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Abstract

tracted the attention of many of the embryologists
because of its special character where it has a short
life cycle (16 to 17 days incubation period unlike that
of the chick embryos which are 21 days, and ap

In this study the morphological changes of the developing 100 heart tubes and formation of the heart
regions in Quail embryos were examined from the
first till the fourth day of development. Special dissecting tools were prepared and used for dissecting
the embryos, normal histological techniques for the
histological study were adopted and the binocular
stereomicroscope, inverted microscope and light
microscopes were used.

proximately 42 days are required from hatching to
reach the sexual maturity) and the large number of
eggs that obtained per female in one year " up to
300 or more " (Sainsbury, 1992).
The interest taken by the embryologists in the heart
development arises mainly from the fact that the
heart is the first organ of vertebrate embryos begins
to function during embryonic development. Furthermore, it is unique in that it becomes physiologically
active before its morphogenesis is completed.
(Schoenwolf et al., 1995; Icardo, 1996; Cooke and
Issac, 1998; Harvey, 1998; Beddington and Robertson, 1999).

The study proved that the cardiac looping of the
Quail embryos, like that of the chick embryos, took 3
stages but occurred earlier: the straight heart tube of
the quail was formed at about 24-26 hours of the
development. The stage of dextral looping took the
period between 26 and 40 hours of the development. The Transformation of the C-shaped heart loop
into the S-shaped heart loop started at 39-40 hours
and finished at 52-55 hours of the development. The
process of cardiac looping was accompanied by
formation of the heart regions and followed by positional changes and disappearance of the Bulbus
cordis.

The history of research on the developing heart
traced back for more than 300 years (Malpighi,
1672; Haller, 1758; Wolff, 1764; Pander, 1817; His,
1881, 1885). Haller (1758) seems to be the first one
who noted that the embryonic heart passes through
a developmental phase where it shows the morphology of a loop. Since then, the term "heart loop" has
been used in the embryological literature when characterizing the morphology of the early embryonic
hearts.

The results obtained are important for the embryologists using the quail-chick chimera system in the
development. Both quail and chick embryos used in
this system must be
at the comparable not the same ages of the development to avoid the malformations resulted from
using the miss ages.

Studying the embryonic heart development helps the
pathologists to answer their questions about the abnormalities of the heart, for example, topographical
anomalies of the heart chambers (ventricular inversion) might be explained by the abnormal lateralization of the embryonic heart loop to the left instead of
to the right of the body (Lewis and Abbott, 1915,
1916; Van Praagh, 1972).
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Introduction
For several decades, the chick embryos considered
as the ideal object for embryological studies, but
during the past few years the quail embryos at
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The aim of this study is to trace the external morphological changes of the heart tube and its different
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regions of the quail embryo and to notice if there are
any differences between it and other bird species,
especially chick embryos. These data are useful for
embryologists interesting recently with the quailchick chimera system (transplantation) applications
in the developmental study (Long et al., 2001; Männer et al., 2001; Etchevers et al., 2002; Luttun and
Carmeliet, 2003; Dupin and Le Douarin, 2003; Le
Douarin, 2004; Creuzet et al.,-2005).

the primordium of the apical trabeculated region of
Ventriculus dexter. This heart tube is connected
cranially with the Aorta ventrale and caudally with
the Vena omphalomesenterica (Figs. 1).
(2)Transformation of the straight heart tube into
the c-shaped heart loop (Dextral-looping)
Subsequent to its first appearance, the straight heart
tube shows a rapid elongation along the craniocaudal axis of the embryo leading to the deepening
of the left border of the heart which is the first sign of
the dextral looping (Figs. 2).

Material and Methods
Two hundreds Fertilized eggs of the Japanese quail
(Coturnix coturnix japonica) were used in this study.
The eggs were kept at 10 – 15°C before use (up to
one week). Then it were incubated at 60% relative
humidity and 37°C until the day of hatching.

There is not only a slight increase in the craniocaudal length at about 28 hour of the development, but
also an increase in the diameter that is especially
pronounced at the caudal two thirds of the heart
tube. This process appears to be the first morphological sign of a regional differentiation into a less
thickened cranial outflow portion or Bulbus cordis
and a more thickened caudal portion or Ventriculus
primitivus (Fig. 2). At the same age, the Atrium primitivum begins to appear caudal to the Ventriculus
primitivus.

Dissection and manipulation of the quail embryos
from the first till the fourth day of development was
performed under binocular stereo microscope. The
heart area was exposed and the external morphological changes of the developing heart were investigated and photographed under stereo and inverted
microscopes.

The regional differentiation of the heart tube into
Bulbus cordis, Ventriculus primitivus and Atrium primitivum becomes more prominent at subsequent
steps of dextral-looping. At about 30 hour of the
development, a furrow, the Sulcus bulboventricularis, appears at the junction between the Bulbus
cordis and Ventriculus primitivus. Another furrow,
the Sulcus Atrioventricularis, appears between the
dilated Atrium primitivum and the Ventriculus primitivus (Figs. 3).

Preparation of tools for dissection:
The middle part of the glass rod of 5 mm diameter
heated over the flame of a Bunsen burner until it
began to melt. Then after the glass bar was removed from the flame and its two ends were quickly
pulled apart to form a thread. The glass thread was
cut at the middle to form two glass bars, each of
them with one sharp end. The sharp end was heated
over the Bunsen burner and then further extended
with a pair of forceps to form a long thin sharp end
enough for dissection. Also we adopted this method
with the glass Pasteur pipette and the sharp edge of
the anterior end resulted from the melting and the
pulling process used in the microscopic dissection.

The positional and morphological changes of the
Ventriculus primitivus can be followed using the
original ventral midline of the straight heart tubes
as a landmark. Thereby, it becomes apparent that
the Ventriculus primitivus bends in fact toward its
original ventral side. The bending portion of the
heart tube simultaneously flaps to the right like a
door whose imaginary hinge points are being fixed
to the craniocaudal axis of the embryo (Figs. 4 , 5).
Thus, the original ventral and dorsal sides of the
straight heart tube become the convex right and
concave left sides respectively. The original left
and right sides of the straight heart tube become
the ventral and dorsal sides respectively. Rightward flapping of the Ventriculus primitivus is usually
completed at 39 hour of the development. However
it may extend to 48 hour of the development.

The terminology which is applied to various parts of
the developing quail heart was adapted from Nomina Veterinaria Embryologica (2006). However, the
listed abbreviations for our figures were freely used
as possible as we can to identify the different components of the developing quail heart.

Results
(I) Formation of the straight heart tube
The first morphological manifestation of the
straight heart tube in the quail is found at about 24
– 26 hour of the development. The heart tubes of
this stage consist only of the Ventriculus primitivus,
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The end of the rightward flapping process is accompanied by the first morphological manifestation of
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the Sinus venosus which is located caudal to the
Atrium primitivum and is separated from it by the
Sulcus sinoatrialis (Fig. 4).
Because of the rightward flapping of the Ventriculus
primitivus and the dilatation of the Atrium primitivum,
a considerable elongation occurs to the junction between the two previous regions at about 38 hour of
the development called Canalis atrioventricularis
which becomes apparent at the subsequent steps
of the development (Fig. 4).

tivum towards its definitive position caudal to
the atria by carrying of the Ventriculus primitivus over the dextral side of the Atrium primitivum (Figs. 6, 7, 8). These events commence
at 40 - 48 hr of the development and finish at
52 – 55 hours of the development.
These morphological changes are accompanied by the enlargement of lateral expansions
of the atrial region (Fig. 8); by the movement
of the Sinus venosus from its original position
caudal to the atria toward its definitive position
dorsal to the atria (Fig. 9); by the disappearance of the former Left lateral furrow; and by
general growth of the heart tube.

The heart loop of this stage, therefore, is composed
of four morphologically distinguishable components.
These are in caudocranial sequence: (1) the
Atrium primitivum; (2) the Ventriculus primitivus
bend that is subdivided by the original "left" lateral
furrow into a proximal and a distal portion; (3) the
Bulbus cordis; and (4) the Sinus venosus.

(4) Positional changes of the Bulbus cordis
The period following the establishment of the sshaped heart loop is characterized mainly by two
morphogenetic events: (1) the morphological appearance of the tubular anlage of the future great
arteries (Truncus arteriosus) at the arterial pole of
the heart at 50 – 52 hours of the development (Fig.
8) and (2) the shift of the proximal two thirds of the
Bulbus cordis from cranial to the atria toward its
definitive position ventral to the Atrium dextrum
(Fig. 10).

Dextral-looping or formation of the c-shaped heart
loop is commonly said to be finished with completion of the rightward flapping/lateralization of the
Ventriculus primitivus. However, it becomes apparent that the Ventriculus primitivus bend is not the
only region of the heart tube that becomes displaced to the right of the body. Soon after completion of the rightward flapping of the ventricular
bend, the Bulbus cordis also becomes displaced to
the right. This process differs from the rightward
displacement of the Ventriculus primitivus bend.

(5) Disappearance of the Bulbus cordis
During the period between 60 - 75 hours of the development, the Sulcus bulboventricularis gradually
disappears as the proximal part of the Bulbus cordis
is incorporated into the Ventriculus primitivus, while
the distal part of the Bulbus cordis becomes the
proximal part of the Truncus arteriosus. The part of
the ventricle that narrows abruptly to give rise to the
Truncus arteriosus is termed the ventricular cone or
Conus arteriosus (Figs. 10, 11, 12).

The Bulbus cordis does not bend but remains an
almost straight tube. During rightward flapping of
the Ventriculus primitivus bend, the longitudinal axis
of the Bulbus cordis still runs parallel to the craniocaudal axis of the embryo. Flapping of the Ventriculus primitivus bend does not lead to lateralization of
the Bulbus cordis but merely to a torsion between
its caudal and cranial ends (Figs. 4, 5).

(6) External division of the heart chambers
At about 30 hours of the development, the Ventriculus primitivus begins to be demarcated from the
Bulbus cordis by the Sulcus bulboventricularis and
from the atrium by the Sulcus atrioventricularis (Fig.
3). These grooves become clearly apparent at
about 38 - 40 hours of the development (Fig. 4). At
about 48 hour of the development, the ventricle loses its former U-shaped configuration and becomes
quite saccular (Fig. 6).

The displacement of the Bulbus cordis to the right is
best described as rightward "kinking". Thereby, the
longitudinal axis of the Bulbus cordis shifts from its
original vertical direction to an almost horizontal
direction.
(3)Transformation of the c-shaped heart loop
into the s-shaped heart loop:
The period following dextral-looping is characterized mainly by two morphogenetic events:
(1) shortening of the distance between the
caudal wall of the Bulbus cordis and the cranial wall of the Atrium primitivum which begins
at 39 - 40 hr of the development (Fig. 5). (2)
the shift of the Ventriculus primitivus bend from
its original position cranial to the Atrium primi-
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The first external indication of the internal division of the Ventriculus primitivus into right and
left ventricular chambers appears at about 60 63 hours of the development, when a slight
groove, originating on its inner curvature, extends caudal and to the right on its ventral sur-
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face called Sulcus interventricularis (Fig. 10).
As this Sulcus interventricularis becomes deeper (Figs. 12,13), it divides the ventricle unequally, so that, the left side is larger than the
right one. During the fourth day of the development, the right side of the ventricle starts to
expand (Figs. 15c; 16b), and by later development of the heart, the Sulcus interventricularis
becomes less apparent as the muscular wall of
the heart grows thicker (Figs. 17b; 18).

Dextral-looping was originally believed to result from
the combined action intrinsic and extrinsic to the heart
tube. Patten (1922) claimed that the heart tube was
forced to bend because its growth in craniocaudal
length exceeded that of the concomitant increase in
distance between the fixed arterial and venous ends
of the heart. This bending must be laterally because
of the further restrictions which impart the growth of
the heart dorsally by the body of the embryo and
ventrally by the yolk.

The Atrium primitivum incorporates into the
heart at 28–30 hours of the development (Figs.
2,3), and begins to expand laterally at 38–40
hours of the development (Fig.4,5). Its expansion, which is marked on the left side, deepens
the Sulcus atrioventricularis (Fig. 6).

Another concept favoring the combined action of extrinsic and intrinsic forces tried to explain the lateralization of the ventricular bend by asymmetric routing of the blood flow to the venous end of the heart
(Roux, 1895; Spitzer, 1851). On the contrary, Manning and McLachlan (1990) proved that the cardiac
looping is a process primarily intrinsic to the heart and
Manasek and Monroe (1972) showed that the dextrallooping was not prevented by arresting the circulation of early chick embryos.

As the atrium grows, it tends to expand on either
side of the depression made in it by the pressure of
the Truncus arteriosus (Figs. 11, 12). A longitudinal
groove appears on the cranio-ventral surface of the
atrium, marking the location of the Septum interatriale (Fig. 11), so that, the Bulbus cordis and the
Truncus arteriosus gradually sink down between the
two enlarged atria. By later development of the heart
the Bulbus cordis disappears, as mentioned before,
leaving the Truncus arteriosus alone in the sulcus
(Figs. 15,16).

The present study supported the hypothesis of the
two latter authors that the cardiac looping is a process primarily intrinsic to the heart not an extrinsic one.
The existence of a relationship between the formation
of the embryonic head flexures and the cardiac looping has been confirmed experimentally. Stiffening the
embryonic head and neck regions with a straight hair
prevented the formation of the cranial and cervical
flexures. It also concomitantly suppressed the caudal
shift of the ventricular bend and the shortening of
the distance between the caudal wall of the Bulbus
cords and the cranial wall of the Atrium primitivum
(Männer et al., 1993). His (1881) and Patten (1922)
suggested that the latter two events resulted from the
compression of the heart loop by the bending of
head and neck regions. On contrast, Waddington,
(1937); Flynn et al., (1991) supported the view, that
the cervical region is flexed by the caudal shift of the
ventricular bend. Recent experiments disproved this
idea by showing that the heart-deprived chick embryos will form the cervical flexures, indicating that
the cervical flexure formation is not caused by the
caudal shift of the ventricular bend (Männer et al.,
1995).

All these previous events are accompanied by general growth of the heart and by gradual expansion
of the ventricular bend and primitive atria, which
eventually lead to: firstly, loss of the original tubular
character of the heart by gradual disappearance of
the original lateral furrow (Figs. 13, 14, 16b) and
shortening of the Canalis atrioventricularis (Fig.
17a); secondly, formation of the four-chambered
heart where the atria are directed dorsally forming
the base of the heart and the ventricles are directed ventrally forming the apex which is formed
by the Ventriculus sinister (Figs. 17a; 17b); and
finally, the gradual increase of the cardiac musculature to reach the adult quail heart shape.

Discussion
Mechanism of the cardiac looping:
The results of the present study agreed with that of
Männer (2000) on the chick embryo heart who
claimed that, the cardiac looping is not only dextrallooping (c-shaped heart loop) but also is followed by
the transformation of the c-shaped heart loop into the
s-shaped heart loop, and the late positional changes
of the Bulbus cordis.

J. vet. anat.

It is, therefore, conceivable that the bending of head
and neck regions of the embryo to the heart loop
might indeed be responsible for the positional
changes characterizing the stage of transformation
of the c-shaped heart loop into s-shaped heart loop,
a view which we also support.
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The mechanisms involved in the positional
changes of the Bulbus cordis is still mistry. It might
be interesting that the morphological appearance
and elongation of the Truncus arteriosus coincides
with the ventral shift of the Bulbus cordis, suggesting
that the growth of the Truncus arteriosus is related to
the late positional changes of the heart loop.

mentioned by Romanoff (1960). The narrowing part
of the ventricle which is formed after the disappearance of the Bulbus cordis and gave rise to the Truncus arteriosus is termed the Conus arteriosus.
Romanoff (1960) said that the process of incorporation of the Bulbus cordis into the ventricle in the
chick embryo heart is continued till the end of the
seventh day or sometimes during the eighth day of
the development. While in the quail embryo, this
process of incorporation is finished during the
fourth day of the development.

Time of the cardiac loop development:
Romanoff, (1960) and Patten (1964) found that the
straight heart tube of the chick embryo is formed at
about 32-33 hr of the development. Our result on
the quail embryo heart claimed that the straight
heart tube is formed at about 24-26 hr of the development.

Conclusions
1- Principally, there are no different morphological changes between the quail embryo
heart development and the chick embryo
heart development.

Romanoff, (1960); Patten (1964); Patten and Carlson (1974); Männer (2000) mentioned that the stage
of dextral looping lasts 33-49 hr of the development,
while in the quail embryo heart it takes the period
between 26 and 40 hours.

2- The cardiac looping process of the developing quail heart occur earlier than that of the
developing chick heart.

Männer (2000) concluded that transformation of the
c-shaped heart loop into the s-shaped heart loop
begins at 49 hr of the development and ends at 69
hour. In the present study, this stage of the development starts at 39-40 hr and finishes at 52-55
hour.

3- The heart regions of the developing quail
heart are formed earlier than that of the developing chick heart.
4- The most critical period of the heart development is the early stages which include
the looping of the heart tube, and the differentiation of the heart regions. The heart
needs these events to begin to beat even
before the internal morphological changes
have been established.

These previous expected findings are not strange
because of the short period of the incubation of the
quail embryo (16 to 17 days) unlike that of the chick
embryos which lasts 21 days. So, it is expected to
find the external changes of the developing quail
heart to occur earlier than that of the chick heart.

5- The results obtained are important for the
embryologists using the quail-chick chimera
system in the development. Both quail and
chick embryos used in this system must be
at the comparable not the same ages of the
development to avoid the malformations resulted from using the miss ages.

Mystery about the Bulbus cordis:
Romanoff (1960) reported that the Sulcus bulboventricularis gradually disappears as the proximal part
of the Bulbus cordis is incorporated into the ventricle, while the distal part of the Bulbus cordis becomes the proximal part of the Truncus arteriosus.
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Figure 1: Ventral view of the cardiac region of a quail embryo of about 24–26 hr of incubation photographed under an inverted microscope showing the formed heart tube with only Ventriculus primitivus (VP) region which is connected cranially with
the Aorta ventrale (AV) and caudally with the Vena omphalomesenterica (VO) (X 40).
Figure 2: Dorsal view of the cardiac region of a quail embryo of about 28 hr of incubation photographed under an inverted
microscope showing bending of the heart tube toward the right side forming u-shaped heart tube. The Bulbus cordis (B) and
the Atrium primitivum (AP) are distinguished cranial and caudal to the Ventriculus primitivus (VP) respectively (X 40).
Figure 3: Ventral view of the cardiac region of a quail embryo of about 30 hr of incubation photographed under an inverted
microscope showing not only increasing in the craniocaudal length of the heart tube which leads to increasing in the twisting
process toward the right, but also increasing in the diameter which lead to illustration of the heart regions which are separated
from each other by grooves (indicated by arrows) (X 40). Black arrow = Sulcus bulboventricularis, White arrow = Sulcus atrioventricularis, AP = Atrium primitivus, VP = Ventriculus primitivus, B = Bulbus cordis, VO = Vena omphalomesenterica.
Figure 4: Sinstro-dorsal view of the cardiac region of a quail embryo of about 38 hr of incubation photographed under an inverted
microscope showing right ward flapping/lateralization of the Ventriculus primitivus (VP) accompanied by addition of the Sinus venosus (SV) to the venous pool which separated from the atrium by Sulcus sinoatrialis (indicated by black arrow) and appearance
of a long narrow part called Canalis atrioventricularis (CA) between the atrium and the ventricle (X 40).
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Figure 5: Dextro-dorsal view of the cardiac region of a quail embryo of about 39 hr of incubation photographed under an inverted microscope clearing the right ward flapping process and shortening the distance between the Bulbus (B) and the Canalis atrioventricularis (CA) until become close together to form c-shaped heart loop (X 40).
VP = Ventriculus primitives, AD = Atrium dexterum.
Figure 6: Sinstral view of the cardiac region of a quail embryo of about 48 hr of incubation photographed under an inverted
microscope showing transformation of the c-shaped heart loop into s-shaped heart loop and elongation of the Canalis atrioventricularis (CA) (X 40).
B = Bulbus cordis, VP = Ventriculus primitives, AS = Atrium sinstrum, SV = Sinus venosus.
Figure 7: Sinstral view of the heart of a quail embryo of about 50 hr of incubation photographed under an inverted microscope showing the movement of the Ventriculus primitivus (VP) over the Atrium primitivum (AD) toward its definitive position.
The long part connected to the Bulbus cordis is called Truncus arteriosus (TA) (X 40).
B = Bulbus cordis, CA = Canalis atrioventricularis, VP = Ventriculus primitives, AS = Atrium sinstrum, AD = Atrium dexterum,
SV = Sinus venosus
Figure 8: Sinisral view of the cardiac region of a quail embryo of about 52 hr of incubation photographed under an inverted
microscope showing the shift of the Ventriculus primitivus (VP) from its original position cranial to the atrial region toward its
definitive position caudal to it to form s-shaped heart loop. (X 40). TA = Truncus arteriosus, B = Bulbus cordis, CA = Canalis
atrioventricularis, VP = Ventriculus primitives, AD = Atrium dexterum, SV = Sinus venosus.
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Figure 9: Caudal view of the heart of a quail embryo of about 55 hr of incubation photographed under an inverted microscope showing the shift of the Sinus venosus (SV) from its original position caudal to the atrial region toward its definitive position dorsal to it, and the shortening of the Canalis atrioventricularis (CA) (X 40). VP = Ventriculus primitives, AD = Atrium dexterum, AS = Atrium sinstrum.
Figure 10: Dextro-caudal view of the heart of a quail embryo of about 63 hr of incubation photographed under an inverted
microscope showing the diminishing of the Bulbus (B) size where its proximal part incorporates into the Ventriculus primitivus
(VP) and the distal part becomes the proximal part of the Truncus arteriosus (TA), and the appearance of the Sulcus interventricularis (indicated by the white arrow). The internal wall of the Ventriculus primitivus shows the beginning of trabecular formation (indicated by the dark dots in the wall of the ventricular region) (X 40).
Figure 11: Sinistral view of the heart of a quail embryo of about 72 hr of incubation photographed under an inverted microscope showing continuous diminishing of the Bulbus (B) size. The Sinus venosus (SV) become dorsal to the atrium. The Truncus arteriosus (TA) shows internal devision, and the internal wall of the Ventriculus primitivus (VP) shows extensive trabecular
formation (indicated by the dark dots in the wall of the ventricular region) (X 40).the pink arrow refers to the longitudinal groove
on the ventrocephalic surface of the atrial region which marks the location of the Septum interatriale.
Figure 12: Sinistral view of the heart of a quail embryo of about 74 hr of incubation photographed under an inverted microscope showing disappearance of the Bulbus. The part that narrows abruptly to give rise to the Truncus arteriosus (TA) is
termed the Conus arteriosus (C). The Septum aorticopulmonale is achieved by the proliferation of the two opposing endocardial ridges (ER) of the Truncus arteriosus (TA) (indicated by the black arrows).The Ventriculus primitivus (VP) start to divides
into two chambers by the coalescence of the Trabeculae carneae (TC) to form the Septum interventriculare (SIV) which is
indicated externally by the Sulcus interventricularis (indicated by the white arrow) (X 40). AS = Atrium sinstrum, CA = Canalis
atrioventricularis, VS = Ventriculus sinister.
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Figure 13: Sinisral view of the heart of a quail embryo of about 76 hr of incubation photographed under an inverted microscope showing the continuous development of the Septum aorticopulmonale (SA) (indicated by the pink arrows), and continuous development of the Septum interventriculare (SIV), so, the Sulcus interventricularis becomes deeper (indicated by the
white arrow) (X 40).
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