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Abstract:

This study investigates the effects of stone crusher dust on the growth and physiological parameters of
Azadirachta indica (neem), a plant of significant pharmaceutical importance. Additionally, it explores
recent advancements in software-based approaches for drug discovery and phytochemical analysis.
Results indicate that stone crusher dust significantly affects chlorophyll content, leaf area, and
antioxidant activity in neem. Concurrently, advancements in computational tools, such as molecular
docking, machine learning, and Al-driven drug design, have revolutionized pharmaceutical research,
enabling rapid identification of bioactive compounds from plants like neem. This study highlights the
dual focus on environmental impact and technological innovation in pharmaceutical sciences.
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INTRODUCTION:

Medicinal plants have been a cornerstone of traditional and modern medicine providing rich source of
bioactive compounds for treating various diseases among these , Azadirachta indica (neem) stands out
for its remarkable therapeutic properties including a medicinal plant with proven antimicrobial, anti-
inflammatory, and anticancer properties(Subapriya& Nagini,2005). Neem derived compounds such as,
azadirachtin, nimbin, and salannin, have been extensively studied for their potential in drug
development( govindchari,1992). However , the increasing environmental pollution particularly, from
industrial activities such as stone crushing poses a significant threat to growth and medicinal value of
plants like neem.

Stone crusher dust, a byproduct of mining activities, contains particulate matter that can adversely affect
plant physiology. Studies have shown that dust deposition can reduce chlorophyll content, impair
photosynthesis, and alter phyto-chemical composition, ultimately dimenshing the plants medicinal
potential (Pandey&Tripathi,2011:Rai&panda2014). Despite the growing awareness of these
environmental challenges, limited research has been conducted on the specific impact of stone crusher
dust on Azadirachta indica and its implications for pharmaceutical applications.

In parallel the field of pharmaceutical research has witnessed a paradigm shift with the with the
advent of computational tools and Recent advancements in software-based approaches, such as
molecular docking, machine learning, bioinformatics, and Al, have transformed pharmaceutical
researchers to rapidly identify and optimize bioactive compounds from natural sources(kitchen et al.,
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2004; stokes et al., 2020). These advancements particularly relevant for medicinal plants like neem,
where traditional methods of phytochemical analysis and drug development can be time consuming and
resource intensive.

This study aims to bridge the gap between environmental science and pharmaceutical research by

addressing key objectives:

1. To Assess the Impact of Stone Crusher Dust on Azadirachta indica : Stone crusher dust contains
particulate matter and heavy metals that can adversely affect plant physiology, including chlorophyll
content, growth, and antioxidant activity. Understanding these effects is critical for conserving
medicinal plants like neem, which are vital for traditional and modern medicine.

2. To Evaluate the Changes in Phytochemical Composition of Azadirachta indica Under Stress
Conditions : Environmental stressors, such as stone crusher dust, can alter the phytochemical profile
of medicinal plants, affecting their therapeutic potential. This objective aims to quantify changes in
key bioactive compounds like azadirachtin, nimbin, and salannin.

3. To Explore Recent Advancements in Software-Based Approaches for Phytochemical Analysis and
Drug Discovery : Computational tools, such as molecular docking, machine learning, and Al-driven
drug design, have revolutionized pharmaceutical research by enabling rapid identification and
optimization of bioactive compounds from medicinal plants.

4. To ldentify Potential Bioactive Compounds from Azadirachta indica Using Computational Tools :
Neem contains numerous bioactive compounds with therapeutic potential. This objective focuses on
using software-based approaches to identify and optimize these compounds for drug development.

5. To Propose Mitigation Strategies for Reducing the Impact of Stone Crusher Dust on Medicinal
Plants : Based on the findings, this objective aims to suggest practical strategies, such as dust
suppression techniques or phytoremediation, to minimize the adverse effects of stone crusher dust on
medicinal plants like neem.

6. To Integrate Environmental Studies with Computational Approaches for Sustainable Pharmaceutical
Research : Combining environmental impact assessments with advanced computational tools can
lead to sustainable drug discovery processes that conserve medicinal plants while optimizing their
therapeutic potential.

Methodologies:

1. Impact of Stone Crusher Dust on Azadirachta indica:

Plant Material: Neem saplings were grown in controlled environments.

Dust Application: Stone crusher dust was applied at varying concentrations (0%, 5%, 10%, 15%) to the
foliage and soil.

Parameters Measured:

e Measurement of Chlorophyll content (SPAD meter).

Leaf area (image analysis software).

Antioxidant activity (DPPH assay).

Growth parameters (height, biomass).

Phytochemical analysis using hplc to quantify bioactive elements

2. Software-Based Approaches in Pharmaceutical Research:

Molecular Docking: Used to identify potential interactions between neem phytochemicals (e.g., azadir-
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achtin) and target proteins (e.g., COVID-19 protease).
Machine Learning: Applied to predict bioactive compounds from neem extracts.
Al-Driven Drug Design: Explored for optimizing drug candidates derived from neem.

Results:
1. Impact of Stone Crusher Dust on Azadirachta indica
Table 1: Effect of Stone Crusher Dust on Growth and Physiological Parameters of Neem

Dust Chlorophyll Leaf area Anti oxidant Plant Biomass(
concentration(%) content(SPAD) (cm) activity height(cm) 9)

0 45.2+1.3 12.5+0.8 78.4+2.1 356+1.2 18.3+0.9

5 40.1+1.1 10.8+0.7 72.3+1.9 32.4+1.1 16.7+0.8

10 35.6+1.0 9.2+0. 65.4+1.7 28.9+1.0 14.2+0.7

15 30.5+0.9 7.5+0.5 58.3+1.5 25.3+09 12.1+0.6

Observations:

e Chlorophyll content decreased by 31.8% at 15% dust concentration compared to the control.
e Leaf area reduced by 40% at 15% dust concentration.

e Antioxidant activity declined by 25.6% at 15% dust concentration.

e Plant height and biomass were significantly reduced at higher dust concentrations.

N

. Phytochemical Analysis of Azadirachta indica Under Stress Conditions
Table 2: Changes in Phytochemical Composition of Neem Leaves Under Dust Stress

Dust concentration (%) | Azadirachta (mg/g) | Nimbin(mg/g) | Salannin(mg/g) | Total phenolics(mg/g
01]25+0.2 1.8+0.1 1.2++0.1 12.440.8
512.3+0.2 1.6+0.1 1.1++0.1 11.840.7
10 | 2.0£0.1 1.4+0.1 0.9++0.1 10.5+0.6
15| 1.740.1 1.1+0.1 0.7£0.1 9.2+0.5

Observations:

e Azadirachtin, nimbin, and salannin content decreased by **32%%**, **38.9%**, and 41.7%**,
respectively, at 15% dust concentration.

e Total phenolic content declined by **25.8%** at 15% dust concentration.

2. Software-Based Approaches in Pharmaceutical Research
Table 3: Molecular Docking Results for Azadirachtin and COVID-19 Protease

Compound Binding affinity(Kcal/mol) Interaction residues
Azadirachti -8.2 His41.cys145
Referance Drug -7.5 His41,Cys145

Observations

e Azadirachtin showed stronger binding affinity (-8.2 kcal/mol) compared to the reference drug (-7.5
kcal/mol).

¢ Interactions were observed with His41 and Cys145 residues of COVID-19 protease.

IJFMR250238780 Volume 7, Issue 2, March-April 2025 3



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Table 4: Machine Learning Predictions for Bioactive Compounds in Neem

Compound predicted bioactivity Confidense score

Azadirachtin 925 0.91
Nimbin 88.7 0.89
Solannin 85.4 0.87

Observations:

e Machine learning models predicted high bioactivity for azadirachtin, nimbin, and salannin with
confidence scores > 0.85.

Summary & Conclusion:

1. Stone crusher dust significantly reduces chlorophyll content, leaf area, antioxidant activity, and
growth parameters in Azadirachta indica.

2. Stone crusher dust significantly impairs the physiological and medicinal properties of Azadirachta
indica.

3. Dust stress decreases the concentration of key phytochemicals, such as azadirachtin, nimbin, and
salannin.

4. Computational tools, such as molecular docking and machine learning, demonstrate the potential of
neem-derived compounds for drug discovery.

5. Recent advancements in software-based approaches have revolutionized pharmaceutical research,
enabling efficient drug discovery and optimization.

6. Future studies should focus on mitigating environmental impacts while leveraging computational
tools for sustainable drug development.

Discussion:

Stone crusher dust negatively impacts *Azadirachta indica*, reducing its growth and medicinal
potential.

Software-based approaches, such as molecular docking and Al, have accelerated the identification and
optimization of bioactive compounds from neem.

Integrating environmental studies with computational tools can enhance sustainable pharmaceutical
research.
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