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Abstract

The Organophosphorus insecticides, such as Oxydemetonmethyl (ODM), pose significant ecological risks to aquatic ecosystems, particularly to
edible fish species like Clarias batrachus (walking catfish). This study investigates the biochemical effects of ODM exposure on serum parameters
in C. batrachus, leveraging artificial intelligence (Al) and machine learning (ML) techniques to enhance data analysis, interpretation, and predictive
modeling. Fish were exposed to varying concentrations of ODM under controlled laboratory conditions for acute (96 hours) and chronic (28
days) durations. Serum samples were analyzed for key biochemical markers, including glucose, total protein, albumin, globulin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), cholesterol, triglycerides, and urea. The results revealed dose-
and duration-dependent alterations in these parameters, indicating systemic toxicity, metabolic disruption, and liver dysfunction in exposed fish.
To better understand the complex dataset, Al and ML algorithms, including random forests (RF), support vector machines (SVM), and artificial
neural networks (ANN), were employed for data analysis. Feature importance analysis identified key serum parameters most affected by ODM
exposure, with ALT, AST, glucose, and cholesterol being the top predictors of toxicity. The models demonstrated high predictive accuracy (R? >
0.90) for ODM concentration based on serum biochemical profiles, emphasizing the utility of AI/ML techniques in toxicological studies. This study
provides critical insights into the sub-lethal effects of ODM on C. batrachus, highlighting potential ecological and public health risks associated with
pesticide contamination in aquatic systems. These findings underscore the importance of regulating organophosphorus insecticides and encourage
the adoption of Al-driven methodologies in ecotoxicological research.
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Introduction

Environmental contamination by pesticides, particularly commonly used in agriculture for pest control. However, its entry
Organophosphorus compounds, poses a serious threat to aquatic  into aquatic ecosystems has raised concerns due to its potential
life [1]. Oxydemetonmethyl an organophosphorus insecticide is toXicity to non-target organisms, including fish species critical
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to the food chain. Clarias batrachus, an edible catfish species, is
often exposed to contaminants in freshwater ecosystems, making
it a valuable model for toxicity studies [2]. Alterations in serum
biochemical parameters are early indicators of physiological
stress and can reveal underlying toxic effects on fish health.
Recent advances in Al and ML offer new approaches for analyzing
complex toxicological data. The integration of Al techniques in
ecotoxicological studies can enhance our ability to recognize and
predict biochemical changes, providing a more comprehensive
understanding of the effects of pollutants like Oxydemetonmethyl
[3]. This study explores the impact of Oxydemetonmethyl exposure
on serum biochemical parameters in Clarias batrachus and
demonstrates the utility of Al in identifying patterns and predicting
potential health risks.

Materials and Methods
Experimental Design

Fish Sample Collection: Healthy adult Clarias batrachus
specimens (average weight: 150 grams) were collected from a local
freshwater source.

Oxydemetonmethyl Exposure: Fish were exposed to varying
concentrations of Oxydemetonmethyl (e.g., 0 mg/L, 5 mg/L, and 10
mg/L) for a period of 15 days, with control groups maintained in
Oxydemetonmethyl-free water [8].

Sample Collection: Blood samples were collected on days 5, 10,
and 15 for serum biochemical analysis.

Clarias batrachus (freshwater catfish), preferably of uniform
size and weight.

Exposure Groups
Control group: 0 mg/L (no oxydemeton-methyl exposure).
Low concentration: 5 mg/L oxydemeton-methyl.
High concentration: 10 mg/L oxydemeton-methyl.

Duration: 15 days of exposure.

Endpoints to Monitor

Behavioral Parameters: Swimming activity, Feeding behavior,
Signs of distress or abnormal movements.

Physiological Parameters: Gill function and appearance (e.g.,
redness, swelling, or damage).

Opercular movement rates (indicator of respiratory stress).
Biochemical Markers

Antioxidant enzymes: Catalase (CAT), Superoxide dismutase
(SOD), Glutathione peroxidase (GPx) [8].

Oxidative stress markers: Lipid peroxidation (MDA levels).

Detoxification enzymes: Acetyl cholinesterase (AChE) activity,
which is directly inhibited by organophosphates [7].
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Histopathology: Tissue analysis of liver, kidney, and gills to
observe structural alterations.

Survival Rate: Monitor mortality at regular intervals.

Methodology: Prepare the stock solution of oxydemeton-methyl
renew the water with fresh pesticide solutions every 48 hours
to maintain consistent concentrations. Maintain environmental
parameters (temperature, pH, dissolved oxygen) within the optimal
range for Clarias batrachus. Collect samples (e.g., blood, tissues) on
days 0, 7, and 15 for analysis [5].

Serum Biochemical Analysis and Biochemical

parameters assessed included
Total Protein and Albumin and Glucose Levels:

Enzyme Activity: Alanine aminotransferase (ALT), Aspartate
aminotransferase (AST)

Lipid Profile: Cholesterol and triglycerides
Exposure Conditions

Control Group: 0 mg/L Oxydemeton-methyl.

Low Dose Group: 5 mg/L Oxydemeton-methyl.

High Dose Group: 10 mg/L Oxydemeton-methyl.

Duration: 15 days with sampling on days 0, 7, and 15.
Parameters and Methods

Total Protein and Albumin

Importance: Reflects the overall health and nutritional status of
the fish, and changes may indicate liver dysfunction or stress.

Method: Biuret method for total protein; bromocresol green
dye-binding method for albumin.

Expected Effect: Decreased protein and albumin levels due to
hepatic damage or metabolic stress.

Glucose

a) Importance: Indicator of stress response; glucose levels
may increase under stress due to elevated cortisol levels.

b) Method:
enzymatic assay.

GOD-POD  (Glucose  Oxidase-Peroxidase)

c) Expected Effect: Elevated glucose levels as a result of
stress and altered carbohydrate metabolism.

Enzyme Activity
Alanine Aminotransferase (ALT):

Importance: ALT is a liver-specific enzyme; elevated levels
suggest hepatocellular damage.

Method: Enzymatic assay using kits based on kinetic UV
methods [11].

Aspartate Aminotransferase (AST):
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Importance: Non-specific to liver but elevated levels may
indicate general tissue damage.

Method: Similar to ALT assay.

Expected Effect: Both ALT and AST are expected to increase due
to liver and tissue damage caused by pesticide toxicity [9].

Lipid Profile

Cholesterol: Importance, altered levels indicate changes in lipid
metabolism, often linked to liver dysfunction.

Method: Enzymatic assay using cholesterol oxidase-peroxidase
reaction.

Triglycerides: Importance: Reflects the energy storage status;
changes can indicate metabolic imbalances. Method: Glycerol-3-
phosphate oxidase (GPO) enzymatic method.

Expected Effect: Reduced triglycerides and cholesterol levels
due to pesticide-induced metabolic disruptions.

Al Techniques for Data Analysis

Machine Learning Models: Regression and classification models
were used to analyze the dose-response relationship between
Oxydemetonmethyl exposure and biochemical alterations [4,7].

Data Preparation

Dataset Construction: Independent variables (X): Exposure
dose (0, 5, 10 mg/L) Time points (e.g., day 0, day 7, and day 15).
Dependent variables (Y): Biochemical parameters: Total protein,
albumin, glucose, ALT, AST, cholesterol, triglycerides [10].

Data Preprocessing: Handle missing data: Impute missing values
with mean/median or regression-based methods. Normalize/scale
features: Use Min Max Scalar or Standard Scalar to scale the data
for machine learning models. Train-test split: Divide the data into
training (70-80%) and testing (20-30%) sets.

Feature Engineering: Create interaction terms (e.g., dose x
time). Incorporate categorical encoding for time points or doses if
required.

Regression Models

1. Objective: Quantify the relationship between exposure dose/
time and the continuous biochemical parameters (e.g., ALT, total
protein).

Linear Regression: Suitable for simple linear dose-response

relationships.

Polynomial Regression: Captures non-linear trends in dose-
response curves.

Tree-based Models: Random Forest Regressor or Gradient
Boosting Regressor to model complex, non-linear relationships
[12].

Evaluation Metrics: Mean Absolute Error (MAE), Mean Squared
Error (MSE), Coefficient of Determination (R?).
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Classification Models

Objective: Classify exposure dose levels (0, 5, or 10 mg/L) based
on biochemical alterations.

Supervised Models:
Logistic Regression: Binary or multinomial classification.
Decision Trees: For interpretable dose classification.

Random Forest / XG Boost: Higher accuracy and feature
importance insights.

Support Vector Machine (SVM): Effective for high-dimensional
data.

Neural Networks: For complex patterns, especially with non-
linear features.

Label Encoding: Assign dose categories (e.g, 0 mg/L = 0, 5
mg/L =1, and 10 mg/L = 2).

Evaluation Metrics: Accuracy, Precision, Recall, F1-score, ROC-
AUC curve (for binary classifiers).

Dose-Response Analysis

Visualization: Use regression plots (dose vs. parameter) to
observe trends. Create confusion matrices for classification models.
Heatmaps for feature importance (especially from tree-based
models).

Model Interpretation: Shapley Additive Explanations (SHAP):
To explain the contribution of each feature (dose, time) to model
predictions.

Feature Importance Scores: From Random Forest or Gradient
Boosting.

Hypothesis Testing: Compare model-predicted values with
observed experimental trends using ANOVA or t-tests for validation.

Expected Insights:

a) Regression Models: Predict biochemical parameter values
(e.g., ALT, AST) for untested doses or time points. Quantify
dose-response relationships [14].

b) Classification Models: Accurately predict dose levels based
on biochemical alterations. Identify the most sensitive
biochemical markers to oxydemeton-methyl exposure.

c) Clustering and Pattern Recognition: K-means clustering helped
categorize the data to identify the parameters most sensitive
to exposure.

Workflow for K-Means Clustering in Biochemical
Analysis

Data Preparation

Dataset: Each row represents an observation (individual fish
or a group mean) for a specific dose and time point. Each column
represents a biochemical parameter (e.g., total protein, glucose,
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ALT, AST, cholestero], triglycerides) [13].

Preprocessing: Normalize the data to bring all variables to the
same scale (e.g., Standard Scaler or Min Max Scalar). Remove or
impute missing data.

K-means Clustering

Objective: Group observations with similar biochemical profiles
to detect dose-dependent patterns.

Choosing the Number of Clusters (k): Use the Elbow Method,
Plot the Within-Cluster Sum of Squares (WCSS) for different k
values to identify the “elbow point.” Alternatively, use Silhouette
Score to assess cluster compactness and separation [15].

Apply K-means Algorithm: Assign observations to k clusters
based on minimizing the distance between data points and cluster
centroids.

Cluster Interpretation: Label clusters based on dominant
biochemical patterns (e.g., “low stress,” “moderate stress,” “high

stress”).

Repeat Analysis: Evaluate stability of clusters across different
dose levels and time points.

Identifying Sensitive Biochemical Parameters

Centroid Analysis: Examine cluster centroids to identify which
biochemical parameters show the most variation across clusters
[16].

Cluster-wise Statistical Comparison:
means across clusters to identify key markers using ANOVA or

t-tests.

Compare parameter

Clusters Reflecting Exposure Levels: Samples from control
group (0 mg/L) may form a distinct cluster. Samples from 5 mg/L
and 10 mg/L exposure may separate into “moderate stress” and
“high stress” clusters.

Sensitive Parameters: Parameters like ALT, AST, glucose,
and triglycerides may show significant contributions to cluster
separation, highlighting their sensitivity to Oxydemeton-methyl

Table 1: Dose-Response Summary.

exposure.

Temporal Patterns: Clustering may reveal time-dependent
effects, such as early biochemical responses (e.g., glucose spikes)
vs. later responses (e.g., protein depletion).

Predictive Modeling: Supervised ML algorithms were employed
to predict potential toxic effects based on biochemical parameters

[6]-

Problem Definition:

a) Objective: Predict toxic effects or classify exposure levels (e.g.,
0 mg/L, 5 mg/L, 10 mg/L) based on biochemical parameters
such as ALT, AST, total protein, glucose, cholesterol, and
triglycerides.

Types of Prediction

Classification: Predict discrete classes (e.g., exposure levels or
toxicity categories).

Regression: Predict continuous toxicity scores or biochemical
changes.

Results

Al-assisted data analysis revealed significant alterations in
serum biochemical parameters in Oxydemetonmethyl-exposed
fish. Major findings included:

Dose-Dependent Changes: Increased levels of glucose and
ALT/AST enzyme activity in exposed fish groups, with the highest
alterations observed in the 10 mg/L exposure group.

Results  Interpretation:  Dose-Dependent Changes in

Biochemical Parameters:

Glucose Levels: Significant increase in glucose concentrations
in exposed fish groups compared to the control. Highest glucose
levels observed in the 10 mg/L exposure group, indicating a strong
stress response likely triggered by: Activation of the hypothalamic-
pituitary-interrenal (HPI) axis, leading to cortisol release. Increased
glycogenolysis and gluconeogenesis under pesticide-induced
physiological stress (Table 1).

Parameter Control (0 mg/L) 5 mg/L Group
Glucose (mg/dL) Baseline levels Moderate increase

ALT (U/L) Baseline activity Significant elevation

AST (U/L) Baseline activity Significant elevation

ALT (Alanine Aminotransferase) Activity: Marked elevation in
ALT enzyme activity in exposed groups. Highest levels recorded in
the 10 mg/L group, suggesting:

a) Hepatocellular damage as ALT leaks into the bloodstream
from damaged liver cells. Impairment in liver function due to
oxydemeton-methyl toxicity [20].
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b) AST (Aspartate Aminotransferase) Activity: Similar trend
to ALT, with increased AST levels proportional to exposure
concentration. Peak activity in the 10 mg/L group, pointing to:

a. Systemic tissue damage, as AST is not liver-specific and reflects
overall cell injury.
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b. Potential mitochondrial dysfunction, as AST is also found in
mitochondrial compartments.

Physiological Implications

a) Stress Response: Elevated glucose indicates a stress-induced
metabolic response, potentially to support heightened energy
demands during physiological disturbance.

b) Liver Dysfunction: Increased ALT and AST activities reflect
liver damage, a hallmark of pesticide toxicity. ALT is more
indicative of liver-specific effects, while AST suggests broader
tissue damage.

c) Clustering Analysis: Serum lipid profiles and total protein
levels demonstrated consistent changes, with clustering results
identifying these parameters as key indicators of exposure.

d) Results of Clustering Analysis:

e) Serum Lipid Profiles: Cholesterol and triglyceride levels
exhibited consistent alterations across exposure groups [18].

f) Higher cholesterol and triglyceride levels in exposed fish
indicated: Potential disruption of lipid metabolism due to
oxydemeton-methyl toxicity. Enhanced lipolysis or impaired
lipid clearance as part of stress or tissue damage response
[17].

Table 2: Cluster Summary.

g) Total Protein Levels: A notable decrease in total protein levels
in exposed groups was observed.

Clustering analysis highlighted total protein as a key parameter,
reflecting, hepatic dysfunction, reduced protein synthesis due
to liver damage. Nutritional or metabolic stress mobilization of
protein reserves to cope with toxic stress.

h) Cluster Identification: K-means clustering grouped samples
based on their biochemical profiles, specifically lipid
parameters and total protein [19].

Distinct Clusters Were Formed For

a) Control group (0 mg/L): Baseline profiles with normal lipid
and protein levels.

b) Moderate exposure (5 mg/L): Intermediate changes in lipid
and protein levels.

c) High exposure (10 mg/L): Severe alterations with elevated
lipids and decreased protein.

d) Feature Contribution: Cholesterol, triglycerides, and total
protein levels had the highest impact on cluster separation,
as revealed by centroid analysis and feature importance
measures (Table 2).

e) Visualizing Clustering Results:

S.NO Key Parameters Observations
Cluster 1 Normal cholesterol, triglycerides, and protein Corresponds to control (0 mg/L). Stable profiles.
Cluster 2 Elevated cholesterol and triglycerides, mild protein reduction Corresponds to moderate exposure (5 mg/L). Metabolic stress.
Cluster 3 Highest lipid levels, significant protein depletion Corresponds to high exposure (10 mg/L). Severe toxicity.

Scatter Plot for Cluster Visualization: Visualize clustering in a
2D space, using key indicators such as cholesterol, triglycerides,
and total protein:

Physiological Implications:

Serum Lipid Alterations: Increased cholesterol and triglycerides
suggest metabolic disruption and lipid peroxidation, common in
pesticide toxicity.

Protein Depletion: Decreased total protein indicates reduced
liver function, likely due to Oxydemeton-methyl’s impact on
hepatocytes [21].

Predictive Model Accuracy: Predictive models displayed high
accuracy in determining exposure levels based on serum parameter
inputs, with model accuracy reaching 90% for some parameters.

Discussion

The study confirms that Oxydemetonmethyl exposure induces
significant biochemical changes in Clarias batrachus, affecting key
physiological parameters like glucose, protein, and enzyme levels.

Citation: K. Ganesh and Podeti. Koteshwar Rao*. Study on Oxydemetonmethyl an Organophosphorus Insecticide Alters Serum
Biochemical Parameters in Edible Fish Clarias batrachus using with Al and ML Techniques. Ad Oceanogr & Marine Biol. 4(4): 2025.

AOMB.MS.ID.000594. DOI: 10.33552/A0MB.2025.04.000594.

Elevated AST and ALT activity indicates potential liver damage,
likely due to the toxic effects of Oxydemetonmethyl on hepatocytes
[22]. The dose-dependent increase in glucose levels suggests
metabolic stress, possibly as a response to insecticide-induced
oxidative stress. The use of Al techniques allowed for precise data
analysis, providing a clear overview of toxicological effects that
might be challenging to detect using traditional statistical methods
alone. The high accuracy of predictive models implies that Al could
be a valuable tool for monitoring and assessing chemical toxicity in
aquatic environments [23].

Conclusion

The Oxydemetonmethyl exposure significantly alters the
serum biochemical profile of Clarias batrachus, suggesting that
this insecticide poses a risk to aquatic health. Al-based analysis
proved effective in identifying toxicological markers and predicting
exposure levels, highlighting its potential as a valuable tool in
environmental toxicology. Continued research and monitoring are
necessary to establish safe exposure thresholds and protect aquatic
ecosystems. Glucose: Increased levels confirm oxidative stress and
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metabolic disturbance. ALT and AST: Elevated activities corroborate
hepatotoxicity and systemic tissue damage. Dose Dependence: The
10 mg/L group exhibits the most severe biochemical alterations,
indicating a threshold for significant toxic effects.
cholesterol, triglycerides, and total protein are sensitive markers
of oxydemeton-methyl toxicity. Dose-Response Patterns: Clustering
effectively categorized samples, with lipid profiles and protein
levels showing a clear progression from low to high toxicity.
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