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ABSTRACT: The chambered muscular organ in vertebrates that pumps blood received from the
veins into the arteries maintains the flow of blood through the entire circular system. In this
paper we discuss the mechanism of the heart using the graph. We study about how the
deoxygenated blood comes from and exits and how the oxygenated blood goes to the body
using a digraph.
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INTRODUCTION

Ever since the research started in bio-mathematical sciences, there is an enormous progress in
its growth. The emergence of models and the existence of large data sets that require
quantitative analysis, coupled with strong public support for accelerated progress in the
biosciences, present a great opportunity for the mathematical sciences [2]. The quantitative
analysis of fundamental problems in bioscience will require new ideas and new techniques.
There already exist several mathematical bioscience research groups in departments of
mathematics, statistics, computer science and biology as well as biostatistics centres in medical
research facilities around the country. There is a need to encourage an influx of mathematicians
and statisticians into mathematical biosciences and to nurture a new generation of researchers
more meticulously than before [5]. These challenges motivated us to emerge into a new trend of
using graph theory to model mechanism of human organs and to make its study at ease to
everyone.

Blood consist of a fluid medium called plasma which transports food, carbon dioxide and
nitrogenous wastes in dissolved form. Oxygen is carried by R.B.C.(red blood corpuscles). Many
other substances like salts are also carried by blood to various parts of the body. Thus a network
of tubes exits in the pumping organ to pump the blood around the body to reach all the tissues
and a system in place to ensure that this network can be repaired if damaged [6].

In this paper we have shown the working of the pumping organ and a representation of the
function using a digraph.
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10. MODELING OF HEART USING DIGRAPH
10.1 Digraph
A directed graph D is an ordered triple (V(D), A(D), ¥p) consisting of a non empty set V(D) of
vertices, a set A(D), disjoint from V(D), of arcs, and incidence function ¥p that associates with
each arc of D an ordered pair of (not necessarily distinct) vertices of D. If a is an arc and u and v
are vertices such that ¥p(a) = (u,v), then a is said to joinu to v ; u is a tail of a, and v is its head.
For convenience, we shall abbreviate _directed graph* to digraph [7].

10.2 Mechanism of the Heart

Aorta Pulmonarv arteries
Vena cava Pulmonary veins
Right atrium Left atrium
Tricuspid valve Mitral valve

Right ventricle Left ventricle

Figure 1: Heart

Oxygen rich blood from the lungs comes to the thin walled upper chamber of the heart on the
left, the left atrium. The left atrium relaxes when it is collecting this blood. It then contracts,
while the next chamber, the left ventricles, expands, so that the blood is transferred to it. When
the muscular left ventricle contracts in its turn, the blood is pumped out to the body.

De-oxygenated blood comes from the body to the upper chamber on the right, the right
atrium, as it expands. As the right atrium contracts, the corresponding lower chamber, the right
ventricle, in turn pumps it to the lungs for oxygenation.
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Figure 2: Oxygen enters the blood in the lungs
The separation of the right side and the left side of the heart is useful to keep oxygenated blood
from mixing. Such separation allows a highly efficient supply of oxygen to the body [1]. This is
useful in animals that have high energy needs, such as birds and mammals, which constantly
use energy to maintain their body temperature.

11. A MATHEMATICAL MODEL OF THE HEART

12.1 Mechanism of the Heart using Digraph
The following graph represents the mechanism of the heart.
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Figure 3: Digraph representing the mechanism of heart

Atmosphere
Lungs

Left Atrium

Left Ventricle
Parts of the Body
Right Atrium
Right Ventricle

e1: Oxygen rich air
e, Pulmonary veins
e;: Mitral Valve
4. Aorta
es: Vena Cava
ee. Tricuspid Valve
e;: Pulmonary Artries
eg. Deoxygenated Blood

The Dark lines in figure 3 represent the deoxygenated blood, the normal lines represent
oxygenated blood and the dotted lines represent atmosphere air. In this graph the out degree of
each vertex should be equal to the in degree since wherever the oxygenated blood flows the
deoxygenated blood should come from there to the heart for purification.

The vertex v, (lungs) receives oxygen from the vertex v, (atmosphere). It contains an

network of blood vessels these blood vessels combines the oxygen from the lungs with the
blood and the oxygen rich blood goes to the vertex vz (left atrium) through the edge e;
(pulmonary wveins) from there the oxygen rich blood goes to the vertex v, (left ventricle)
through the edge e; (mitral valve) then the oxygen rich blood goes to all over the parts of the

body.

Page 284-285


http://jms.nonolympictimes.org/

Journal of Management and Science,
ISSN 2250-1819 / EISSN 2249-1260 — http://jms.nonolympictimes.org

From the other parts of the body the deoxygenated blood goes to the vertex ve (right
atrium) through the edge es(vena cava) then from there it reach the vertex vy (right ventricle)
through the edge es ( tricuspid valve) from there the deoxygenated blood pumps to v, through
the edge e; (pulmonary arteries) the blood vessels present v, collect the carbon dioxide from the
deoxygenated blood and exits it.

3. REMARK
In this digraph we find that edge cut or vertex cut should not exist since removal of one such

indicates the failure of the entire mechanism of heart.
It is important that vertices v; and v, are not adjacent to vs and v; so that there is no

collapse of oxygen rich blood with the deoxygenated blood.

4, CONCLUSION
In this paper we discussed about the mechanism of heart using digraph which helps us to
understand the function of heart in a simple fashion and how it circulates the pure blood to all
parts of the body and how it exits the deoxygenated blood from all parts of the body.

S. FURTHER STUDY
The problem related to various heart diseases using graph theoretic approach is under study.
Further we intend to extend our study to central nervous system.

6. ACKNOWLEDGMENTS
Our thanks to the doctors who have contributed with their expertise towards development of

this paper.
7.  REFERENCES

[1] Andrews EB, 1976, The fine structure of the heart of some prosobranch and pulmonate
gastropods in relation to filtration. J Molluscan Stud 42:199-216

[2] A.Friedman, 2010, What is Mathematical Biology and how useful is it? Trans AMS 857.

[3] C. Baianu., 2004, Computer Models and Automata Theory in Biology and Medicine.,
Monograph, Ch.11 in M. Witten (Editor),

[4] Mathematical Models in Medicine, vol. 7., Vol. 7: 1513-1577 (1987),Pergamon
Press:New York, (updated by Hsiao Chen Lin in, ISBN 0-08-036377-6.

[5] J.A.Bondy and U.S.R.Murty, 1976, Graph Theory with Applications, Macmillan Press,
London.

[6] L. Edelstein-Keshet, 2004, Mathematical Models in Biology. SIAM, ISBN 0-07-
554950-6.Human Heart Encyclopedia

[7] Joan M.Aldous and Robin J.Wilson, 1995, Graphs and Applications an Introductory
Approach, Springer Publications.

8] John Clark, A first look at graph theory, ISBN 81-7023-4623-8.

Page 285-285


http://jms.nonolympictimes.org/

