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skin of spix’s yellow-toothed cavy compared to agoutis was
observed (Fig.3C). In contrast, low density of elastic fibers
for both species were identified, which is why quantification
has not been performed (Fig.4).

Finally, a higher percentage of the proliferative activity of
fibroblasts in the skin of agouti compared to the fibroblasts

of the skin of spix’s yellow-toothed cavy was quantified
(Fig.5). Thus, the proliferative potential was determined as
1.69+0.68 and 1.36+0.15 AgNOR/cell for agoutis and spix’s
yellow-toothed cavy, respectively (Fig.5C). While the area of
AgNOR/cell was 3.15+1.57 and 1.01+0.13pum? for agoutis and
spix’s yellow-toothed cavy (Fig.5D).

Fig.4. Visualization of the elastic fiber’s matrix in the agouti (Dasyprocta leporina) and spix’s yellow-toothed cavy (Galea spixii) ear skin

B el

stained with WG. (A) Represent agouti skin. WG, obj.100x, bar = 10pum. (B) Represent spix’s yellow-toothed cavy skin. WG, obj.100x,

bar = 10pm. Elastic fiber (arrow).

Fig.5. Proliferative activity of ear skin derived from agouti (Dasyprocta leporina) and spix’s yellow-toothed cavy (Galea spixii). (A) Staining
of AgNOR in the fibroblast from agouti (D. leporina). AgNOR, 0bj.100x, bar = 10pm. (B) Staining of AgNOR in the fibroblasts from and
spix’s yellow-toothed cavy (G. spixii). AgNOR, obj.100x, bar = 10um. AgNOR present in the fibroblast nucleus (arrow). (C) Quantification
of AgNOR number/cell. (D) Quantification of AgNOR area/cell. Bars indicate standard deviation. * Values with different superscripts

differ (P<0.05).
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DISCUSSION

In this study, using the structure of the agouti (Dasyprocta
leporina) ear skin and cartilage as a reference, we examined
the spix’s yellow-toothed cavy (Galea spixii) to establish an
adequate cryopreservation protocol for their somatic cells.
Therefore, we compared the structural patterns of this
region between these species, quantified several types of
cells and their proliferative activity and showed that they
were different. This study may allow the understanding of
how the environment could have altered the histological
characteristics of the skin and cartilage. One factor that may
have promoted these changes is the evolutionary relationships
that have contributed to the physiological adaptations of each
of these species. This is because a set of skin properties has
been shown to change according to the physiological needs of
the species, even when present under the same environment
(Daly & Buffenstein 1998). Additionally, other factors such
as ultraviolet radiation (Oria etal. 2003) can also change the
skin structure patterns of these small rodents.

Initially, the ultrastructural evaluation of agoutis and spix’s
yellow-toothed cavy allowed to characterize the ultrastructure
of the ear skin and cartilage. In this way, similar characteristics
were shown for these two rodents. This is because the skin was
revealed, containing the epidermis and dermis. Specifically, in
the epidermis, the corneal layer was observed superficially,
loosening, since it is composed of dead cells and that are in
constant renovation (Abdo et al. 2020). Also, in the skin, the
presence of the dermis was highlighted, containing the fibers that
give it flexibility and support to the adjacent tissues (Abdo et al.
2020). In general, these characteristics were already expected
since the ear skin for mammals in general presents the same
patterns of ultrastructural organization (Khavkin & Ellis 2011,
Biggs et al. 2020). Among the species that present the same
ultrastructural patterns of the skin, there are pacas (Cuniculus
paca) (Isola et al. 2013), naked mole rat (Heterocephalus
glaber) (Menon et al. 2019) and mouse (Allen & Potten
1976) stand out (Morita et al. 1995). Still, this same pattern
was also observed in the skin of Cuban crocodile (Crocodylus
rhombifer) (Szewczyk & Stachewicz 2020) and in the skin of
humans (Roger et al. 2019). In addition, in this study region,
cartilaginous tissue and its gaps, which are the sites from which
chondrocytes, cells responsible for maintaining cartilage, were
also identified (Fox et al. 2009, Akkiraju & Nohe 2015). The
presence of cartilaginous tissue is important because this type
of specialized connective tissue provides support, rigidity and
shape for the entire structural architecture of the ear of these
small rodents (Vanwanseele et al. 2002).

Regarding the morphological analysis of the skin of agouti
and spix’s yellow-toothed cavy, only three layers were identified
in the epidermal region, the basal, spinosum and corneum.
While the granular and lucid layers were not distinguishable.
Characteristics were also observed in the skin dermis of these
two rodents, where the presence of the papillary and reticular
layer was not evident. This is because we are evaluating thin
skin, where unlike thick skin it is not always possible to verify
the presence of the different layers that form the epidermis as
well as the dermis (Browne 2004). In general, in mammals it
was observed that the epidermal and dermal proportions of
the skin may vary due to the location of the body, as well as
the genetic, physiological and epigenetic need of the species to
adapt to the environment, since on the thin skin the epidermis

and the dermis is less developed when compared to thick
skin (Webster & Webster 1980, Robert et al. 2012, Arda et
al. 2014). In wild rodents, variations between thin and thick
skin have also been observed, such as common mole mice
(Cryptomys hottentotus) and naked mole mice (H. glaber)
(Daly & Buffenstein 1998). In addition, in swine (Moyo et al.
2018), fishing bat (Yin etal. 2011) and in humans (Khalfa et
al. 2018) these skin variations from different regions could
also be observed.

Moreover, we observed that the thickness of the spinosum
layer in the epidermis of spix’s yellow-toothed cavy was
larger than that of the agouti, unlike the basal layer and the
corneum, which were smaller. Despite these variations in the
thickness of the layers, significant differences in the thickness
of the epidermis between these two species was not evident,
demonstrating the existence of specific characteristics in
each species (Webster & Webster 1980). Variations in the
thickness of the epidermal layers of the skin of the neck,
thorax, and carpus of male and female paca (C. paca) have
also been described in the study by Isola et al. (2013).
These variations observed in the agouti and spix’s yellow-
toothed cavy epidermis are important, since they will allow
determination of cryoprotective agents that should be used
in the cryopreservation of the skin (Praxedes et al. 2020).

In addition, an average of 29.9 melanocytes and 29.8
keratinocytes was observed in the spix’s yellow-toothed cavy
epidermis for each tissue area evaluated. This value diverged
from what was found for agouti skin (12.6 melanocytes and 14.7
keratinocytes). However, epidermal cells, such as Langerhans
and Merkel cells, in spix’s yellow-toothed cavy were found
to be smaller. In general, different cellular proportions of the
epidermis have also been observed for other species, such as
rodents, felids and domestic mammals, such as the common
mole rat (C. hottentotus), naked mole rat (H. glaber) (Daly &
Buffenstein 1998), jaguar (Panthera onca) (Praxedes et al.
2020), cats, dogs (Souza et al. 2009) and pigs (Navarro et
al. 2001). This cellular variation observed both in agoutis
and spix’s yellow-toothed cavy for other species may be
associated with the need in the skin to protect itself from
the environment, specifically, from ultraviolet rays, since
melanin synthesized from melanocytes of the epidermis
has this function (Khavkin & Ellis 2011, Dolka et al. 2014).
In addition, another explanation related to this process can
be associated with a chain of hormones responsible and
regulating the proliferation and differentiation of melanocytes,
keratinocytes, Langerhans cells and Merkel (Scholzen et al.
1998), among which the neuropeptide stands out stimulating
alpha-melanocyte (a-MSH) that triggers different skin reactions
(Souza et al. 2015).

In both species, the main and most abundant cell type in
the dermis was fibroblasts. In addition, collagen and elastic
fibers in the skin of these two species were also observed,
corroborating the results regarding the skin of the tail of
the European beaver (Castor fiber) (Dolka et al. 2014) and
different regions of the skin of male and female paca (C. paca)
(Isola et al. 2013). However, a greater amount of collagen
fibers was found in the cavy dermis compared to agoutis. This
may be due to the number and collagen synthetic activity of
dermal fibroblasts in the skin of spix’s yellow-toothed cavy
(Khavkin & Ellis 2011), also justifying the greater thickness
of this region when compared to agouti.
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Additionally, in the ear cartilage of agoutis and spix’s
yellow-toothed cavy, the cartilaginous tissue responsible for the
shape and structure of this organ was found to contain mainly
chondrocytes, and a layer of connective tissue providing nutrition
to the cartilage, known as the perichondrium (Vanwanseele et
al. 2002). In agoutis, the number of chondrocytes was higher
compared to spix’s yellow-toothed cavy. For Wistar rats, 50.4
chondrocytes were observed in the articular cartilage of the
distal portion of the tibia, which is different from the number
shown in agoutis and cavy (Portinho et al. 2008). These
morphological differences in the cartilage of these species
may reflect adaptations according to their functional needs
(Vanwanseele et al. 2002).

Evaluations were carried out in addition to the proliferative
activity of fibroblasts in the dermis of agoutis and spix’s
yellow-toothed cavy. The AgNOR technique represents the
chromosome fragments that are responsible for the synthesis
of ribosomal ribonucleic acids (rRNA). This component is
essential, as it promotes the starting point for the synthesis of
cellular proteins, that s, the capacity or proliferative potential
(Chacur et al. 2015). In spix’s yellow-toothed cavy, a lower
proliferative potential was observed in comparison to what
was observed in agoutis. This suggests that although agoutis
and spix’s yellow-toothed cavy live in the same environment,
itis still possible that epigenetic factors may have influenced
the potential of the skin fibroblasts in these rodents. This is
because it has already been found that in comparative studies
on the physiological and adaptive conditions of species under
a common environment, they can still diverge, impacting on
morphological conditions (Webster & Webster 1980). This
characteristic was relevant, because different proliferative
potentials of fibroblasts have already been identified in
different studies, such as collared peccaries (Pecari tajacu)
(Borges et al. 2017), jaguar (P. onca) (Praxedes et al. 2020)
and domestic mammals, such as domestic cat (Felis silvestris
catus) (Martins et al. 2020), pigs (Preziosi et al. 2000) and
sheep (Chacur et al. 2015).

CONCLUSIONS

This study highlighted the importance of knowledge about
the ear skin and cartilage for agoutis (Dasyprocta leporina)
and spix’s yellow-toothed cavy (Galea spixii).

Differences regarding the thickness of layers, cell types
and numbers, extracellular collagen matrix and proliferative
potential were evidenced. The identification of these differences
is especially important because it allows us to understand
that the protocols for the formation of cryobanks are specific
to each species and that they need to be evaluated initially
for each one of them.
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