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ABSTRACT

In order to create laws of arterial elasticity or muscularity segments of ascending aorta, coronary arteries, pulmo-
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nary trunk and pulmonary arteries were taken at constant levels during autopsy for histological study. In the tunica
media of ascending aorta and pulmonary trunk density of elastic fibres was maximum but distal to aortico coronary junctions and bifurca-
tion of pulmonary trunk density of elastic fibres was gradually decreasing from maximum to minimum in the tunica media of coronary ar-
teries and pulmonary trunk. Density of smooth muscle fibres was observed to be minimum in tunica media of ascending aorta & pulmonary
trunk but distal to aortico coronary junctions and bifurcation of pulmonary trunk density of smooth muscle fibres was increasing gradually
from minimum to maximum in tunica media of coronary arteries and pulmonary arteries. On the basis of observations recorded in the pre-
sent study following laws of arterial elasticity or muscularity were created by Dr. Keshaw Kumar.
(1) All the arteries expand during systole and contract during diastole of heart.
(2) Arterial expansion is directly proportional to arterial elasticity and arterial contraction is directly proportional to arterial muscularity.
(3) Arterial elasticity is directly proportional to arterial proximity to commencement of great arterial trunks from heart and arterial muscu-
larity is directly proportional to arterial distance from commencement of great arterial trunks from heart.

INTRODUCTION

In the past Boucek et al (1963)1, Gross et al (1934)2, Parker
(1958)3, Lukenheimer et al (1973)4,Spiro and Wiener (1963)5,
observed elastic fibres in coronary arteries. Ahmed (1967)6,
Foster (1909)7, Gerrity & Cliff (1972)8, Hass (1943)9, Haust et al
(1965)10, Keech (1960)11, Pease (1955)12, Smith et al (1951)13,
Saxton (1942)14, described elastic fibres in aorta. Gray et al
(1953)15 and Keshaw Kumar (1995)16 studied elastic fibres in
ascending aorta and pulmonary trunk. Keshaw Kumar (2001)17
discussed microstructure of human arteries. McDonald (1957)18
showed collagen and elastin content of arterial wall. Wehn
(1957)19 reported pulsatory activity of peripheral arteries.

Why do different arteries have a different structure? Why an ar-
tery is elastic or muscular? These questions were seldom asked
but never answered. Therefore, present study was conducted to
compare density of elastic fibres and smooth muscle fibres in
tunica media of ascending aorta, coronary arteries (systemic cir-
culation) pulmonary trunk and pulmonary arteries (pulmonary
circulation) correlating the function of elastic fibres and smooth
muscle fibres during arterial pulsation (arterial expansion and
arterial contraction) so that the real cause of elasticity or mus-
cularity of human arteries could be explained.

MATERIAL AND METHODS

During autopsy segments of ascending aorta, coronary arter-
ies, pulmonary trunk and pulmonary arteries from 100 human
adults were taken immediately after their death due to accidents
after knowing history from their relatives that they were not suf-
fering from any cardiovascular disease. Segments of ascending
aorta and pulmonary trunk were taken immediately distal to
their commencements while segments of coronary arteries and
pulmonary arteries were taken 5 cm., 10 cm. and 15 cm. distal
to their commencements from ascending aorta and pulmonary
trunk respectively. The segments were preserved in 10% forma-
lin. Sections of 10 micron thickness were cut with the help of
rotary microtome to be stained with orcein and counterstained
with hematoxylin and eosin.

Tunica media of each artery was graded for elastic fibres and
smooth muscle fibres as +, ++, +++, ++++, according to density of
elastic fibres and smooth muscle fibres per magnified field with
+ representing the lowest density and ++++ representing the
highest density of elastic/smooth muscle fibres. All the observa-
tions were made by visual assessment by a single observer.

OBSERVATIONS
(Table I & II)

Tunica media of ascending aorta and pulmonary trunk showed
++++ density of elastic fibres and + density of smooth muscle fi-
bres (Fig. 1).

Tunica media of pulmonary arteries 5 cm distal to their com-
mencements from pulmonary trunk and tunica media of coro-
nary arteries 5 cm distal to their commencement from ascend-
ing aorta showed +++ density of elastic fibres and ++ density of
smooth muscle fibres (Fig-2).

Tunica media of pulmonary arteries 10cm. distal to their com-
mencement from pulmonary trunk and tunica media of coro-
nary arteries 10 cm distal to their commencement from ascend-
ing aorta showed ++ density of elastic fibres and +++ density of
smooth muscle fibres (Fig. 3).

Tunica media of pulmonary arteries 15 cm. distal to their com-
mencement from pulmonary trunk and tunica media of coro-
nary arteries 15 cm. distal to their commencement from ascend-
ing aorta showed + density of elastic fibres and ++++ density of
smooth muscle fibres (Fig. 4).

Table- I
Density of elastic fibres and smooth muscle fibres in tunica
media of ascending aorta and coronary arteries

Ascendin Coronary artery |Coronary artery |Coronary artery
Fibres aorta 8 |5cm distal to its |10 em distal to its | 15 em distal to its
commencement |commencement |commencement
Elastic  |++++ +++ ++ +
Smooth
++ +Ht o
muscle
Table- II

Density of elastic fibres and smooth muscle fibres in tunica
media of pulmonary trunk and pulmonary arteries

Pulmon E:t];nogigl Pulmonary artery | Pulmonary artery
Fibres ary |artery o ¢ 10 cm distal to its| 15 cm distal to its
trunk distal to its
commencement |commencement
commencement
Elastic ~ |++++ + ++ +
Smooth
++ et FHtt
muscle
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DISCUSSION

In 1879 Lister (cited by Wehn 1957)19 pointed out that if sur-
geon exposes an artery which is neither angulated nor com-
pressed by the examiner’s finger, he does not find that he is
dealing with a body that swells at every pulse, but with one of
unvarying dimensions. This observation had also been made by
Von Haller (1760) and Bichat (1803) cited by Wehn (1957)19. If
arteries do not expand in systole, then some restraining mecha-
nism must be operating. Wehn (1957)19 has studied this prob-
lem and has suggested that the muscular coat of large arteries
contracts during systole. It had been thought that smooth mus-
cle was incapable of such rapid rates of contraction but as Wehn
(1957)19 points in embryos and in lower organisms the periph-
eral vessels contract rhythmically in this way and are responsi-
ble for the circulation of blood. Even when the heart develops
it does so as a specialized type of arterial segment, so there is
nothing inherently impossible about the concept that muscular
arteries may be contracting rhythmically with each heart beat
and that this contraction is controlled and serves some purpose.

Heart beat per minute corresponds with the arterial pulsation
per minute and arterial pulsation consists of arterial expansion
followed by arterial contraction. Elasticity of an artery depends
upon the density of elastic fibres in its tunica media (Keshaw
Kumar 2001)17 and muscularity of an artery depends upon
the density of smooth muscle fibres in its tunica media. Dur-
ing systole of heart, expansion in artery occurs according to its
elasticity and during diastole of heart, contraction in an artery
occurs according to its muscularity (Keshaw Kumar 2001)17.
In the present study it is observed that as we proceed towards
the commencement of great arterial trunks (Ascending aorta
and pulmonary trunk) gradually elasticity of an artery increases
and muscularity decreases and as we proceed away from the
commencement of great arterial trunks gradually muscularity
of an artery increases and elasticity decreases. Ahmed (1967)6,
Foster (1909)7, Gerrity & Cliff (1972)8, Hass (1943)9, Haust et al
(1965)10, Keech (1960)11, Pease (1955)12, Smith et al (1951)13
and Saxton (1942)14 reported maximum distribution of elastic
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fibres in tunica media of ascending aorta which resembles with
the findings obtained in the present study where ++++ density of
elastic fibres in tunica media of ascending aorta was observed.

Ascending aorta commences from left ventricle and pulmonary
trunk commences from right venticle of heart, 60ml. volume of
blood (stroke volume) enters the lumen of these arteries during
systole with a difinite velocity and pressure, therefore, there is
maximum expansion in these arteries during systole of heart. In
tunica media of ascending aorta and pulmonary trunk density
of elastic fibres was ++++ to permit maximum arterial expan-
sion. Blood pressure produced in ventricles during systole of
heart is sufficient to push the 60 ml. column of blood forwards,
therefore, least contraction of ascending aorta and pulmonary
trunk is required to propell this column of blood forwards.
This is the reason that density of smooth muscle fibres in tu-
nica media of ascending aorta and pulmonary trunk is + . In
the present study ++++ density of elastic fibres noticed in the
tunica media of ascending aorta and pulmonary trunk supports
the results obtained by Gray et al (1953)15 and Keshaw Kumar
(1995, 2001)16,17 in the tunica media of ascending aorta and
pulmonary trunk where they observed maximum distribution
of elastic fibres. Expansion decreases and contraction increases
gradually as the arteries proceed away from the commencement
of great arterial trunks from heart because velocity and pressure
of blood ejected from the ventricles gradually diminishes in the
arterial tree and to maintain this velocity and pressure of blood
inside the lumen of arterial tree situated away from the com-
mencement of great arterial trunks from heart contraction of
arteries is required higher and higher in the same proportion in
which velocity and pressure of blood is reduced. This is the rea-
son that density of smooth muscle fibres increases gradually and
density of elastic fibres decreases gradually in the tunica media
of arterial tree as we proceed away from the commencement of
great arterial trunk from heart. Function of elastic fibres is to al-
low expansion while the function of smooth muscle fibres is to
produce contraction in the arteries. Findings obtained in the
present study revealed that density of elastic fibres gradually de-
creases in the tunica media of coronary arteries while we pro-
ceed distal to aorticocoronary junctions. Boucek et al (1963)1,
Spiro and Wiener (1963)5 Gross et al (1934)2, Parker (1958)3,
Lukenheimer et al (1973)4 also advocated that distribution of
elastic fibres in the tunica media of coronary arteries diminished
gradually distal to their commencement from ascending aorta.

Arterial expansion is possible only during systole while arterial
contraction is possible only during diastole of heart. Hypothe-
sis of Haller (1760) Bichat (1803) Lister (1879) cited by Wehn
(1957)19 that arterial contraction occurs during systole of heart
is not correct because in this situation on one hand arterial con-
traction will try to close the aortic and pulmonary valves and
on the other hand ventricular contraction will try to open these
valves, therefore, it will not be possible to propell the column of
blood forwards. During diastole of heart contraction of arterial
tree is possible because in this situation aortic and pulmonary
valves remain closed and blood can not return back to the left
and right ventricles from ascending aorta and pulmonary trunk
respectively as a result of contraction of arterial tree. During di-
astole of heart contraction of arterial tree helps to propell the
blood forwards. During systole of heart arterial tree expands to
accomodate 60ml extra volume of blood ejected by left and right
ventricles in systemic and pulmonary circulation in which lu-
men of arterial tree remains always full of blood in a living per-
son. Arterial contraction during diastole of heart also helps to
close the aortic and pulmonary valves. On the basis of these ob-
servation following laws of arterial elasticity or muscularity were
created by Dr. Keshaw Kumar.

1. All the arteries expand during systole and contract during
diastole of heart.
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2. Arterial expansion is directly proportional to arterial elastic-
ity and arterial contraction is directly proportional to arterial
muscularity.

3. Arterial elasticity is directly proportional to arterial proxim-
ity to commencement of great arterial trunks from heart and ar-
terial muscularity is  directly proportional to arterial distance
from commencement of great arterial trunks from heart.
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