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INTRODUCTIOR

An intensive study of the general structure and histology of the avian heart
has been generally neglected and there has been much diversity of opinion with
regard to the presence of a specialized impulse conducting tissue in it. Keith and
Mackenzie (1910) and Mackenzie and Robertson (1910) denied the existence of
sinuatrial and atrioventricular nodes in birds. Mangold and Kato (1914) observed
"a ginuatrial node and an atrioventricular bundle in the heart of the fowl. De Mayer
(1952) observed that sinus portions of the conducting tissue disappear in the heart
of the adult fowl and that an atrioventricular bundle is either reduced or absent in
the sparrow.

A great deal of controversy also exists on the phylogeny of the specialized
conducting system in birds and mammals. Davies (1930) pointed out that the
atrioventrioular connexions present an arrangement which is intermediate between
those described by other workers in the fishes and the reptiles and by those in the
mammals, Davies and Francis (1941), however, stated that the conducting system
of the heart of birds and mammals is a neomorpbic development and is not
a remnant of the more extensive tissues of similar structure in lower vertebrates.
Prakash (1953a, b; 1954a, b, ¢, d) upholds the view that the specialized conducting
system of the heart of birds and mammals is not a neomorphic development but is a
further specialization of similar structures which are present in the heart of lower
vertebrates.

The contradictory statements of previous workers on the presence and the
phylogeny of the impulse conducting tissue make a further study of the avian heart
desirable. In the present investigation the heart of the common Indian fowl has
been studied with special reference to its conducting system.

MATERIAL AND METHODS

Six adult specimens of the common Indian fowl, chosen for the present study,
were well fed and healthy so as to ensure that there was no deficiency of glycogen
content (Davies, 1930) in the various portions of the heart. The hearts were re-
moved from the chloroformed birds and then they were fixed in Bouin’s picroformol
and embedded in paraffin. Serial transverse and sagittal sections were cut ten
micra thick and stained with acid fuchsin.

OBSERVATIONS

Five distinct chambers were found in the heart, viz. a sinus venosus, two atria
and two ventricles,
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Sinus venosus: The sinus venosus is a triangular, asymmetrically disposed
chamber on the dorsal side of the atria. It is very much reduced because of the
invagination in its lateral wall on the right side. Due to this invagination, the
cavity of the sinus venosus is divided into a large cephalic and a much smaller caudal
portion. The two portions thus formed communicate with each other through a
narrow elongated canal. This canal may be referred to as the sinuatrial canal.
" The right and left precaval veins open into the cephalic portion of the sinus venosus
(Fig. 2) while the postcaval vein opens into its caudal portion (Fig. 3). The former
discharge almost at the same level, while the latter opens at the level of the
sinuatrial orifice.

A short muscular ridge is present (Fig. 3) just above the sinuatrial orifice on
the right side of the sinuatrial canal. The ridge is broader at its base and its free
tapering end projects in between the two sinuatrial valves. The ridge affects the
internal disposition of the sinus venosus in such a way that the postcaval vein
appears to open directly into the right atrium. Similarly, the blood which is coming
into the cephalic portion of the sinus venosus, through the precaval veins, will
be immediately directed by the ridge and the left sinuatrial valve to flow from the
sinuatrial canal into the right atrium. The precavals, therefore, appear to pour
their blood immediately and directly into the right atrium. Such an arrangement
minimizes the importance of sinus venosus and may be responsible for its gradual
disappearance in birds and mammals.

The openings of the precaval and the postcaval veins are not guarded by any
valves, but they are provided with thick cushion-like outgrowths, developed on the
inner surface of the wall of sinus venosus.

The sinuatrial orifice is guarded by two sinuatrial valves which resemble those
of reptiles in general structure, although they are situated more dorsolaterally than
in reptiles. The right sinuatrial valve is connected at its caudal end with the wall
of the right atrium as well as with that of the sinus venosus. The left sinuatrial
valve is continuous with the sinus venosus on one side and with the interatrial
septum on the other (Fig. 3). Such a connexion, between the sinus venosus and
the right atrium through the right sinuatrial valve and between the sinus venosus
and the left atrium through the left sinuatrial valve and the interatrial septum,
indicates that there exists a continuous muscular path for the conduction of the
cardiac impulse, from the sinus venosus to the two atria.

Sinuatrial node: The presence of a sinuatrial node has been observed in many
birds and mammals. It is regarded as the site of the initiation of the cardiac im-
pulse. In the fowl this node is present on the cephalic side of the sinus venosus
(Fig. 2) between the openings of the right and left precaval veins. The node lies
parallel to the wall of the sinus venosus, but it turns cephaloid on the left-hand
side. The node is enclosed in a fibrous sheath, is compact and well defined. A
number of cells with prominent nuclei are present inside it (Fig. 1), These cells
of the node are connected with one another through fine muscle fibres. The S-A
node is connected with the sinus venosus through a number of interlacing muscle
fibres for conveying the impulses for contraction to this chamber. On the right
side in the enclosure, formed by the invagination of the lateral portion of the sinus
venosus, is present an area of mesh-work of nerve and muscle fibres which may be
stated as the nodal area. It resembles the S-A node in the structure and the general
disposition of its fibres and nuclei.

Atria: The atria of Gallus correspond very closely in form and disposition with
those of other birds. The muscles (musculi pectinati) of the atria are thick bundle-
like structures (connected together through elongated fibrous bands) running
beneath the endocardium. This type of musculature is in correlation with the
small size of the atria as it gives them, during atrial systole, enough force to propel
the blood forward from the atria into the ventricle,
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Atrioventricular node: The A-V node is not so clearly defined as the S—A node.
The A-V node is present on the left side of the interatrial septum at the base of the
aorta. It is a clear zone of numerous distinct, large cells with prominent nuclei.
The nuclei of the node are larger than those of the A—V bundle and they are equally
distributed in every portion of the node. The A~V node is not bounded by any
fibrous sheath, but there appear in cross-sections longitudinal fibres on either side
of it to give it a definite shape. A thick band of ‘Purkinje fibres’ extends from the
caudal end of the node to connect it with the base of the interatrial septum, The
‘Purkinje fibres’ as distinguished from other fibres in the present investigation
have the microscopic characteristics (Kistin, 1949) of the fibres first observed by
Purkinje (1845) in sheep and other mammals. These fibres are larger, have few
smaller musecle fibres, and they cross each other so as to look like cells in transverse
sections. The A-V node extends caudally towards the A-V bundle and continues
into the ramifications of ‘Purkinje fibres’ of the A~V bundle. The cells, the nuclei
and the fibres of the node take a very deep stain with acid fuchsin and are, therefore,
differentiated easily from other cardiac fibres.

Atrioventricular bundle : The A-V bundle (bundle of His) is present in the
cephalic portion of the ventricular septum near the base of the right A-V valve.
It is ventral and caudal in position to the A-V node. It extends deep into the
ventricular septum and then bifurcates into a right and a left limb. The right limb
proceeds towards the right muscular valve, while the left limb takes a somewhat
curved course through the myocardial fibres and extends along the left lateral
border of the ventricular septum. The structure of the fibres and the cells of the
A-V bundle resembles those of the A~V node.

The muscular right atrioventricular valve has the same structure as that
described by Davies (1930) in other birds.

Purkinje fibres : The presence of these pale, multinucleated fibres has long
been noted and their distribution has been extensively studied in birds (Davies,
1930; Adams, 1937). The system of these fibres in Gallus is not so well developed
as in other birds. The atria are devoid of such fibres. However, small columns of
‘Purkinje fibres’ are present surrounding the atrioventricular orifices. These
columns appear as rounded bundles in transverse sections (Fig. 4). There are
three such bundles of ‘Purkinje fibres’ present round the right atrioventricular
orifice and two round the left atrioventricular orifice. A band of ‘Purkinje fibres’
extends also along the left lateral border of the right atrioventricular orifice and
gsends an early branch to the caudal portion of the A~V node. ‘Purkinje fibres’
which cross each other look like cells. The cells thus formed are not of uniform
shape. Some are spherical, some elliptical and others elongated. Generally,
there is one nucleus in each cell, but some have two, and there are others which
have no definite nucleus. The cells without nuclei are mostly on the periphery
and not in the centre.

Discussion

The presence of a ridge inside the sinus venosus of: the heart of the Indian fowl
assumes special significance as it has also been observed in a number of reptiles,
O’Donoghue (1920) described a tuberculum intervenosum separating the aperture
of the left precaval vein from that of the postcaval vein in Sphenodon punctatus.
Goodrich (1930) observed a ridge (septum sinu venosi) between the openings of the
left precaval and posteaval veins on one side and that of the right precaval vein on
the other. Mathur (1946) found a prominent ridge in Natrixz piscafor separating
the left precaval and the postcaval. In Gallus the ridge has come further down
very near to the base of the sinuatrial valves. Its disposition indicates that the
two precavals and the postcaval open not only separately but also directly (parti-
cularly the postcaval) into the right atrium. This shows that the heart of this
bird makes an approach towards a condition found in the hearts of other birds and
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Fic. 1. Longitudinal section through the sinuatrial node. X 700,
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Fie. 2. Longitudinal section through the cephalic portion of sinus venosus.  x 300.
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mammals where the sinus venosus is absent and the three caval veins open separately
and directly into the right atrium.

The sinus venosus, a prominent chamber in the heart of lower vertebrates,
disappears in many birds and mammals. The disposition of sinus venosus in Gallus
presents interesting transitional stages in the formation of the mammalian S-A
node in relation with and consequent on the reduction of sinus venosus, An invag-
ination in the right wall of the sinus venosus has been observed for the first time in
Gallus. It marks the beginning of a process by which this chamber is ultimately
lost in birds and mammals. It is eagy to postulate, then, that a further inpushing
in this wall of the sinus venosus will result in the separation of the major cephalic
portion from a very small caudal portion. The loss of the cephalic portion means
the disappearance of the entire functional sinus venosus, because the caudal part
only acts as the via media to convey the venous blood immediately into the right
atrium. With the reduction of the sinus venosus, the nodal area and the S—-A node
which are present on either side of this chamber will get united to form an extensive
S8-A node extending from the base of the right sinuatrial valve over to the cephalic
and dorsal side of the right atrium. Such a postulation is important as it throws
light on the phylogeny of the S-A node. It is to be remembered that in many
birds and mammals (Davies, 1930; 1931) the S-A node has an extensive disposition
as the sinus venosus is absent.

The absence of sinus venosus in birds and mammals results in the reduction of
the sinuatrial ring also., Walmsley and Mackenzie (cited by Davies, 1931) stated
that the reduction of the S-A ring is due to the fusion of the left sinus valve with
the interatrial septum. In Gallus the presence of the left sinuatrial valve which
has not fused with the interatrial septum, the presence of the S—A node and the
reduced nature of the sinus venosus, indicate that the reduction of the S-A ring is
not due to the fusion of the left sinus valve but is due to the reduced nature of the
sinus venosus.

Kishne and Musha (1952) observed from a study of electrocardiograms that, in
a cage of partial sinuatrial block, the sinus impulses are not conducted to the atria
but directly to A-V node. From the A-V node these impulses are transmitted to
the ventricles on the one hand and to both the atria on the other. These workers
expressed the view that the sinus impulses do not travel radially in all directions
over the atria but are conducted through specific pathways. The serial sections
through the sinuatrial junction of the heart of Gailus revealed that the impulses
initiated at the S~A node can be transmitted from the node to the sinus venosus
through the interlacing fibres connecting the former with the latter, From the
sinus venosus the impulses can spread over to the right atrium through the right
sinuatrial valve which offers the necessary muscular continuity for the transmission
of these impulses from the sinus venosus to the right atrium, The interatrial
septum may also receive the sinus impulses by way of the left sinuatrial valve which
connects the sinus wall, on the left side, with the cephalic part of the atrial septum,
From the interatrial septum, the impulses cannot reach the A-V node directly
but through a connecting band of special fibres present between the caudal portions
of the septum and the A~V node. Such a continuity in the path for the wave of
contraction indicates that the impulses may travel along set routes as stated by
Kishne and Musha (1952).

Dr. Kistin (1953) in a private communication to the author wrote: ‘When I
read Purkinje’s paper I was concerned with the meaning of the term * Bewegung-
sapparat ”’ and received little help from people who know German well. One
suggestion was supporting (skeletal) structure for the cardiac muscle. Certainly
Purkinje’s paper does not suggest any conducting function to these fibres’, Davies
and Francis (1946) believe that ‘Purkinje fibres’ constitute special movement
apparatus (Bewegungsapparat) and are part of special conducting tissue. In the
heart of Gallus a special band of Purkinje fibres has been observed to connect the
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interatrial septum and the A~V node and it may be said that the impulses received
by the septum are conveyed through these fibres to the A~V node. The A-V
bundle which affords the only connexion for the transmission of the impulse from
the atria to the ventricles also consists of Purkinje fibres. These facts strongly
suggest that Purkinje fibres can be regarded as conducting fibres.

SuMMARY

1. Sinuatrial node, atrioventricular node, atrioventricular bundle and Purkinje fibres are
present in the heart of the common Indian fowl! for initiating and conducting the cardiac rhythm
of contraction.

2. The invagination in the lateral wall of the sinus venosus in Gallus and the presence of a
ridge inside this chamber mark the beginning of a process by which the sinus venosus gradually
disappears in birds and mammals so that the three caval veing open separately and directly into
the right atrium.

3. The sinuatrial node of birds and mammals develops in relation with and consequent on
the reduction of the sinus venosus.

4. The atrioventricular node should not be regarded as a derivative of the sinuatrial ring
of the lower vertebrate heart (fish, amphibia and reptile).

5. It is suggested that the impulses initiated at the sinuatrial node travel along set routes
from one chamber of the heart to the other and the atrioventricular node cannot receive the
ginus impulses directly from the sinuatrial node but only through the sinus venosus, the left
sinuatrial valve, the interatrial septum and the connecting band of special fibres.

6. The probable path which the cardiac impulse may follow from the 5-A node to the
A-V node has been deseribed.
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Fig. 3. Longitudinal section through the caudal portion of sinus venosus. X 300.



PrAKASH. Proc. Nat. Inct. Sei. India, Vol. 22, B, Plate IV,

Fia, 4. Transverse section through the junction of the right atrium and the ventricle to show
the right atrioventricular ring of Purkmje fibres.  x 225.
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ABBREVIATIONS

A.S.—Atrial septum; L.P.C.—Left precaval vein; L.S.V.—Left sinuatrial valve; M.V.—
Muscular right atrioventricular valve; N.4.—Nodal area; P.C.V.—Postcaval vein; P.F.—
Purkinje fibres; B.—Ridge; R.4.—Right atrial wall; R.4.C.—Right atrial cavity; R.A.V.0.—
Right atrioventricular orifice; R.P.C.—Right precaval vein; R.S.V.—Right sinuatrial valve;
8.4.N .—Sinuatrial node; S.V.—Sinus venosus; S.W.—Sinus wall.
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