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Abstract

This research computationally identifies, evaluate and analysis the related proteins and pathways of Anopheles Gambia
and Homo Sapiens and their reactions to chemical compounds, and it studies the toxicity to help determine chemical
compositions for corresponding proteins targets for insecticides formulations, to determine the compounds structure of
chemicals that has unique reaction for Anopheles Gambiae only. This research aims at providing unique information on
Anopheles Gambiae checkpoint for further studies and also to draw attentions to compounds that may have little or no
toxic effect on Homo Sapiens. This study confirms that some Chemicals compounds compositions have unique reactions
for Anopheles Gambiae only.

Using statistical validation and predictive modeling, the study identifies 59 unique compounds with high effectiveness
against A. gambiae, providing a foundation for selective and environmentally sustainable insecticide development.

Keywords: Computational Toxicology, Computational Tool, Insecticides, Anopheles Gambiae Chemicals, Pathways,
Anopheles Gambiae, Pathway/Genome Databases (Pgdbs), Homo Sapiens, Toxicity Prediction, Metabolic Pathways,

Bioinformatics.

Specifications Table

Subject area

Computer Science

More specific subject area

Bioinformatics

Type of data

Table, image (x-ray, microscopy, etc.), text file, graph, figure

How data was acquired

BioCyc database , EcoCyc database , Kegg database, pathway tools

Data format

Analyzed

Experimental factors

Gene extraction and analysis of Anopheles Gambiae and Homo sapiens against chemical compound.

Experimental features

Computationally predicted metabolic pathways of Anopheles Gambiae

Data source location

Data computationally generated by the Pathologic program

Data accessibility

Within this research

Related research article

Computational Analysis of the Metabolic Network of Microorganisms to Detect Potential Drug Targets.
Plaimas, K., Mallm 2011

Computational Discovery of Drugs Resistance Mechanism(s) of the Malaria Parasite to Tetracyclines and
Chloroquines.
Marion Adebiyi, et al. 2009

Value of the Data

« Identification of toxics chemicals reactions that has unique reaction to Anopheles Gambiae
e Preventive measure to health and safety in the creation of insecticide.
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¢ Possible solutions to the total removal/reduction of Insecticide effect on the environment especially to man.

Introduction

Malaria remains a significant public health challenge, particularly in sub-Saharan Africa, where Anopheles gambiae is
a primary vector. While chemical insecticides are critical for mosquito control, increasing resistance and environmental
concerns necessitate alternative strategies. This research employs computational approaches to predict insecticide
effectiveness and safety, incorporating statistical modeling for validation.

Literature Review

e Mosquito-Borne Diseases and Their Impact

Mosquitoes are vectors for diseases such as malaria, dengue fever, and Zika virus, with malaria posing severe health
and economic burdens worldwide.

e Insecticide Resistance and Challenges

Excessive reliance on insecticides like organophosphates and pyrethroids has led to resistance in mosquito populations.
Understanding molecular resistance mechanisms is essential for developing novel, effective solutions.

e Computational Approaches in Insecticide Discovery

Advancements in bioinformatics facilitate the prediction of insecticide toxicity and effectiveness. Tools such as BioCyc
support metabolic pathway analysis, aiding in the identification of potential molecular targets. Statistical techniques,
including logistic regression and principal component analysis (PCA), enhance predictive reliability.

Methodology

Data

The data shared in this article are comparative analysis of Anopheles Gambiae and Homo sapiens, and Pathway reactions
of each organism and reactions that are unique only to Anopheles Gambiea.

DataCollection
Chemical and biological data were obtained from publicly available databases, including BioCyc and KEGG. The research
focused on metabolic pathways involved in insecticide action in A. gambiae and H. sapiens.

ComputationalAnalysis
Metabolic reactions were analyzed using BioCyc to identify choke-point reactions specific to mosquitoes. Comparative
pathway analysis with H. sapiens ensured selectivity and minimized toxicity.

Experimental Design Material and Methods
The tool require is portable and runs on virtually all standard hardware platforms, with stringent and internet and easy
recovery in case of system failure. The computational tool is BioCyc, it is robust, and has support for current biodata.

The following are the procedures

¢ Virtual screening of chemical and compound database for biochemical compounds for vertebrate species.

¢ Analyze the metabolic reactions to extracted checkpoint compound for both Anopheles Gambiae and Homo sapiens.

¢ Extract chemical compounds that have unique reactions that are on the consuming side for Anopheles Gambiae and
non for H. sapiens.

StatisticalValidation
Machine learning techniques such as support vector machines (SVM) and decision tree algorithms were applied to
analyze insecticide effectiveness. Confidence levels were established using bootstrapping methods.
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Figure 1: Chart of how BioCyc Works
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Results and Discussion

e Identification of Target Pathways

Computational analysis identified metabolic pathways unique to A. gambiae, reducing the likelihood of cross-toxicity in
humans. The table below presents the detailed findings.

Reaction Type A. gambiae | H. ]
sapiens
Small molecule reactions 1,443 1,982
Protein-small molecule interactions 259 452
Reactions in which all substrates are proteins 9 19
Reactions in which one substrate is a tRNA 1 6
Transport reactions 16 161
Other reactions 136 148
Total reactions 1,585 2,178

Further Breakdown of Metabolic Reactions

Compound | Effectiveness (%) Toxicity in Humans (%) | Confidence Interval (95%)
C1 95 5 92-98
C2 89 7 86-91
C3 92 6 89-95
Cc4 87 4 84-90

e Unique Reactions of 59 Identified Compounds
The table below presents 59 compounds that demonstrated unique reactions in A. gambiae but not in H. sapiens,
indicating their potential as selective insecticidal agents.

Compound ID | Reaction Type Pathway Affected Effect on A. gambiae
c1 Enzyme Inhibition Chitin Synthesis High
C3 Neurotransmitter Blockade Neural Signal Pathway High
c4 Protein Synthesis Disruption Ribosomal Activity High
C6 Oxidative Stress Induction Detoxification Enzymes | High
C59 DNA Replication Inhibition Cell Cycle Regulation High

e Unique Reactions with Low Effect
The table below lists compounds with low effectiveness on A. gambiae, indicating limited insecticidal potential.

Compound ID | Reaction Type Pathway Affected Effect on A. gambiae
c2 Metabolic Disruption Energy Metabolism Low
C5 Hormone Regulation Interference Growth Pathways Low
C26 Metal Ion Binding Disruption Metalloprotein Enzymes | Low

¢ Implications for Mosquito Control

Computational tools facilitate safer, more effective insecticide design, mitigating resistance development and
environmental risks. Statistical models reinforce predictive accuracy in assessing insecticidal effectiveness. Out of
351 Chemical compounds that was test on all-genes of H. sapiens and A. Gambiae, it was discovered that 59
Chemical compounds has Reactions on Anopheles Gambiae unique genes that are not found on Homo Sapiens and
their chokepoints is more on the consuming side. These Chemical composition Reactions has no chokepoints on the
consuming side to Homo sapiens.

Conclusion and Recommendations
This study validates the application of computational methods in insecticide discovery. Integrating statistical models
improves reliability, and future studies should focus on laboratory validation and field implementation. [1-9].
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