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ABSTRACT
The morphology and location of lymph nodes from seven species of

Odontocetes, of both sexes and different age groups, were described. All
animals were derived from stranding events along the North and North-
eastern coasts of Brazil. After the identification of lymph nodes in situ,
tissue samples were analyzed for light and electron microscopy. Vascular
volume density (VVD) and vascular length density (VLD) were evaluated
in the mesenteric lymph nodes. Lymph nodes occurred as solitary nodules
or in groups, varying in shape and size. In addition to using the nomen-
clature recommended by Nomina Anatomica Veterinaria, new nomencla-
tures were suggested based on the lymph nodes topography. Lymph nodes
were covered by a highly vascularized and innervated capsule of dense
connective tissue, below which muscle fibers were observed, inconsis-
tently, in all studied species. There was no difference in VLD among dif-
ferent age groups. However, VVD was higher in adults. Lymph nodes
parenchyma was divided into an outer cortex, containing lymph nodules
and germinal centers; a paracortical region, transition zone with dense
lymphoid tissue; and an inner medulla, composed of small irregular cords
of lymphatic tissue, blood vessels, and diffuse lymphoid tissue. Abundant
collagen fibers were observed around arteries and arterioles. Germinal
centers were more evident and developed in calves and young animals,
being more discrete and sparse in adults. The morphology of lymph nodes
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in Odontocetes was typical of that observed in other terrestrial mammals.
However, new groups of lymph nodes were described for seven species
occurring in the Brazilian coast. Anat Rec, 297:939–948, 2014. VC 2014
Wiley Periodicals, Inc.
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INTRODUCTION

The lymphoid system includes all cells, tissues and
organs in the body containing aggregates of lympho-
cytes, the main cells constituting the immune system
(Eroschenko, 2008). Lymphocytes can be found as single
cells, as lymphoid aggregates, as an accumulation of
cells diffusely distributed in the loose connective tissue
of several organ systems, or as an organized tissue, that
when encapsulated originate the so-called lymphoid
organs, such as lymph nodes, thymus, spleen, and ton-
sils (Press and Landsverk, 2006).

Lymph nodes are sentinels of the immune system due
to their strategic distribution throughout the body,
allowing a fast and effective immune response (Blum
and Pabst, 2006; Hoorweg and Cupedo, 2008). Lymphoid
organs form a highly complex network, interconnecting
the immune, lymphatic and hematopoietic systems in a
coordinated way, enabling an effective interaction of
lymphocytes and antigen-presenting cells, which bring
the antigenic substances from adjacent tissues to lym-
phatic centers (Van de Pavert and Mebius, 2010),
thereby stimulating the innate and adaptive immunity
(Janeway and Medzhitov, 2002; Parham, 2009).

Because of an increasing interest in the conservation
of terrestrial and aquatic environments, researches
addressing the immune system of wild species have been
developed with the aim to monitor the conservation sta-
tus of their habitat (Babayan et al., 2011; Pedersen and
Babayan, 2011). The marine ecosystem health is a rela-
tively new and understudied subject, largely due to its
biological diversity and limiting factors that prevent a
better knowledge of the ecology of habitat (Aguirre
et al., 2002; Halpern et al., 2012; Bourlat et al., 2013).

Marine environments are under constant anthropo-
genic pressure which clearly affects aquatic animals
both directly and indirectly (Epstein, 2002). There is evi-
dence that environmental contaminants have immuno-
toxic and immunosuppressive effects on whales,
dolphins, and seals (Beineke et al., 2005, 2006) due to
bioaccumulation of persistent chemicals (Jepson et al.,
1999; Siebert et al., 1999).

For most cetaceans, immunological reports are old and
scarce. Simpson and Gardner (1972) obtained histological
data in certain species of whales (toothed and baleen) and
pinnipeds. Green (1972) and Harrison (1974) initiated
anatomical and functional studies on different species of
cetaceans and pinnipeds, subsequently reported by Pabst
et al. (1999). Studies on the morphology of lymphoid
organs (Romano et al., 1993; Cowan and Smith, 1999;
Vukovic et al., 2005) and their immune system function-
ing (Beineke et al., 2010) were often limited to a particu-

lar species. Despite all efforts to obtain more information
about the immune system of small and large cetaceans,
much remains unknown (Beineke et al., 2010).

Little is known about the species occurring in Brazil
regarding their immune system morphology. In order to
assist in studies on the immune system of cetaceans, a prior
knowledge of lymphoid organs is necessary, especially with
the increasing exploitation of the Brazilian coast by oil indus-
tries. Therefore, this study aimed to describe the location
and morphology of the lymph nodes in seven species of Odon-
tocetes from both sexes and different age groups, stranded
along the North and Northeastern coasts of Brazil.

MATERIAL AND METHODS

Animals and Samples

Specimens of Guiana dolphin (Sotalia guianensis),
Tucuxi (Sotalia fluviatilis), Clymene dolphin (Stenella
clymene), Spinner dolphin (Stenella longirostris), Boto
(Inia geoffrensis), Melon-headed whale (Peponocephala
electra), and Short-finned Pilot Whale (Globicephala
macrorhynchus), of both sexes and different age groups
(calf, young, and adult), stranded along the North and
Northeastern coasts were sampled under Sisbio Permit n�

37369-1, Animal Bioethics Protocol 2571/2012 (Table 1).
Animals’ age groups were defined based on dentition and
on the body measurements when teeth analyses were not
possible to be performed.

Biological samples were obtained and maintained in
the research institutions Aquatic Mammals Foundation
– FMA (Sergipe, Brazil), Association for Research and
Preservation of Aquatic Ecosystems – AQUASIS (Cear�a,
Brazil), and Mamirau�a Institute for Sustainable Devel-
opment – IDSM (Amazonas, Brazil).

TABLE 1. List of collected samples by species, accord-
ing to animals’ sex and age group (calf:young:adult)a

Species

Number of
males/age

group

Number of
females/age

group

Total number
of animals
evaluated

Sotalia guianensis 2:1:1 2:3:3 12
Sotalia fluviatilis 0:3:1 0:2:1 07
Stenella clymene 0:2:6 0:0:5 13
Stenella

longirostris
0:1:1 1:0:2 05

Peponocephala
electra

– 0:9:1 10

Inia geoffrensis 0:1:1 0:1:1 04
Globicephala

macrorhynchus
1:2:0 – 03

aAge groups were defined based on animals’ dentition and
body measurements, according to Jefferson et al. (1993).
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TABLE 2. Lymph nodes found in seven odontocete species, regarding their location, quantity, and size

Lymph nodes Location Speciesa Quantity and average sizeb

Parotid (Lymphonodi
parotidei)

Superficial, cranially to the
parotid gland

Sg, Sf, Sc, Sl 1 lymph node in both
antimeres; 1.5cm

Mandibular (Lymphonodi
mandibulares)

Close to the mandible angle Sg, Sf, Sc, Sl, Pe, Gm, Ig 2-4 lymph nodes in both
antimeres; 1.0cm

Hyoid (Lymphonodi hyoideus) Base of the tongue, near the
hyoid bone

Sg, Sf 1 lymph node; 1.0cm

Cervical (superficial and
deep) (Lymphonoduli
cervicale superficialis et
profunda)

Neck region, ventral and
dorsally, between the fascia
and muscles

Sg, Sf, Sc, Sl, Pe, Gm, Ig 1 -6 lymph nodes in both
antimeres; 0.5-1.0cm
Large lymphoid clusters
(from the merging of
several nodes), originating
a single nodular mass.

Prescapular Cranial margin of scapula.
Often described as cervical
(superficial)

Sg, Pe, Gm 1 lymph node in both
antimeres; up to 1.2cm

Mediastinal (Lymphonodi
mediastinico)

Close to the aortic arch; may
be associated with thymus,
thyroid, base of the heart
and the esophagus entire
length

Sg, Sf, Sc, Sl, Pe, Gm, Ig 4-8 lymph nodes; 1.0-1.5cm

Respiratory lymphocenter
Hilar (Lymphonodi

tracheobronchiales)
Associated to the main

bronchus and its insertion
into the pulmonary tissue.

Sg, Sf, Sc, Sl, Pe, Gm, Ig 1-4 lymph nodes; up to 2.0cm

Pulmonary (Lymphonodi
pulmonales)

Usually located ventrally
throughout the free border
of the lung

Sg, Sf, Sc, Sl, Pe, Gm, Ig 1-3 lymph nodes in each lung;
up to 6.0cm

Diaphragmatic Attached to the diaphragm, it
is located around the
oesophagus and
diaphragmatic hiatus.
When in groups, it can
extend laterally and
ventrally between the
pericardium and the
diaphragm.

Sg, Sf, Sc, Sl, Pe, Gm, Ig 1-3 lymph nodes; 1.0-3.0cm

Gastrointestinal
lymphocenter

Gastric (Lymphonodi gastrici) Close to the convex greater
curvature of first and
second stomachs

Sg, Sf, Sc, Sl, Pe, Gm, Ig 1-3 lymph nodes; 2.0-3.0cm

Mesenteric (Lymphonodi
mesenterici)

A large mass of joined lymph
nodes that irregularly
follows the mesenteric
artery

Sg, Sf, Sc, Sl, Pe, Gm, Ig 15-23 lymph nodes
throughout small and large
intestines; 1.0 -3.0cm

Mesocolic/Colic (Lymphonodi
colici)

Usually attached to the
intestinal wall, being
present in the colon
mesentery

Sg, Sf, Sc, Sl, Pe, Gm, Ig 1-3 lymph nodes; up to 1.5cm

Hepatic hilar (Lymphonodi
hepatici)

Close to the liver hilus Sg, Sf, Sc, Sl, Pe, Gm, Ig 1-2 lymph nodes; up to 2.0cm

Pancreatic Attached to the pancreas and
covered by its serous
membrane

Sg, Sf 1 lymph node; up to 1.5cm

Renal (hilar) (Lymphonodi
renales)

Close to the renal pelvis,
attached to the capsule

Sg, Sf, Sc, Sl, Pe, Gm, Ig 1-2 lymph nodes in each
kidney; 1.0-1.5cm

Pelvic Attached to the abdominal
wall, not covered by the
peritoneum

Sg, Sf, Sc, Sl, Pe, Gm, Ig 2-5 lymph nodes; 1.5cm

Male and female genital
(Lymphonodi ovaricus and
Lymphonodi testicularis)

Male: close to the testicular
artery and/or vein; Female:
broad ligament (uterus) and
proper ligament (ovary)

Sg, Sf, Sc, Sl, Pe, Gm, Ig 2-4 lymph nodes; 1.5cm

aSg, Sotalia guianensis; Sf, Sotalia fluviatilis; Sc, Stenella clymene; Sl, Stenella longirostris; Pe, Peponocephala electra;
Gm, Globicephala macrorhynchus; Ig, Inia geoffrensis.
bAverage size, based on the diameter (larger diameter in elongated lymph nodes).
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Necropsy and Macroscopic Analysis

Despite uncertainties inherent in determining the
stage of decomposition, animals or carcasses were
assigned to one of five basic categories (CODES 2-5; Ger-
aci and Lounsbury, 2005). Only specimens CODES 2 and
3 were used.

Animals were positioned in the right lateral decubitus
position and incision was made on the left flank for
removal of skin and adipose tissue. Two additional cuts
were made perpendicular to the middle of the flank on
the umbilical and anal regions. A fourth cut was made
parallel to the body, forming a quadrilateral (window) to
gain access to the abdominal viscera and a fifth cut was
made allowing access to the thoracic organs.

For macroscopic analysis, both abdominal and tho-
racic cavities were examined for the location of lymph
nodes in situ. Lymph nodes were identified, nomi-
nated, photographed, and dissected. After removal, all
lymph nodes were washed, cut and fixed in 10% for-
malin solution for light and scanning electron micros-
copy and in modified Karnovsky solution (2.5% of
glutaraldehyde and 2% paraformaldehyde in 0.1 M
sodium phosphate buffer solution) for transmission
electron microscopy.

Microscopic Analysis

For light microscopy, lymph nodes were rinsed in dis-
tilled water after fixation, dehydrated in increasing
ethanol solutions (70–100%), diaphanized in xylene, and
embedded in ParaplastVR . Sections (6 lm thick) were
stained with Hematoxylin-eosin, Masson’s Trichrome
and Malory’s stain. Slides were examined using a light
microscope (Nikon Eclipse E-800).

For scanning electron microscopy, all samples were
rinsed in distilled water (3 3 10 min, under rotation).
Then, samples were dehydrated in ascending series of
ethanol under rotation [70% (1 3 15 min); 80% (1 3 15
min); 90% (1 3 15 min) and 100% (3 3 30 min)] and
critical point dried using a Blazers CPD 030 device.
Thereafter, samples were mounted on metal stubs using
carbon glue, coated with gold by sputting in Balzers-040
SDC and analyzed by using a scanning electron micro-
scope (LEO 435 VP).

For transmission electron microscopy, samples were
sectioned into smaller fragments and post-fixed in 1%
osmium tetroxide solution with 0.1 M sodium phosphate
buffer solution at 4�C for 2 hr. Then, samples were dehy-
drated in increasing series of ethanol (60% to absolute)
and embedded in a propylene oxide solution and SpurrVR

Fig. 1. A: Pulmonary lymph node (*) from a Stenella clymene calf. Lymphatic vessels indicated by
arrowheads. Bar: 2 cm. B: Lymph nodes from an adult Sotalia fluviatilis. Group consists of five lymph
nodes (*). Bar: 1 cm. C1. Schematic design of a lymph node. C2. Cervical lymph node from a young Inia
geoffrensis. Bar: 1 cm. 1. Capsule; 2. Cortex; 3. Paracortex; 4. Medula; 5. Lymphoid nodule; 6. Efferent
lymphatic vessel; 7. Afferent lymphatic vessel; 8. Artery; 9. Vein.
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resin. Later, the solution was replaced by pure resin and
included into rubber molds and placed in an oven for 36
hr for polymerization. After that, screening of all blocks
was performed and 1–3 lm sections were obtained using

a Reichert Ultra CutVR microtome, which were stained
with Toluidine blue. Slides were examined under a light
microscope in order to locate the areas of interest.
Thereafter, 90 hm ultrathin sections were obtained using
a diamond knife and mounted on copper grids (200-mesh
grid), which were counterstained with 4% uranyl acetate
and 0.4% lead citrate solutions. Grids were examined
using a transmission electron microscope (JEOL JSM-
6100).

Stereological Analysis

Mesenteric lymph nodes were evaluated by stereology
in order to evaluate the vascular volume density (VVD)
and vascular length density (VLD). These lymph nodes
were chosen due to their large amounts collected during
necropsies and occurrence in all species studied, provid-
ing a better statistical analysis.

Lymph node samples, fixed in 10% formalin solution,
were cut and fragments were randomly selected for light
microscopic examination. Sections (6 lm thick) were not
obtained in sequence, 5 cuts out of every 10 being

Fig. 2. Lymph nodes location in a female dolphin (Odontoceti). 1.
Parotid; 2. Mandibular; 3. Hyoid; 4. Cervical; 5. Prescapular; 6. Media-
stinal; 7. Pulmonary; 8. Hilar; 9. Diaphragmatic; 10. Gastric; 11.
Hepatic hilar; 12. Pancreatic; 13. Mesenteric; 14. Colic; 15. Renal; 16
and 17. Genital; 18. Pelvic.

Fig. 3. Lymph nodes from Sotalia guianensis calves. Subcapsular
zone (Sub) located between the capsule (Ca) and cortex (Co). A: Cer-
vical lymph node. Thin capsule (Ca) surrounded by a pericapsular adi-
pose tissue (PAd). Superficial and deep trabeculae (arrowhead and
arrow, respectively). 40x. Hematoxylin-Eosin (HE). B: Mediastinal
lymph node. Subcapsular sinus (Sub) composed basically by smooth

muscle fibers, between a thick capsule (Cap) and the cortex (Co). 40x.
HE. C: Mesenteric lymph node. Capsule with the presence of neuronal
bundles (arrowheads) and numerous blood vessels (*). 20x. Masson’s
Trichrome. D: Renal lymph node. Smooth muscle fibers under the
capsule (arrowheads). Blood vessels (*). 10x. Mallory’s stain.
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discarded. Slides were stained with Hematoxylin-Eosin
and examined using a light microscope (Nikon Eclipse
E-800). Images from lymph node capsules were analyzed
by the overlapping program Stepanizer (Tschanz et al.,
2011).

Blood and lymphatic vessels were counted in a known
area called test area (TA). In order to avoid overestima-
tion of the vessels, a rule was established: in the field to
be counted, defined as a square, two lines (left and bot-
tom edge of the square) were considered as prohibited
for counting vessels touching them, and two lines (right
and top edge of the square) were considered as permit-
ted for counting vessels.

The variable VVD, expressed as percentage (%), was
estimated according to the formula: VVD 5 Tcp/Ttp
[Tcp: number of test points which touch the vessels; Ttp:
total number of test points in the system test (100)]. The
variable VLD, expressed in mm/mm3, was estimated
according to the formula: VLD 5 2(N/TA) (N: number of
blood vessels within the test area; TA: test area
(45,692.65 mm2).

Data were normally distributed, therefore parametric,
and One Way ANOVA followed by Tukey-Kramer post
test for multiple comparisons (GraphPad Prism 5 Soft-
ware Inc., San Diego, USA) were applied for compari-
sons among different age groups (calf, young and adult).
Results were presented as mean 6 standard deviation,
and were considered significant when P < 0.05.

RESULTS

Macroscopic Analysis

Most lymph nodes described in this study were found
consistently in all species except parotid, hyoid, prescap-
ular, and pancreatic lymph nodes (Table 2). The lymph
nodes were presented as nodules or masses of dense
lymphocytic aggregates of varied shapes (elongated and
rounded), located throughout an extensive drainage sys-
tem (Fig. 1A,B). Lymphatic vessels were dilated and
entered the nodules, blending with the lymph nodes.

The parenchyma of the lymph nodes was arranged as a
cortex composed of lymphatic nodules, and a medulla
(Fig. 1C,D).

All lymph nodes, independent of their location, were
surrounded by a capsule of connective tissue with vari-
able thickness, which varied according to the anatomical
location. The mesenteric, mediastinal, and renal lymph
nodes had a thicker capsule, compared to the other
lymph nodes and greater amounts of subcapsular
smooth muscle. The respiratory lymphocenter, other
than those specified above, had a thin layer of dense
connective tissue around it.

Lymph nodes occurred in specific areas, solitary or in
groups. The designation “lymphocenter” was applied to
groups of lymph nodes occurring consistently in the
same region. The nomenclature recommended by the
Nomina Anatomica Veterinaria (NAV) was preconized.
However, the analogy was not always possible for ceta-
ceans. Thus, new nomenclatures were suggested, based
on the topographic relationship between the lymph
nodes and the anatomical structure related to them. We
also take as reference the nomenclature used by Cowan
and Smith (1999) for Tursiops truncatus. All lymph
nodes mapping is illustrated in Fig. 2 and is described
in Table 2. No difference was observed between males
and females for gross anatomy of any lymph nodes
evaluated.

Microscopy

All lymph nodes examined were covered by a collagen
capsule of dense connective tissue, below which there
was a subcapsular sinus, composed of loose connective
tissue. Inconsistently, it was possible to observe smooth
muscle fibers in the subcapsular zone in all species stud-
ied (Fig. 3B,D). From the capsule, the connective tissue
trabeculae were extended into the interior of the lymph
nodes (parenchyma) for a variable depth (Fig. 3A), being
innervated and highly vascularized (Fig. 3C). The cap-
sule thickness varied according to the lymph nodes ana-
tomical location, being thicker in the renal and visceral
lymph nodes (mesenteric and mediastinal, Fig. 3).

The parenchyma of the lymph node was divided into a
cortical region (cortex), containing lymphoid follicles or
nodules, and a medullary region (medulla), composed of
small lymphocytic cords, blood vessels and diffuse
lymphoid tissue (Fig. 4). Between the cortex and the
medulla a transition area of dense lymphoid tissue was
observed, called the paracortical zone. The medulla, a
light-staining tissue due to lower cell density, was
formed by the medullary cords and sinuses. These irreg-
ular and thin cords of dense lymphoid tissue branched
from the paracortical area and extended into the inner
area of the lymph nodes. Elongated and anastomosed
cords delimited areas with lower cellularization and the
presence of loose lymphoid tissue, called the medullary
sinus. Dilated medullary sinuses drained the lymph
nodes from the cortical zone, through the medullary
cords towards the hilus, from which the efferent lym-
phatic vessels exit and drained the lymph nodes.

The cortex was located just below the subcapsular
zone, containing lymphoid follicles (Fig. 5A,B), which
generally were well differentiated into two zones: a
peripheral area (mantle zone, Fig. 5C), containing a
larger quantity of small and medium-sized lymphocytes

Fig. 4. Photomicrograph of a mediastinal lymph node from a young
Peponocephala electra. Capsule (Ca), followed by a cortex (Co) with
defined germinal centers (Gc), paracortical zone (PCo) and medulla
(Me), formed by lymphoid cords, directed towards the hilus (arrow-
head). 4x. Hematoxylin-eosin.
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Fig. 5. A: Mesenteric lymph node from a young Stenella clymene.
Thick capsule (Cap) and lymphoid follicles (*). 10x. Hematoxilin-eosin
(HE). B: Scanning electron photomicrograph of a lymph node from a
young Sotalia fluviatilis. Lymphoid follicles (*). C: Mediastinal lymph
node from a young Globicephala macrorhynchus. Lymphoid follicles
with their germinal center (Cg) delimited by the mantle zone (Ma).
Medulla (Me) consisting of medullary cords and sinuses. 10x. HE. D:
Pelvic lymph node from an adult Sotalia fluviatilis. Thick capsule (Cap)

with the presence of pericapsular adipose tissue (highlighted). Cortex
(Co) with a discrete germinal center (*). 10x. HE. E, F: Pulmonary
lymph node from a young Peponocephala electra. E: Semi-thin sec-
tion. Presence of lymphoblasts (large cell with loose chromatin; arrow)
and nonactivated B-lymphocytes (arrowhead). 100x. Toluidine blue.
Highlighted area: Transmission electron photomicrograph of a macro-
phage. 8.900x. F: Transmission electron photomicrograph of a lym-
phoblast (Lb) surrounded by numerous lymphocytes (Lc). 8.900X.
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(nonactivated B lymphocytes; Fig. 5E,F), and a central
area called the germinal center (Fig. 5C,D), character-
ized by the presence of loose chromatin in the nuclei of
large lymphocytes (lymphoblasts) (Fig. 5E,F). The outer
region was dark-stained due to the accumulation of lym-
phocytes in this area, forming a "crown" and delimiting
the germinal center (Fig. 5C).

In all studied species, the germinal centers were more
evident and well developed in calves and young animals
(Fig. 5A,C), being more discrete and sparse in adults (Fig.
5D). Regardless of the age group, all arteries and/or group
of vessels (artery, vein, and lymphatic vessels) were sur-
rounded by a layer of collagen fibers (Fig. 6A,B). No
microscopic difference was observed between males and
females for any lymph nodes in all species evaluated.

There was no difference among groups for VLD (P 5
0.9717). However, a significant difference was observed
for VVD between the young and adult groups (P 5
0.0421) (Fig. 7).

DISCUSSION

Whales belong to the most diverse existing group of
aquatic mammals and due to their particular anatomical

features, such as a short neck and no pelvic bones, the
location of the lymph nodes are different than described
for other species (Simpson and Gardner, 1972).

A respiratory lymphocenter and the pancreatic lymph
nodes were described in our study, having been poorly
described in the literature (Cowan and Smith, 1999).
This can be explained by the difficulty to visualize and
consequently identifying and dissecting these structures
during necropsies (Rommel and Lowenstine, 2001). The
“lymphocenter” nomenclature used in our study was also
suggested by Cowan and Smith (1999) in a study on Tur-
siops truncatus. A group of lymph nodes described in our
study and not previously reported in the literature were
the renal and male and female genital lymph nodes.

The capsule thickness varied according to the anatom-
ical location of the lymph nodes and no correlation
between gender and age groups was observed. Such dif-
ferences have previously been described for some species
of terrestrial mammals (Bacha and Bacha, 2012; Jun-
queira and Carneiro, 2013) in which the architecture of
the lymph nodes was constant. The mesenteric, renal,
and mediastinal lymph nodes had thicker capsules when
compared to other nodes, with greater amount of smooth
muscle fibers in their subcapsular sinuses, similar to

Fig. 6. Photomicrograph of the cortical region of lymph nodes from a young Inia geoffrensis. A: Pulmo-
nary lymph node. Artery (A) surrounded by collagen fibers. B: Mediastinal lymph node. Cortical region.
Vein (V), artery (A), lymphatic vessels (Lv), and neuronal bundle (*) surrounded by collagen fibers. A, B.
40x. Masson’s Trichrome.

Fig. 7. Vascular volumetric density (%) and vascular length density (mm/mm3) in the capsule of mesen-
teric lymph nodes from calf, young, and adult Odontocetes.
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that described by Vukovic et al. (2005). In our study
smooth muscle fibers were found inconsistently in differ-
ent lymph nodes in all species evaluated. All lymph
nodes from the respiratory lymphocenter, other than
those specified above, were surrounded by a thin layer
of dense connective tissue.

Cowan and Smith (1999) suggested that the visceral
lymph nodes may be considered as contractible organs
by maximizing the blood circulation in the intestinal
area and hence the filtration of lymph. This description
can explain the fact that we observed a greater amount
of muscle fibers in the mesenteric, mediastinal, and
renal lymph nodes. A significant difference in the
amount of blood vessels greatly improved the blood cir-
culation in the intestinal area in older animals, thus
enhancing their immune response. Furthermore, the
large amount of blood vessels running through the cap-
sule and collagen fibers in the medullary area of the
lymph nodes support the data reported by these authors.

The lymph nodes architecture was consistent with
findings in other cetaceans. The cortex-medulla pattern
followed the description for Tursiops truncatus, Stenella
longirostris, Delphinus delphis, Inia geoffrensis, and
Globicephala sp. (Simpson and Gardner, 1972; Cowan
and Smith, 1999; Vukovic et al., 2005), and Delphinapte-
rus leucas (Romano et al., 1993). In the literature, only
Delphinus delphis and Phocoena phocoena presented a
nodal morphology, which was similar to that observed in
pigs and horses by Banks (1998), Bacha and Bacha
(2012), and Samuelson (2006), in which the cortical and
medullary areas had an inverse pattern to that observed
in other terrestrial mammals.

Simpson and Gardner reported (1972) an apparent
hypoactivity of secondary lymphoid tissues in aquatic
mammals, shown by the low number of evident germinal
centers. We proposed that this characteristic does not
necessarily mean that these animals have an impaired
immune response, as germinal centers in animals with
infectious diseases were evident and pronounced. Thus,
it is suggested that this hypoactivity may be related to
the age and health status and the absence of enough
antigenic stimulation.

In some studies, such hypoactivity can be extended to
lymph nodes, which are considered as the main second-
ary lymphoid organs in mammals. In Tursiops truncatus,
the composition of these organs is closely related to
aging, since in younger animals the number of germinal
centers is higher than in adults (Cavagnolo, 1979). The
lack of follicular development in older animals indicates
low immune function (Simpson and Gardner, 1972;
Romano et al., 1993), fact that still remains uncertain
for other aquatic mammals species.

In our opinion this hypo-responsiveness can be applied
to lymph nodes only regarding the age of animals, since in
older animals these organs had more discrete germinal
centers. We observed a large amount of germinal centers
in calves and young animals. This finding can be
explained by the fact that, at these age groups, the
immune system is developing and highly active. In older
animals, although these centers were less evident, it was
still possible to see some lymphatic nodules around the
cortical surface of the lymph nodes, especially in the mes-
enteric lymph nodes. These findings were similar to that
observed by Clark et al. (2005) when evaluating the invo-
lution of secondary lymphoid organs in older animals.

Our findings suggest that the morphology of the
lymph nodes in Odontocetes is typical of that observed
in other terrestrial mammals. However, new groups of
lymph nodes have been described for the species occur-
ring in the Brazilian coast. The lymph nodes showed
similar architecture to that described in the literature
for terrestrial mammals, having no inverse structure as
observed in other species of Odontocetes.
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