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Development of the Rat Larynx: A Histological Study

Opeyemi Alli, BS; Craig Berzofsky, MD; Sansar Sharma, PhD; Michael J. Pitman, MD

Objectives/Hypothesis: To evaluate and describe the cartilaginous and muscular development of the rat larynx.
Study Design: Histologic evaluation.
Methods: The larynges of Sprague Dawley rats of embryonic day (E) 13, 15, 17, 19, 21, postnatal day 0, 14, and adult

of 250 gm were collected. Four larynges of each age were harvested, cut into 15-lm serial sections, stained with hematoxylin
and eosin, and evaluated under light microscopy. Representative digital images were recorded and evaluated at the preglottic
(supraglottic in humans), glottic, and postglottic (subglottic in humans) levels.

Results: Brachial arches were observed at E13. At E17, immature structures of the larynx, including skeletal muscle, car-
tilage, and the lumen were identifiable. Chondrification and muscle formation were clearly seen by E19. The muscular and
cartilagenous components of the larynx were well established by E21. During the span between birth and adult maturation,
the size of the larynx increased from a height of 1.10 mm to 2.90 mm, and from a width of 1.80 mm to 5.40 mm, and from a
length of 1.38 mm to 4.77 mm in the stained section. Although developed at E21, the laryngeal structures continued to grow
by approximately 30%.

Conclusion: Rat laryngeal development parallels that in mice and humans. In the rat, at E17 immature structures of the
larynx are identifiable, they are well developed at birth and grow by approximately 30% into adulthood. Understanding the
chronology and morphology of the embryogenesis of the rat laryngeal musculature is essential and will allow for further eval-
uation of the embryologic innervation of these muscles.
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INTRODUCTION
The rat is an ideal model to study recurrent laryn-

geal nerve (RLN) injury and reinnervation. It is inexpen-
sive, simple to operate on, tolerates intervention well,
and has rapid neural regeneration. Numerous studies
have been performed in this model to further our under-
standing of RLN reinnervation, laryngeal motoneuron
survival, synkinesis, and trophic factor expression after
denervation. With this research it has become clear in
the rat, as in humans, that the main barrier to func-
tional reinnervation is not insufficient reinnervation but
synkinetic reinnervation.1–7 As such, to successfully
treat RLN injury, therapies must be developed to guide
regenerating axons to the appropriate muscle. Although
axon guidance has been studied extensively in the cen-
tral nervous system, investigations in the peripheral
nervous system are in their infancy.8–10

Considering the rat’s role as the primary animal
model of RLN reinnervation, it is of paramount impor-
tance that we begin to study nerve guidance in this
model. Identification of differences in axon guidance cues
between embryologic innervation and reinnervation after
injury may suggest areas of exploration for therapies. In
order to identify these differences we must understand
the embryologic innervation of the rat laryngeal muscula-
ture. To do so the embryogenesis and maturation of rat
laryngeal muscles themselves must be detailed.

Although several studies have examined the embryo-
genesis of the rodent larynx, none specifically address rat
laryngeal muscular development. While Hebel and Strom-
berg et al. created a landmark annotated atlas containing
serial sections of the entire rat during embryogenesis, they
do not provide details on laryngeal embryogenesis.11

Henick described the embryogenesis and early develop-
ment of the mouse larynx.12 Henick’s descriptions dealt
with events pertinent to the formation of the laryngeal ves-
tibule and its relationship to human developmental
anomalies. He compared his results with several historical
concepts about the development of the laryngeal cavity.13,14

None of these manuscripts included information about the
development, timing, and maturation of each laryngeal
muscle. Tateya et al., in 2006, described the postnatal de-
velopment of the rat vocal fold. This study looked at the
maturation of the vocal fold extracellular matrix in relation
to vitamin A in postnatal rats.15 In 2007 Tateya et al.
reported on laryngeal morphologic abnormalities on vita-
min-A deficient rats at E18.5. There were no descriptions
of the larynx beyond this specific time point.16
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Considering the incomplete knowledge relating to
the specifics of rat laryngeal muscle and cartilaginous
development, the specific aim of the present study was
to establish a chronologic record and morphologic
description of the embryogenesis and early development
of the gross muscular and cartilaginous structures of the
rat larynx.

MATERIALS AND METHODS

Experimental Animals
Pregnant Sprague-Dawley rats were obtained with a

known inception date. (Charles River Laboratories, Kingston,
NY). Larynges were analyzed from rats aged embryonic day (E)
13,15,17,19, 21, postnatal day (P) 0 and 14, as well as mature
rats (n 5 4 for each stage). In total, 32 larynges were examined
in this study. This study was performed in accordance with the
PHS Policy on Humane Care and Use of Laboratory Animals,
the NIH Guide for the Care and Use of Laboratory Animals,
and the Animal Welfare Act (7 U.S.C. et seq.); the animal use
protocol was approved by the Institutional Animal Care and
Use Committee (IACUC) of New York Medical College. Humane
care was provided for these animals and all institutional and
national guidelines were strictly followed.

Surgical Procedure
The surgical procedure involved harvesting rat embryos

from pregnant rats of specific gestational age. The pregnant
rats were first sedated by inhalation of isoflurane. Sedation was
measured by the absence of movement following a toe pinch.
Following sedation, an intramuscular injection of ketamine (70
mg/kg) and xylazine (7 mg/kg) was administered for long dura-
tion anesthesia. The effectiveness of the anesthesia was meas-
ured every 15 minutes during the procedure with a toe pinch. A
midline incision was made through skin, subcutaneous tissue,
abdominal musculature, and peritoneum. The abdominal cavity
was entered and the uterus was identified. The elongated
beaded uterus was harvested and placed in 0.1M phosphate buf-
fered solution (PBS solution) pH 7.1 at ambient temperature
(37!C). The amniotic sacs were opened and the embryos were
isolated from the placenta and placed in PBS solution at room
temperature. Isolated embryos were transected below the fore-
limbs and the head, neck, and upper torso were transferred to
PBS solution at 4!C. The embryos were then fixed in 4% para-
formaldehyde for 4 hours. The rats’ abdomens were closed with
a 3-0 chromic suture (Ethicon, San Angelo, TX). The rats were
euthanized by lethal inhalation of isoflurane.

Adult larynges were harvested from four pregnant female
rats after removal of their embryos and their subsequent eutha-
nization. A vertical midline cervical incision was made from the
hyoid to the sternum. The strap muscles were separated, expos-
ing a surgical field extending from the hyoid to the mid-trachea.
The thyro-hyoid membrane was incised, as was the trachea
between the third and fourth tracheal rings. The larynx was
then dissected free from the esophagus and constrictor muscles
in an inferior to superior fashion. The isolated larynx was
placed in 10% of stock formaldehyde (37% W/W) overnight. The
larynx of rat pups was harvested in a similar fashion after the
pups were euthanized by lethal inhalation of isoflurane.

Histology
Rat embryos. The fixed rat embryos were washed for 30

minutes in PBS solution before they were dehydrated in 30%,
50%, 70%, 95%, and 100% ethyl alcohol for 2 hours each

respectively. The embryos were then placed in xylene for 2 to 6
hours to clear the tissue and then transferred to low melting
point Paraffin-DMSO at 68! C for 3 to 6 hours. The paraffin
blocks were made with the embryo placed in a rostral-caudal
orientation. Using an American Optic Rotary Microtome, 15 lm
serial horizontal sections of E13 rats were made while the
remaining ages were cut into 15 lm serial coronal sections. Ori-
entation terminology followed that described by Paxinos.17 Con-
sequently, coronal sections represent sections made in the
ventral dorsal plane, stacked rostral-caudal. The sections were
transferred to slides coated with albumin mounting solution.

Rat pups and adult. After overnight fixation in formal-
dehyde, the tissues were thoroughly washed under tap water
for 30 minutes. They were then dehydrated, sectioned, and
mounted in a similar fashion, as described for the embryos.

Staining. Sections were deparaffinized in xylene for 1
hour and transferred to 95%, 70%, 50%, and 30% alcohol and
distilled water for 15 minutes each, respectively. The sections
were then stained with hematoxylin and eosin, mounted in
Permount (Fisher Scientific, NJ), and cover slipped.

Analysis
All sections were evaluated. The gross description of each

specimen, as well as the presence of cartilage or muscle, was
recorded. For the sake of consistency and comparison, the ter-
minology employed was the same as that used in Henick’s
description of the mouse larynx.1

The height, width, and length of the larynx were meas-
ured from the specimens, with the exception of E13. Due to the
curvature of the flexed E13 embryo and the relative lack of a
larynx, this was not possible. For the remainder of the speci-
mens, the height of the larynx was determined as the maximum
distance between the ventral aspect of the thyroid cartilage
(TC) and the dorsal aspect of the arytenoid cartilage (AC). The
width was recorded as the distance between the outer edges of
the TC at the level just rostral to the medial edge of the vocal
folds. The length of the larynx was calculated by counting 15
lm coronal sections from the most caudal part of the cricoid car-
tilage (CC) to the rostral edge of the epiglottis.

The measurements of the larynx were performed on fixed
tissues that had undergone shrinkage of approximately 15% to
20%. Therefore, the reported measurements of the larynx were
not exact measurements of fresh tissue, but relative values that
would allow for comparison between different stages of develop-
ment. Measurement of the unfixed larynx was attempted, but
this was not possible until E19 due to the fragility of the
tissues.

The larynx was divided into a preglottis (supraglottis in
humans), glottis, and postglottis (subglottis in humans). The
preglottic region was defined as rostral to the true vocal folds,
including the false vocal folds, laryngeal alar cartilages (LALC),
AC, and in at its most rostral aspect, the epiglottis. The glottic
region was located at the level of the true vocal folds. The sub-
glottic area was bordered caudally by the inferior edge of the
CC and rostrally by the true vocal folds. Representative sections
from the midpoint of the preglottis, glottis, and postglottis
were photographed using a Zeiss Axioscope microscope (Zeiss,
Germany) (Fig. 1).

RESULTS

E13 (Fig. 2)
The embryos were flexed at this stage. Sections cut

along the horizontal plane revealed the presence of
branchial arches. The foramen cecum was at the middle
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of the second pharyngeal pouch. The laryngeal orifice
(LO) was located at the base of the fourth pharyngeal
pouch. The hypopharyngeal eminence, which extended
from the foramen cecum to the LO, contained a congre-
gation of cells.

E15 (Fig. 3A)
The laryngeal cecum appeared as a T-shaped lar-

yngoesophageal lumen extending caudally into the lar-
ynx rostral to the epithelial lamina. At the glottic level,
the primitive larynx was occluded by the epithelial lam-
ina. The progenitor cells of the TC were seen as a rim of
cells on the ventral aspect of the primitive laryngophar-
ynx. Increased cellularity was noticed lateral and dorsal
to the epithelial lamina.

The postglottic lumen and trachea were patent and
lined with epithelial cells. The larynx at this age had a
maximum height of 0.240 mm, maximum width of 0.340
mm, and maximum length of 0.360 mm.

E17 (Fig. 3B)
At the preglottic level, cells congregated at the dor-

sal lateral aspect of the epithelial lamina as the primor-
dial arytenoids. The center of the glottic region was
occluded by the epithelial lamina. Two sets of swellings
were apparent on the ventral and dorsal aspect of the
epithelial lamina. The rudimentary bellies of the lateral
thyroarytenoid muscles (LTA) were seen attached to the
dorsal and lateral surface of the AC extending ventrally
to the primordial TC. The bilateral rudimentary poste-
rior cricoarytenoid muscles (PCA) were immediately dor-
sal to the cricoid lamina, sparing the midline and
extending to the AC on their respective sides. In the
postglottic region, there was a rudimentary CC. The
lumen had a longitudinal appearance and was lined by
epithelial cells. The larynx at this age had a maximum
height of 0.600 mm, a maximum width of 0.750 mm, and
a maximum length of 0.645 mm.

E19 (Fig. 3C)
At the preglottic level, the pharyngeal and laryn-

geal lumens were patent. The alar cricoarytenoid
muscles (ACA) were visualized. The glottis was partially
cannulated dorsally and ventrally while the majority
remained occluded. The ventral paired midline swellings
were the rudimentary true vocal folds, bordered laterally
by bellies of the LTA and medial thyroarytenoid muscles
(MTA). The MTA were attached to the medial and ven-
tral aspect of the rudimentary AC, extended ventrally
along the lateral aspect of the vocal fold and attached to
the medial portion of the TC. The thyroid cartilage was
seen ventral and lateral. The lateral cricoarytenoid
muscles (LCA) were observed at the lateral aspect of the
AC extending ventrally, laterally, and caudally towards
the CC. At the postglottic level, the CC had three areas
of chondrification with a patent lumen. Two areas were
located at the corners of the ventral border and one elon-
gated area at the dorsal edge. The cricothyroid muscles
(CT) were lateral to the CC, and the LCA were seen at
its upper margin. The larynx at this stage had a maxi-
mum height of 0.950 mm, a maximum width of 1.45
mm, and a maximum length of 0.870 mm.

Fig. 1. A lateral view of the morphology of the adult rat larynx
showing various cartilages and their relationship in a rostral caudal
orientation. Dotted lines represent the levels at which coronal
sections were evaluated: A 5 preglottis, B 5 glottis, and
C 5 postglottis. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

Fig. 2. (A) Orientation of the embryo
at E 13. The horizontal section was
made at the level of red line and is
shown in Figure B. PL 5 primitive
larynx. (B) Photograph showing the
branchial arches on the lateral side
containing early mesodermal con-
densations. FC 5 foramen cecum;
PHE 5 primitive hypopharyngeal
eminence; LO 5 laryngeal orifice.
Scale bar represents 200 lm.
(C) Diagrammatic reconstruction of
the larynx in Figure B. [Color figure
can be viewed in the online
issue, which is available at
wileyonlinelibrary.com.]
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E21 (Fig. 3D)
The preglottic section displayed the rostral edges of

the bilateral TA, the ACA, and the AC. The ACA were
attached to LALC and extended into the ventral aspect
of the AC. The lumen of the glottic region was unob-
structed. The paired elongated AC flanked the dorsal
border of the lumen. More mature MTA, LTA, PCA, and
ACA were noticed at this stage. The bilateral superior
cricoarytenoid muscles (SCA) were seen attached to the
rostral horn of the CC, extending to the medial aspect of
each AC. At the postglottic level, more mature cartilage
and muscle were evident. The hexagonal CC was com-
plete and bordered laterally by the CT and posteriorly
by the PCA. The CT were attached to the dorsal horn of
the thyroid cartilage, extending to the ventral lateral
portion of the CC. The larynx at this stage had a maxi-
mum height of 1.20 mm, a maximum width 1.50 mm,
and a maximum length of maximum 1.22 mm.

Day 0 and 14 (Fig. 4)
The larynx between postnatal day 0 and 14 changed

only in size, increasing with age. The preglottic region
displayed the rostral edges of the TC, AC, LALC, ACA,
and pharynx. The LALC was a small cartilage seen

ventral to the AC. The glottic region showed a developed
AC, TC, and true vocal folds. The SCA were seen insert-
ing into the superior horn of the CC and the AC. The
CC maintained its circular lumen and external hexago-
nal shape. The epithelium that lined the cricoid lumen
became relatively thicker as the animals aged. The PCA,
CT, and esophagus were well delineated. The larynx at
day 0 had a maximum height of 1.10 mm, a width of
1.80 mm, and a length of 1.38 mm. The larynx at day 14
had a maximum height of 2.00 mm, a width of 3.25 mm,
and a length of 3.00 mm.

Adult (Fig. 4)
The muscles and cartilages can be visualized in

Figure 4C and are in the same position as described for
rats day 0 and 14. The adult larynx had a maximum
height of 2.90 mm, a width of 5.40 mm, and a length of
4.77 mm.

DISCUSSION
To overcome synkinetic reinnervation, therapies

must be developed to guide regenerating axons back to
the appropriate muscle, producing functional reinnerva-
tion. Factors such as timing, presence, location, and

Fig. 3. Photographs showing preglottic, glottic, and postglottic region of developing larynx at E15 (A); E17 (B); E19 (C); and E21 (D).
* 5 pharynx/esophagus; L 5 lumen of the larynx; arrowhead 5 thyroid cartilage (TC); A 5 arytenoid cartilage/swellings (AC); C 5 cricoid
cartilage (CC); dashed arrow 5 epithelial lamina; 1 5 cricothyroid muscle (CT); 2 5 true vocal fold; 3 5 posterior cricoarytenoid muscle
(PCA); 4 5 superior cricoarytenoid muscle (SCA); 5 5 alar cricoarytenoid muscle (ACA); 6 5 lateral cricoarytenoid muscle (LCA); 7 5 lateral
thyroarytenoid muscle (LTA); 8 5 medial thyroarytenoid muscle (MTA). Scale bar represents 200 lm. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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concentration of neurotrophic growth factors, as well as
the timing and location of the axon growth cone, play
crucial roles in axon guidance. 8–10,18,19 Our knowledge
of these issues relative to the RLN is minimal. Investiga-
tion of axon guidance during both accurate embryologic
innervation and inaccurate guidance during reinnerva-
tion are essential. Differences between the two may
guide therapeutic interventions. To begin the investiga-
tion of RLN axon guidance during embryologic innerva-
tion of the rat larynx, we must first understand the
details of its gross neuromuscular embryogenesis. This
investigation allows for future studies in the area of
axon guidance in the rat embryo by detailing the critical
time period of rat laryngeal muscle embryogenesis and
the relative position of the muscles of during this period.

To date, descriptions of the early development of
the rodent 4th pharyngeal pouch, infraglottis, and lar-
yngopharynx have been described by Henick, Hebel, and
Stromberg and Tateya.11,12,15,16 These studies do not pro-
vide sufficient detail of laryngeal muscle embryogenesis
to allow investigation of embryologic innervation. Henick
described the three-dimensional development of the la-
ryngeal vestibule in the mouse.12 His study concentrated
on events pertinent to the formation of the laryngeal
vestibule and its relationship to human developmental
anomalies. Although he concluded that the laryngeal de-
velopment of the mouse was similar to humans, he did

not include information about the timing and develop-
ment of the laryngeal musculature. Hebel and Strom-
berg created an annotated atlas containing serial
sections of the entire rat during embryogenesis.11 While
this was a landmark reference on the development of
the rat, it did not provide details on laryngeal embryo-
genesis. In 2006 and 2007, Tateya et al. published evalu-
ations of the rat laryngeal development.16,17 One study
dealt with the postnatal development of the rat vocal-
fold extracellular matrix in P3, P21, and adult rats. The
other investigated the effects of vitamin A deficiency on
laryngeal development in rats aged E18.5. Though these
studies provided detailed descriptions of the rat larynx
at particular time periods, they did not provide informa-
tion about the embryogenesis of rat larynx outside of
day E18.5.

While these previous studies provided a broad and
descriptive understanding of rat laryngeal development,
they did not specifically address the timing of muscle de-
velopment or innervation. The specific aim of the pres-
ent study was to develop a detailed chronologic record
and morphologic description of the embryogenesis and
early development of the gross muscular and cartilagi-
nous structures of the rat larynx.

The results of this study were based on serial sec-
tions of rat specimens from E 13,15,17,19, 21, P0 and
14, as well as mature rats. At E13 only the branchial

Fig. 4. Photograph showing preglottic, glottic, and postglottic region of developing larynx. P0 (A); P14 (B); adult (C).* 5 esophagus;
L 5 lumen of the larynx; arrowhead 5 thyroid cartilage (TC); A 5 arytenoid cartilage (AC); C 5 cricoid cartilage (CC); M 5 laryngeal alar
cartilage (LALC); 1 5 cricothyroid muscle (CT); 2 5 true vocal cord; 3 5 posterior cricoarytenoid muscle (PCA); 4 5 superior cricoarytenoid
muscle (SCA); 5 5 alar cricoarytenoid muscle (ACA); 7 5 lateral thyroarytenoid muscle (LTA); 8 5 medial thyroarytenoid muscle (MTA).
Scale bar represents 500 lm. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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arches were identifiable. By E15 the primordial larynx
began to form and the progenitor cells of the TC were
visible. The first rudimentary muscles, the LTA and
PCA, were seen at E17. Primordial AC and a rudimen-
tary CC were also identifiable at this stage. By E19, the
MTA, LCA, ACA, and CT were clearly formed, and the
AC, CC, and TC were undergoing chondrification. At
E21, the SCA and LAC were the final structures to be
identified. From E21 to maturity, the gross laryngeal
structures only changed in size, increasing approxi-
mately 30%.

Our data adds to the existing literature by detailing
the gross morphologic and chronologic development of
rat laryngeal muscle and cartilage during multiple
stages of rat embryogenesis and maturation. Evidence
that the primordial larynx is identifiable by E15 and
that the laryngeal muscles emerge and mature from
E17–19 (excluding the SCA), allows future studies of rat
laryngeal embryologic innervation and axon guidance to
be concentrated on the E15–19 period. The merger of
the chronologic and morphologic description of the devel-
oping muscles maps the muscles’ positions over time.
This knowledge allows evaluation of the timing, pres-
ence, location, and concentration of neurotrophic growth
factors, as well as the timing and location of the axon
growth cone, relative to the evolving laryngeal muscles.

CONCLUSION
The majority of the muscular and cartilaginous

embryogenesis of the rat larynx occurs between E15 and
E19. The earliest evidence of the laryngeal vestibule in
rat is seen at E15. By E17 immature structures of the
larynx are clearly identifiable, including the LTA and
PCA, which are the first muscles to emerge. All major
laryngeal muscles and cartilages are present by E19.
From E21 to maturity, the gross laryngeal structures
only change in size, increasing approximately 30%.
Further evaluation of the embryologic innervation of the
rat laryngeal musculature is necessary to inform our
understanding of laryngeal reinnervation. The time

period between E15 and E19 should be targeted for
investigation.
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