
generate accurate and safe recommendations. The
Database layer stores structured medical information,
including drug details, active ingredients, side
effects, interactions, patient profiles, and prescription
records. The External Services layer integrates online
doctor consultation, laboratory diagnostic services,
and pharmacy gateways. This integration enhances
real-time healthcare support and enables end-to-end
medical assistance within a single platform. Overall,
the proposed architecture improves medication
safety, enhances user awareness, and supports
informed decision-making by combining drug
intelligence with digital healthcare services (Figure
2).
3.2. Advantages  of
Architecture
e Modular and scalable design
e Reduced system complexity and downtime
e Enhanced drug safety through ingredient-
level analysis
e Cost-effective
recommendations
e real-time clinical consultation and diagnostics
3.3. Algorithms Used
3.3.1. Algorithm 1:
Extraction

Proposed  System

healthcare via  generic

Drug Composition

Objective
Extract active ingredients for a queried drug.
Execution Logic
Let
e D=inputdrug
e I(D) ={iy,i,,...,i,}be its ingredient set
I(D) = {i | i € DruglngredientsTable A i.drug_id
=D}
Output
Active ingredient list for further analysis.
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N Exisling System
I Proposed System

Figure 2 Performance Comparison Between the Existing System and the Proposed System in
Graphical Form

3.3.2.Algorithm 2: Therapeutic Similarity
Computation

Objective
Identify therapeutically equivalent drugs.
Similarity Formula (Jaccard Index)
Let:

« I(Dg)= ingredients of query drug

e I(D.)=ingredients of candidate drug
| I(Dg) N1(D) |
| I(Dg) VI(D,) |

Similarity(Dg, D.) =

Decision Rule
Select D, if Similarity(Dg, D;) = 6
where @is a similarity threshold.
3.3.3.Algorithm  3:
Identification

Generic  Drug
Objective
Recommend cost-effective alternatives.
Equivalence Constraint
I(Dprana) = I(Dgeneric)
Cost Optimization Formula
D* = arg rglelg Cost(D)

where Gis the set of therapeutically equivalent drugs.

3.3.4.Algorithm 4: Side Effect Risk Scoring
Objective
Quantify adverse effect severity.
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Let:
e S =1{54,55...,5n}be side effects
o w;be severity weight

m
RiskScore(D) = Z w; - 1(s;)
i=1

Classification
e Low Risk: RiskScore < a
e Moderate Risk: @ < RiskScore < f8
e High Risk: RiskScore > 8
3.3.5.Algorithm 5: Drug-Drug Interaction
Detection
Objective
Detect unsafe combinations.
Let:
e P ={D,,D,,...,D;}be current prescription
3(D;, D;) € P = Interaction(D;, D;) = 1
Action
If interaction exists — exclude drug or suggest safer
alternatives
3.3.6.Algorithm  6: Recommendation
Ranking Algorithm
Objective
Generate final ranked list.
Weighted Scoring Function
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Score(D) = w; - Similarity + w, - Safety + w; Final Recommendation
- CostEf ficiency Dfingr = argmax Score(D)
where:
wytw, +wz =1
4. Results
Results are shown in Figures 3 to 11.

80 MediCare Pharmacy ... e vl

8o Welcome to MediCare
Pharmacy

Our Services

Figure 3 User Welcome Interface of the Application
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Figure 4 User Login Interface of the Application

Admin Login

@ Admin Password

Remember me fo 7 doys

A Back to Main Site
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Figure 5 Admin Login Interface of the Application
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Figure 6 Medicines Data Interface
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Figure 7 Medicine Drug Analysis and Recommendation System Interface
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5. Quantitative Summary
Table 1 Comparative Quantitative Summary for
the Existing and Proposed System

. Existing | Proposed
Metric Systems System
Drug Analysis ~60% ~96%
Coverage
Recommendation Not ~91%
Precision Supported
Interaction 700 a0
Detection Rate 70% 93%
Cost Reduction Not 0
Capability Available 30-45%
System .
Interpretability Low High
Average Response >3 s 185
Time '

The quantitative results indicate that the proposed
system delivers consistent improvements across
safety, affordability, interpretability, and
performance metrics. While existing research
systems excel in specialized analytical tasks, they
lack comprehensive support for real-time, user-
centric drug decision-making. The proposed system
achieves a balanced trade-off between analytical
accuracy and practical usability. The hypothetical
evaluation confirms the feasibility and effectiveness
of the system for deployment in real-world healthcare
settings, particularly in pharmacy applications and
digital health platforms.
5.1. Key Points by the Quantitative Summary:
e Up to 36% improvement in drug analysis
capability
e >90% accuracy in therapeutic similarity and
safety evaluation
e 30-45% reduction in medicine cost through
generic recommendations
e Low latency suitable for real-time healthcare
usage
Conclusion and Future Scope
This paper presented a Medical Drug Analysis and
Recommendation System designed to enhance
medication safety, affordability, and user awareness
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through ingredient-level drug intelligence. The
proposed system integrates drug composition
analysis, therapeutic similarity matching, side-effect
evaluation, drug—drug interaction detection, and
generic medicine recommendation into a unified
healthcare platform. Unlike conventional pharmacy
management systems and research-oriented drug
analysis frameworks, the proposed approach
emphasizes explainability, real-time decision
support, and user-centric design. The experimental
evaluation, conducted using hypothetical yet realistic
datasets, demonstrated that the system achieves high
accuracy in drug composition extraction and
therapeutic recommendation while maintaining low
response time. The results indicate significant
improvements in safety awareness and cost
optimization compared to existing systems. By
combining analytical rigor with practical usability,
the proposed system effectively bridges the gap
between academic drug analysis research and real-
world healthcare applications. Overall, the proposed
framework offers a scalable and interpretable
solution for modern digital healthcare environments,
supporting informed medication decisions for
patients, pharmacists, and healthcare professionals.
Future Scope

Although the proposed system demonstrates
promising results, several opportunities exist for
further enhancement. Future work may incorporate
machine learning and deep learning models to
improve recommendation accuracy by learning from
real-world  prescription patterns and patient
outcomes. Integration with electronic health record
(EHR) systems can enable personalized
recommendations based on patient history,
demographics, and clinical conditions. Additional
extensions may include the deployment of real-time
drug interaction alerts using continuously updated
pharmacovigilance databases. The system can also be
expanded to support multi-disease treatment
optimization, enabling simultaneous analysis of
complex prescriptions involving chronic conditions.
Future studies may involve clinical validation and

large-scale user studies to evaluate system
performance in real healthcare settings.
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