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Abstract: Hepatocyte is the primary functional cell of the liver. More than 80 % of liver is
constructed by the hepatocyte cell. Calcium is working as a second messenger. The
particular cytosolic Ca?* level in hepatocyte cell is responsible for frequently working of
the liver. In signal transduction calcium play an essential role in hepatocyte cell. Many
biological processes are controlled by the calcium like secretion, muscular contraction, cell
differentiation, movement of cell, signaling in cell and processes of buffering etc. Diffusion
of calcium in the cell is represented by the reaction-diffusion equations. Here two-
dimensional model is developed to estimate the effect of the essential biophysical
parameters as association coefficient, bound buffer, influx and coefficient of diffusion over
profiles of calcium on hepatocyte cell. The aim of the study is to analyze the effect of
cytosolic calcium diffusion in hepatocyte cell when the buffer is present in large amount.
The results have been used to establish the relationships among various biophysical
parameters.
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1. Introduction

Calcium dynamics govern an essential role to start and completion of all the processes in
every cell as hepatocytes, astrocytes, lymphocyte, cardiomyocyte and oocytes etc. As we
already know that cytosolic calcium makes a chain of signals and works as a second
messenger in every cell. Cytosolic calcium signaling has been used in signal transduction,
and changes the electrical signal into the chemical signal [1,5]. Many crucial physiological
processes like flow of bile, bile glycogen breakdown, secretion of bile and cell survival in
liver is controlled by Cytosolic calcium [2]. Calcium signals can be elicited in isolated cells
by a large array of stimuli and often occurs as repetitive calcium waves [3]. Lot of theoretical
work has been done to elaborate the mechanism underlying calcium profile oscillations and
the phenomenon of calcium waves spreading across multiple connected cells [4]. The free
cytosolic calcium concentration ([Ca?*]) oscillations elicited by a given agonist concentration
differs between individual hepatocytes [5, 6]. In non-excitable cell, self-sustained calcium
oscillations were first observed in 1980s [7].
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2. Problem Formulation

The reaction diffusion equations are used to simulate the change in concentration of
buffer in intracellular calcium profile in the hepatocyte cell. Near isolated point sources the
buffered diffusion of Ca?* can be represented by a system of equations [2,5].
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Where C is the calcium profile, P

k™ dissociation rate constants and CP represent bound buffer, for i species of buffer. Here

we consider the reaction of calcium and buffer obeys mass action kinetics. The coupled
equation for each species the change in concentration can be written as -
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represents free buffer, k™ association rate constants,
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where R and F are common reaction terms and calcium flux respectively.
In absence of influx for steady state condition equation (2) will be-

ACl _ p_vrrc)- > K/IRL.(CI-[CL.) (6)

In the presence of excess buffering approximation (EBA), a numerical approach (FEM) has
to be developed for the diffusion process of calcium in cell. In this model the various crucial
parameters as dissociation rate constant, amplitude of source, diffusion rate, and rate of
binding are incorporates. Taking the polar cylindrical coordinates in equation (6) can be
written as

10( 06y 10 (1o
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In the above equation [P], and [C], are the concentration of buffer and concentration of

calcium respectively. Here consider the circular shape hepatocytes cell and divided into forty
eight circular elements. The number in circle and without circle denotes the elements and the
nodal points respectively as in figure 1. The radius of the circle is r =6 um
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Figure 1. Discritization of circular Hepatocytes

The point source of calcium concentration is at(r — 6, — ) near the source. Taking the
boundary condition as [5, 10, 11]:

r—6,y—r r

lim (—ZﬂTDC %j =0, (8)
Far from the source at the boundary it considers that the background concentration of

calcium at infinity is0.1 M .

lim [C]=[C], 9)

r—6, y—o2rz

The element information of circular shape hepatocytes is described in table 1

Table 1. Element Information System

E I, Je K, L,
1 1 2 8 9

2 2 3 9 10
3 3 4 10 11
4 4 5 11 12
5 5 6 12 13
6 6 7 13 14
7 8 9 15 16
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8 9 10 16 17
9 10 11 17 18
10 11 12 18 19
11 12 13 19 20
12 13 14 20 21
13 15 16 22 23
14 16 17 23 24
15 17 18 24 25
16 18 19 25 26
17 19 20 26 27
18 20 21 27 28
19 22 23 29 30
20 23 24 30 31
21 24 25 31 32
22 25 26 32 33
23 26 27 33 34
24 27 28 34 35
25 29 30 36 37
26 30 31 37 38
27 31 32 38 39
28 32 33 39 40
29 33 34 40 41
30 34 35 41 42
31 36 37 43 44
32 37 38 44 45
33 38 39 45 46
34 39 40 46 47
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35 40 41 47 48
36 41 42 48 49
37 43 44 50 51
38 44 45 51 52
39 45 46 52 53
40 46 47 53 54
41 47 48 54 55
42 48 49 55 56
43 50 51 1 2
44 51 52 2 3
45 52 53 3 4
46 53 54 4 5
47 54 55 5 6
48 55 56 6 7

Equations (7) discretized in variational form

I(e) _%g{r[d[ga(e)j +%(d[dcl/]/(e)j +%([C](e)2 —Z[C](e) [C]w)r}dA_ﬂ(E)?[

o
[ﬂWP}w
2\ 27D, °

(10)
where, e represents the number of elements €=1,2,3,.....,48 . It is observed at the

element e =35 that the value of (4, =1) and the value (u(e) =O) for the rest of all
elements. Here, the bilinear shape function is considered as [8,12-14].

[C](e) _ Nl(e) + Nz(e)r + N3(e)l//+ N4(e)n// (11)

e _pTN®
[c]' =P'N (12)

where, PP=[1 r v ry]

and (N(e) )T _ [Nl(e) Nz(e) N3(e) N4(e)]
From equation (11) & (12),
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We have from equation (11)
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Putting the value of N© in equation (12),
Taking integral 1 is
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where,
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Calcium concentration with respect to each nodal point for the maximum value of integral
lis [C]. =(1=12,3,.....48) . This model provides the system of ODE, and is solved by the
Gaussian Elimination Method [5, 8-11].

[Y:|56><56 [ﬁ:|56><1 - |:V:|56><1 (20)

Here,[C]=[CL[C],.....[C]s, Y is system vector and X are the system matrices, A computer

program is used to analyze solution in MATLAB 2010b on Core(TM) i3 CPU 2328 with
4GB RAM @ 2.20 GHz processing speed.

3. Analysis of Results
The biophysical parameters are used to compute the results [4,6].

Table 2 Biophysical parameters

Biophysical Symbo | values

Parameter I

Coefficient of diffusion | D¢ 30 -150pu M2 S -
1

Source amplitude o, 1PA

Buffer association rate | K* 0.1-05uM1s
-1

Buffer concentration [P 10 t0100 pM

Background Ca?* | [C]w 0.1 uM

concentration

Faraday’s Constant F 96500 C/M

Radius of cell R 6 um

Ca?* Valence Z 2
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Figure 2. Graph between radial distribution and calcium concentrations in Hepatocytes

In figure 2, the calcium concentration goes down sharply between radius (r) 0-1 uM. After
that it tends the background concentration 0.1uM. The free calcium enters into the
hepatocytes cell and buffer that already exists near the plasma membranes, reacts with free
calcium and create bound buffer. Thus, the effect of buffer plays a significant role. Here, we

take the diffusion coefficients D, =30uM?S™.
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Figure 3. Radial distribution of Ca?*-concentration with different concentration of
buffer.

In figure (3) radial and angular Ca2* distribution has been shown. The figure 3(a) showing
protein (buffer) concentration is taken as 30 #M with higher affinity 0.1. It is seen that
concentration of calcium is highest at the source (r=6and y =~ ). Concentration of
Calcium decreases rapidly in both radial and angular as it moves gradually from the source
and attends the concentration of background 0.1 #M . In figure 3(b) same amount of buffer

(40 uM ) is taken with lower affinity (0.1 #M ). Concentration of calcium is higher at source

in comparison to the figure 3(b). Far from the source it decreases. Cause of less affinity
buffer reacts with less amount of free calcium ion as compared to the buffer 3(a). In figure
3(c) less amount of protein (buffer) takes the high affinity (0.5). It is observed that calcium
profile is higher as compared to the figure 3(a). In both figures the affinity of the buffer is
same but due to difference in amount of buffer less free calcium ion is bounded by buffer.
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Figure 4. Flux effect on calcium Concentration

In figure (4), the radial distribution on concentration of calcium or buffer for various values
of flux is presented. It has been seen that concentration of calcium is on higher side for higher
values of flux sigma (o) = 3pA. Ca?" profiles lie near the source and they converge to Ca®*
concentration is 0.1 uM after r=1.5 um. It shows that the flux has significant effect on Ca?*
concentration near the source for constant value or buffer, comparing the curves for different
values of oca, We observed that the rise in concentration of calcium is more for large values of
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sigma (o). This implies that the concentration of calcium near the source is with increase in
influx oca.

4. Conclusion

This computational model gives us the interesting result regarding relationships among
the various essential biophysical parameters as concentration of calcium, coefficients of
diffusion, radius of hepatocytes, bound buffer etc. In the observation it is seen that the
significant effect of concentration of calcium is more at point source regions in comparison to
little away from the source. The finite element method is a powerful tool to deal such types of
problems and provides quite accurate results of the problem. Here the circular elements give
us better approximations to see the effect of calcium concentration in the cell.
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