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ABSTRACT

Ectothermic vertebrates have a well-developed system of melanin-
containing cells, which localize in several organs and tissues and compose
an extracutaneous pigmentary system. This research aimed at character-
izing histological and ultrastructural patterns of pigmented cells in the
testes of the anura Eupemphix nattereri (Steindachner, 1963), including
the stereological and quantitative evaluation of this cell type in the
gonads. Ten adult males were collected in Nova Itapirema, Sdo Paulo,
Brazil, and submitted to morphological studies with light and transmis-
sion electron microscopy. The testis presents a great number of large cells
with many brown granules and long cytoplasmic processes. The pig-
mented cells found in the testis are structurally similar to melanocytes,
characterized by large amounts of melanosomes. The cells may be in inti-
mate contact with the same cell type, with myoid cells surrounded by a
large amount of collagen fibers, Leydig cells, and next to fibroblasts. The
distribution and amount of extracutaneous melanocytes is variable when
other organs and membranes are analyzed, allowing the establishment of
species-specific patterns for the extracutaneous pigmentary system. Anat

Rec, 290:795-800, 2007.

Key words: melanocyte;

melanosomes;

© 2007 Wiley-Liss, Inc.

extracutaneous pig-

mentary system; testes; anura

Ectothermic vertebrates have a well-developed system
of melanin-containing cells, distributed in several organs
(liver, spleen, lung, heart, thymus, and gonads) and tis-
sues (meninges and connective tissue surrounding blood
vessels) and composing an extracutaneous pigmentary
system (Gallone et al., 2002).

Melanocyte-like cells, which derive from the neural
crest (Sichel et al., 1997) and produce and store melanin
inside spherical or ovoid structures called melanosomes
(Agius and Roberts, 2003), have been observed in the ep-
idermis and in several organs (Agius and Agbede, 1984;
Zuasti et al., 1998; Oliveira and Zieri, 2005). These cells
are large and irregular in shape, with a great amount of
intensely pigmented cytoplasm, and may be seen under
stereoscope microscopy. They can have star-like or punc-
tiform morphology, due to the presence or absence of
cytoplasmic processes, respectively (Oliveira and Zieri,
2005).

© 2007 WILEY-LISS, INC.

Melanomacrophage centers are usually found in he-
matopoietic organs of basal vertebrates (Agius, 1980;
Agius and Agbede, 1984) and present different types of
granules inside the cytoplasm, which can indicate differ-
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ent chemical substances, such as melanin, hemosiderin,
and lipofuscin, resulting from the endosomal-lysosomal
digesting processes (Agius and Agbede, 1984; Herraez
and Zapata, 1991).

In amphibians, pigmented cells appear in tegument
and in lung as typical melanocytes and in spleen and
liver as melanomacrophage centers (Zuasti et al., 1998).
Melanomacrophages found in the liver of amphibians
are also known as Kupffer cells (Sichel et al., 1997;
Zuasti et al., 1998; Prelovsek and Bulog, 2003).

Melanocytes are characteristically distributed in
organs and tissues, with species-specific patterns of
occurrence, types, and amounts (Aoki et al., 1969; Gere-
mia et al., 1984; Gopalakrishnakone, 1986; Cicero et al.,
1989; Pederzoli and Trevisan, 1990; Trevisan et al.,
1991; Zagal’skaia, 1994; Christiansen et al., 1996; Sichel
et al., 1997; Akulenko, 1998; Zuasti et al., 1998; Rund
et al., 1998; Barni et al., 1999, 2002; Johnson et al.,
1999; Oliveira et al., 2002, 2003; Prelovisek and Bulog,
2003; Oliveira and Zieri, 2005). It has thus been pro-
posed that patterns of extracutaneous pigmentary sys-
tems may be established for each species (Oliveira and
Zieri, 2005).

Previous studies have described large amounts of me-
lanocyte-like pigmented cells in the interstitial testicular
tissue in Physalaemus fuscomaculatus (Aoki, 1969),
Physalaemus cuvieri (Oliveira et al., 2002, 2003), and
Eupemphix nattereri (Oliveira and Zieri, 2005), present-
ing a brief and gross morphologic description of these
cell types. Further characterization of the cells would be
of great interest. Testicular pigmentation has been used
as an important phenotypical character in the taxonomy
and phylogeny of Dendrobatidae (Grant et al., 2006).

A few recent studies have described the extracutane-
ous pigmentary system of anuran amphibians (P. cuvierti,
Oliveira et al., 2002, 2003; P. fuscomaculatus, Aoki
et al., 1969; E. nattereri, Oliveira and Zieri, 2005; Rana
esculenta, Cicero et al., 1989; Sichel et al., 1997; Barni
et al., 1999, 2002; Gallone et al., 2002; Rana ridibunda,
Akulenko, 1998; Xenopus laevis, Sichel et al., 1997; Zuasti
et al., 1998). The present study aimed at characterizing
histological and ultrastructural patterns of pigmented
cells in the testis of the anuran Eupemphix nattereri,
including stereological and quantitative evaluation of this
cell type in the gonads.

MATERIALS AND METHODS

Ten adult male Eupemphix nattereri (Anura, Leiuperi-
dae) were collected at temporary ponds (21°04'40"S;
49°32'23"W) in Nova Itapirema, S&do Paulo, Brazil,
between September and October of 2003, when they
were in the reproductive activity period. In the labora-
tory, the individuals were anesthetized, killed, and sub-
mitted to morphological studies. Animal handling and
experiments were done according to the ethical guide-
lines of the Sao Paulo State University (Unesp), follow-
ing the Guide for Care and Use of Laboratory Animals.

All animals were weighed and dissected out by me-
dium incision exposing the reproductive organs. After
this procedure, the testes were removed and weighted,
and immediately immersed in Karnovsky fixative solu-
tion (0.1 M Soérensén phosphate buffer pH 7.2 containing
5% paraformaldehyde and 2.5% glutaraldehyde). The
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material was dehydrated in an alcohol gradient and em-
bedded in historesin (Leica-historesin embedding kit).
Sections of 2 pm were stained with hematoxylin—eosin
and observed under an Olympus BX60 microscope.

Samples for transmission electron microscopy observa-
tions were fixed for 2 hr at 25°C in 3% glutaraldehyde
and 0.25% tannic acid at pH 7.3 in Millonig’s buffer. Af-
ter washing in the same buffer, the samples were post-
fixed for 1 hr in 1% osmium tetroxide diluted in same
buffer, dehydrated in acetone, and embedded in araldite
resin (Cotta-Pereira et al., 1976). Ultrathin silver sec-
tions (75 nm) were obtained using a diamond knife and
stained with 2% uranyl acetate for 20 minutes (Watson,
1958) and 2% lead citrate in 1 N sodium hydroxide solu-
tion (Venable and Coggeshall, 1965) for 8 min, and
examined under a Leo-Zeiss EM - 906 transmission elec-
tron microscope operating at 80 kV.

Stereology Assays

Ten histological fields for each animal were examined
using an image analyzing system software (Image Pro-
Plus, Media-Cybernetics, Inc.). Stereological analyses
were performed with the Weibel’s multipurpose graticu-
late with 120 points and 60 test lines (Weibel, 1978), to
compare the relative proportion (relative volume) of pig-
mented cells. The absolute volume of these cells was
determined by multiplying the relative volume values by
the mean testes weight, based on the determination that
1 mg of fresh tissue has a volume of approximately
1 mm?, according to Vilamaior et al. (2006).

To correlate the testicular melanocytes and the
remaining variables (body weight, testes weight, per-
centage of interstitial cells, germinative cells, and other
cells types in the testis), outliers were identified and the
Shapiro-Wilk test was used to test for normality. The
Pearson correlation coefficient for parametric data was
used for analysis of the results.

RESULTS

Eupemphix nattereri have paired and ovoid testes,
measuring around 4.82 * 0.78 mm length, obtained
from right testes from 10 animals. They present marked
pigmentation in the testicular capsule (Fig. 1A,B) and
around the seminiferous tubules, intimately associated
with interstitial cells (Fig. 1C,D) so that the gonads
present a dark brown color.

This intense pigmentation is due to the presence, in
the testes, of great numbers of large cells with many
brown granules and long cytoplasmic processes distrib-
uted in both interstitial and capsular regions of the
gonads (Fig. 1C,D). Cell borders could not be identified
by histological examination, because the cells displayed
a very high variation of irregular shapes.

Evaluation of the pigmented cells under transmission
electron microscopy showed large irregular nuclei, con-
spicuous nucleoli, and condensed chromatin in the
peripheral region (Fig. 2A). The cytoplasm showed
numerous processes, with poorly developed organelles,
and consisted mostly of electron-dense corpuscles contain-
ing melanin (Fig. 2B). The cytoplasmic region pigment
granule-free present a few Golgi’s cisternae (Fig. 2D,E),
and in association with these pigment granules, a promi-
nent cytoskeleton can be observed (Fig. 2C). Melanosomes
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Fig. 1.
testis of Eupemphix nattereri, showing intense pigmentation testicular.
C: Pigmentation of the testicular capsule (arrows) and around the
seminiferous tubules (asterisks). D: Detail of melanocytes in the testic-
ular interstitium. fb, fatty body; t, testis; k, kidney.

A,B: Anatomical (A) and histological (B) general view of the

presented round or ovoid shape with variable size and
degree of melanization (Fig. 2F). The main characteristic
of the mature pigmented cell in the testis evaluated in
the present study is their homogeneous appearance and
the presence of well-defined melanin granules (Fig. 2B).

The pigmented cells and their processes may be in
intimate contact and/or high proximity with fibroblasts
(Fig. 3A-C), with myoid cells surrounded by a large
amount of collagen fibers (Fig. 3E,F), Leydig cells (not
documented), and next to the same cell type, constitut-
ing a homotypic cell contact (Fig. 3D). Fibroblast and
myoid cells were identified by ultrastructural analysis,
using the evaluation of the basal membrane in the

Fig. 2. Transmission electron microscopy of E. nattereri melano-
cytes. A,B: Melanocyte shows mature granules, with the cytoplasm
full of melanosomes of different shapes, sizes, and electron densities.
C: Detail of the melanocyte’s cytoplasm showing cytoskeleton ele-
ments: microtubules (large arrows) and actin filaments (asterisk). D,E:
Detail of melanocyte’s cytoplasm demonstrating Golgi complex (GC)
in association with secreting vesicles (small arrows). F: Cytoplasmic
process of a melanocyte with melanosomes presenting different sizes
and development stage (arrows). Mi, mitochondria; N, nucleus; Nu,
nucleolus; PG, pigment granules.

myoid cells and absence of this structure in the fibro-
blast (Fig. 3F). Close contact, similar to focal adhesion,
was also occasionally observed between fibroblasts, next
to the pigmented cells (Fig. 3B).

Pigmented cells found in the testes are structurally
similar to melanocytes, characterized by a large amount
of melanin pigments in the interior of electron-dense cor-
puscles containing melanin, the melanosomes. The ab-
sence of the protein synthesis machinery organelles,
such as granular endoplasmic reticulum, polysomes, and
lysosomal-like vesicles or multivesicle bodies, typical of
macrophages, were used here as evidence that this
cell type is not a component of the melanomacrophage
system.

Stereological analyses confirmed that most of the area
in the testis (58.06 = 9.53%) and the absolute volume
(8.12 £ 1.33 mg) are occupied by germ cells and that
melanocytes occupy 5.08 = 2.41% of the total area and
0.71 £ 0.33 mg of absolute volume. The melanocytes’
absolute and relative volumes were not significantly cor-
related to body or testicular weight (Pearson correlation,



Fig. 3. Transmission electron microscopy of Eupemphix nattereri
melanocytes. All figures demonstrate the association of this cell type
with other cells, indicative of the cell communication. A-C: Proximity
to fibroblast (F) processes (dark arrows). D: Spot junction with plas-
matic membrane of another melanocyte, characterizing a homotypical
cell interaction (white arrow). E,F: Melanocytes closely associated
to fibroblasts (F), with collagen fibers around (Co) and myoid cells
(MC) with the basal membrane (thin arrows). N, nucleus; PG, pigment
granules.

P > 0.05), or to the volumetric values of interstitial and
germinative cells. In addition, melanocytes volume
showed negative correlation with the other testicular
components (Pearson correlation, r = —0.71; P = 0.01;
Table 1).

DISCUSSION

Ectothermic animals have cells with pigmented cyto-
plasm, seen in different organs, which form the extracu-
taneous pigmentary system whose function is still poorly
understood (Zuasti et al., 1998). The pigmented cells
have different names, such as melanophores, melano-
cytes, melanomacrophages, melanin-containing mononu-
clear phagocytes, and melanophages. In amphibians
(Sichel et al., 1997, Zuasti et al., 1998, Prelovisek and
Bulog, 2003) and reptiles (Christiansen et al., 1996;
Rund et al.,, 1998; Johnson et al., 1999), similar cell
types present in the liver are called Kupffer cells.

These cells are morphologically similar to melanocytes
(Agius, 1980; Zuasti et al., 1990, 1998) and macro-
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TABLE 1. Quantitative Exploratory Analysis of the
Testicular Components in Eupemphix nattereri®

Parameters Values
Biometrical data
Body weight (g) 9.40+1.64
Testes weight (g)
Left 0.013+0.01
Right 0.015+0.01
Stereological data
Relative volume (%)
Melanocyte 5.08+2.41
Insterstitium 11.33+5.51
Germ cells 58.06+9.53
Other components 25.51+13.54
Absolute volume (mm?)
Melanocyte 0.71+0.33
Insterstitium 1.58+0.77
Germ cells 8.12+1.33
Other components 3.57+1.89

#Animal (n = 10); histological fields (n = 10). Values repre-
sent mean *= SD.

phages. In ectothermic animals, macrophages have large
amounts of melanin in the cytoplasm and are thus called
melanomacrophages (Agius, 1980; Agius and Agbede,
1984; Macchi et al., 1992; Micale and Patti, 1993; Messe-
guer et al., 1994). Melanocytes originate from the neural
crest, whereas melanomacrophages derive from hemato-
poietic stem cells (Sichel et al., 1997). According to the
morphologic characteristics of the cells analyzed in
testes and associated membranes in the present study,
they were referred to as melanocytes.

The strong testicular pigmentation observed in E. nat-
tereri is evidenced by cell types that are ultrastructur-
ally similar to melanocytes. These cells are present in
the skin (Trevisan et al., 1991) and in several visceras
(Geremia et al., 1984), as well as in the testicular cap-
sule and in close contact with interstitial cells, as
described in P. fuscomaculatus (Aoki et al., 1969), Bomb-
ina bombina (Gollmann et al., 1993), P. cuvieri (Oliveira
et al., 2002, 2003), and E. nattereri (Oliveira and Zieri,
2005).

Melanocytes are large irregular cells, with poorly
developed organelles, a great number of melanosomes,
and long dendritic processes with abundance of cytoskel-
eton, such as microtubules and actin filaments (Aoki
et al., 1969). In E. nattereri testes, melanocytes have
melanosomes of different sizes and degrees of melaniza-
tion, suggesting the occurrence of melanogenic activity
as described by Sichel et al. (1997) and Gallone et al.
(2002) in Rana esculenta. The melanogenesis in E. nat-
tereri testes is suggested here due the presence of the
several Golgi’s cisterns in association with secreting
vesicles. But the confirmation of this process will cer-
tainly be a new focus of further investigations in our
research group.

Melanosynthesis has also been observed in Kupffer
cells in amphibian liver (Cicero et al., 1989; Sichel et al.,
1997), as shown by the presence of premelanosomes in
several stages of differentiation and by the activity of
dopa-oxidase in R. esculenta (Gallone et al., 2002) and
Proteus anguinos (Prelovsek and Bulog, 2003). Melanosyn-
thesis, however, has not been observed in melanomacro-
phages of some species of fish, showing that the melanin
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inside the cells derives from phagocytosis of melano-
somes originating from melanocytes (Agius and Agbede,
1984; Tsujii and Seno, 1990; Zuasti et al., 1990; Herraez
and Zapata, 1991).

In teleosts, Besseau and Faliex (1994) and Grier and
Taylor (1998) have described the presence of melanoma-
crophages in testicular structures and that they might
be involved with the gonadal regression observed after
maturation of germinative cells. In E. nattereri, melano-
macrophages have not been observed in the testicular
interstitium. The cells could, however, be present in low
density or only in specific phases of the reproductive
cycle or yet in response to infectious processes, when
they could then be identified. In anurans and teleosts,
these cells are clearly evident in hematopoietic organs
such as the liver and spleen (Cicero et al., 1989; Zuasti
et al., 1990; Sichel et al., 1997) and in the kidneys
(Zuasti et al., 1989).

Functions of the melanin inside melanomacrophages
include a possible role in the absorption and neutraliza-
tion of free radicals, cations, and other potentially toxic
agents derived from the degradation of phagocytosed
cells (Zuasti et al., 1989), as well as in the thermoregula-
tion process in reptiles (Golapakrishnakone, 1986).
Barni et al. (1999) reported an increase of melanic cells
in the liver of R. esculenta during winter. In E. nattereri
the function of these pigmented cells yet cannot be
completely explained, but the evidence of the thermoreg-
ulation role may be indicated here. However, this hy-
pothesis will be tested in further experimental assays.

The cells are structurally very similar when compared
in other species such as B. bombina (Gollmann et al.,
1993) and P. cuvieri (Oliveira et al., 2002, 2003). How-
ever, the distribution and amount of extracutaneous me-
lanocytes is variable when other organs and membranes
are analyzed, allowing the establishment of species-spe-
cific patterns for the extracutaneous pigmentary system
(Oliveira and Zieri, 2005).

The present study describes characteristics that can
be further explored in the characterization of anurans,
providing morphological results of importance for the
use of other approaches involving physiological and
phylogenetic aspects. The anuran extracutaneous pig-
mentary system has been a target of research in our lab-
oratory with emphasis on reproductive organs, and other
complementary immunocytochemical and enzymological
methodologies have been established. In this sense,
major information about the physiology of these cells
will be incorporated to the literature in future.
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