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ABSTRACT

Paca (Cuniculus paca) has encouraged research as an experimental model both in the human medicine and
veterinary, as well as the economic exploitation of its meat cuts, which favored its zootechnical use. There are
no anatomical, microscopic descriptions and measurements of the larynx in this rodent. Eight pacas were
dissected from the wild animal’s sector of the Faculty of Agricultural and Veterinary Sciences of the University
of the State of Sdo Paulo. The larynx was observed located in the ventral region of the neck, ventral to the
esophagus, connecting the pharynx to the trachea, with cylindrical and irregular shape. Laryngeal cartilages
(epiglottic, thyroid, cricoid and arytenoid) are interconnected and have different shapes. Thyroid showed greater
length and width, compared to the others. Laryngeal cartilages were submitted to histological processing and
stained with hematoxylin-eosin and Masson's trichrome. The epiglottic cartilage was stained with toluidine blue.
Laryngeal cartilages thyroid, cricoid and the lower portion of the arytenoids are of hyaline origin and, in contrast,
the epiglottis and the upper portion of the arytenoids are elastic. This latter cartilage demonstrated taste buds.
The results will be able to auxiliate in veterinary care and as well as the conservation programs for this rodent.
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RESUMO

A paca (Cuniculus paca) tem encorajado inimeras pesquisas, tornando-a modelo experimental tanto em
humanos como na veterinaria, além da exploragéo econdmica de seus cortes carneos, que favoreceu diretamente
sua importancia zootécnica. Ndo ha descri¢des anatdbmicas, microscépicas e mensuragfes da laringe desse
roedor. Foram dissecadas oito laringes de pacas, provenientes do setor de Animais Silvestres da Faculdade de
Ciéncias Agrérias e Veterinarias - Universidade Estadual Paulista. Observou-se que a laringe localiza-se na
regido ventral do pescoco, ventral ao esdfago, conectando a faringe a traqueia, possuindo formato cilindrico e
irregular. As cartilagens laringeas (epiglote, tiredide, cricdide e aritendidea) sdo interligadas e possuem
formatos variados. A cartilagem tiredide demonstrou-se maior em comprimento e largura, comparativamente
as demais. As cartilagens laringeas foram submetidas a processamento histol6gico e coradas em hematoxilina-
eosina e tricromio de Masson. A cartilagem epiglote foi corada em azul de toluidina. As cartilagens laringeas
tiredide, cricéide e a porcdo inferior das aritendides séo de origem hialina; em contrapartida, a epiglote e a
porc¢ao superior das aritendides, de origem elastica. Esta Ultima cartilagem demonstrou corpusculos gustativos.
Os resultados poder&o auxiliar tanto nos atendimentos veterinarios quanto nos programas de conservagao desse
roedor.
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INTRODUCTION

The rodents belong to the order Rodentia,
represented by the largest number of mammals of
the Brazilian fauna, including paca (Cuniculus
paca, Linnaeus 1766) family Cuniculidae (Lange
and Schmidt, 2007), a wild rodent, found both in
Brazilian territory and in Latin America, being
typical of tropical regions (Dubost and Henry
2006; Lange and Schmidt, 2007). Pacas, due to
their ideal body size, wide geographical
distribution, low maintenance cost, good
adaptation to new habitats and variable nutrition,
have become experimental models for both
human and veterinary scientific research (Martins
et al, 2010). In addition, the economic
exploitation of the meat cuts of paca directly
favored its zootechnical importance (Santos,
2006).

Due to the diversity of rodent species, studies
have investigated the larynx of chinchilla
(Martinez et al., 1999), rat (Thomas et al., 2009),
coati (Oliveira et al., 2012), agouti (Silva et al.,
2014), capybara (Moreto et al., 2017), since there
are evolutionary and functional discussions
regarding the function of this organ related to the
breathing, swallowing and vocalization of the
animals (Harrison, 1995); however, there are no
descriptions in paca.

Thus, the aim of this study was to describe the
anatomical and histological aspects of the paca
larynx and compare them with other domestic and
wild species, given the importance of the organ
and its surrounding tissues during the clinical,
anesthetic and surgical care of this rodent and, for
future research involving manifestations and
therapies of pathological processes, in addition to
the specie conservation programs.

MATERIALS AND METHODS

Eight adult pacas, males and females, with
approximately 10kg, were donated by the Wildlife
Sector facility of the Brazilian fauna for scientific
purposes (Brazilian Institute of Environment and
Renewable Natural Resources - IBAMA,
registration number 482508) of the Faculdade de
Ciéncias Agrarias e Veterinarias - Universidade
Estadual Paulista (UNESP - Campus Jaboticabal,
SP).
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The animals were euthanized by previous
sedation  with  3mg/kg of  meperidine
hydrochloride (Cristalia®, Itapira - SP) associated
with 1mg/kg of midazolam (Medley®, Campinas
- SP), both intramuscularly, in a single
application. The animals were then anesthetized
with 25mg/kg ketamine hydrochloride (Vetnil®,
Louveira - SP) and 0.5mg/kg xylazine
hydrochloride  (Konig, Mairinque - SP)
intramuscularly, in a single dose. Additionally,
19.1% intracardiac potassium chloride injection
(HalexlIstar Pharmaceutical Industry, Goiania -
GO), dose-effect, was performed until
cardiopulmonary arrest.

The animals were then fixed in 10%
paraformoldehyde (Neon Comercial Ltda, S&o
Paulo - SP) and the preservation was made in 30%
saline solution (Eurofarma Laboratério S.A.,
Ribeirdo Preto - SP). For the dissection of the
laryx, the animals were positioned in dorsal
recumbency and the ventral cervical region
trichotomized.

After dissecting the larynges, photographic
records were made with a digital camera (Canon®
EOS 400D coupled with digital Sigma lens
1:1000 macro), followed by the macroscopic
anatomical description as well as the topography
and syntopy of the organ and its cartilages. The
anatomical terms were based on the Nomina
Anatomica Veterinaria (2017). Also, the laryngeal
cartilages were measured using a digital caliper
(Mitutoyo South America, Suzano — SP); the
length (mm) and width (mm), by a single
examiner. The larynx cartilages were sectioned in
fragments and the samples fixed in 10% buffered
formaldehyde (Neon Comercial Ltda, Sdo Paulo -
SP, Brazil) for 24 hours and immersed into 70%
alcoholic  solution  (Rioquimica  Industria
Farmacéutica®, Sdo José do Rio Preto - SP,
Brazil) and processed according to the classical
histological technique (Carson and Hladik, 2009).

According to conventional histological technique
(Carson and Hladik, 2009), the sections of all
laryngeal cartilages were stained in hematoxylin-
eosin (HE) (Sigma-Aldrich, St. Louis, MO,
United States) and Masson's Trichrome (MT)
(Sigma-Aldrich, St. Louis, MO, United States). In
addition, the epiglottis cartilage was stained in
toluidine blue (Sigma-Aldrich, St. Louis, MO,
United States). The slides were evaluated using a
light field optical microscope (Leica
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Microsystems® DMLB, Wetzlar - Germany) as to
the type of laryngeal epithelium, origins and cell
types of its cartilage.

RESULTS

After a median skin incision in the ventral region
of the neck, the sternohyoid, sternothyroid and
omoioid muscles were folded to expose the
larynx. In all cases, the larynx was located in the
ventral cervical region, ventral to the esophagus
and above the oropharynx with direct access to the
nasopharynx, showing a cylindrical and irregular
appearance, connecting the pharynx to the
trachea.

The walls of the larynx are made up of extrinsic
and intrinsic cartilages, ligaments and muscles,
which together unite it with the hyoid bone
(rostral) and the trachea (caudal).

The laryngeal cartilages are formed by three parts:
epiglottic (the most rostral, forming the base of
the epiglottis), thyroid (constituting the lateral
walls and the floor of the larynx) and the cricoid
(articulating with the thyroid and arytenoids) and
a pair arytenoid (triangular shape, forming the
roof of the larynx) (Figure 1).

Figure 1. Photographics images of laryngeal cartilages of adult and healthy paca (Cuniculus paca, Linnaeus
1766). T: thyroid; C: cricoid; E: epiglottic and A: arytenoid.

Regarding the measurements of length and width
of the laryngeal cartilages of the eight pacas, the
respective means and standard deviations were
obtained: epiglottic ~ 9.49+0.69mm  and
7.21+0.36mm, thyroid 21.98+0.72mm and
10.30£0.76mm, cricoid 5.36£0.41mm and
9,43+0.42mm and arytenoid 9.88+0.34mm and
8.60+0.69mm. Histological slides showed that the
larynx is a cartilaginous muscle organ, covered by
stratified squamous epithelium.

The thyroid, cricoid cartilages and the lower
portion of the arytenoids showed hyaline origin,
with chondrocytes attached to the gaps and often
forming isogenic groups. In addition, the hyaline
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cartilage is covered by perichondrium, with the
presence of an extracellular matrix with
chondroblasts and chondrocytes (Figure 2A, 2B,
2C, 2D, 2E and 2F). On the other hand, the
epiglottis cartilage (Figure 2G and 2H) and the
upper portion of the arytenoids are composed of
elastic cartilage with Kkeratinized stratified
squamous epithelium. In the epiglottis cartilage,
the presence of a perichondrium was also
identified, with an extracellular matrix with
chondrocytes and an isogenic group. By the
toluidine blue stain, it was still possible to
visualize the presence of a structure suggestive of
a gustatory body in the epiglottic cartilage
(Figure 3).
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Figure 2. Photomicrographs of adult healthy paca laryngeal cartilages (Cuniculus paca, Linnaeus 1766). A
and B: arytenoid cartilage, demonstrating the presence of hyaline cartilage with perichondrium (Pe),
chondroblast (Cb), chondrocytes (Co), extracellular matrix (Me) and isogenic group (Gi), respectively by
HE and MT stains. C and D: cricoid cartilage, showing the presence of perichondrium (Pe), chondroblast
(Cb), chondrocytes (Co), extracellular matrix (Me) and isogenic group (Gi), respectively by HE and MT
stains. E and F: thyroid cartilage, demonstrating the presence of perichondrium (Pe), chondroblast (Cb),
chondrocytes (Co), extracellular matrix (Me) and isogenic group (Gi), respectively by HE and MT stains.
G and H: epiglottal cartilage, demonstrating the presence of perichondrium (Pe), chondrocytes (Co),
extracellular matrix (Me) and isogenic group (Gi), respectively by HE and MT stains.
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Figure 3. Photomicro
1766), showing the presence of a taste bud (arrow). Staining: toluidine blue.

DISCUSSION

In view of the scarcity of scientific studies that
describe the anatomical and histological
characteristics of the paca larynx, the discussion
becomes restricted. However, the descriptions
regarding the morphology, topography and
syntopy of the paca larynx are similar to those
reported in domestic animals such as dogs, cats,
horses, cattle, swine (Dyce et al., 2010; Konig and
Liebich, 2011; Ramirez et al., 2015) and wild
ones like chinchilla (Martinez et al., 1999) and
agouti (Silva et al., 2014), being located in the
ventral region of the neck and characterized as a
short and irregular tube that connects the pharynx
with the tracheobronchial tree.

According to Souza Janior et al. (2016), the
larynx of bush dogs appears on the longitudinal
axis in horizontal continuity with the mandibular
body, corroborating the anatomical findings
found in the paca. In this sense, Saigusa (2011)
stated that this is a characteristic of quadrupedal
mammals. As in humans, the larynx, in animals,
has a respiratory and phonatory function,
preventing food from entering the airways during
swallowing (Brasil et al., 2005).

The paca's larynx is formed by cartilages that
articulate with each other through ligaments and
muscles, as reported in domestic animals (Getty,
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graph of epiglotfis ca{rtilage of adult and healthy paca (Cuniculus paca, Linnaeus

1986; Konig and Liebich, 2011) and in some
rodents such as the rat (Thomas et al., 2009), coati
(Oliveiraetal., 2012) and capybara (Moreto et al.,
2017). In this context, the epiglottis cartilage of
paca was found to be the most rostral and with a
rounded shape, as well as in ruminants and pigs
(Konig and Liebich, 2011), differing from that of
dogs, horses (Getty, 1986; Dyce et al., 2010) and
capybaras (Moreto et al., 2017), characterized as
pointed.

In all pacas analyzed, the thyroid cartilage
indicated greater size, as well as in rat (Thomas et
al., 2009), in coati (Oliveira et al., 2012) and in
bush dog (Souza Junior et al., 2016), consisting of
a body and two lateral V-shaped blades. In
contrast, in agouti, this cartilage showed little
significant size compared to the cricoid and in a
“U” shape (Silva et al., 2014). In this sense, the
body of the paca's thyroid cartilage forms the
complete base of the laryngeal tube, unlike
equines, where this anatomical structure is simply
composed of a narrow bridge located rostrally, on
which the epiglottis is located (Getty, 1986; Konig
and Liebich, 2011).

The paca's arytenoid cartilage, located rostrally to
the cricoid, as well as in other domestic animals
(Dyce et al., 2010), in the coati (Oliveira et al.,
2012) and in the agouti (Silva et al., 2014), is an
even structure, with an irregular pyramidal shape,
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radiating the vocal process that projects ventrally
to the larynx lumen, connecting to the vocal folds,
making up the glottis limit. This vocal process is
also well evident in the rat and in humans
(Thomas et al., 2009). The paca's cricoid cartilage
is the smallest, forming the caudal end of the
larynx, as in other domestic animals (Getty, 1986;
Konig and Liebich, 2011). Also, similar to that
described in the rat by Thomas et al. (2009), in
agouti by Silva et al. (2014), in the bush-dog by
Souza Junior et al. (2016) and in the capybara by
Moreto et al. (2017), this cartilage is located
rostrally to the first tracheal ring, showing an
annular shape in the paca. In addition, on the
lateral and rostral borders of the cricoid cartilage
of these rodents, the presence of small oval
convex facets was observed for union with the
thyroid and arytenoid cartilages, respectively.

Data regarding measurements of laryngeal
cartilages in rodents are scarce in the scientific
literature, making it impossible to discuss such
parameters. In humans, the larynx is smaller in
women and children (Brasil et al., 2005), as well
as in most animal species, probably due to body
size and the high affinity of androgen receptors in
laryngeal cartilages (Harisson, 1995).

In the current research, microscopic analyzes
showed that the paca's larynx is covered by
stratified squamous epithelium similar with that
of the chinchilla (Martinez et al., 1999) and the
bush dog (Souza Janior et al., 2016). On the other
hand, Silva et al. (2014) stated that in agouti, the
histological constitution of the larynx presents a
diversified epithelium, depending on the region,
in stratified pavement keratinized, non-
keratinized and pseudostratified ciliated with cells
goblet cells.

The histological samples also confirmed that
paca's thyroid, cricoid and arytenoid cartilages are
of hyaline origin (providing necessary rigidity for
muscle fixation that promote movement between
them), while the epiglottis is elastic, similar to that
reported in mammals by Kerr (2000) and Bacha
Junior and Bacha (2003), humans by Aravenda et
al. (2004), in quatis by Oliveira et al. (2012), in
agoutis by Silva et al. (2014) and in capybara by
Moreto et al. (2017). Furthermore, microscopic
analysis found that in the paca, the elastic
cartilage is similar to hyaline, but in addition to
the abundant amount of collagen fibers, it has a
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continuous elastic fiber network with those of the
perichondrium (Junqueira and Carneiro, 2013).

Through the histological samples it was also
possible to observe that the epithelium of the
paca's epiglottis cartilage presents keratinization
and a structure suggestive of gustatory corpuscle,
responsible for the taste, similar to that described
in carnivores, swine, ruminants (Banks, 1991),
bush dog (Souza Junior et al., 2016) and in the
rostral third of the larynx of humans with stratified
but not keratinized squamous epithelium (Jowett
and Shrestha, 1998; Brasil et al., 2005).

CONCLUSIONS

This research elucidated basic anatomical and
histological information regarding the larynx of
paca (Cuniculus paca, Linnaeus 1766), aiming to
assist in clinical, anesthetic, surgical, therapeutic
procedures and, still, in conservation programs
involving this large rodent. Thus, based on the
results obtained, it is admitted that the larynx of
the paca is an essential organ of the respiratory
system because it connects the pharynx to the
trachea, being located in the ventral region of the
neck, with a cylindrical and irregular shape and
constituted by the thyroid cartilages cricoid,
arytenoid, hyaline in origin and epiglottis, elastic.
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