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Ahstract : The human respiratory system begins to form about day 26-27 after fertilization. It is
first indicated by a median laryngotracheal groove in the caudal and ventral wall of pharynx. The
endoderm which lines the laryngotracheal groove gives rise to the epithelium and glands of the larynx,
trachea, bronchi and the pulmonary lining epithelium. The connective tissue, the cartilage and the smooth
muscle of these structures develop from the splanchnic mesoderm surrounding the forgut, In studying the
development of the respiratory system at the Department of Anatomy, Siriraj Hospital, medical students
should trace the serial section of 10 mm. pig embryos. In deing this, they will be able to observe the
laryngotracheal groove at the floor of the pharynx and when tracing the sections caudally, they will be
able to observe the trachea, esophagus and the bifurcation of the trachea forming primary bronchi as well
as smaller branches of bronchi. The present study attempts to show the development of the respiratory
system of rabbit embryos in order to find the most suitable stage for use as a laboratory model for medical
students’ embryological studies. A 12 mm. rabbit embrye can be used instead of a pig embryo for studying
the development of the respiratory sysiem, as nowadays pig embryos are not available.
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INTRODUCTION

The lower respiratory system begins to form
during the fourth week of development, Tt is first
indicated by a median laryngotracheal groove in the
candal end of the veniral wall of the primitive pha-
rynx. As this groove deepens Lo form diverticulum,
it becomes invested with the splanchnic mesenchyme,
The endoderm, which lines the laryngotracheal
diverticulum, gives rise to the epithelium and glands
of the larynx, trachea, bronchi and pulmonary lining
epithelium. The connective tissue, cartilage and
smooth muscle of these structeres develop from the
splanchnic mesenchyme surrounding the foregut.

The laryngotracheal diverticulum soon
becomes separated from the primitive pharynx by
longitudinal trachenesophageal folds, These folds
fuse to form a tracheoesophageal septum which
divides the foregut into a ventral portion, the laryn-
gotracheal tube and a dorsal portion, the esophagus.
The opening of the laryngotracheal tube into the
pharynx becomes the inlet of the larynx or laryngeal
aditus.

The bulb-shaped lung bud at the caudal end
of the laryngotracheal tube soon divides into two
knaob-like bronchial buds which grow laterally nto
the pericardioperitoneal canals, the primordia of the
pleural cavities, Together with the splanchnic mes-
enchyme, the bronchial buds differentiate into the
bronchi and their ramifications o the lungs.

Early in the [ifth week, each bronchial bud
enlarges to form the primordium of the primary bron-
chus. The embryonic right bronchus is slightly larger
than the left one and is oriented more or less verti-
cally; this embryonic relationship persists after birth,
The primary bronchi subdivide into secondary bron-
chi. Each secondary bronchus subsequently under-
goes progressive branching to form the tertiary or
scgmented bronchi, ten in the right lung and eight or
nine in the left lung, Each teruary bronchus with its
surrounding mesenchyme is the primordium of a
bronchopulmonary segment. By 24 wecks, about 17
orders of branches have developed, An additional
seven orders of airways develop after birth.

Ms the bronchi develop, cartilagenous plates
develop from the surrounding splanchnic mescn-
chyme, The bronchial smooth muscle, connective
tissue and capillaries are also derived from this mes-
enchyme,

The terminal sacs, which develop about 26
weeks aller conception and were initially lined with
cuboidal epithelium, begin o attenuate into squa-
maus epithelium, By this time, the capillary networks
have proliferated close to the alveolar epithelium,
The lungs are usually sulliciently well developed 1o
permil survival of the feius if they are capable to
function immediately at birth, To be capable of res-
piration, the lungs must acquire an alveolocapillary
membrane that is sufficiently thin and have an
adequate amount of surfactant'.

In understanding how the lungs form, the
Embryology Division, Department of Anatomy,
Siriraj Hospital prepares serial section slides of a 10
mm. pig embryo for use as the laboratory models.
Students should trace the slides cephalocaudally from
the pharyngeal level down.  They will become fa-
miliar with the laryngotracheal groove, the separa-
tion of trachea and esopahgus by the tracheoesoph-
ageal septum, then the bilurcation ol the right and
left lung buds. The pig embryo is a very good model
Tor Taboratory study and enhances understanding of
organ formation. It is regretable that pig embryos are
not easily available nowadays for making new slides.
Thus, the study of embryo development in other
mammals in order to {ind a substitute [or the use of
pig embryos may be useful for the future. This study
was therefore done to illusirate the development of
the lower respiratory system in the rabbit embryo, If
rabbits and pigs develop in a similar manner, the rab-
bit embryo can also be use as a laboratory medel for
medical education of Embryology,

MATERIALS AND METHODS

The maternal rabbits (Oryctolagus cunic-
fus) with their embryos were obtained from the
Department of Animal Laboratory, AFRIMS. They
were bred and later fed untl 12 and 15 days follow-
ing conception. Al these respective stages, the ma-
ternal rabbit was injected with an overdose of an an-
esthetic drug. A low midline incision was done. The
uterus with its proper stage of embryos was dissected
from the abdominal cavity. Each embryonic mass
was separated from the other and placed in Bouin's
solution for fixation for at least 24 hours. The pro-
cess of removing the excess fixative was done by
placing it in 7086 ethyl aleohol. The solution was
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changed daily until the fixative was entirely re-
moved, which was determined by observing the color
of specimens which gradually changed from yellow
o white. The embryos were dissected from the uteri
and placed in 70% ethyl alcohol. They were then
dehydrated, cleared, embedded and serially sec-
tioned, The mounted sections were stained with he-
matoxylin. The laryngotracheal groove was observed
and traced downward under a light microscope, The
lung development of the 12 mm. rabbit embryo was
compared with that of a 10 mm. pig embryo.

RESULT

1. The 12 mm. rabbit embryo

At the caudal part of the pharyngeal region,
the pharyngeal cavity converges so that it becomes
smaller than the upper part, broadens side (o side and
narrows anteropasteriorly, The pharynx situates ven-
trally to the notochord and is surrounded by the
splanchnic mesoderm. A groove forms in the floor of
the pharynyx and is called the laryngotracheal groove.
The groove lengthens caudally, while the dense
splanchnic mesenchyme surrounding the pharynx
and the groove form a fold, known as the tracheoe-
sophageal fold. The mesenchyme surrounding the
pharynx appears to be densely arranged in a circular
area, Lateral to this area, the sixth aortic arches branch
from the pulmonary trunk to join the paired dorsal
aorta. The left one joins the left dorsal aorta, which
becomes the ductus arteriosus. In a more lateral
direction to both sides are the commaon cardinal veins.
Ventral to the pharynx and the laryngotracheal groove
is the heart in the pericardial cavity.

Tracing the sections caudally, the pharynx
is narrower and the tracheoesophageal folds of both
sides fuse to form the mesenchymal septum, the tra-
cheoesophageal septum. The septum separates the
esophagus dorsally from the tubular trachea ven-
trally. Both esophagus and trachea are longitudinal
tubes which are lined by rather columnar epithelium.
The splanchnic mesenchyme surrounding both tubes
is rather dense. The vagus nerve, which should be
situated between both tubes is not clearly distinet,
Daorsolaterally 1o the esopahgus is the dorsal aorta
and maore laterally is the large common cardinal vein,
The heart occupies the pericardial cavity and the
plenral cavity is not formed at this level,

Tracing the sections more caudally, the tra-
chea bifurcates to form the right and left main bron-
chi. The right one soon develops more branching to
form the secondary bronehi. The esophagus situates
between both bronchi and attaches to the dorsal body
wall by the mesoesophagus. The developing lung
situates in the pleoral cavity which stll joins with
the peritoneal cavity by the pleuroperitoneal com-
munication. Ventral to the forming lung is the liver
in the peritoneal cavity.

2. The 10 mm. pig embryo

At the level of the caudal part of the phar-
ynx, the Moor of the pharyngeal cavity shows a
diverticulum, the laryngotracheal groove. The mes-
enchyme surrounding the pharynx and the groove is
condensed, lorming the mesenchymal folds which
soon fuse o form the seplum, the tracheoesophageal
seplum, separating the gut from the air tube,

Tracing (he sections caudally, the trachea
bifurcates to form the right and left main bronchi.
The esophagus situates dorsally between both bron-
chi, The epithelial lining of the bronchi is composed
of columnar shaped cells surrounded by splanchnic
mesenchyme which attache to the dorsal body wall
by the mesoesophagus and ventrally fuse with the
septum transversum, The main bronchi, or lung buds,
enlarge laterally into the pleural cavity, which is in-
completely separated from the peritoneal cavity by
the pleuroperitoneal canal. The seplum Lransversum
which is a dense mass of mesenchyme forming the
major component of the thoracoabdominal dia-
phragm locates ventrally to the pleural cavity. The
pericardinl cavity with the developing heart locates
more ventrally o the plearal cavity

DISCUSSION

The development of the lower respiratory
system of the pig and the rabbit are very similar. A
groove, called the laryngotracheal groove, originates
at the floor of the caudal end of the pharynx. This
groove deepens caudoventrally. The mesenchyme
condenses 1o form bilateral longitudinal folds which
soon [use lo form the trachenesophageal septum. This
septum separates the esophagus dorsally and the tra-
chea ventrally. The trachea is lengthened caudally
and its end bifurcates to form the right and left main
bronchi, or the lung buds. As development proceeds,
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Figure {. The 12 mm. rabbit embryo at the level of
laryngo-tracheal groove.
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Figure 3. The 12 mm. rabbit embryo at the level of
trachea.

Scleroiome

Sympathetic ganglion
Esophagus

Dorsal aorta

Trachea

Left atrium

Truncus arteriosus
Bulbar ridge

Left ventricle

._—-? = ————FPencardial cavily

Figure 2. The 12 mm. rabbit embryo al the level of
esophagus and trachea,
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Figure 4. The 12 mm. rabbit embryo at the level of
lung bud.
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Figure 5. The 10 mm, pig embrya at the level of laryngo-tracheal groove.

the lung buds undergo several generations of branch-
ing to form the smaller bronchi. The bronchi are
surrounded by the splanchnic mesenchyme which
differentiates into the cartilage, smooth muscle, con-
nective tssue and blood vessels of the lung.

The 12 mm. rabbit embryo and the 10 mm.
pig embryo are at the same stage of development and
can be compared with a human embryo of about five
weeks, All such embryos exhibit the same primordia
and a similar way of development, And this is also
the same as 6 mm. rat embryo as reported by
Rojananin et al in 1992" but the 12 mm. rat embryo
exhibited advanced development of the lungs
beyond the embryological stage.

This study shows the similarily ol the
development of the lower respiratory system of a pig

and a rabbit. Therelore the rabbit can be the animal
of choice for use as a laboratory model as a substitote
for the pig embryo for medical education in the
Future™!",

CONCLUSION

The lower respiratory system of the rabbit
and the pig embryos develop from the same primor-
dia and follow the same pattern, which is similar o
that of humans. A 12 mm. rabbit embryo is at about
the same stage of development as a 10 mm. pig em-
bryo which corresponds o about the fifth week of
human embryo development, Therefore rabhits can
also be laboratory models in the future lor studying
respiratory development,
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Figure 6. The 10 mm. pig embryo atl the level of lung bud.

REFERENCES

L.

2

Langman J, Medical embryology. 4" ed. London :
William and Wilking, 981, 159-227,

Moore KL, The developing human. Clinically eriented
embryology. 4" ed. London - WEB Saunder, 1988 286-
332

Arey LB, Developmental anatomy, A texibook and
laboratory manual of embryology, 7" el London S WE
Saunders, 1966: 340-64,

Pilakasiri K. The heart of rat embryo. Siviraj Hosp Gaz
| 988; 40: T25-30.

Rojananin I. The chservation of serial sections of rat
embryo related with pig and chick embryos. Siriraj Hosp
Gaz 1987; 39: 617-23.

6. Rojanznin 1. The development of the mice embryo’s
heart, Siriraj Hosp Gaz 1992, 44: 964-73,

7. Rojananinl. The development of the ear. Siriraj Hosp
Ciaz 1993: 45: 23339,

B, Rojunanin J, Sangvichicn 5. Development of face and
nasal cavilies, Siriraj Hosp Gaz 1992; 44: 430.35,

O, Rojunanin l, Sangvichien 8. Development of the bran-
chial apparatus in ral, pig and chick embryos, Sirira
Hosp Gag 1991 43: 847-51,

10, Bojananin I, Sangvichien 5, Development of the respi-
ratory syslem, Siriraj Hosp Gaz 1992; 44: 21- 27,

11, Rojananint. Development of the urinary system. Siriraj
Hosp Gaz 1993, 45; 7-13,




