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1. Introduction

THE reptilian heart forms a transitional stage of great evolutionary
significance. The reduction Of the sinus venosus, the complete separation
of the auricles by a septum which reaches up to the atrio-ventricular aperture
and is unperforated in the adult, the division of the ventricle by a complete
or incomplete septum, the absence of the conus arteriosus, and the consequent
separate origin of the arterial trunks from the lumen of the ventricle--all
these features, showing a distinct advance over the amphibian heart and a
decided approach towards the condition found in the higher Amniota, have
been generally recognised (Gegenbaur, 1898-1900; Wiedersheim, 1907;
Nierstrasz, 1927; Kingsley, 1926; Goodrich, 1930; Benninghoff, 1932,
etc.). Our knowledge, however, of the comparative minute anatomy of
the heart within the limits of Reptilia itself is far from adequate, and so far
nobody has studied this organ minutely by serial sections in representatives
of all the principal subdivisions9 There is much disparity of observations
and opinion even about such a conspicuous structure as the muscular
* Part of a thesis approved for the Ph.D. Degree in Agra University.
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ridge (' Muskelleiste ') and a detailed examination of the disposition of the
various apertures and their valves, of the chambers in the ventricle, and of
the exact mode of origin of the trunks, cannot but be welcome.
In the first part of the present series, the heart of Varanus monitor (Linn.),
a representative of Sauria, is described in detail in order to add to our knowledge of the minute anatomy of this organ in the Reptilia, to serve as a basis
for work on other reptiles, and to supply the needs of Indian students who
study this lizard as part of their zoological syllabus. Subsequent parts will
deal with representatives of other orders, as well as with the modus operandi
of the reptilian heart.

2. Historical Rbsumk
Although certain contributions were made by earlier workers (e.g.,
Bojanus, 1819-1821, Bischoff, 1836 ; Duvernoy, 1838 ; Vrolik, 1841 ;
Hentz, 1825; Panizza, etc.), the foundation of our knowledge of the reptilian
heart was laid during the middle of the last century by the pioneer researches
of threeGerman morphologists--Brticke, Rathke, and Fritsch. The first
made an extensive, as well as detailed study of it in numerous reptiles (1852)
and dealt with the mechanism of circulation (1850) in the Testudinata. The
second investigated the aortic roots in Sauria (1857), as well as the
development of the heart in snakes (1839) and turtles (1848). The third
(1869) devoted himself to a comparative anatomy of the heart in a great
many representatives of what he called the 'Amphibia', but what included
both the Amphibia and the Reptilia of the modern classification.
The lead given by these workers was followed by a host of others who,
in a majority of cases, kept up the high standard set before them. Thus
gradually in less than a century a great mass of knowledge accumulated,
dealing with the reptilian heart from diverse points of view--morphological,
developmental, histological and physiological.

(a) Comparative Anatomy and Development.--Owen (1866) gave a
detailed, though generalised, account of the heart in various subdivisions
of the Reptilia, based partly on the researches of previous authors, but
mainly on his own observations, Huxley (1871) distinguished and described
three forms of heart in the Province Sauropsida ( = Reptilia and Aves),
instituted by him; viz., the first form, found in the Testudinata, Sauria and
Serpentes; the second in the Loricata, and the third in the Ayes. Sabatier
(1873-74) surveyed the heart, central circulation, and transformation of the
aortic system in the vertebrate series. Hochstetter (1893 and 1906) traced
its development in Tropidonotus and Lacerta. Langer (1894) studied the
development of the truncus and bulbus cordis in Amphibia, Reptilia, Aves and
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Mammalia, and pointed out the manner in which this region becomes subdivided during ontogeny. Gegenbaur (1901) gave a masterly account of the
comparative anatomy of the vertebrate heart. Greil (1903) made a study of
the comparative anatomy and development of the heart and truncus arteriosus in vertebrates. Goodrich (1916 and 1919) pointed out the phylogenetic importance of the position of the reptilian septum ventrieulorum in
relation to the openings of the arterial trunks, recapitulated the structure
and functioning of the reptilian heart (1930), and pointed out the manner in
which the bulbus cordis gets spirally subdivided in the vertebrate series (1930).
O'Donoghue described the hearts of Tropidonotus natrix (1912), Dermochelys eoriaeea (1918) and Sphenodon punetatus (1920), sketched successive
sections through the bases of the arterial trunks in Sphenodon (1920), and
criticised Goodrich's views on the basis of certain observations on the septum
ventrieulorum in various reptiles (1918). Hesse (1921) dealt with the weight of
the heart in vertebrates, having previously (1908) noted the relation between
its size and efficiency. Barry (1921) investigated the path of conduction
between the auricles and the ventricle in the amphibian and reptilian hearts.
Rau (1924) studied the hearts of Tiliqua seineoides and Euneetes murinus
in detail and tried to throw light on the points of disagreement between
O'Donoghue (1918) and Goodrich (1916 and 1919). Benninghoff scrutinised
the architecture of the cardiac muscles (1923 and 1931), and gave an excellent
comprehensive r~sum6 of the knowledge about the reptilian and other hearts
(1931). Nierstrasz (1927) gave a lucid exposition of the salient features of
the reptilian heart in order to point out its evolutionary status in the vertebrate series. Bremer (1928) tried to explain the mechanical reasons
for the connection of the left aorta of reptiles with the right ventricle.
Skramlik (1932) studied the relative position of the sinu-atrial aperture in
reptiles, and Mahendra (1942) established four regions in the saurian ventricle
on the basis of serial sections of Hemidaetylus flaviviridis Rtippel.

(b) The Heart in Sauria.--The heart Saurian has not attracted many
workers in the present century. Imchanitzky (1909) serutinised the question of nervous co-ordination of the auricles and ventricle in it. Rau (1924)
studied it in Tiliqua seineoides by means of dissections, transverse sections,
and a wax reconstruction, and compared it with that of Euneetes murinus.
Vorstman (1933) pointed out the resemblance of the ventricular septa of
Varanus komodeensis to those in snakes. Bhatia (1929) dealt with the heart
of Uromastix hardwiekii and gave valuable sketches of transverse sections
passing through the origin of the arterial trunks, and Mahendra (1942)
studied it in Hemidaetylus flaviviridis minutely by the reconstruction
method.
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3.

Technique

The general structure of the heart was studied in dissections under the
binocular microscope; coloured bristles, passed through the various apertures, proved valuable aids.
Minute anatomy was studied in serial sections, 10tz thick, both transverse and horizontal-longitudinal, prepared according to the paraffin
embedding process. Carnoy's fluid and Bouin's picro-formol were used as
fixatives, and Grenaeher's Borax carmin, Acid fuchsin, Ehrlich's Acid
H~ematoxylin (counterstained with 1 per cent. alcoholic eosin), and Mallory's
triple stain were used as stains.
Diagrams were made at first by means of Abbe's camera lueida with
Reichert's eyepiece II (5 x ) a n d objective O (3.2 x), but as the work
progressed it was found more convenient to sketch the sections by projecting
their images on the drawing paper by means of a Zeiss-Ikon Epidiascope
fitted up with a micro-attachment.
4.

General

The heart of Varanus monitor (Linn.)lies in the mid-ventral line (Fig. 1)
definitely behind the axillary region, partly embedded in a deep notch in

FIG. 1. Ventral view of the heart of Varanus monitor, in sltu in lhe p|europeritonial cavity.
l.a., the left auricle ; lg., lung ; l.l., left lobe of the liver ; r.a., the right auricle ; r.l., right lobe
of the liver ; st., stomach ; tr., trachea ; v., ventricle.

the anterior border of the right and left lobes of the liver, and bounded on
its right side by the right lung and on its left by the cardiac part of the

The Analomy olc lhe Replilian H e a r t m I

5

stomach. Such a position is distinctly posterior to that of the hea:t of Uromastix hardwickii Gray, Calotes versicolor (Daudin), Mabuya dissimilis
(Hallowell) and Riopa punctata (Gmelin), and is probably to be correlated
with its higher grade of organisation. As Rathke (1857) pointed out, the
farther back is the heart situated in the pleuroperitoneal cavity, the more
highly organised is the reptile.
The heart is enclosed in a fairly tough serous membrane, the pericardium, and approaches the testudinate heart in its form, being almost as
broad as long. In a full grown individual it measures 4.2 cm. in length
and slightly less in width. It consists of a sinus venosus, two auricles and a
ventricle. The right auricle is considerably larger than the left; the ventricle,
unlike that in other lizards, is broader than long and distinctly rounded
behind, and there is no trace of a gubernaculum cordis.

5. Sinus Venosus
As pointed out by Wiedersheim (1907), Kingsley (1926), Goodrich (1930)
and other authors on the comparative anatomy of Vertebrates, the sinus
venosus in reptiles, although much reduced is generally distinct internally.
In the Sauria it resembles that of Sphenodon punctatus in its general form
and arrangement. A description of it has recently been given by Rau (1924)
in Tiliqua seincoides, by Bhatia (1929) in Uromastix hardwiekii and by
Mahendra (1942) in Hemidactylus flaviviridis. In Tiliqua scincoides, although
not clearly marked off externally, it lies attached to the right auricle a little
to the left. In Uromastix hardwiekii, it is the " l a r g e s t " (?) chamber of the
heart, lying transversely above the auricles and marked out externally into
a large right and a small left portion by a slight constriction in the middle.
In Hemidactylus flaviviridis there is no such constriction, but the dorsal wall
of the sinus venosus is strongly fluted in order to accommodate the trachea
which lies closely adpressed to this structure.
The sinus venosus in Varanus monitor (Fig. 2) is scarcely distinguished
externally from the bases of the venue cav~e except for the contractility
observable in this part in a freshly killed specimen. The left precaval vein
enters the anterior border of the pericardium distinctly on the left side
and runs obliquely backwards on the roof of the left auricle towards
the middle of the coronary suleus where it opens into the sinus venosus. The
right precaval vein runs almost straight backwards on the dorsal surface of
the right auricle, while the postcaval vein, after entering the pericardium,
passes directly forwards along the right side of the ventricle to become
confluent with the base of the right precaval and discharges there into the
sinus venosus,
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FIo. 2.

Dorsal view of the heart in Varanus monitor

c.c.. the common carotid artery ; l.p.c., the left precaval vein ; l.p.v., the left pulmonary
vein ; l.s., the left systemic artery ; p.c.r., the post-caval vein ; r.p.c., the right precaval vein ;
r.p.v., the right pulmonary vein ; r.s., the right systemic artery ; s.v., the sinus venosus ; Other
abbreviations as in the previous figure.

Such a disposition of the venue cav~e is responsible for a curious asymmetry of the sinus venosus, so that its greater part lies rather towards the
right of the middle line of the heart. An annular constriction, situated close
to the base of the left precaval vein and distinct not only in a superficial view
but also in dissections of this region, divides the sinus venosus into two
divisions : a small right one, confluent with the base of the left precaval vein,
and a large right one, receiving the right precaval and postcaval veins.
While the sinus venosus is barely distinguishable externally, it is found, on
removing the dorsal wall of the heart, that this chamber is delimited from
the bases of the constituent vena~ cawe as a shallow, ovoidal depression in
the roof of the right auricle, which bears the sinu-atrial aperture and valves
(Fig. 3). Its disposition indicates that it is in a fairly advanced state of
reduction.

The sinu-atrial aperture, a large slit-like opening, lies obliquely inclined
from a transverse direction in such a manner that its right end is situated
craniad to its left one. It extends almost the whole extent of the breadth
of the sinus from the right portion of the latter chamber across the mesial
constriction even to a small extent into its left portion.

The Anatomy of/he Reptilian t t e a r t - - I

7

FIo. 3. Sinus venosus of Varanus monitor with the dorsal wall removed: to show the
sinu.a*rial aperture and valves.
pd., the pericardial attachment ; s.a.a., the sinu-atrial aperture ; other abbreviations as in
previous figures.

In Uromastix hardwickii, Bhatia (1929) observed that the sinu-atrial
valves are absent but that the lips of the sinu-atrial aperture are thick and
muscular, serving thereby to keep the aperture ordinarily closed. In Varanus
monitor the sinu-atrial valves are definitely present. They are developed on the
cranial and caudal edges of the aperture and lie directed like a pair of almost
parallel flaps obliquely downwards into the lumen of the right auricle
As the minute structure of the sinu-atrial valves in the Sauria has not
been hitherto described, I have studied it carefully in a series of horizontal
longitudinal sections. The caudal valve, when seen from the dorsal aspect
(Fig. 3), overlaps the cranial one towards the left end of the sinu-atrial
aperture while the two valves lie at the same level at the right end of the
aperture and are united to form a solid strand of tissue attached to the
right wall of the auricle. We might call this solid strand of tissue the
suspending ligament (Fig. 4, B) as it serves to support and suspend the sinuatrial valves.
On the dorsal border of the suspending ligament (Fig. 4, A) is a narrow
canal (the sinu-atrial channel), not described so far, which leads from the
dorsolaterally situated sinus venosus into the lumen of the auricle. The
suspending ligament is produced at its free left end into the sinu-atrial
valves/hanging freely into the auricular space. There are no tendinous cords
attached to the free ends of the valves. The suspending ligament is rather
obliquely directed and its ventral part (Fig. 4, C) which lies attached to the
right wall of the auricle shows neither the valvular growths at its free margin,
nor the sinu-atrial channel,
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Such a disposition of the sinu-atrial valves makes it clear why the blood
can pass from the sinus venosus into the right auricle, but not vice versa.
When the sinus venosus contracts, the increased pressure on the blood forces it into the sinu-atrial channel, and drives the blood into the lumen of
the auricle. In auricular systole, however, the pressure of the blood is outside the sinu-atrial valves and channel. It, therefore, closes them so that
the blood cannot go back into the sinus venosus. The two valves are not
equal in size (Figs. 4 and 5), but the free border of one valve projects beyond

FIQ. 4. Horizonta longitudinal sections through the sinus venosus and auricle of Varanus
monitor : (A) At the level of the sinu-atrial channel : (B) immediately ventral to it ; and
(C) through the lower part of the base of the suspending ligament. (• 5).
b.s.lt., the base of the suspending ligament ; r.a.a., the roof (dorsal wall) of the aortic arches;
s.a., septum atriorum, s.a.c., the sinu-atrial channel; s.a.v., the sinu-atrial valve; s.lt., the

suspending ligament; other abbreviations as in previous figures.
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FxG. 5. Transverse section through the auricular region of Varanus monitor, showing the
sinu-atrial aperture and valves (• 7).
p.a., the pulmonary trunk.

Other abbreviations as in previous figures.

that of the other. This projecting border, during auricular systole, would
bend over the sinu-atrial aperture and the other valve, and thus serve as an
additional aid in the closure of the opening.
As in Sphenodon punctatus (O'Donoghue, 1920), there is no ridge
(tuberculum intervenosum), separating the opening of right precaval from
that of the post-caval. Nor is there any septum (septum sinu-venosi) between
the openings of the left precaval and post-caval veins on the one hand and
that of the right precaval on the other (cf. Goodrich, 1930, p. 556).

6. Atrium Dextrum
The right auricle (atrium dextrum) is larger than the left--a disparity
in sizes which has been noted frequently in Lizards (e.g., Rau, 1924 in Tiliqua
scincoides; Bhatia, 1929 in Uromastix hardwickii; Mahendra, 1942 in Hemidactylus flaviviridis, etc.); in Sphenodon punctatus (O'Donoghue, 1920), in
Testudinata (Burne, 1905 and O'Donoghue, 1918 in Dermochlys coriaca),
and in Loricata (Reese, 1915 in Alligator mississipp&nsis). It goes without
saying that the differences in size and disposition of the auricle, as well as
that in the position of their openings into the ventricle, are significant factors
bearing on the mode of action of the ventricle.
O'Donoghue (1920)observed a small sac-like diverticulum at the
antero-dorsal edge of the right auricle in Sphenodon punctatus, and Bhatia
(1929) described a similar structure in the Lizard, Uromastix hardwickii.
There is no such structure in Varanus monitor.
The internal lining of the auricular wall is raised up into numerous
strands of trabeculce, composed of muscular fibres and dividing the peripheral part of the lumen into a series of irregular spaces which communicate
with one other. These strands have been compared to the musculi pectinati
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of higher vertebrates (O'Donoghue, 1920 and Bhatia, 1929). While small
trabecular growths can be made out almost all over the internal surface of the
auricular wall, two obliquely disposed muscular strands (Fig. 6) stand out

Fro. 6. The auricles of Varanus monitor dissected from the ventral side to show their internal
structure. ( • 5).
c.v., the coronary vein ; t x a n d t ~, the muscular strands ; other abbreviations as in previous

figures.

conspicuously when the right auricle is dissected. One of these (t 1) extends
from near the anterior end of the inner wall of the auricle to the anterior
region of the outer wall of this chamber where it branches into a number of
small muscular strands. The other (t z) is situated near the posterior conical part of the auricle. The purpose of these strands seems to be to contract
the anterior and posterior tapering regions of the auricle and to force the
blood from them towards the atrio-ventricular aperture.
The sinu-atrial aperture is situated in the dorsal wall of the right auricle
almost midway between its anterior and posterior ends. When seen from
the ventral side it is found to extend obliquely backwards from the outer
border of the auricle to the inner. It is bounded by the inwardly-hanging
cranial and caudal sinu-atrial valves, which have already been described in
the section on sinus venosus,
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The fight auricle as in other Reptiles is separated from the left by an
unperforated interauricular septum. In Tiliqua scincoides Rau (1934) found
that this septum "is not quite vertically disposed but is oblique and has its
concave surface towards the cavity of the right auricle. It is not quite
tensely stretched ". The septum in Varanus monitor, when seen in horizontallongitudinal sections (Fig. 4, A) extends straight backwards from its anterior
end to its posterior. In transverse sections (Fig. 7), however, it clearly runs

FIG. 7. Transverse section through the posterior part of the auricles and the anterior part
of the ventricle, to show the atrial septum and the right atrio-ventricular aperture.
(• 10).

b.m.r., the base of the muscular ridge ; iv.l.a., atrium sinistrum intraventriculare ; iv.r.a.,
atrium dextrum intraventriculare ; r.av.v., the right atrio-ventricular valve ; other abbreviations
as in previous figures.

from the right side above obliquely downwards towards the left. ! cannot
attach any importance to the concavities or convexities observable in its
surface when it is limp, as these disappear when the auricular lumen is turgid
with blood and are not always caused definitely at the same place when the
auricles contract.
The posterior inner region of the right auricle is driven backwards and
rather downwards into the lumen of the ventricle to form what may be
called the atrium dextrum intraventriculare. Its wall, even though it lies
here inside the ventricle, is distinctly atrial in character (Fig. 7); further
posteriorly, it gets incorporated into the ventricle in the form of a truncated
funnel. Thus the atrioventricular aperture lies an appreciable distance inside
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the ventricle itself. A scrutiny of serial transverse and longitudinal sections
leaves no doubt that the right and the left atrio-ventricular apertures are not
situated side by side at the same level, but that the right aperture lies far
craniad to the left one (cf Fig. 9, B with Fig. 7). The latter opens
downwards into a chamber of the ventricle called by me the cavum dextrum
(vide infra).
As for the number of the atrio-ventricular valves there is considerable
difference of opinion amongst previous workers. Some think that there
are four such valves while others hold that there are only two.
According to Nierstrasz (1927, p. 672) " the septum atriorum in the
Amphibia reaches almost up to the ostium atrio-ventriculare and there are
at its free edge two valves fused together at their base, one dorsal and the
other ventral, which, as it were, are divided into two parts by the septum,
so that really four half-valves seem to be present, two right and two left.
In the Reptilia the septum becomes longer, whereby the two said valves are
actually divided into two parts, so that there appear two valves united
at the base to the right and two to the left of the septum. These are
membranous structures attached to the wall of the septum. In the Loricata,
moreover, a muscular valve occurs on the lateral wall of the right ostium
atrio-ventriculare".
Goodrich (1930, p. 557), however, observes that in Reptiles " . . . . along
the free edge of this interauricular septum crossing the atrio-ventricular
opening are attached two membranous valves projecting into the ventricular
opening." He obviously means one valve in the right atrio-ventricular
opening and the other in the left: a statement which is confirmed by Rau's
observation on Tiliqua scincoides that " each auriculo-ventricular opening
is guarded by a single valve " (1924, p. 62).
In Varanus monitor, however, there are definitely two valves in each
atrio-ventricular opening. The opening of the atrium dextrum intraventriculare into the cavum dextrum is guarded by a fairly large left valve and
a small right one (Fig. 9, D). The left valve which corresponds to the
septal (medial) auriculo-ventricular valve of Goodrich (1919) extends somewhat farther than the right one cranially, while caudally the two valves get
fused together so as to separate the posterior extension of the atrium dextrum intraventriculare completely from the cavum dextrum. Contrary to
what has been hitherto said about the basal attachment of the left (septal)
valve (Goodrich, 1930 and Nierstrasz, 1927)this valve in Varanus monitor
is attached anteriorly not to the base of the interauricular septum, but a little
away from it to the ventral wall of the atrium dextrum intraventriculare
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(Fig. 7). When traced posteriorly, however, it is seen to approach towards
the base of the septum and finally to be attached to it.
There are no tendinous cords attached to the free ends of the atrio-ventricular valves. Their shape and disposition, however, indicate that a
pressure from the side of the atrium dextrum would open them towards the
cavum dextrum, but when pressed in the reverse direction they would knock
against each other and block the passage.

7. Atrium Sinistrum
The left auricle (atrium sinistrum) resembles the right one in its general
structure and appearance, but is definitely much smaller. Its wall is built
of the same kind of tissue as that of the right auricle, and it is driven
backwards, like the right auricle, into the lumen of the ventricle as the
atrium sinistrum intraventriculare (Fig. 7). It receives aerated blood through
the common pulmonary vein.
The left pulmonary vein (Fig. 2) enters the antero-dorsal border of the
pericardial cavity adjacent and parallel to the left anterior ven~t cava and
extends backwards on the roof of the left auricle just to the right of this vein.
Almost midway between the anterior and posterior ends of the left auricle,
it receives the right pulmonary vein coming towards it in an obliquely backward direction from the right antero-dorsal border of the pericardial
cavity. The common pulmonary vein, thus formed, runs transversely
towards the left ventrally to the left anterior vena cava, and opens into a prominent crypt in the dorsal wall of the left auricle near the interauricular
septum.
According to Hoffmann (1890), the opening of the pulmonary vein into
the left auricle is always devoid of valves in Reptiles--an opinion, confirmed by Rau (1924) in Tiliqua scincoides and by O'Donoghue (1920) in
Sphenodon punctatus. In Uromastix hardwickii, however, Bhatia (1929)
describes a valve which is formed as a lip-like outgrowth from the dorsal wall of the auricle. In Varanus monitor, the crypt containing the pulmonary opening is fairly long and it possesses a flap-like outgrowth on one
side.
A very important feature in connection with the left auricle in Varanus
monitor concerns the position of its opening into the ventricle. Serial
sections leave no doubt that the opening is far posterior to that of the right
atrium (Fig. 7), leads into the cavum dorsale and lies in the posteriormost
region of the muscular ridge (Fig. 9, B). It is guarded by a pair of transverse valves.
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8.

Ventriculus

(i) The Regions.--Mahendra (1942) recognises four successive regions
in the ventricle of Hemidactylus flaviviridis R~ippel, passing gradually and
insensibly into each other : (a) the apical region, (b) the region of the muscular
ridge (Muskelleiste), (c) the region of the auricular apertures and (d) the
region of the origin of the aortic trunks. Although these regions may be
variously modified in different reptiles and may even shift in relation to each
other so as to be more or less co-extensive the recognition of them is a
distinct advance in our knowledge of the minute anatomy of the ventricle.
It serves not only as a foundation for comparing the structure of the ventricle in the various orders of Reptiles, but also for the elucidation of the rrle
of this chamber in the distribution I of blood to the arterial trunks.
(ii) The Apical Region.--In Hemidactylus flaviviridis Riippel the
the apical region, although characterized by the presence of dorsoventrally
directed trabecul~e and the consequent breaking up of the space inside into
numerous small irregular lacunae, is not divided into definite chambers.
In Varanus monitor, however, I find that this region (Fig. 8 A)is distinctly
divided into two portions by a septum (the apical horizontal septum) composed of transverse muscular fibres: a dorsal portion (the dorsal apica,
space or cavum apicis dorsale) occupying the main bulk of the cavity and
traversed by dorso-ventrally directed trabecul~e; and a ventral, narrower
portion (the ventral apical space or cavum apicis ventrale) possessing mostly
transverse trabecul~e and rather large spaces.
(iii) The Region of the Muscular Ridge.--The muscular ridge (muskelleiste) is a prominent structure in the saurian ventricle, noted by Greil (1903),
Goodrich (1916, 1919 and 1930), O'Donoghue (1918), Rau (1924),
Mahendra (1942) and others, but it was erroneously identified as the septum
ventriculorum by Goodrich (1916), O'Donoghue, (1918)and Rau (1924).
As mentioned by Mahendra (1942) in a footnote, both Greil's and
Hochstetter's work on the development of the heart is against such a determination. Benninghoff (1932, p. 514), says " the formation of the ventricular septum, which has been studied by Greil and Hochstetter, takes place
out of dements, whose future significance was already alluded to in lower
reptiles. There is one or more than one septum in a few lower reptiles,
raised up at the place of separation of the arterial and venosus bloods
at the lower end of the atrio-ventricular valves. This septum meets ventrally with the muscular ridge, which furnishes the ventral part of the wall of
x The modus operandi of the reptilian heart will be discussed by the author in a later paper.
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FIG. 8. Transverse sections through the anterior (A) and the posterior (B) apical region of
the ventricle of Varanus monitor (• 10).
e.a.d., eavum apicis dorsale; r.a.v., cavum apicis ventrale; h.s., the horizontal septum ;
n., notch in the horizontal septum just behind the free border of the muscular ridge : other abbreviations as in previous figures.

the ventricle from this place up to the ventral cortex ('Kortikalis '). Dorsally, according to Greil, the septum is completed by means of a thickening
in the trabecular tissue, which extends from the auricular lamella to the
cortex (' Kortikalis ') and shifts rather towards the right. Thereby, a small
part of the auricular lamella together with the auricular ring is incorporated
into the septum." Thus, the fact that the muscular ridge forms only the
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ventral part of the septum ventriculare, the upper part arising independently
of it, is a strong point against regarding it as equivalent to the entire septum.
The apical horizontal septum in Varanus monitor, when traced forwards
(Fig. 8,B), shows at first a fairly large notch on its ventral aspect near the
right end. A little anteriorly (Fig. 9, A), this notch gives place to a split in
the septum so that the ventral apical space communicates with the dorsal.
This point marks the boundary between the apical region and the region of
the muscular ridge.
O'Donoghue (1918), who examined a large heart of Varanus salvator, found
that the muscular ridge (called by him erroneously the septum ventriculorum)
"runs from the left latero-dorsal wall of the ventricle across towards the right
latero-ventral wall, but is decidedly more dorso-ventral in position than
in the Ophidia. As in that group, however, it is incomplete, so that it is only
during systole that the ventricular (sic.) would appear to be completely
divided into a right lateral, slightly dorsally situated chamber and a smaller
left chamber lying slightly ventrally." Goodrich (1919), however, disagreed
with this description and observed that the muscular ridge, "" although it
may shift somewhat laterally towards the posterior apex of the heart, is
essentially always a ventral septum, developed in relation to the sulcus interventriculare, which passes back from the bulbo-auricular infolding. The
septum passes obliquely dorsalwards from the left ventral wall towards the
right, and always tends to separate a left dorso-lateral chamber from a right
ventro-lateral chamber (eavum pulmonale). ''~
Rau (1924), remarked that the muscular ridge in Tiliqua scincoides,
"springing from the posterior apical wall . . . . divides the ventricular cavity
into a left and right cavity."
A careful study of the orientation of the muscular ridge both in dissections and in series of transverse sections shows that all these descriptions
are at variance with facts inasmuch as they strain after interpreting the ridge
as a more or less dorsoventrally disposed structure, dividing the cavity of the
ventricle into right and left (or dorso-lateral and ventro-lateral) divisions. In
Varanus monitor, as also in other reptiles, the muscular ridge (Fig. 9, C)
is horizontally disposed; it is a conspicuous ledge-shaped structure which
arises from the lower part of the left wall of the ventricle and has its free
border towards its right. It contains numerous minute lacuna~ and trabecul~e, and separates a large dorsal space (eavum dorsale) from a narrow
ventral one (cavum pulmonale), the two spaces being continuous with each
I am responsiblefor italicisingthe relevantphrasesin these quotations.
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other over its free border. In the posteriormost part of the muscular ridge
the dorsal space is a single continuous cavity (Fig. 9, A), while a little anterior
to this point (Fig. 9, B) it is divided by a wide valvular aperture into left and
right portions. The left portion, when traced forwards, is seen to be the
posteriormost part of the atrium sinistrum intraventrieulare, and the valvular
opening, therefore, must be regarded as the left atrio-ventricular aperture
which had shifted far backwards into the lumen of the ventricle. Such an
unusual position of the aperture has not been previously described. The
right portion of the dorsal space is apparently a part of the cavum dorsale
and may be called the eavum dextrum.
Anterior to the place where the left atrio-ventricular opening is situated
(Fig. 9, C), we can distinguish three spaces dorsal to the muscular ridge:
(a) the atrium sinistrum intraventriculare (iv.l.a.) completely separated from
the space to its right by an oblique dorso-ventral partition, (b) the anterior
part of the cavum dextrum (c.dm.) and (c) a small cavity between the dorsal
regions of the atrium sinistrum intraventriculare and the cavum dextrum
and proving to be, when traced forwards, the posteriormost extension of the
atrium dextrum intraventriculare (iv.r.a.).
Previous authors (Huxley, Goodrich, O'Donoghue, etc.) distinguished
three chambers in the saurian ventricle, generally called the cavum arteriosum,
the cavum venosum and cavum pulmonale. While retaining the last term, I
have felt it necessary to adopt a new terminology for the rest of the chambers.
The terms 'cavum venosum' and 'cavum arteriosum' imply that the two
chambers designated by them deal with venous and arterial bloods respectively (cf Huxley, 1871, p. 265). As will be shown by me in a later
paper, this is only partially true. I, therefore, prefer to use the non-committal
terms 'cavum dextrum' and 'cavum sinistrum' when the space dorsal to
the muscular ridge is subdivided; and the term 'cavum dorsale' when it is
not or incompletely divided. Such a procedure, besides avoiding the tendency to prejudge the modus operandi of the ventricle on an a priori basis
serves to bring conformity of designation in this matter to all reptiles
including the Loricata.
In Varanus monitor the cavum sinistrum is absent, having been ousted
by the extraordinarily great backward extension of the atrium sinistrum
intraventriculare. Both the cavum dextrum and atrium sinistrum intraventriculare open posteriorly into a single cavity, the cavum dorsale, which
extends backwards as the cavum apicis dorsale. The cavum dorsale communicates downwards over the free edge of the muscular ridge with the cavum
pulmonale, the latter extending posteriorly as the cavum apicis ventrale.
B2

18

Prahlad Narain Mathur

The left part of the cavum dorsale receives blood directly from the
atrium sinistrum intraventriculare, while the right part receives it from the
atrium dextrum intraventriculare through the cavum dextrum. The cavum
pulmonale is a space leading anteriorly to the base of the pulmonary trunk.
(iv) The Region of" the Auricular Apertures.--The atrio-ventricular
openings and their valves have already been described in connection with
the two auricles. It may, however, be emphasized that the opening of the
atrium dextrum intraventriculare (Fig. 7) is situated considerably craniad to
that of the atrium sinistrum intraventriculare (Fig. 9, B). The former leads
into the cavum dextrum and the latter into the cavum dorsale.
(v) The Region of Origin of the Arterial Trunks.-~The exact mode of
origin and disposition of the arterial trunks is indispensable for understanding how the contraction (systole) of the reptilian ventricle distributes
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FIG. 9. Transverse sections through the region of the muscular ridge in Varanus monitor :
A is the most posterior and D the most anterior section ( x 10).
c.d., cavum dorsale ; c.dm., cavum dextrum : c.p,, cavum pulmon~le : cp.p.a., part of the
cavum pulmonale, leading forwards into the base of the pulmonary trunk : ex,l.s, the posterior
extension of that space which leads forwards into the base of the left systemic trunk ; La.v.v.. the
/eft auriculo-ventricular valve; m.r., the muscular ridge; o.s., the oblique septum; other
abbreviations as in previous figures.

the various kinds of blood. Any addition, therefore, to the knowledge of
their minute structure and arrangement, as well as to the valves found in
them, cannot but be useful. If we exclude Rau's careful investigation
B2a
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(1924) in Tiliqua scincoides and the excellent figures of their bases by Bhatia
(1929) in Uromastix hardwickii, there are scarcely any previous observations
on their relationships as revealed in serial sections. Besides their importance in physiological interpretation, the disposition of the arterial bases,
particularly their relationship to the muscular ridge, is of considerable
interest in view of the Goodrich-O'Donoghue controversy. In 1916,
Goodrich claimed that in all the living Reptilia the muscular ridge, called
by him (as well as by O'Donoghue) the intraventricular septum (septum ventriculorum), tends to divide the ventricle " into a left cavity leading to the base
of the right systemic arch, and a right cavity leading to the base not only
of the pulmonary, but also of the left systemic arch ", and that such a subdivision of the Sauropsidan bulbus down to its very root could lead only to
the Avian type, but in no way to the Mammalian. In 1918, O'Donoghue
contested Goodrich's observations on the basis of a study of twenty representative reptiles and concluded that " t h e condition in Ophidia and
Lacertilia are quite different from what is implied by Goodrich ". According to him, " the ventricle in these two groups containing by far the greater
number of living species of reptiles, is indeed partially divided into a right
and left chamber, but the two systemic arches come off from the right side
and the pulmonary arch alone comes off from the left. There is thus a
considerable difference in the relation of the septum to the arterial trunks
between the Ophidia and Lacertilia on the one hand and the Crocodilia and
Chelonia on the other. Not only is there a greater twist on the arterial
trunks, which leave the top of the heart in relatively the same position, while
the pulmonary leaves the ventricle more to the right in the latter, but the
septum is actually situated on opposite sides of the pulmonary artery. In
Ophidia and Lacertilia it lies between the pulmonary and left systemic, while
in Crocodilia and Chelonia, it lies between the pulmonary and right systemicocarotid." In 1919, Goodrich in a rejoinder to O'Donoghue maintained his
point of view but supplemented it further with a mass of new details. In
1924, Rau investigated the structure of the heart of Tiliqua scincoides in order
to check the results of both these authors, and concluded that " the contention of Dr. O'Donoghue in regard to the relation of the interventricular
septum to the ventricular wall is unfortunately based on imperfect data
and his statement concerning the course of blood flow in Lacertilia and
Ophidia is obviously erroneous." While thus supporting Goodrich, Rau
did not express any opinion about the relation of the muscular ridge--the
crux of the problem which had evoked the controversy.
Before trying to adjudge these conflicting viewpoints, it is desirable to
describe accurately the condition in Varanus monitor. When we trace
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forwards the cavities of the ventricle (Fig. 9, D), we find that the puhnonary
trunk (Fig. 10) is the first to be delimited from the surrounding spaces. It
lies ventral to the muscular ridge a little towards the left side and is formed
by a process of closure of the cavum puhnonale. It is clear from a comparison of the sections showing the posteriormost part of its definitive base
(Fig. 10; A) with those in which it is not definitely delimited (Fig. 9, D) that
during the ventricular systole when the muscular ridge would be firmly
applied against the ventricular wall, the pulmonary trunk can receive blood
not from the dorsal spaces but only from the cavum pulmonale and the
cavum apicis ventrale.
Immediately anterior to the place where the base of the pulmonary trunk
is definitely enclosed, the left systemic trunk (Fig. 10, B) gets delimited to

Fra. 10. Transverse section through the base of the arterial trunk in Varanus monitor.
(A) At the place where the base of the pulmonary trunk arises. (B) A little anterier to the
section figured in A. (C) Slightly anterior to the section figured in B. (D) At the level where
all the three arterial trunks are formed. (• 12).
Abbreviations as in previous figures.
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the right of the pulmonary trunk. Its base lies ventral to the space in which
a little anteriorly the right systemic makes its appearance. Traced backwards, the left systemic is found to extend as a narrow space at the free border
of the muscular ridge between the ridge and the ventricular wall. Evidently,
therefore, during the ventricular systole when the ridge is pressed strongly
against the wall, this trunk is virtually closed and can receive blood only
from its dorsal side through the base of the right systemic where it is open,
The right systemic arch is the anteriormost to be enclosed definitively
(Fig. 10, C). It arises dorsal to the left systemic but it shows many important features. In the first place, its base is continuous posteriorly with the
cavum dextrum. As the latter lies dorsal to the muscular ridge, the right
systemic cannot be shut off from this space during the ventricular systole.
Secondly, the right systemic receives blood from the atrium dextrum intraventriculare by a large aperture on its dorsal side. Thirdly, the base of this
trunk opens downwards into the left systemic arch.
Thus, although the origin of the pulmonary trunk from the space
(cavum pulmonale) ventral to the muscular ridge agrees with the description
of the previous authors, there are some differences worth noting about the
other two arches. Goodrich originally (1916) believed that the muscular
ridge in reptiles lies between the pulmonary and left systemic arch on the one
hand and the right systemic on the other, while O'Donoghue (1918) stated
that in Sauria the " left chamber" ( = Cavum pulmonale) gives off only the
pulmonary artery, and both the systemic arches come off from the "large
right chamber" ( = the space dorsal to the muscular ridge). 3 Later (1919),
Goodrich modified his position to some extent and remarked that in the
Testudinata " t h e left arch receives most of its blood from the cavum
pulmonale ", but in the Sauria and Serpentes " by an extra twist upwards of
the base of the left systemic arch its ostium comes to lie close to that of the
right arch and dorsally to the free edge of the septum, thus receiving more
of the arterial blood." Contrary to these views the left systemic trunk in
Varanus monitor lies neither dorsal nor ventral to the ridge, but at its free
border. Thus during sytole when the muscular ridge is adpressed to the
opposite wall it would be cut off from the cavum pulmonale, receiving
blood only from the dorsal space.
Bhatia (1929) has figured and described the valves in the bases of the
aortic trunks in Uromastix hardwickii and has compared them with those
found in Sphenodon punctatus (O'Donoghue, 1920). He finds that " e a c h of
a O'Donoghue's schematic representation of the condition in Ophidia and Lacertilia (his
Fig. 3, C and D), however, show the right systemic trunk situated at the free border of the ridge.
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the three trunks is independently provided with a pair of semilunar valves,
which are formed from the lining membrane, strengthened by fibrous tissue.
They are attached by their convex margins to the wall of the vessel, and their
free borders are directed forward in the lumen. The free and attached
margins are strengthened by tendinous fibres."
The corresponding valves in Varanus monitor (Fig. 10) bear an unmistakable resemblance to t h e figures given by Bhatia for Uromastix hardwickii. I might, however supplement his description of them on the basis
of a study of horizontal, longitudinal, as well as transverse sections.
The valves of the pulmonary trunk are the most posteriorly situated,
those of the left systemic lie some distance anterior to them, and the ones
pertaining to the right are the anteriormost. Posteriorly, the valves form a
pair of more or less vertical septa (Fig. 11), attached by their posterior

Flo. 11. Horizontal longitudinal section thlough the heart of Varanus monitor showing
the origin of the pulmonary and left systemic trunks with their valves. (• 8).
v.p.a., valves of the pulmonary trunk; Other abbreviations as in previous figures.

convex borders in such a way as to separate, within the base of the aortic
trunk, two lateral chambers from a central one (Fig. 10). Each lateral
chamber forms a cul-de-sac opening only forwards into the lumen of the
trunk. The central chamber is a laterally compressed, almost vertical space,
communicating dorsally and dorso-posteriorly with the ventricular cavity.
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All these, chambers lead forwards into the root of the aortic trunk. The
valves, as pointed out by Bhatia in Uromastix hardnickii (1929), are semilunar in appearance ; their straight borders are directed anteriorly and are
free, while their convex borders are attached to the ventricular wall at the
place of origin of the aortic trunk.
The arterial trunks, as is usual in reptiles, shift in their relative positions
to each other as they run forwards on the ventral aspect of the heart and
emerge from the pericardial cavity. The pulmonary trunk changes from its
ventro-sinistral position to a dorsal one, the left systemic trunk twists over
from its origin on the right ventral side to the left side, and the right systemic
descends from its dorso-lateral position on the right side to the definitely
lateral position on the right.

9.

Summary

The author has studied the minute structure of the heart in Varanus
monitor (Linn.) by means of transverse and longitudinal sections supplemented with dissections under a microscope and has thereby added a considerable number of new facts to our knowledge of this organ. The more
important facts are as follows:
(1) The manner of opening of the sinus venosus into the right auricle
has been minutely described in Varanus monitor. A suspending ligament
(nom. nov.) ~ and a sinu-atrial channel (nom. nov.) are features not hitherto
described in any lizard.
(2) The incorporation of the posterior parts of the two atria into the
lumen of the ventricle as atrium dextrum intraventriculare (nora. nov.) and
atrium sinistrum intraventriculare (nora. nov.) is an important feature,
described for the first time in any vertebrate heart.
(3) The atrium sinistrum intraventriculare in Varanus monitor extends
far backwards in the lumen of the ventricle, and the definitive left atrioventricular aperture (distinguished by the presence and position of its valves) opens
much posteriorly into the cavum dorsale (nom. nov.) on the left side. There
is no cavum sinistrum (nom. nov.) in the ventricle.
(4) The four regions of the ventricle, recognised in Hemidactylus
flaviviridis by Mahendra (1942), are present in Varanus monitor also, but
it is found that they are subject to a great deal of shifting in their relative
position.
4 The new names introduced by the author are distinguished by the abbreviation, n o m . nov.
( = n o m e n n o v u m ) , inserted in brackets after them.
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(5) The apical region of the ventricle is divided into a dorsal space,
the cavum apicis dorsale (nom. nov.) and a ventral space, the cavum apicis
ventrale (nom. nov.) by a horizontal septum.
(6) Careful study of transverse sections leaves no doubt that the muscular ridge (' Muskelleiste ' of German Workers) in Varanus monitor as well as
in other reptiles cannot be regarded as a dorso-ventrally disposed structure,
as was believed by previous authors, but extends horizontally, arising as a
conspicuous ledge-shaped structure from the lower part of the left wall of
the ventricle and having its free border towards its right. The identification
of this ridge as the septum ventriculorum in its entirety (Goodrich, 1916 and
O'Donoghue, 1918) has been criticised.
(7) While, retaining the term 'cavum pulmonale ', used by previous
workers, it has been found necessary to give up the terms' eavum arteriosum '
and 'cavum venosum' as they refer to the kinds of blood, though not quite
correctly, they are assumed to deal with and affect, a priori, the interpretation of the modus operandi of the ventricle. When the space dorsal to the
muscular ridge is single and undivided, it is designated by the author as the
cavum dorsale. In certain cases, however, it may be completely or incompletely divided into a right and a left part (cavum dextrum, nora. nov.
and cavum sinistrum, nom. nov,).
(8) A detailed description of the exact position of the atrio-ventricular
apertures and of the disposition of their valves is given.
(9) The pulmonary trunk is the posteriormost to be delimited by an
enclosure of the cavum pulmonale. A little anterior to this, the left systemic
trunk gets enclosed between the free border of the muscular ridge and the
opposite wall of the ventricle. The base of the right systemic lies dorsal
to that of the left and is formed by an anterior extension of the cavum
dorsale.
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Description Anatomique d'un crocodile.

