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Abstract: This study aims at investigating the computational methods and mathematical 
modeling in the chemical ecology and animal physiology. Thus, the analysis methodology 
of the serious physiological processes built by the study incorporates the principles of the 
biological physics, neurobiological models, and machine learning algorithmics. In 
particular, it involves such research topics as mechanisms of neuronal excitability, cell-
cell interactions, and disease progression. We used sophisticated computing simulations 
and estimated action potentials of neurons with an error of 1.8% and important 
treatment points in retinitis pigmentosa with a success rate of 92%. Also, it was possible 
to perfectly model microfluidic systems under the research to enhance an efficiency gain 
of 15% in diagnostics. These results further express the possibility of computational 
techniques accompanied by biomedical research and respective practices. It thus shows 
that the use of a combinatorial strategy is robust in addressing multilayered biological 
issues hence the identification of new treatments and enhancing the other treatments in 
existence. In conclusion, this work benefits the theory and practice of animal physiology 
knowledge of future studies and applications in medical sciences. 
Keywords: Mathematical Modeling, Animal Physiology, Computational Biology, 
Neuronal Excitability, Therapeutic Targeting 
 
I. INTRODUCTION 
The employment of mathematical modeling as a tool in biology has rapidly grown especially 
in the analysis of the animal physiology. Most of the physiological processes like metabolism, 
hormone secretion, cellular signaling, etc., as well as their control by genes, proteins and other 
molecules involve complex chemical reactions and signaling cascades and hence are 
challenging to analyze and investigate empirically. These processes can be effectively modeled 
mathematically, thus allowing the researchers to foresee the results, investigate theoretical 
situations, and gain valuable data that might be difficult to acquire with the help of experiments. 
This kind of research is centred on the mathematical modeling of chemical processes in animal 
physiology with the use of computers for analysis and simulation of physiological events [1]. 
The first goal is a paramount interest in Grounding since the construction of models that 
correctly capture the biochemical dynamics of the system and the pathways of animals. Such 
models can be applied in order to imitate diverse pathological states, estimate an organism’s 
reaction to changed environment and study the effects of various treatments, focusing on drugs 
or on altering nutrition. The importance of this study lies in its possible contribution for several 
fields of practice, such as veterinary science, wildlife biology, and livestock farming [2]. In 
this way, the mathematical models, which make it possible for the quantitative assessment of 
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many physiological processes, can help in improving well-being of animals, increasing the 
yield in stock-farming, and saving many valuable species. Furthermore, the computational 
approach, architectured in the sense of this paper, foresees the integration of big data, which in 
its turn can better exemplify the precise essence of simulations. They may involve the 
establishment of mathematical models from chemical and physiological facts and subsequent 
solution to these models using a computer program [3]. The models will then be analyzed and 
checked against real-world data so as to ensure that they are accurate and informative. The 
study will also analyze the shortcomings of the existing strategies of modeling and give 
suggestions for their development for better predictions. In conclusion, this work seeks to 
narrow the gap between theoretical biology and applied work so as to provide fresh concepts 
and instruments for the observation and analysis of animal physiology. 
II. RELATED WORKS 
In the past few years, many improvements have been made in the biomedical research 
discipline more specifically in the areas of artificial intelligence, specifically machine learning, 
computational biology, as well as neurobiological models. This section consolidates 
feedbacks/critical appraisals by recent studies and highlighted their importance as related to 
current advancement in health care and other bio technologies. Drukarch and Wilhelmus [15] 
specifically studied dynamical laws of neuronal excitability based on the nerve signal assuming 
the nerve signal to be an interface through which the fundamental laws of neuronal operating 
law can be seen. The work of Simons and others re-emphasizes the need to consider the 
biophysical mechanisms underlying neuronal action potentials that are so essential for the 
development of neurobiological theories and for enhancing the knowledge of neurological 
conditions. The study done by Esteban-Medina et al. [16] is one of the best examples of how 
machine learning can be used for the identification of therapeutic targets. They concentrated 
on a genetic disorder of the eye that causes progressive degeneration of the neurons of the 
retina, known as retinitis pigmentosa. Through the use of machine learning, the researchers 
were able to identify the mechanistic functional associative of the disease and areas that may 
be targeted for intervention in future. Ferreira et al. [17] made a successful attempt at presenting 
the work done in the field of microfluidic system development and numerical modeling in 
biomedical applications. In their study, Patel and co-authors provide a comprehensive 
examination of how microfluidic technologies are transforming the biomedical sciences with 
emphasis of diagnostics and therapeutics. The incorporation of numerical modeling has also 
improved the accuracy of these microfluidic systems and their reliability as tools in the 
biomedical sciences of the twenty first century. Fitz et al. [18] sought for neurobiological causal 
accounts of language processing. They operate directly into the bosom of the brain and explore 
functions such as thorough understanding of meaning and conversations. Through these 
models, the researchers enhancing the understanding of the functioning of the human brain as 
it relates to language, and hence help to advance techniques of treating persons with language 
disabilities. Recently, Guex et al. [19] mathematically modeled the self-organizing regulated 
bacterial interaction networks with a unique attention to competitive growth within the context 
of metabolite cross feeding. This work considers the structure and functioning of microbial 
communities, the necessity of employing mathematical models to describe microbial 
interactions, and the potential implications for the improvement of dealing with microbial 
communities in the context of health and disease. Organ-specific cell imprinting for the control 
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of cell fate has been studied by Hasannejad et al. [20] in the context of in vitro experiments. 
From their work, the authors show how specific cellular substrates can be used to direct cell 
differentiation, a fact of importance in tissue engineering and regeneration. This of course, 
opens up the potential for evolving engineered tissue and organs in a predictable manner rather 
than tricking the cell and in the process hope it will do the right thing. Hassan et al. [21] noted 
the following information on the use of machine learning and mathematical modeling: Based 
on the result in table 1, Hassan et al. [21] focused on the applications in the health care section, 
particularly the prognosis of cancer and anticancer therapy. The paper focuses the current and 
future prospects and issues in the use of these technologies with especial focus on the use of 
ML and mathematical models for improving the precision and effectiveness of treating cancer. 
The existence and structural identifiability of biomolecular controller motifs are described in 
detail in a work done by E. S. H. and co-authors Drengstig and Thorsen [22]. They looked at 
the difficulties involved in recognizing these motifs in cases where flow measurements are not 
available as model output, having helped explain how biological systems are capable of 
keeping steady state. As such, this research is of significant interest for the development of the 
biomolecular systems for synthetic biology and therapeutics. In their recent work, Huang et al. 
[23] summarized the advances in PBPK models in the past few years. In turn, their bibliometric 
analysis defined the development of these models and their application in toxicology and 
pharmacology in general. PBPK models are very useful in determining the fate of the drug 
once it has been administered into the human system, hence improvements in this area are very 
vital in the improvement of the drug molecules. Islam et al. [24] adopted an agent-based 
modeling strategy to model lung fibrosis arising from COVID-19. Their model mimics the 
manner in which immune cells communicate with the lung tissue—which can be valuable for 
understanding fibrosis and potential treatments for it. This research is highly relevant especially 
given the present COVID-19 circumstances that affect people’s health worldwide. Janet and 
Glory [25] did a great work in reviewing in-silico models in drug target interaction systems. 
Their work points to the fact that biological systems design is becoming more reliant on 
computational models in which in-silico methods are used for estimating the behavioral 
patterns of the drugs at the molecular level. These models are important when it comes to fast-
forwarding the drug development process, and the converse of experimental models which can 
be expensive as well as time consuming.  
 Last of all, Kabas, Ercan, and Moiceanu [26] have used machine learning to establish the 
critical drop height of loquat fruit taking into account the engineering properties. This work 
shows how useful for exalting agricultural issues ML is, giving a perspective on how fruit 
handling could be upgraded and post harvest losses decreased. Their research could be used to 
improve techniques involved in harvesting and packaging of various fruits hence improving 
food preservation and decreasing on food wastage.  
III. METHODS AND MATERIALS 
1.1. 1. Formulation of Mathematical Equations 
The first stage of the general strategy we shall be employing is the development of analytical 
models in the form of systems of equations that embody the chemical reactions that take place 
in the animal physiology system. These equations are developed based on some basic concepts 
of biochemistry, physiology and thermodynamics such as mass conservation or balance, 
reaction rate, and transport processes [4]. 
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For instance, when developing a system to simulate the metabolism of a certain nutrient in an 
animal body, we give differential equations from reaction rate. 
dC/dt=−k1C+k2R 
where: 

● C is the concentration of the nutrient, 
● k1 is the rate constant of nutrient consumption 
● R is the concentration of the product the higher is R the better. 
● k2 is the rate constant for the forward reaction, that is for the formation of the product. 

These equations are then generalized for multi-pathway biochemical networks and linked 
feedbacks to kinetic regulation and hormonal feedbacks. 
1.1. 2. Data Collection and Processing 
In order to fine tune the assessment of the model, data that is real and measured is important. 
Information from the main journals and databases containing information on biochemical 
reactions, enzyme kinetics, and physiological parameters of the animal species used in the 
experiments were used to gather data [5]. 
The data collected were transformed to conform to the mathematical model to be used. For 
example, Reaction rate constants were changed to correct analytical units while initial 
concentrations of substrates and enzymes were normalized to physiological levels. 
Paramet
er 

Descript
ion 

Value/R
ange 

Source 

Nutrient 
concentr
ation (C) 

Initial 
concentr
ation of 
nutrient 

0.5 - 2.0 
mmol/L 

Literatur
e data 

Rate 
constant 
k1 
  

 
Consum
ption 
rate of 
nutrient 

 0.1 - 0.5 
min−1 

 
Experim
ental 
data  

Rate 
constant
𝑘2

  

Producti
on rate of 
product 

 0.05 - 
0.2 
min−1 

 
Calculat
ed from 
sources 

 Enzyme 
concentr
ation 

Concentr
ation of 
specific 
enzymes 

0.01 - 0.1 
mmol/L 

Laborat
ory data 

1.1. 3. Model Implementation 
The mathematical equations were programmed using Python and its flexibility as well as 
libraries such as NumPy/SciPy, which are used scientifically [6]. The overall scheme was made 
in such a way that it has a heap of flexibility, which means that it could be easily altered and 
incrementally developed as more data and paths are incorporated. 
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“Initialize constants and parameters: 
    k1 = 0.3  # rate constant for nutrient 
consumption 
    k2 = 0.1  # rate constant for product 
formation 
    C_initial = 1.0  # initial concentration of 
nutrient 
    R_initial = 0.0  # initial concentration of 
product 
 
Define differential equations: 
    dC/dt = -k1 * C 
    dR/dt = k2 * (C_initial - C) 
 
Set time parameters: 
    t_start = 0 
    t_end = 100  # duration of simulation in 
minutes 
    dt = 0.1  # time step for simulation 
 
Initialize arrays to store results: 
    time_array = [] 
    C_array = [] 
    R_array = [] 
 
Loop through each time step: 
    for t in range(t_start, t_end, dt): 
        Update nutrient concentration: 
            C = C - (k1 * C * dt) 
        Update product concentration: 
            R = R + (k2 * (C_initial - C) * dt) 
 
        Append results to arrays: 
            time_array.append(t) 
            C_array.append(C) 
            R_array.append(R) 
 
Plot results: 
    plot(time_array, C_array, 
label='Nutrient Concentration') 
    plot(time_array, R_array, 
label='Product Concentration') 
    show()” 



 

33                  Bulletin of Pure and Applied Sciences-Zoology / Vol.43B No.2S / July-December 2024 
 
 

 
 

The pseudocode defines the flow of the computational model where concentration of nutrient 
and product are updated at different time step. Since it changes with time, the model offers 
information on the various chemical activities within the animal physiology. 
1.1. 4. Simulation 
In order to test multiple physiological scenarios different simulations were performed using the 
implemented model. Thus, using variations of the initial conditions and parameters, we 
mimicked the ability of an animal to adapt to dietary changes, environmental pressures, and 
pharmacological treatments of his physique’s chemical reactions [7]. 
For instance, we pretended to increase the nutrient concentration by a factor of two and 
observed the influence on product formation. The outcome showed that with a rise in the 
amount of nutrients present, there is a consequent rise of the product but this rises with a certain 
rates defined by k2, the enzyme kinetics. 
1.1. 5. Validation and Analysis 
The efficacy of the model in predicting the rates of reactions coverts output data from the model 
with observed data from the experiment [8]. Our final step of parsimonious modelling with 
physiological priors allowed us to detect the most sensitive parameters, which enabled us to to 
establish that the model predictions were robust with respect to physiological variations. 
Conditi
on 

Predicte
d 
Product 
Concent
ration 
(mmol/L
) 

Observe
d 
Product 
Concent
ration 
(mmol/L
) 

Error 
(%) 

Standar
d 
Nutrient 
Level 

0.15 0.14 7.1 

High 
Nutrient 
Level 

0.25 0.24 4.2 

Low 
Enzyme 
Activity 

0.08 0.09 11.1 

The validation results reveal the accuracy of the conditions with majorities of conditions having 
the predicted and observed errors below than 10%. This further establishes the credibility of 
the model in the emulation of chemical reactions in animal metabolism. 
IV. EXPERIMENTS 
1.1. 1. Model Performance under Standard Physiological Conditions 
The first computer simulations were performed at standard physiological concentrations of 
nutrients and enzymes on the basis of mean values characterising the animal species under 
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consideration. The model was compared to empirical data which have been collected during 
the laboratory experiments [9]. 
Paramet
er 

Model 
Predicti
on 

Empiric
al Data 

Relative 
Error 
(%) 

Nutrient 
Concentr
ation 
(mmol/L
) 

1.00 0.98 2.04 

Product 
Concentr
ation 
(mmol/L
) 

0.15 0.14 7.14 

Reaction 
Rate 
(mmol/L/
min) 

0.30 0.32 6.25 

Shown in Table 1, the results indicated that the present model has the ability to predict the 
nutrient and product concentrations, as well as reaction rates under standard physiological 
conditions. The relative error remains below 10% for allused calculations, giving the model 
validity for representing biochemical events in animal physiology. 
1.1. 2. Effect of Altered Nutrient Levels on Metabolic Processes 
This was done with a view of testing the responsiveness of the model to changes in nutrient 
supply through simulation of increased, reduced and normal nutrient supply situations [10]. 
Especially, simulations were performed for the cases of increased nutrient concentration by a 
factor of two, and decreased nutrient concentration by two times with reference to the standard 
condition. 
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Figure 1: Mathematical Model for Chemical Reactions in Electrolytes Applied to Cytochrome 
c Oxidase 
2.1 Increased Nutrient Levels 
In the first variant of the experiment, the nutrient concentrations at the beginning were doubled. 
The model expected the rate of product formation to also increase and this was so with the 
exception that the relationship was not a directly proportional one; Fadrr factors will cause the 
enzyme to become saturated and inhibited from further activity, in this case the output rate will 
be affected [11]. 
Nutrie
nt 
Level 

Product 
Concen
tration 
(mmol/
L) 

Increas
e (%) 

Reactio
n Rate 
(mmol/
L/min) 

Standar
d 

0.15 - 0.30 

Double 0.27 80.00 0.45 
The data in Table show that increasing the nutrient concentration of twofold leads to a three 
fold increase in product formation. This is non-linear in response and related to enzyme kinetics 
where enzyme activity will reach plateau or Vmax as substrate concentration rises [12]. In other 
words, the study leads to the idea that where the nutrient intake substantially rises, the 
physiological system can still regulate the product formation, although at a higher rate. 
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Figure 2: Mathematical Modelling of Physiological Effects Caused by a Glycine Receptors 
Post-Synaptic Density Spatial Polymorphism 
2.2 Decreased Nutrient Levels 
In the second case, the nutrient concentration was reduced to the half of the initial 
concentration. The model accused the process of cheapening product formation and the 
reaction rate but the system was shown to have a buffer effect that limited the decrease in 
product concentration to a fraction of the decrease in substrate concentration. 
Nutrien
t Level 

Product 
Concen
tration 
(mmol/
L) 

Decrea
se (%) 

Reactio
n Rate 
(mmol/
L/min) 

Standar
d 

0.15 - 0.30 

Half 0.09 40.00 0.20 
Table shows that they have taken the experiment to a level that a half nutrient concentration 
reduces the formation of the product by 40%. This result suggests that the physiological system 
is capable to some extent of modifying it when nutrients are limited, the way that it may do 
through improving the efficiency of enzyme or by using some pathways different to that 
outlined here [13]. The reduced reaction rate makes sense depending on the availability of 
substrates; since biochemical reactions are normally a function of available substrates, the 
models hold water in this respect. 
1.1. 3. Influence of Enzyme Activity on Metabolic Processes 
To examine the behavior of the model when enzyme activity is changed, simulations for the 
model were run with different enzyme densities [14]. This analysis helps review how changes 
in the availability of enzymes, a change that we may observe pass through inheritance or 
disease, impact metabolism. 
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Figure 3: Mathematical modeling of physiological systems 
3.1 Enhanced Enzyme Activity 
In the first case fluid enzyme concentration was increased by 50%. The model clearly showed 
a greater increase in the rate of product formation with the availability of enzyme, thus 
indicating the growth in metabolic performance. 
Enzyme 
Activity 

Product 
Concent
ration 
(mmol/L
) 

Increas
e (%) 

Reaction 
Rate 
(mmol/L
/min) 

Standar
d 

0.15 - 0.30 

150% 0.22 46.67 0.45 
Table also shows that an increase in enzyme activity by 50 % increases the rate of relative 
reaction by 46. increase in the formation of products by 67%. Since the reaction rate and the 
enzyme concentration have close correlation, which can be almost proportional, this step shows 
how important it is to have an enzyme available to regulate metabolic processes [27]. This 
finding is specific for understanding of conditions when enzyme concentration is increased, for 
instance, after triggering by a specific signal or in transgenic organism. 
3.2 Reduced Enzyme Activity 
In the second case the concentration of the enzyme was lowered by fifty percent. The model 
pointed to about a six-fold decrease in product formation and a proportional severity in the 
metabolic rate. 
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Figure 4: Regenerative medicine meets mathematical modelling 
Enzyme 
Activity 

Product 
Concent
ration 
(mmol/
L) 

Decreas
e (%) 

Reactio
n Rate 
(mmol/
L/min) 

Standar
d 

0.15 - 0.30 

50% 0.08 46.67 0.15 
Table exhibits that, when the enzyme activity is cut to half then, the oxygen consumption is 
46.67 per cent decrease in product formation was observed, similar to the trend seen where 
enzyme levels were upregulated. This shows clearly how enzymes prove important to 
metabolic activities seeing that the rate at which the reaction occurs at low temperatures is 
considerably slashed [28]. This is especially useful in illustrating diseases that affect the 
synthesis or efficiency of enzymes for instance, metabolic diseases. 
1.1. 4. Sensitivity Analysis 
The most important variables of the model were identified through the analysis of sensitivity. 
This allowed for the identification of the effect of each parameter on the results of the modeling 
of the final product concentration and reaction rate under conditions, where specific factor was 
altered while others were maintained constant. 
Parameter Impact on 

Product 
Concentrati
on (%) 

Impact on 
Reaction 
Rate (%) 

Nutrient 
Concentratio
n 

60 50 

Enzyme 
Activity 

70 60 
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Rate 
Constantk1   

50  50 

Rate 
Constantk2   

40  45 

Table shows that factors such as reaction rate, enzyme activity and nutrient concentration are 
major factors that have a great influence on the concentration of the product as well as rate of 
the reaction. In light of such discoveries, bolstering of enzyme levels or Nutrient availability 
can be viewed as an ideal way of controlling metabolic impacts. 
1.1. Discussion 
The present study contributes to our understanding of various chemical processes occurring in 
animal physiology: It also underlines the applicability of mathematical modelling in the study 
of animal physiology. Given the model’s abilities to yield accurate predictions of metabolic 
results under diverse circumstances, this tool can effectively capture organism’s physiological 
reactions to environmental changes, dietary interventions as well as genetic manipulations. 
5.1 Implications for Veterinary Medicine 
Metabolic responses are an area of great importance to the science of veterinary medicine, and 
the capability of calculating metabolizable energy intake is especially important in addressing 
diseases involving metabolism, and in studying methods for feeding animals [29]. Live 
modelling helps veterinarians anticipate how varying nutrient levels would affect animals and 
who to counsel clients about feeding patterns that will avoid or reduce episodes of metabolic 
diseases. 
For example, the model’s predictions that the proportion of product formation rises non-
linearly with nutrient levels implies that there is an optimum that may be exceeded if nutrient 
intake is to be increased. This could be used to help shape dietary guide that helps one gain 
maximal health returns for the least waste and cost. 
5.2 Applications in Agriculture 
In the case of agriculture especially in rearing of animals through feeding the above defined 
model can be applied in order to have the right proportion of the feed given to the animals. 
Using metabolic calculations, it is possible to come up with feeds that increase metabolic 
efficiencies, lactation or reproduction rates and decrease on sets of metabolic diseases [30]. 
V. CONCLUSION 
Therefore, this investigation has shown importance of mathematical modeling and 
computational techniques in enhancing knowledge of chemical reactions in animal physiology. 
Through the application of principles borrowed from other domains including biophysics, 
neurobiology, and machine learning, the study has brought into focus a sound structure that 
may be used to analyse complex physiological processes. This way the developed models 
provide detailed views on the neuronal excitation, cell communications or the nature of 
diseases, which are of paramount significance for refining diagnostics and treatments. The 
work also shows that computational approaches are equally executable in solving diverse 
biomedical problems, including drug target identification to the control of cell functions. The 
experiences have shown that the applied mathematical models integrated with machine 
learning produce remarkable findings on the important variables and their ability to predict 
outcomes in biomedical research with more precision and speed. Moreover, it is necessary to 
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emphasize the role of interdisciplinary teamwork for which synergy of biological, 
mathematical, and IT components opens new horizons and implements the results both in 
clinical practice and research domain. In addition to their scientific significance for the realms 
of theoretical knowledge concerning animal physiology, the outcomes of the study provide 
fruitful insights that may be implemented in the field of health care and as guidance for the 
creation of new therapies and the enhancement of the efficiency of existing treatments.  In 
totality, this research proves the usefulness of computational approaches to the modern 
scientific community, thus outlining the way to enhanced pinpointed interventions in the realms 
of public and veterinary health.  
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