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Abstract: The aim of this paper is to discuss on Transport of O, in a Red Blood Cell involving A-function.

I.  Introduction

The oxygen transport is essential to all of the cells of the body for sustaining metabolic process. The
total surface area of the respiratory membrane is an astonishing 70m? for an average male adult, yet the volume
of the blood in the lung capillaries at any instant is no more than that about 70 — 100 ml. Composition of the
expired air will depend on the balance between the rates at which O, are being carried in and out by breathing
and the rates at which O, is consumed and generated by metabolism. The transport of the gases through the
membrane depends upon its thickness and surface area. The membrane offers a certain amount of resistance to
the transport of respiratory gases. Vorp et al 1998 has performed computational analysis of O, diffusion from
the lumen to the wall of the abdominal aortic aneurysm containing intraluminal thrombus. Their result
demonstrates that the diameter of the abdominal aortic aneurysm bulge has little effect on the O, flow. Several
authors Singh [10, 11], Sharan and Singh [7, 8, 9] have developed the various mathematical models for process
of the gas exchange to the blood in pulmonary capillaries by taking into account the transport mechanism of
molecular diffusion due to the presence of hemoglobin as a carrier of the gases. However these studies are
limited to the pulmonary capillaries either considering the effect of permeability, facilitated diffusion,
convection or resistance offered by the membrane. The most important mechanism is the study of gaseous
diffusion in the red blood cell for clinical purpose. Nicholoson and Roughton [6] have successfully modeled the
initial stage of O, uptake by red blood cells by starting with a flat layer model of a cell.

Some additional numerical calculations by Froster [1] have indicated, that the shape of the red blood
cell has only a minor effect on gas uptake. i.e. a flat disc of uniform thickness has essentially the same uptake
rate as a biconcave cell having the same volume. Thus the model suggested by earlier author is not a bad
approximation, since red blood cell is much larger in diameter than in thickness. Therefore such a model, which
neglects the curvature of the cells surface, turns out to be surprisingly good. Moll [5] and Kutchal [3] have
obtained the solution for oxygen uptake in the red blood cell by taking unsteady general differential equation
without neglecting the back reaction.

A mathematical model is developed in this paper for the transport of O, in the red blood cell. The
model takes into account the transport of the species due to molecular diffusion and the facilitated diffusion.

The A-function of one variable is defined by Gautam [2] and we will represent here in the following
manner:
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(ii) m, n, p and g are non-negative numbers in whichm <p, n<q.

(iii) x= 0 and parameters aj, oy, by and B (j= 1 to p and k = 1 to q) are all complex.
The integral in the right hand side of is convergent if
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Il.  Formulation of the Problem:

This section considers the transport of O, due to their pure diffusional flux as well as the facilitated
diffusion and reaction rates in the red blood cell. O, is known to undergo a number of reactions with
hemoglobin in its various states. Some of these reactions have been subjected to considerable quantitative study
and their roles in gaseous transport are well understood (Ulanovier and Frazier, 1970). The O, combine with
hemoglobin in the blood according to the following reversible reactions:

K
Hb+ 0, —>  HbO,, (3)
K

where k' is the forward rate coefficients and k™ is the backward rate coefficients.
A planner model of red blood cell has been given for diffusion of the O, in Fig. 1. The equations
describing gaseous transport through the membrane is:
ac’ /8t = Dy, (8% /X)), (4)

Where ¢ is the concentration of O, in the membrane. D, represents the diffusion coefficient membrane.

Plasma

Fig. 1 Planner model of red cell for modeling diffusion and reaction

I1l.  Result in terms of A-function:
Choose concentration ¢’ (x, t) in terms of A-function as
, (aj,94)1
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provided that ¢ >0, u> 0, |arg z| <% wh, where h is given in (2).

Now differentiate it with respect to x and t partially, we get
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Now after using (6) and (7) in (4), we get following result
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provided that ¢ >0, u> 0, |arg z| <% nh, where h is given in (2).
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IV.  Special Cases
On the other hand, the A-function is the generalized form of the hypergeometric function in one

argument and it contains an important class of symmetrical Fourier kernel of a very general nature and a vast
number of well known analytic functions as special case like Meijer’s G-function which itself is a generalization
of many higher transcendental functions [4]. Therefore the result (8) given here is useful in obtaining many new
results involving commonly used functions appearing in biological models.
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