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ABSTRACT 
 
Understanding cellular function and treating a variety of physiological and pathological disorders 
depend heavily on the numerical analysis of ion transport dynamics in animal cells. Maintaining cell 
volume, producing electrical impulses, and controlling cellular functions all depend on the 
movement of ions like sodium, potassium, calcium, and chloride across cell membranes. An 
overview of the partial differential equations (PDEs) and numerical techniques used to solve them is 
provided in this work, which represents the mathematical modelling of ion transport dynamics. 
Ion concentration variations within cells and in the extracellular environment are described both 
spatially and temporally using PDEs. These formulas connect ion transport rates to                         
parameters including ion channel kinetics, ion concentration gradients, and membrane potential. 
These equations are applied over multiple disciplines including biophysics, physiology, and biology. 
Analytical solutions to these PDEs are frequently difficult or unavailable, and therefore numerical 
techniques are essential to their solution. Various numerical approaches, such as finite difference, 
finite element, and spectral methods, are applied to discretize the PDEs and estimate the solutions. 

Original Research Article 

https://doi.org/10.9734/ajarr/2024/v18i7695
https://www.sdiarticle5.com/review-history/117110


 
 
 
 

Karimi et al.; Asian J. Adv. Res. Rep., vol. 18, no. 7, pp. 206-212, 2024; Article no.AJARR.117110 
 
 

 
207 

 

The accuracy, computational efficiency, and stability of these approaches vary, which makes them 
appropriate for various ion transport models and computational capacities. 
This work offers a thorough analysis of the numerical techniques available for solving the 
mathematical models used to describe the dynamics of ion transport in animal cells. It goes over 
the benefits and drawbacks of various numerical methods and how to use them to research ion 
transport in health and illness. As a whole, this research emphasizes how crucial numerical 
analysis is to improving our knowledge of cellular physiology and creating ion transport pathway-
focused treatment approaches. 
 

 
Keywords: Numerical analysis; ion transport dynamics; animal cells; partial differential equations; 

mathematical modeling; membrane potential; ion concentration gradients; inite difference 
method; finite element method; computational efficiency; stability. 

 

1. INTRODUCTION  
 

This study of animal cell transport dynamics is 
important in ensuring that animal cells and 
tissues therein grow healthy or die off. It is the 
refined numerical analysis of this problem that 
will ensure optimal animal cells growth is 
achieved. In animal cell transport dynamics, 
partial differential equations (PDEs) play a crucial 
role in describing various biological processes 
[1,2]. These equations can be used to model the 
movement and interactions of cells within a 
biological system, providing insights into how 
cells migrate, proliferate, and respond to their 
environment. Differential equations are equations 
involving derivatives or differentials of one or 
more dependent variables with respect to one or 
more independent variables [3]. The study of 
differential equations in the context of animal cell 
transport is crucial in understanding various 
biological processes. These equations are 
fundamental in pure and applied mathematics, 
physics, and bioengineering, among other 
disciplines. 
 

A partial differential equation (PDE) is often used 
to describe the relation between an unknown 
function and its partial derivatives in the context 
of animal cell transport dynamics [4,5]. PDEs are 
prevalent in physics and engineering and have 
seen increased use in areas such as                    
biology, chemistry, computer science, and 
economics. 
 

The general form of a PDE for a function 
describing animal cell transport dynamics 
involves the independent variables (such as time 
and space), the unknown function representing 
cell behavior, and the partial derivatives of the 
function with respect to these variables [3,2]. 
This equation is typically supplemented by 
additional conditions, such as initial or boundary 
conditions, to fully describe the system. 

Methods for finding solutions to PDEs have 
shifted to numerical solutions with the advent of 
computational methods. These methods, coupled 
with advancements in computing technology, 
have enabled the solution of PDEs in complex 
geometries and under various external conditions 
[6,7]. 
 

Theoretical progress in understanding the 
structure of solutions to PDEs is also important in 
the context of animal cell transport dynamics. 
Theoretical analysis helps ensure that the model 
is consistent, leads to a solvable PDE, and 
produces unique and stable solutions. Well-
posedness, is crucial concept in determining 
whether a problem is solvable, unique, and 
stable under perturbations [8,2,9]. 
 
While many fundamental problems of 
mathematical physics are well-posed, certain 
engineering applications, including those related 
to animal cell transport dynamics, may present 
ill-posed problems. In such cases, modifications 
to the problem formulation are necessary to 
render them well-posed and solvable [5,10]. 

 
2. CLASSIFICATION 
 
2.1 Common Classifications 
 
PDEs in animal cell transport dynamics can 
describe a wide range of phenomena, from cell 
migration to signaling pathways. Despite the 
diversity of these processes, they can be 
formalized using PDEs [3,11]. Similar to other 
fields, the classification of PDEs in the context of 
animal cell transport dynamics is based on their 
order, linearity, and whether they are scalar 
equations or systems of equations.These 
equations can also be classified based on their 
behavior, such as hyperbolic, parabolic, or 
elliptic, which can provide insights into the nature 
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of cell movement and interaction within a 
biological system. 
 

2.2 The Order of an Equation 
 

The order of a PDE in animal cell transport 
dynamics is determined by the highest derivative 
in the equation. Higher-order PDEs are used to 
model complex behaviors, such as the 
interaction of cells with their environment or the 
propagation of signaling molecules. By 
categorizing PDEs based on their order, 
researchers can gain a better understanding of 
the underlying biological processes [3]. 
 

2.3 Linearity of Equations 
 

In animal cell transport dynamics, PDEs can be 
classified as linear or nonlinear. Linear PDEs 
describe processes where cell behavior is 
directly proportional to external stimuli or 
signaling molecules. Nonlinear PDEs, on the 
other hand, capture more complex behaviors, 
such as feedback loops or interactions between 
multiple cell types. Understanding the linearity of 
PDEs in this context is essential for predicting 
and controlling cell behavior [1,3]. 
 

2.4 Scalar Equations versus Systems of 
Equations 

 

Scalar PDEs in animal cell transport dynamics 
describe the behavior of a single cell type, 
focusing on factors such as cell migration or 
proliferation. In contrast, systems of PDEs 
describe the interactions between multiple cell 
types or signaling pathways, providing a more 
comprehensive view of the biological system. 
Analyzing these systems can help researchers 
understand how different cell types communicate 
and coordinate their behavior within a tissue or 
organ [4]. 
 

2. 5 Hyperbolic PDEs 
 

Hyperbolic PDEs typically involve wave-like 
behavior and are characterized by solutions that 
exhibit sharp changes, such as shocks or 
discontinuities. Hyperbolic PDEs can be relevant 
in modeling cell movement during rapid changes 
or responses to sudden stimuli. For example, in 
immune response scenarios where cells rapidly 
migrate towards a site of infection [3,2]. 
 

2.6 Parabolic PDEs 
 

Parabolic PDEs describe processes that evolve 
over time, smoothing out initial discontinuities. 

They are often associated with diffusion-like 
behavior. They are commonly used to model cell 
diffusion, where cells spread out over time due to 
random motion. They are also relevant in 
modeling cell migration in response to chemical 
gradients [3,2]. 
 

2.7 Elliptic PDEs 
 

Elliptic PDEs are characterized by solutions that 
are smooth and well-behaved, without any 
singularities or discontinuities. While less 
common in cell transport dynamics, elliptic PDEs 
can arise in certain steady-state or equilibrium 
scenarios, such as modeling the distribution of 
cells in a tissue with no net movement [3,2]. 
 
By classifying partial differential equations based 
on their behavior they provide valuable insights 
into describing animal cell movement and 
interaction within a biological system, which is 
crucial for studying processes like embryonic 
development, wound healing, and cancer 
metastasis.  
 
Some of these partial differential equations 
include; 
  
 The diffusion equation. 
 
This equation describes how a cell density or 
mass changes over time and space due to 
random motion [11].  

 

uD
t

u 2=



                  (2.1.1) 

 
Where u  is the cell quantity (e.g cell density) 

 

T  is time  

D  is the diffusion coefficient 
2  Laplace operator represents the spatial 

variation of u  

 
This PDE can be extended further to include 
more interactions in animal cell transport 
dynamics as shown in the chemotaxis model 
below [11,2] 

 

).(2 cuxuD
t

u
−=




     (2.1.2) 

 
This model includes both diffusion and 
chemotactic movement.  
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Where  

 
u  is the cell quantity (e.g cell density) 

T  is time  

D  is the diffusion coefficient 
2  Laplace operator represents the spatial 

variation of u  

c  is the concentration of a chemoattractant 

(chemical signal), 
x  is the chemotactic sensitivity coefficient, and 

∇ is the gradient operator. 

 
Overall, the classification of PDEs in the context 
of animal cell transport dynamics is essential for 
understanding the underlying biological 
processes and developing strategies to 
manipulate cell behavior for therapeutic 
purposes. 

 
3. SUPPLIMENTARY CONDITIONS 
 
3.1 Types of Conditions 
 
In animal cell transport dynamics, different types 
of conditions can be applied to partial differential 
equations (PDEs) to model various aspects of 
cell behavior and interactions within a biological 
system. 

 
3.2. Initial Value Problem 
 
An initial value problem in animal cell transport 
dynamics involves specifying the dependent 
variable and possibly its derivatives at the initial 

time )0( =t  or at the same value of the 

independent variable in the equation. These 
problems are typically time-dependent, 
describing the evolution of cell behavior over 
time. Initial conditions specify the state of the 
system at the starting time of the simulation. For 
cell transport dynamics, initial conditions might 
specify the initial distribution of cells (e.g., cell 
density) in the domain of interest. In a diffusion 
model, the initial condition could be expressed as  

),,()0,,,( 0 zyxuzyxu = , where u  is the cell 

density and 0u  is the initial distribution function 

[3,4]. 

 
3.3 Boundary Value Problems 
 
A boundary value problem in animal cell 
transport dynamics specifies the dependent 
variable and possibly its derivatives at the 

extremes of the independent variable. For 
problems related to steady-state equilibrium, the 
boundary conditions are specified on the entire 
boundary of the closed solution domain. 
Boundary conditions are crucial for modeling 
interactions between cells and their environment, 
such as cell adhesion, absorption, or                    
reflection at boundaries. In a chemotaxis model, 
a boundary condition might specify that there is 

no flux of cells across the boundary; 0.ˆ =un
where n̂  is the outward unit normal to the 

boundary[3,4]. 

 
There are three main types of boundary 
conditions: 

 
a) Dirichlet Boundary Condition 

 
In a Dirichlet boundary condition, the value of the 
function or the value of the solution is specified at 
the boundary. This means that the behavior of 
cells at the boundary of the domain is known. I.e. 

),,,(),,,( tzyxftzyxu = . If say, a certain type 

of cell is fixed or immobilized at the boundary, its 
behavior is specified by the Dirichlet boundary 
condition [3,5]. 

 
b) Neumann Boundary Condition 

 
In a Neumann boundary condition, the value of 
the derivative normal to the boundary is 
specified.  

 

e.g., ),,,( tzyxg
n

u
=




  (3.1.1) 

 
This condition is used when the behavior of cells 
at the boundary is related to the rate of change of 
a certain property, such as the flux of a                    
signaling molecule or the heat transfer                             
rate [3,5]. 

  
c) Mixed Boundary Conditions 

 
Mixed boundary conditions in animal cell 
transport dynamics involve a combination of 
Dirichlet and Neumann boundary conditions. 
These conditions are also known as                            
Cauchy boundary conditions. They specify both 
the values of the solution and its                                  
normal derivative at the boundary of the domain. 
e.g., a linear combination of the solution and its                          
derivative can be expressed as follows                   
[3,5]. 
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 ),,,(),,,(),,,( tzyxh
n

u
tzyxutzyx =



+     (3.1.2) 

 
Mixed boundary conditions are used when both 
the behavior and the rate of change of a property 
are specified at the boundary, providing a more 
comprehensive description of cell behavior in a 
biological system. 
 
Overall, the application of these conditions to 
PDEs in animal cell transport dynamics helps 
model and understand the complex                      
behaviors of cells within biological systems. By 
specifying appropriate initial and boundary 
conditions, researchers can simulate and 
analyze complex cell transport dynamics,   
gaining insights into phenomena such as                    
cell migration, proliferation, chemotaxis,                  
and interactions with the surrounding                  
environment. 

 
4. NUMERICAL METHOD 

 
Solving partial differential equations (PDEs), in 
animal cell transport dynamics, is essential for 
understanding the movement and interactions of 
cells within biological systems. While analytical 
solutions to PDEs are rare, numerical methods 
provide a practical approach to approximating 
solutions. Three classical numerical methods 
commonly used for solving PDEs are the Finite 
Difference Method (FDM), the Finite Element 
Method (FEM), and the Finite Volume Method 
(FVM). 

 
4.1 Finite Difference Method (FDM) 
 
The FDM is one of the oldest numerical methods 
for solving PDEs. It involves approximating the 
differential equations using a local Taylor 
expansion. In the FDM, the domain is discretized 
into a square network of lines, which can be 
challenging for complex geometries in multiple 
dimensions. To overcome this limitation, integral 
forms of the PDEs are often used, leading to the 
development of finite element and finite volume 
techniques [3,6,12]. 

 
4.2 Finite Element Method (FEM) 
 
FEM is a numerical method used to solve 
differential or integral equations by assuming a 
piecewise continuous function for the solution. 
The method aims to reduce the error in the 
solution by obtaining the parameters of the 
functions. In FEM, the domain is divided into sub-

domains, and over each sub-domain, the 
governing equation is approximated using 
variational methods. These sub-domains, called 
finite elements, are assembled into a larger 
system of equations to model the entire problem 
[3,6,12]. 

 
4.3 Finite Volume Method (FVM) 
 
FVM discretizes PDEs into small volumes 
surrounding each node point on a mesh. Volume 
integrals in a PDE containing a divergence term 
are converted to surface integrals using the 
divergence theorem. These terms are then 
evaluated as fluxes at the surfaces of each finite 
volume. One advantage of FVM is its ability to 
handle unstructured meshes, allowing for more 
flexibility in representing complex geometries 
[3,6,12]. Control volumes in FVM are usually 
rectangular in shape, with nodal points used for 
interpolating the field variable. 

 
For a one dimension diffusion model 

2

2

x

u
D

t

u




=




                                    (4.1.1)  

 
the application of the finite difference method 
[13,10] would start with the spatial domain [a,b] 
being subdivided into N equal spaces at  nodal 

points xiaxi += such that  
N

ab
x

−
=  

The temporal and the spatial derivatives can then 
be discretized as follows 

 

t

txutxu

t

u nini



−
=



 + ),(),( 1
and 

2

11

2

2 ),(),(2),(

x

txutxutxu

x

u ninini



+−
=



 −+
   (4.1.2) 

 

using the forward difference and central 
difference methods respectively. 
 

These numerical methods play a crucial role in 
studying animal cell transport dynamics, by using 
these methods, researchers can approximate 
solutions to complex PDEs, allowing for a better 
understanding of cell dynamics in various 
biological contexts. When using numerical 
methods, it's crucial to consider concepts such 
as consistency, convergence, and stability to 
ensure the accuracy and reliability of the 
solutions obtained. 
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5. CONSISTENCY, CONVERGENCE, AND 
STABILITY 

 

Since analytical solutions to PDEs are often 
impractical, numerical methods provide a 
discrete approximation to the problem that can 
be efficiently solved using computers. The error 
in these numerical methods arises from the 
difference between the exact solution of the 
original problem and the solution of the discrete 
problem. To ensure the validity and accuracy of 
numerical methods, it's important to quantify and 
understand this error. 
 
Consistency of a numerical method is a measure 
of how closely the discrete problem 
approximates the exact solution [8,14,10]. A 
consistent method will produce results that 
approach the exact solution as the discretization 
becomes finer. 
 

Stability, refers to the behavior of the numerical 
method in the presence of small perturbations or 
errors in the data. A stable method will not 
amplify errors in the solution, ensuring that the 
computed solution remains close to the true 
solution. 
 

In the context of cell transport dynamics, where 
the systems can be complex and sensitive to 
small changes, ensuring the consistency and 
stability of numerical methods is essential. These 
concepts are fundamental in numerical analysis 
and are crucial for obtaining accurate and 
reliable solutions to PDEs [15,9,7]. By 
understanding and applying these concepts, 
researchers can improve the efficiency and 
effectiveness of numerical simulations in cell 
transport dynamics. 
 

6. CONCLUSION  
 

This paper provides a thorough exploration of the 
fundamentals of partial differential equations 
(PDEs) and their numerical solution methods 
within the context of animal cell transport 
dynamics, drawing from the latest literature 
available. Among the various numerical methods 
discussed, finite difference and finite volume 
methods emerge as prominently utilized tools, 
particularly in scientific and bioengineering 
applications. 
 

In selecting an appropriate numerical method, it 
is imperative to define an idealized 
representation of the problem of interest, 
encapsulating relevant quantities to be 
measured. The aim is to formulate a well-posed 

problem, one that possesses a unique solution 
for a given set of parameters. However, 
achieving complete fidelity to the idealization 
may be challenging, especially when the 
underlying physical processes are not fully 
understood. 
 

By integrating the concepts of error, consistency, 
convergence, and stability into numerical 
simulations, researchers in the field of animal cell 
transport dynamics can enhance the accuracy 
and reliability of their computational models. 
These fundamental principles guide the selection 
and implementation of numerical methods, 
ultimately enabling a deeper understanding of 
cell behavior, migration, and interactions within 
biological systems. 
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