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INTRODUCTION
The paca is the second largest rodent in the Brazilian fauna; 
presenting a robust and vigorous body in both male and 
female adults; the average length from the nose to the tip of 
the tail is 70 cm for males, and 60 cm for females. The body 
weight ranges from 5-10 kg and can reach up to 14 kg 

(PACHALY et al., 2001). In addition to high utilization of 
carcass, a meat with high protein value and good acceptance in 
the market due mainly to its flavor. Brazil is among the coun-
tries with farms authorized for commercial purposes (GOMES 
et al.,2013). Its importance, in addition to commercial consi-
derations, is that it could well affect the scope of science; as a 
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good alternative for research purposes, for animal modeling, 
and towards preservation of the species (SANTOS, 2006).

As the adrenal glands play an important role in maintain-
ing the homeostasis of the body, since they are responsible for 
the production of hormones that, in addition to the use for 
normal organic functioning, provide survival in stressful situ-
ations (DYCE; SACK; WENSING 2019).

Adrenal glands, in pairs, which are also called suprare-
nals, develop separately, and are located on either side of the 
median plane, above the cranial extreme of each kidney; they 
have no functional relationship between them. Embryologically 
is applied by two layers: a peripheral layer, originating from 
the mesoderm, called if the cortex has a yellowish color, while 
a central layer, a medullary, originates from the ectoderm 
and the grayish color (JUNQUEIRA; CARNEIRO 2017, 
(KONIG; LIEBICH 2016, GARCIA FILHO et al., 2014).

The ultrastructure of the porcupine (Hystrix cristata) adre-
nal gland presents a fasciculate zone with cells having irregular 
shaped nuclei, an endoplasmic reticulum, large mitochondria 
and lipid vacuoles. The reticular zone appears as irregular cords 
and is smaller than the other two areas of the cortex. Chromaffin 
cells stand out in the medullary region, spherical and solitary 
nuclei. Nucleoli are well defined, and not infrequently, up to 
three nucleoli per cell are observed. The epinephrine storage 
granules are similar to norepinephrine granules in terms of size 
and shape. The cytoplasms of chromaffin cells contain numer-
ous mitochondria, lysosomes, and the endoplasmic reticu-
lum with associated ribosomes. Cortical cells are observed in 
conjunction with chromaffin cells in the cortical-medullary 
limit, their cytoplasms are mainly occupied by large rounded 
or ovoid mitochondria (YILMAZ; GIRGIN 2005).

When analyzing the Rattus norvegicus adrenal gland ultra-
structure one observes the presence of many cortex microves-
sels, especially in the fasciculate zone, presenting well defined 
valves and suggesting a micro-functional role associated with 
circulation of blood and hormones (WAN EZUMI et al., 
2007). Cells of the glomerulus zone contain scarce lipid 
droplets associated with well-developed smooth endoplasmic 
reticuli and smaller rough endoplasmic reticuli. The cortical 
cells in the adrenal gland fasciculate zone present endoplasmic 
reticuli, round or ovoid mitochondria with tubular crests, and 
lipid vacuoles. In the reticular zone, the cells present promi-
nent smooth endoplasmic reticuli, and electron-dense irreg-
ular lipofuscin aggregates, as well as lysosomes, and ovaloid 
mitochondria with tubular crests, similar to those observed in 
cells of the fasciculate zone. Cells in the medulla contain neu-
roendocrine granules that vary in size and appearance, rang-
ing from 150-350nm in diameter. The adrenaline-secreting 
cells have small spherical neuroendocrine granules, almost 
entirely occupied by electron-dense material.  Noradrenaline 
secretory cells have larger neuroendocrine granules with an 
apparent electron lucent layer in the interior of the membrane 
(STEVENS; LOWE, 1991).

When considering the assumptions presented, the objec-
tive of this article was to describe the ultrastructure of the 
adrenal glands of this rodent through studies involving scan-
ning and transmission electron microscopy.

MATERIAL AND METHODS
For macroscopic and histological descriptions, two adult pacas 
were used, one male (10,2kg) and one female (8,6kg). The ani-
mals were considered roster extras from the Wild Animal 
Sector of the Department of Animal Science of the Faculty 
of Agrarian and Veterinary Sciences at Jaboticabal – UNESP, 
therefore they were selected for study aiming to maintain 
the balance between males and females in the breeding. It is 
registered with the Instituto Brasileiro do Meio Ambiente e 
dos Recursos Naturais Renováveis- IBAMA as a breeder of 
specimens of Brazilian fauna for scientific purposes, under 
registration number: 482508.

The euthanasia of the animals was performed by intra-
muscular administration of midazolam (3 mg/kg of body 
weight), in addition to an association of ketamine (80 mg/
kg of body weight) and xylazine hydrochloride (4.0 mg/kg), 
applied intramuscularly.

For the ultrastructure study, segments of two glands were 
collected, fixed and processed for ultrastructural analysis. 
For the evaluation by means of scanning electron microscopy, 
the material analyzed was prepared according to the meth-
odology established by the electron microscopy laboratory 
at FCAV/UNESP. The samples were fixed in glutaraldehyde 
solution 2.5% for 24 hours, rinsed in 0.1M phosphate buffer 
pH 7.4, post-fixed in  osmium tetroxide 1% for two hours, 
rinsed again in phosphate buffer, dehydrated in an increas-
ing series of alcohols (30 to 100%), for at least 20 minutes 
each phase, dried to the critical point in the diagnostic EMS® 
850, metallized with atoms of gold in diagnostic DESK II® 
DESK II® (DESK II DETON VACCUN NJ, USA), and 
examined by scanning electron microscope Jeol® (Jeol JSM 
5410 ® - Tokyo - Japan), operating with an electron beam of 
15 keV, and certain specimens were documented.

For the transmission electronic microscopy evaluations 
the samples were fixed in glutaraldehyde solution 2.5% for 
24 hours, rinsed in 0.1M phosphate buffer pH 7.4, post-
fixed in osmium tetroxide 1% for two hours, rinsed again 
in phosphate buffer, dehydrated in an increasing series of 
alcohols (50, 60, 70, 80, 90, 100%), and then infiltrated 
with a (1:1) ethanol:resin blend (Epon) for one hour. 
Afterwards, the fragments were imbedded in Epon resin. 
Semi-fine slices were stained with toluidine blue and used 
to locate glandular epithelium. Ultrathin sections were then 
contrasted with 4% uranyl acetate and 0.3%lead citrate, 
both at pH 12, and then observed and photographed in a 
transmission electron microscope (JEOL® model 1010), at 
the Faculdade de Medicina de Ribeirão Preto, of the 
University of São Paulo.
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This research was approved by the Ethics Committee on 
Animal Use (CEUA) FCAV, Campus at Jaboticabal, UNESP, 
protocol no. 019411-11, in accordance with the Ethical 
Principles in Animal Experimentation adopted by the Brazilian 
College of Animal Experimentation (COBEA).

RESULTS
The male had glands weighing 1.38 g on the right and 1.49 g 
on the left. While those of the female presented 1.66g to the 
right and 1.91g to the left.

The paca adrenal glands were smooth and elongated 
and paired, with one located on the cranial pole of each 
kidney. When analyzing the ultrastructure microscopy of 
the gland, its rounded shape and smooth surface are readily 
observed (Figure 1).

The gland was observed divided into two layers, the periph-
eral cortical layer and the central medullary layer (Figure 2). 
The glomerulous zone is located just below the connective tis-
sue capsule, being composed of pyramidal or columnar cells, 

organized in cords surrounded by blood capillaries. The fas-
ciculated area of the paca’s adrenal has an arrangement in 
strings of one or two cells thick, straight and regular, similar 
to bundles, interspersed by capillaries and arranged perpen-
dicularly to the organ’s surface. The reticulated area, on the 
other hand, contains cells arranged in irregular cords, its cells 
are smaller than those of the other two layers, and projec-
tions of this layer appear within the medullary region, which 
is composed of polyhedral cells organized in rounded cords 
or agglomerates, supported by a network of fibers and their 
reticular cells involved by a large number of blood vessels.

The division of the gland into two layers, cortical and 
medullary and its central vein are also noted with scanning 
electron microscopy (Figure 3).

The presence of microvessels in the cortex (especially in the 
fasciculate zone) and blood red cells were also observed (Figure 4).

Figure 1. Scanning electron micrograph of the adrenal gland in 
an adult paca, observing its rounded shape and smooth surface. 

Figure 2. Photomicrograph of adrenal gland in an adult paca, 
verifying in (C) the cortical layer, and in (M) the medulla (Increase 
50x, Hematoxylin and Eosin). 

Figure 3. Scanning electron micrograph of the adrenal gland in 
an adult paca, where it was possible to observe as medullary (M) 
and cortical (C) layers and a central vein (arrow). 

Figure 4. Scanning electron micrograph of the adrenal gland in 
an adult paca, where it was possible to observe the presence of 
cortex microvessels, in the fasciculate zone (open arrow) and red 
blood cells (arrows). 
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With transmission electron microscopy the paca’s adrenal 
gland ultrastructure presents fasciculate zone cells with rough 
endoplasmic reticulum in highlight, large rounded mitochon-
dria and lipid vacuoles (Figure 5).

Reticular zone cells contain oval and elongated mitochon-
dria, a large amount of elastic fibers, lipid vacuoles similar to 
those observed in fasciculate zone cells, and smooth endoplas-
mic reticulum in highlight (Figure 6 and 7). 

The glomerulus zone cells contain scarce lipid droplets, 
and well developed smooth endoplasmic reticuli. The medul-
lary region the cytoplasms of chromaffin cells contain numer-
ous mitochondria; ribosome associated endoplasmic reticuli, 
and neuroendocrine granules that vary in size and appearance 
in which the adrenaline granules are smaller and more dense, 
whereas noradrenaline are larger and less dense (Figure 7). 

In the paca, it is noted in the medullary region adrenaline 
secretory cells having small spherical neuroendocrine granules, 
almost entirely occupied by electron-dense material; and in addi-
tion to well-defined nuclei and nucleoli the noradrenaline secre-
tory cells have larger neuroendocrine granules with an apparent 
electron lucent layer in the interior of the membrane (Figure 8).

DISCUSSION
Modern electron microscopy instruments such as those used 
in this study offer a detailed degree of structural, spectros-
copic and compositional characterizations of the adrenals of 
the pacas that made it possible to affirm their similarities and 
differences with the adrenal glands already described from 
other mammals (JEANDUPEUX et al., 2002; WILLIAMS; 
CARTER, 2009)

Upon analysis of the paca adrenal gland, it was found 
to present two distinct layers as to origin and function: the 
external (cortex) and internal (medulla), as was reported 
by König; Liebich (2016) for domestic animals; by Junqueira; 
Carneiro (2017) for humans; and by Garcia Filho et al. (2014) 
using light microscopy for the paca.Figure 5. Transmission electron micrograph of adrenal gland in an adult 

paca, where it was possible to observe the fasciculate zone with cells 
presenting rough endoplasmic reticulum (arrows), rounded mitochondria 
(arrow head) and lipid vacuoles (open arrow) (Increase 14kx; Bar: 1μm).

Figure 6. Transmission electron micrograph of adrenal gland 
in an adult paca, where it was possible to observe a reticulate 
area with cells presenting smooth endoplasmic reticulum (open 
arrow), rounded and elongated mitochondria (arrows), and lipid 
vacuoles (arrow head) (Increase 14kx; Bar: 1μm).

Figure 7. Transmission electron micrograph of adrenal gland in an 
adult paca, where it was possible to observe the cortical region 
(RC), and the medullary region (RM). In the cells of the medullary 
region note the endoplasmic reticulum (open arrow), rounded 
mitochondria (arrows), and neuroendocrine granules (circles). 
In the cortical region, observe the large number of elastic fibers in 
the reticulated area (arrow head) (Increase 20kx; Bar: 1μm).
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Figure 8. Electron micrograph of transmission of the adrenal 
gland in the adult range, where it was possible to view details 
of a cell in the medullary region presenting a well-defined 
cell nucleus (N) and nucleolus (n), mitochondria (arrow), 
neuroendocrine granules producing adrenaline (arrow head) 
and neuroendocrine granules producing noradrenaline (open 
arrow) (Increase 20kx; Bar: 1μm).

It was possible to observe that the paca’s adrenal cortex 
divides into three zones or layers: glomerulosa (external), 
fasciculata and reticular, as observed by Rosol et al. (2001), 
Bacha Jr; Bacha (2003), Yilmaz; Girgin (2005) and Junqueira; 
Carneiro (2017), which is contrary to Gude et al. (1982) who 
reported two distinct zones for rats, perhaps due to the low 
technology of the time that prevented the correct observation 
of the different zones.

In the cortical region, the presence of microvessels in the 
cortex and red blood cells was observed through scanning elec-
tron microscopy, especially in the fasciculated area, as seen by 
Wan Ezumi et al. (2007). Also in the fasciculated zone, cells 
with ultrastructure typical of glucocorticoid-secreting cells were 
observed, such as highlighted rough endoplasmic reticulum, 

large round mitochondria and lipid vacuoles. Similar to the 
findings observed by Yılmaz; Girgin (2005) and Stevens; 
Lowe (1991).

The cells in the reticular zone contained elongated oval 
mitochondria, large amounts of elastic fibers, lipid vacuoles 
and highlighted smooth endoplasmic reticulum, as reported 
by Stevens; Lowe (1991). Similar morphology of androgenic 
hormone-secreting cells.

The cells of the glomeric zone, on the other hand, pre-
sented few lipid droplets and smooth endoplasmic reticules, well 
developed (STEVENS; LOWE 1991). Typical morphology of 
aldosterone-secreting cells in other mammals (JUNQUEIRA; 
CARNEIRO 2017).

In the medullary layer in the cytoplasm of cells, numerous 
mitochondria, endoplasmic reticulum associated with the ribo-
some and neuroendocrine granules were found that varied in 
size and appearance, as indicated by the descriptions of Yılmaz 
and Girgin (2005). The neuroendocrine granules of epineph-
rine secreting cells (adrenaline) were observed with a lower 
electron density and were differentiated from noradrenaline 
granules by a small empty space located between the gran-
ule and the limiting membrane, as reported in the literature 
(STEVENS; LOWE 1991). Such ultrastructural characteris-
tics are typical of catecholamine-secreting cells.

Specifically in relation to the paca neuroendocrine gran-
ules, we can say that they are round and similar to those 
found in rodents such as rats (COUPLAND, 1965), hamsters 
(YATES, 1964), mice (JURECKA et al., 1978) and rabbits 
(COUPLAND; RUTHERFORD, 1968, 1970). And they 
have a different morphology than those found in porcupines 
that have rod morphology (YILMAZ; GIRGIN 2005).

CONCLUSIONS
Under the conditions in which this experiment was carried out, 
it can be inferred that the adrenal gland of pacas is ultrastruc-
turally similar to the other rodents described in the literature. 
And which scanning and transmission microscopy techniques 
were satisfactory for the description of the main ultrastruc-
tural characteristics of this endocrine organ in this species.
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