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Abstract- One of the advance techniques used 

in medicinal field is mathematical modeling. 

By this method the real world problems and 

interpretations of solutions is translated into 

mathematical problems. For this reason 

,mathematical models have been very 

important  in the learning of calcium 

dynamics responsible for the expansion and 

contraction of myocyte cells of heart and  

interpret the results of cardiac dynamics so 

that it can help in detecting symptoms and to 

find the cures of cardiac diseases. This 

mathematical and computational approach 

provides a forum to handle issues on 

electrochemical signaling during ECG 

analysis. It is the advance methodology 

through which mankind can be benefited. 
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I  INTRODUCTION 

The Heart is a muscular organ found in many 

vertebrates that is in charge of siphoning blood 

all through the veins by repeated constrictions 

[3].Heart is made up of cells which is known as  

cardiac myocytes .Electrical motivations cause 

the cardiovascular filaments to contract ,pressing 

blood out of the heart muscle. At the point when 

strands unwind, blood streams into the heart. 

Thus, the working of heart is accomplished 

through extension and constriction of 

cardiovascular myocytes. 

 The role of calcium ions [2]  is significant in 

study of cell dynamics especially in myocytes, 

neuron, astrocytes etc. The cardiac muscles are 

responsible for pumping of blood via 

involuntary contractions. The cardiac muscles 

enclosed by plasma membrane which has high  

voltage gated ion channels and ATP driven 

pump systems for exchange of ions such as 

potassium , calcium and sodium. A  selective 

barrier for influx and out flux of ions through it. 

This leads to excitation and contraction coupling 

and hence  contracts and relaxes the cardiac 

myocytes . Sometimes these channels dominates 

calcium entry pathway into the myocytes 

through voltage gated channels. This calcium 

exchange mechanism is associated with energy 

dynamics (ATP cycle) [14] [15]. Thus set up a 

calcium dynamics mechanism in myocytes cell 

which is responsible for contraction and 

relaxation and ultimately leading to pumping of 

blood by heart to all parts of body. 

 To understand this calcium dynamics and 

functionality of heart, these mathematical 

modeling are studied .Thus the development of 

modelsin mathematics to learn dynamics of 

calcium in cardiac myocytes is focused on this 

advance technique for carrier and quicker 

approach. The result obtained are purely 

mathematical and proven correct. Thus is boon 

for medicine to study various heart issues and 
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neurological issues . This cardiac action 

potential is studied at cellular level. As cardiac 

cell has similarity with neurons. Therefore much 

of the mathematical modeling is drawn from the 

mathematics of Giant Axon neuron studied first 

by Hodgkin Huxley Calcium ion mathematical 

modeling. 

Description of the Problem 

The computations of equation of calcium with 

buffer is given by 

      Ca
2+ 

 +  F   
  

  
     CaF  ………….. (2.1) 

   In equation (2.1), F denotes free buffer,     

denotes the calcium bounded buffer,     and    

are association rate constant and dissociation 

rate constant. By assuming  law of mass action , 

it can be solved as the following system of 

equations[13]  
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here, Ri is reaction term and is given  by 
 

Ri = - ki
+
 [Ca

2+
][Fi] + ki

-
[CaFi] ………………(2.5)      

 

and J denotes  incoming of calcium.     ,    
 , 

     
 are coefficients of diffusion of free 

calcium, calcium bound buffer and free buffer 

respectively. 
 

II  NOTEWORTHY CONTRIBUTION OF 

THE STUDY 

1. The most important work is of Hodgkin and 

Huxley [4],who built up the main quantitative 

model of the engendering of an electrical sign 

along a squid goliath axon. Current can be 

brought through the film either by charging the 

layer limit or by development of ions with the 

help of resistances in parallel with capacity. The 

ionic current is separated into segments 

conveyed by sodium, potassium particles (INa 

and Ik) and a little leakage of current made up 

by chloride and different particles. Every 

segment of the ionic flow is dictated by a main 

thrust which may helpfully be estimated as an 

electrical potential difference. A permeability 

coefficient which has the dimensions of a 

conductance.  

2. They [1] gave a model of engendering 

calcium-instigated calcium discharge interceded 

by calcium dispersion. The impact of abrupt 

nearby vacillations of the free sarcoplasmic 

calcium in heart cells on calcium discharge and 

calcium take-up by the sarcoplasmic reticulum 

was determined with the guide of a disentangled 

model of Sarcoplasmic Reticulum calcium 

dealing with. The model was utilized to assess 

whether proliferation of calcium homeless 

people and the scope of spread speeds watched 

tentatively (0.05-15 mm s(- 1)) was anticipated. 

Calcium changes spread by ideals of central 

calcium discharge from sarcoplasmic reticulum, 

diffusion through the cytoplasm, and 

accordingly incite calcium discharge from 

adjoining discharge locales of the SR. The 

insignificant and maximal speeds got from the 

reproduction were 0.09 and 15 mm s(- 1) 

individually. The technique for arrangement 

included composition the dispersion condition as 

a distinction condition in the spatial directions. 

Along these lines, coupled customary 

differential conditions in time with grouped 

coefficients were produced. Every one of the 

conditions were fathomed by utilizing Gear's 6th 

request indicator corrector calculation for solid 

conditions with proper limit conditions. 

3. Wagner, J., & Keizer, J. [15] derived and 

investigated models related to Calcium diffusion 
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in the occurrence of rapid buffers and also 

discussed the effect of mobile fluorescent 

indicators on calcium diffusion. Based on 

genuine devices of calcium buffering that 

comprise both immobile and mobile buffers, 

they derived, examine models of calcium 

dispersion in the occurrence of rapid buffers. 

They obtained a single equation for calcium that 

comprises of the effects produced by both 

immobile and mobile buffers. For immobile 

buffers alone, they obtained an expression for 

the actual diffusion constant of Calcium that 

depends on local Calcium concentrations. 

Mobile buffers give an increase to an   equation 

that is not very diffusive. They used a basic form 

of initiation of IP3 receptor.  

4. the authors [6] gave a form of the cardiac 

ventricular action potential which  is obtained in 

which the following procedures are expressed: 

[Ca 2+] current through the channel of L-type ,  

sodium calcium exchanger, calcium release and 

uptake by the sarcoplasmic reticulum, buffering 

of calcium in SR and in the cytoplasm, a 

calcium pump in the membrane, the sodium 

potassium pump, and calcium activated  current  

of membrane depolarization are induced by 

spontaneous calcium release from SR, which in 

turn, activates both the sodium calcium 

exchanger and a general calcium activated 

current.  

5.  Luo, C. H. et al.  [7] made another forceful 

model on the cardiac ventricular action potential 

II. After depolarization, triggered activity, and 

potentiation wherein delayed after Shannon et. 

al.,2004 constructed a mathematical conduct of 

combined calcium dynamics within the 

ventricular myocyte. The model comprises of 

the following different structures:  

i) The totaling of a subsarcolemmal sections to 

other two framed cytosolic compartments 

(junctional and bulk)  

ii) The applications of   cytosolic calcium 

buffering parameters 

 iii) A reversible sarcoplasmic reticulum calcium 

pump  

iv) A scheme for sodium calcium exchanger 

which is sodium dependent and controlled by 

calcium ion and  

v) A real-world model of sarcoplasmic reticulum 

calcium release with both 

inactivation/adaptation and sarcoplasmic 

reticulum calcium capacity requirement. 

6. They [13] explored the necessary conditions 

for the validity of the RBF for an isolated 

calcium channel.. Calcium sparks initiate 

through t-tubules in cardiac myocytes. During 

excessive calcium sparks work as sites for the 

initiation and propagation of calcium waves in 

myocytes. A basic “fire-diffuse-fire” model that 

simulates the properties of calcium induced 

calcium release from isolated sites is used to 

explain this saltatory mode of wave propagation. 

Saltatory and continuous wave propagation can 

be differentiated by the temperature and calcium 

buffer dependence of wave speed. 

7. Naraghi, M., & Neher, E. and . Neher, E. [9] 

[10] gave detailed analysis on the linearized 

buffered calcium  diffusion  in micro domains 

and its implication for  controlling of calcium 

near calcium channel. Immobile, mobile calcium 

buffers shape the calcium signal at a channel by 

diminishing or limiting the temporary calcium 

increment to physiological sections. In this 

paper, they focussed because of portable cradles 

in molding consistent state calcium slopes in 

calcium microdomain. They introduced a 

straight estimation of the joint response 

dispersion troubles, which can be settled 

obviously and represents a discretionary number 

of calcium supports either extra exogenously. It 

is powerful for little immersion dimensions, 
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present cradles and demonstrates that inside a 

couple of hundred nanometers from the channel, 

standing calcium angles create in several 

microseconds after channel opening. It has been 

appeared each cushion can be allocated a 

remarkably characterized length-steady as a 

proportion of its capacity to cradle calcium near 

the channel. The length-consistent explains 

naturally the importance of cradle official and 

unbinding energy for understanding 

neighborhood calcium signals. Consequently, 

they analyze the parameters forming these 

relentless state angles. The model can be utilized 

to check the normal impact of single channel 

calcium smaller scale areas on physiological 

procedures, for example, excitation–emission 

coupling or excitation–compression coupling 

and to investigate the differential impact of 

motor support parameters on the state of these 

miniaturized scale spaces. 

8. They [12] have explained a simple  

mathematical model of [Ca2+]  spark 

arrangement , identification into cardiovascular 

myocyte. As indicated, the basic occasions of 

excitation-constriction coupling  are calcium 

flashes,  emerge from    ryanodine receptors in 

the sarcoplasmic reticulum .In this  a 

straightforward mathematical model is built to 

investigate calcium spark development, location, 

elucidation in cardiovascular myocytes. This  

incorporates calcium discharge, cytosolic 

dispersion by sarcoplasmic reticulum  calcium 

ATPases,  separation of calcium with 

endogenous calcium restricting destinations and 

a diffusible pointer color .  

9. Sarcoplasmic Reticulum to analyze calcium 

motioning in cardiovascular  myocytes. A 

numerical model which experimented  about 

amplitude, time ,of calcium dissemination 

,created that speaks to a few subcellular sections, 

incorporating a subsarcolemmal space with 

confined dispersion, a myofilament space, and 

the cytosol.. 

10. Shannon, T. R et. al. [11] proposed  

numerical model on calcium dynamics inside  

cardiac myocytes restrained SR  to analyze 

calcium motioning in cardiovascular . A 

numerical model of calcium dissemination was 

created which speaks to a few subcellular 

sections, incorporating subsarcolemmal space 

with confined dispersion, along these lines 

instigate calcium flow from adjoining discharge 

destinations of the SR. The negligible and 

maximal speeds got from the recreation were 

0.09 and 15 mm s(- 1) individually. This 

technique for arrangement included composition 

the dissemination condition as a distinction 

condition in the spatial directions. In this 

manner, coupled common differential conditions 

in time with joined coefficients were created. All 

these conditions were tackled utilizing Gear's 

6th request indicator corrector calculation for 

hardened conditions with intelligent limits. The 

significant  speed of diffusion of the calcium 

waves were the diastolic calcium, the rate of 

ascent of the discharge, measure of calcium 

discharged from the SR. The outcomes are 

reliable with the suspicions that calcium 

stacking causes an expansion in intracellular 

calcium and calcium in the SR, and an 

expansion in the sum and rate of calcium 

discharged. These two impacts consolidate to 

build the proliferation speed at more elevated 

amounts of calcium stacking. 

11. Jha, A., & Adlakha, N.[5] gave a model to 

propose  [Ca2+] elements because of the 

exogenous supports, in dendritic spines with the 

assistance of a sectional model. Dendritic spine 

assumes a significant job in [Ca2+] guideline in 

a neuron cell. It fills in as a capacity site for 

synaptic quality, gets contribution from a 

solitary neural connection of axon. So as to 

comprehend the calcium elements in a neuron 
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cell, it is critical to comprehend the calcium 

elements in dendritic spines. The sections of 

dendritic spines are discretized utilizing 

triangular components. Suitable limitations have 

been confined. Limited component technique 

was utilized to get arrangement inside the locale 

for  two-dimensional weak state case. 

III. CONCLUDING REMARKS 

The displaying of the calcium elements in 

myocytes gives new difficulties for science. The 

future examination will at first direct to deliver 

data with respect to downsides, limitations and 

holes in the displayed models and investigations 

of calcium elements in heart myocytes. In this 

way the proposed examination may prompt 

adjustments an augmentation of existing models 

of calcium elements in heart myocytes. 

Additionally, it will prompt improvement of new 

models of calcium elements in cardiovascular 

myocytes. Tending to the current issues and         

difficulties of such investigations. Aside from 

this, it will prompt improvement of new 

scientific methodologies for arrangement 

including progressed numerical and numerical 

procedures like vital changes, exceptional 

capacities, limited component, limited 

distinction strategies. The proposed examination 

will create data about interrelationship among 

different parameters and their effect on calcium 

elements in cardiovascular myocytes. The data 

created will be better bits of knowledge of 

instruments engaged with calcium elements in 

cardiovascular myocytes which will be very 

helpful to biomedical researchers for creating 

conventions for determination and treatment of 

heart maladies. In all the proposed investigation 

will contribute new information not exclusively 

to scientific sciences yet in addition to 

computational neurosciences. 
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