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Abstract

Although seminiferous tubule maturation in horses begins in the central area of the testis, this
process is thought to occur randomly throughout the testis in most mammals. Studies in our
laboratory revealed that the establishment of spermatogenesis may not be a synchronous event in
the testicular parenchyma of pigs. The objectives of the present study were to evaluate the pattern
of seminiferous cord/tubule maturation and the morphological and functional characteristics of
testicular somatic cells during postnatal development in three regions of the pig testis: a) near the
tunica albuginea (TA); b) in the transitional area between the seminiferous tubules and
mediastinum (TR); and c) in the intermediate area (ID) between the TA and TR. Based on the
diameter of seminiferous cords/tubules, nucleus size of Sertoli cells and fluid secretion, mainly at
90 and 120 d of age, seminiferous tubule maturation was more advanced in the ID and TR. The
mitotic activity of Sertoli cells was higher (P < 0.05) in the TR than the ID and TA at 7 and 120 d.
Except for the mitotic index of the Leydig cells, which was lower (P < 0.05) in the ID at 7, 30, and
180 d than in the TA and TR, other Leydig cell ebd points, e.g., individual cell size, nuclear
volume, and cytoplasmic volume, were consistently higher (P < 0.05) in the ID, suggesting that
steroidogenesis was more active in this region during the period investigated. Overall, we inferred
that Leydig cells in the ID may play a pivotal role in postnatal testis development in pigs and this
type of cell is likely related to asynchronous testicular parenchyma development, with the
transitional area providing the primary zone for growth of seminiferous tubules.
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1. Introduction

The Sertoli cell is the first somatic cell type to differentiate in the embryonic gonad and
plays a crucial role in testis differentiation and development [1,2]. During this period, the
functional interactions between Sertoli cells and other somatic cells in the testis, such as
peritubular myoid cells and Leydig cells, are essential to seminiferous cord/tubule integrity,
the testis environment, and development of the male reproductive tract [3-6].

In mammals, Sertoli cell proliferation generally starts soon after gonad differentiation and
ends before puberty [7-9]. Specifically in pigs, there are two evident peaks of postnatal
Sertoli cell proliferation: the first during neonatal life and the second right before puberty,
which usually occurs at ~4 mo of age [3]. In contrast to Sertoli cells, there appear to be two
distinct Leydig cell populations in most mammalian species: fetal Leydig cells that originate
soon after testis differentiation, and adult-type Leydig cells present in the pre-pubertal
period [10,11]. In pigs, however, and probably in humans and other primates as well, three
phases of Leydig cell development have been described [10,12,13]; two transient phases,
including one during the early fetal period and the other during the perinatal period, and a
final phase from 3 mo of age through pubertal development and adulthood [3,12,13].
Individual Leydig cell volume in pigs changes remarkably throughout testis development
[3,13,14]; these changes were probably related to the higher densities of LH [14,15] and
androgen receptors [16].

In most mammalian species, the establishment of spermatogenesis is thought to occur
randomly throughout the testis [17]. However, macroscopic differences in color within the
testis have been described in prepubertal horses, which exhibit light testicular parenchyma in
the center and dark parenchyma in the periphery [18-21]. This development pattern was
attributed to the temporal relationship between the reduction in volume density of
macrophages or other interstitial cells, and the distinctive pattern of seminiferous tubule
development [21]. In a more qualitative investigation on pigs, Ford and Wise [22] recently
reported a maturation gradient of Sertoli cells from the mediastinum (central area) toward
the tunica albuginea.

In every species, the number of Sertoli cells in the testis determines the ultimate number of
sperm produced and thus the overall efficiency of male reproduction [3,23,24]. Particularly
for pigs, in which the use of Al is a key tool for increasing reproduction efficiency,
understanding the regulation of postnatal testis development is crucial to increasing the total
number of sperm per ejaculate. However, studies related to the regulation of mitotic activity
of Sertoli cells in pigs are inconclusive [3,25,26], although important advances have recently
been made regarding the possible role of estrogens in Sertoli cell proliferation and
maturation [27-30]. Based on ongoing studies in our laboratory, we inferred that the
establishment of spermatogenesis may not be a synchronous event in the testicular
parenchyma in pigs.

The objectives of the present study were to perform a careful morphofunctional
investigation of somatic elements in the testis and seminiferous cord/tubule maturation
during postnatal testis development in pigs. In that regard, fragments from three different
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regions of the testicular parenchyma (situated between the mediastinum and tunica
albuginea) were evaluated.

2. Materials and methods

2.1. Pigs

Twenty prepubertal (7, 30, 60, 90, and 120 d of age) and four postpubertal (180 d of age)
Landrace x Large White crossbred pigs from the Experimental Farm of the Veterinary
School of the Federal University of Minas Gerais were orchidectomized. Prior to surgery, all
pigs received an intramuscular injection of 1 mg/kg of azaperone (Destress, Des-Far
Laboratérios LTDA, Sdo Paulo, SP, Brasil) and were anesthetized with 3 mg/kg zolazepam
with tiletamin (Zoletil50; Virbac do Brasil, S&o Paulo, SP, Brazil). All surgical procedures
were performed by a veterinarian and followed approved guidelines for the ethical treatment
of animals (Ethics Committee in Animal Experimentation of the Federal University of
Minas Gerais—CETEA/UFMG).

The testes were separated from the epididymis, weighed, and cut longitudinally (with a razor
blade or sharp knife). Tissue samples were obtained from three regions of the testicular
parenchyma: a) near the tunica albuginea (TA); b) from the transitional area between the
seminiferous cords/tubules and the mediastinum (rete testis) (TR); and ¢) from the
intermediate area (ID) between TA and TR (Fig. 1). Tissue samples were fixed by
immersion in 5% buffered glutaraldehyde, embedded in plastic (glycol methacrylate), and
routinely prepared for histological and morphometrical evaluations.

2.2. Testis morphometry

2.2.1. Volume density and diameter of seminiferous cords/tubules—The volume
densities of the testicular components in the tree regions of the testicular parenchyma were
determined by light microscopy, using a 441-intersection grid placed in the ocular of the
microscope. Three fragments from each region were used. Fifteen fields were randomly
chosen for each region (6615 points) and scored at 400x magnification. As the volume
density of the tunica albuginea and mediastinum in pigs varies depending on age [31], the
values for these features used in the present study were 9.5, 10.1, 10.7, 10.2, 8.0, and 5.7%
at 7, 30, 60, 90, 120, and 180 d of age, respectively [31]. The diameter of the seminiferous
cords/tubules was measured at 400x magnification using an ocular micrometer calibrated
with a stage micrometer. For each pig, 30 round (or nearly round) tubule profiles were
randomly chosen and measured for each region.

2.2.2. Establishment of spermatogenesis—For the investigation of postnatal germ
cell development, 30 cross-sections of seminiferous cords/tubules were evaluated per testis
region in each pig at each prepubertal age. The presence of the following germ cell types
was assessed: gonocytes, spermatogonia (including type A, intermediate, and type B), early
primary spermatocytes (preleptotene to zygotene), intermediate and late primary
spermatocytes (pachytene and diplotene), round spermatids, and elongated spermatids. This
evaluation was performed at 1000x.
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2.2.3. Leydig cell morphometry—Individual Leydig cell volume was obtained from the
nucleus volume and the proportion between nucleus and cytoplasm. As the Leydig cell
nucleus in pigs is spherical, the nucleus volume was calculated from the mean nuclear
diameter. For this purpose, 30 nuclei with an evident nucleolus were measured for each
region of the testicular parenchyma investigated. Leydig cell nuclear volume was expressed
in um?3 and obtained by the formula 4/3 uR3, in which R = nuclear diameter/2. To calculate
the proportion between the nucleus and cytoplasm, a 441-point square grid was placed over
the sectioned material at 1000x magnification and 1000 points over Leydig cells were
counted for each region.

2.2.4. Volume of Sertoli cell nucleus—The volume of the Sertoli cell nucleus was also
expressed in pm3 and obtained by the formula 4/3 uR3, in which R = nuclear diameter/2.
However, since the shape of the Sertoli cell nucleus in pigs at the ages evaluated is either
ovoid or elongated [3], the mean nuclear diameter was obtained from the measurement of
the short and long nucleus axes.

2.2.5. Proliferation index of testicular somatic cells—The proliferation index for
Sertoli, Leydig, and peritubular myoid cells was determined as the number of mitotic figures
for =1000 cells analyzed for each somatic cell type considered per each testicular
parenchyma region evaluated. These cells were accurately characterized according to their
location, overall morphology, and nucleus shape.

2.3. Statistical analysis

3. Results

All data are presented as mean + SEM and were analyzed using ANOVA (with Newman-
Keuls test used to locate significant differences). Pearson’s correlation was performed for
somatic cell proliferation indices and volume density of the testicular parenchyma
components. All analyses were performed using the Statistica 3.11 program for Windows
(StatSoft, Inc, Tulsa, OK, USA, 1995; www.statsoftinc.com). The significance level was set
at P <0.05.

3.1. Biometric data

As expected, from the first postnatal week to 180 d of age, body weight increased
approximately 25-fold (Fig. 2A). A remarkable increase in testis weight also occurred. At 7
d of age, mean testis weight was 0.5 + 0.1 g, reaching 224 + 24 g at 180 d (Fig. 2B). The
gonadosomatic index (testis mass divided by body weight) increased noticeably from 7 to 30
d, and again from 120 to 180 d (Fig. 2C).

3.2. Diameter of seminiferous cord/tubules and testicular parenchyma volume density

At all ages investigated, the diameter of the seminiferous cords/tubules was similar among
the three regions of the testis (Fig. 3). However, in comparison to the TA, the seminiferous
cords/tubules in the TR and ID had a tendency toward a greater diameter, especially at 90
and 120 d. The diameter of seminiferous cords/tubules was similar from 7 to 60 d. However,
at 90 d of age, an increase of approximately 65% (P < 0.05), 80% (P < 0.05), and 40% in
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this end point occurred in the TR, ID, and TA, respectively. At 180 d, another remarkable
increase (P < 0.05) in tubule diameter occurred in the three regions.

Volume densities of the testicular parenchyma components investigated at different ages in
the three regions are shown (Figs. 4 and 5). The percentage of the tubular compartment
ranged from approximately 25 to 40% at 7 d, and was lower (P < 0.05) in the ID (Fig. 4A).
A similar trend occurred for the seminiferous epithelium and tunica propria (Fig. 4B, 4C).
For all three regions investigated, the tubular compartment reached its nadir when the pigs
were 30 d old, particularly in the TR (P < 0.05). From 30 to 180 d of age, tubular
compartment volume density increased gradually, reaching nearly 80% of the testicular
parenchyma. Although the lowest percentage values generally occurred in the TR, there
were no significant differences among the three regions. The same trend was apparent with
the seminiferous epithelium. In contrast to the other tubule elements, the volume density of
the tunica propria decreased from 60 to 180 d of age and the values found for the 1D were
significantly higher only at the latter age (Fig. 4C).

The tubular lumen was first observed at 90 d of age, with a very high degree of variation
among the three regions and even within a single region (Fig. 4D). From 90 to 120 d, a very
low degree of lumen formation of the seminiferous tubule occurred in the TA. However, at
180 d, lumen volume density was approximately 10% in all three regions.

As expected, volume density of the intertubular compartment from 7 to 180 d exhibited the
opposite trend as the tubular compartment (Fig. 5A). In comparison to the ID and TR, the
percentage of this compartment was lower in the TA at 7 d of age. A similar result was also
found for Leydig cell volume density, the main component of this compartment (Fig. 5B).
Overall, the percentage of this very important steroidogenic somatic cell was the highest at
all ages investigated, decreasing approximately 80% during postnatal testis development,
with a volume density around 10-15% at 180 d (significantly higher in the ID than in the
other regions). Following the same trend as most elements in the interstitium, blood vessel
volume density decreased from 7 to 180 d (Fig. 5C). However, blood vessel volume density
was much higher in the ID (P < 0.05) during early postnatal testis development (7 to 30 d),
whereas no differences among regions were observed for this end point thereafter.
Connective tissue volume density in the intertubular compartment was lower (P < 0.05) in
the 1D at all ages (Fig. 5D).

3.3. Establishment of spermatogenesis

In the three regions studied, only gonocytes were observed at 7 d of age in all seminiferous
cords investigated. The percentage of this very immature germ cell type per seminiferous
cord cross-section decreased to approximately 60 and 30% at 30 and 60 d, respectively, with
no obvious difference among the three regions. At these two ages, type A spermatogonia
was the most advanced germ cell type present in the other seminiferous cords. Although
primary spermatocytes, particularly pachytene spermatocytes, were the predominant germ
cell type present in approximately 70% of the seminiferous cords/tubules at 90 d, elongated
spermatids were found only in the ID and TR and few tubules in the TA had round
spermatids. This trend was all the more evident at 120 d, when nearly 50% of the tubules
had spermatids in both the ID and TR, whereas this figure was only 5% in the TA. There
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was substantial individual variation regarding the progression of spermatogenesis,
particularly at 120 d of age. For example, although spermatogenesis was virtually complete
in two pigs, germ cells were still in the meiotic phase in the other two animals. However, the
progression of germ cells was always delayed in the TA, whereas germ cells were slightly
more advanced in the ID than in the TR.

3.4. Sertoli cells

Regardless of the testicular parenchyma region, Sertoli cell nuclei changed their morphology
from a typically immature to mature status between the prepubertal and postpubertal
periods. Immature Sertoli cells had nuclei that expressed two morphological patterns [round/
ovoid and elongated/columnar (Fig. 6A-E)] and spotted heterochromatin, which were
observed at all prepubertal ages (7-120 d). Mature Sertoli cell nuclei (Fig. 6F) were
elongated/ovoid and contained a prominent nucleolus, but only at the postpubertal age (180
d). Sertoli cell nuclear volume did not change significantly from 7 to 90 d of age, but a
remarkable increase (P < 0.05) occurred in this end point from 120 to 180 d in all three
regions (Fig. 7). Sertoli cell nuclear volume was lower in the TA in comparison to the ID
and TR (P < 0.05), particularly at 30 and 90 d of age.

As fluid secretion/lumen formation and Sertoli cell nucleus size are good markers of Sertoli
cell maturation [32], there was a positive correlation (P < 0.05) between Sertoli cell nuclear
volume and lumen volume density in two testis regions (ID, r = 0.83; and TR, r = 0.47).

3.5. Leydig cell end points

There were striking differences in Leydig cell size during the development of the testis in
the three testicular parenchyma regions evaluated (Figs. 8 and 9). Regardless of age, Leydig
cells in the ID were always larger (P < 0.05) in comparison to those in the TR and TA (Fig.
9C). The same pattern occurred for Leydig cell nuclear volume and cytoplasmic volume
(Fig. 9A-B). In all three testis regions, the morphometric end points of the Leydig cells were
highest at 7 d and lowest at 60-90 d (Fig. 9).

3.6. Proliferation rate of somatic cells

As Sertoli cells are believed not to divide after puberty, the Sertoli cell proliferation index
was assessed from 7 to 120 d of age in the testicular parenchyma regions investigated (Fig.
10A). The proliferation rate of this key somatic cell was higher (~5%; P < 0.05) at 7 d,
becoming relatively stable (1-2%) thereafter in the TR, with a similar trend in the TA. In
contrast, the mitotic index of Sertoli cells in the ID increased remarkably (~1 to ~6%; P <
0.05) at 60 d, but slowed considerably (~1%) at subsequent ages. The Sertoli cell
proliferation rate at 7 d was higher (P < 0.05) in the TR and TA. Although at a lower
magnitude, the values obtained for this end point at 120 d were higher (P < 0.05) in the ID
and TR than in the TA (Fig. 10A).

There were no significant differences in the mitotic index regarding peritubular myoid cells
in the three testis regions (Fig. 10B). The highest proliferation rates for this somatic cell type
occurred at the earlier ages (7-30 d), whereas the lowest rates occurred mainly at 90-120 d
(Fig. 10B).
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Leydig cell proliferation rates are displayed in Fig. 10C. Except for the ID, which had a
higher mitotic index (P < 0.05) at 7 d, no significant differences were found for the other
two regions among the six ages investigated. More Leydig cells were dividing in the TR at 7
d (P <0.05) and in the TR and TA at 30 d of age, whereas mitotic figures predominated in
the TA in postpubertal pigs (P < 0.05). Interestingly, the ID region exhibited the lowest
Leydig cell proliferation rate at all ages, whereas the opposite trend was generally observed
for the Leydig cells in the TR.

There was a significant positive correlation between the proliferation rate of Leydig cells
and blood vessels volume density (TR, r = 0.48; ID, r = 0.55), as well as between the mitotic
activity of peritubular myoid cells and blood vessels (TR, r = 0.59; ID, r = 0.67). The mitotic
activity of Leydig cells in the ID region were correlated (P < 0.05) with Sertoli cell
proliferation rates in the TR and TA (r = 0.60 and r = 0.70, respectively).

4. Discussion

This is the first study to describe region-specific differences in the testicular parenchyma in
pigs during postnatal development and associate this event with the pattern of somatic cell
proliferation and function, and maturation of the seminiferous tubules. The knowledge
obtained in the present study could serve as a baseline for studies investigating testis
function in pigs, and even those aimed at increasing spermatogenic efficiency in this species.

Based on several end points, we inferred that seminiferous tubule maturation first begins in
the ID and TR and appears to be associated with an increase in Leydig cell size and function
in the ID. Moreover, as Sertoli cells had the highest mitotic index at 7 and 120 d of age in
the TR, coinciding with the periods related to the two postnatal peaks in Sertoli cell
proliferation previously described for pigs [3], we concluded from the present study that the
primary growth in seminiferous tubule length occurred in this region.

Regardless of region, the overall pattern of postnatal testis development in pigs regarding
several end points, e.g., testis weight, tubule diameter, volume densities of various testicular
parenchyma components, tubular fluid secretion, individual Leydig cell size, and the
establishment of puberty and the first sperm release from the seminiferous epithelium,
followed the previously described trends for several pig breeds [3,33,34].

Growth in the length of the seminiferous cords/tubules, which begins with the proliferation
of Sertoli cells [3], eventually provided the niche environment for self-renewing
spermatogonial stem cells [35]. However, to maintain continuous production of sperm
throughout adulthood, the seminiferous tubule must establish the “wave of the seminiferous
epithelium” [36]. Therefore, some Sertoli cells must stop dividing and differentiate earlier
than other Sertoli cells. These early differentiated Sertoli cells supported the beginning
phases of spermatogenesis, which includes the differentiation of the early spermatogonia
and subsequent maturation of germ cells through meiosis in the first wave of the cycle.
Other Sertoli cells during this first wave, however, continued to proliferate in order to allow
the testis to grow to adult size and spermatogonial stem cells to self-renew and migrate into
these new regions of Sertoli cell niches, where sequential stages of spermatogenesis begin to
extend the forming wave. There was an evident trend for more Sertoli cell proliferation in
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the TR after birth and prior to puberty and more seminiferous tubules containing spermatids
and the first formation of sperm were observed in the ID at 3 and 4 mo of age, respectively.
Therefore, based on the present data, we concluded that the first wave of spermatogenesis in
pigs occurred in the ID, and this first wave extended predominantly to the TR, where more
new Sertoli cells provided new niches. The overall low proliferation rate of Sertoli cells in
the ID corroborated the hypothesis that Sertoli cells in this region cease to divide in order to
support the differentiation of the seminiferous epithelium during the first wave of
spermatogenesis. Also supporting this hypothesis, the mature appearance of Leydig cells in
the ID was thought to increase testosterone concentration in this region. This was consistent
with the present data, which revealed that the ID was the first area to support germ cell
proliferation through spermiogenesis, which is the spermatogenic phase most dependent on
androgens [37-39].

The cessation of Sertoli cell mitotic activity coincided with the increase in Sertoli cell
nuclear volume, the onset of tubular fluid secretion, lumen formation, appearance, and
extensive proliferation of primary spermatocytes, and formation and development of the
Sertoli cell barrier and cytoskeleton. These end points were also good markers of Sertoli cell
differentiation/maturation [3,32,40,41]. Thus, the significant correlation between Sertoli cell
nuclear volume and the percentage occupied by the tubular lumen in the TR, and particularly
in the ID, was further evidence of the more mature status of Sertoli cells in these two regions
in pigs. Corroborating this finding, the diameter of the seminiferous cords/tubules was
significantly higher at 90 d of age in the both ID and TR when compared to 60 d of age.
Perhaps this pattern for the establishment of the tubular lumen is necessary in order to allow
the seminiferous tubule fluid to flow toward the mediastinum [22].

The Sertoli cells in the TA were functionally more immature in comparison to the other two
regions, particularly at 90 d, and the progression of germ cells through spermatogenesis was
delayed. Although we carried out a very careful, comprehensive stereological and
morphometric evaluation of the testicular parenchyma, we do not have an adequate
explanation for the delayed Sertoli cell maturation/differentiation in the TA. As Leydig cell
mitotic activity in the 1D had a significant correlation with Sertoli cell proliferation rates in
both the TA and TR, this stereoidogenic cell may play an important role in Sertoli function,
as well as overall testis development.

In agreement with the literature [3,13-15], the percentage of Leydig cells in the testicular
parenchyma was very high in the present study, particularly at 7-30 d after birth, and
individual cell volume changed substantially during postnatal testicular development.
However, there was a dramatic regional difference regarding several Leydig cell end points.
Except for the mitotic index, which was lower in the 1D, the volume of the Leydig cell
nucleus and cytoplasm and individual Leydig cell size were strikingly higher in this region
throughout the entire period investigated, which was reflected in the overall high volume
density of this cell in the ID. In the absence of any association between Leydig cell size and
other end points, these results were very difficult to interpret, as this trend was observed at
all ages from birth to after puberty, which prevented us from associating these findings with
puberty and the establishment of spermatogenesis. However, similar to peritubular myoid
cells, the Leydig cell proliferation rate in the ID was significantly correlated with the blood
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vessels and, in contrast to blood vessels, connective tissue volume density was always lower
in the ID. As Leydig cells in the ID seem to be functionally more active, this correlation
with blood vessels and the lower percentage of connective tissue was somewhat expected.
Finally, it should be mentioned that, regardless of the testis region, Leydig cells are also
functionally related to Sertoli and peritubular myoid cells [3-6]. However, from these
results, we inferred that these interactions may have a distinctive gradient from the center to
the periphery of the testicular parenchyma in pigs, which is a hypothesis that should be more
mechanistically investigated [22], taking into account the importance of blood vessels on
testis development [42]. Horses have a distinctive pattern of testis development during the
postnatal period [21], now corroborated by the present findings in pigs; therefore, this
peculiarity should also be investigated in other mammalian species. This gradient of testis
development and growth may already be established during gonadal differentiation in the
fetal period [43,44] and is clearly observed in some lower vertebrates, even during
adulthood [45].

It needs to be considered whether the three testis regions investigated were adequately
chosen. Besides several other end points, the particular results for Leydig cells, which were
noticeably significant in the ID at all ages investigated, clearly demonstrated that at least this
region had particular characteristics in pigs. When grouping the TA plus ID or ID plus TR,
the results were statistically significant in approximately 25 and 30%, respectively.
Therefore, we inferred that the experimental design was appropriate. However, this does not
exclude other potential functionally different regions in the testicular parenchyma of pigs
during postnatal development.

In summary, the results of the present investigation revealed a region-specific gradient in
seminiferous tubule maturation and somatic cell development in pigs, particularly for
Leydig cells, which may play a pivotal role in postnatal testis development. These findings
were functionally important and offered a new perspective regarding the investigation of
testis development in this species. For instance, the knowledge obtained in the present work
could be useful in studies involving a testis graft methodology as a tool for investigating
testis function in pigs [46] because the area from which tissue fragments for grafting are
obtained may influence their development. Furthermore, the observations presented here
may also help interpreting the unexpected results involving Sertoli cell proliferation/
differentiation in transient hyperthyroid-ism and hypothyroidism conditions in pigs
[23,25,47]. However, many questions remain, such as why Leydig cells are apparently
always functionally more active in the ID. Might this result only reflect some differences in
the functional status of this important steroidogenic cell and/or are there different Leydig
cell populations in particular testis regions that may be regulated by distinct extrinsic or
intrinsic/local factors? These and other relevant questions related to testis development and
function are particularly important to understand the establishment and regulation of
spermatogenesis and also testis somatic cells proliferation in pigs, in which the total number
of sperm per ejaculate is crucial for reproductive efficiency in the swine industry.
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Tunica albuginea

Fig. 1.
Illustration of the three testicular parenchyma regions in pigs from which the samples were
taken; TA, tunica albuginea region; ID, intermediate region; TR, transitional region.
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Fig. 2.
Biometric data (mean £ SEM) during postnatal development in pigs. (A) body weight; (B)

testis weight; (C) gonadosomatic index (GSI).
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Fig. 3.

Seminiferous cords and tubular diameter (mean + SEM) in three regions of the testicular
parenchyma during postnatal development in pigs. Different uppercase letters denote
significant differences between ages for the same region (P < 0.05).
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Fig. 4.

Tubular compartment volume density (mean + SEM) in three regions of testicular
parenchyma during postnatal development in pigs. Different lowercase letters denote
significant differences between regions, whereas different uppercase letters denote
significant differences between ages for the same region (P < 0.05).
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Fig. 5.

Intertubular compartment volume density (mean = SEM) in three regions of testicular
parenchyma during postnatal development in pigs. Different lowercase letters denote
significant differences between regions, whereas different uppercase letters denote
significant differences between ages for the same region (P < 0.05).

Theriogenology. Author manuscript; available in PMC 2016 March 23.



1duosnuepy soyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuep Joyiny

Avelar et al. Page 18

Fig. 6.

Se%toli cell nuclei at 7 (A), 30 (B), 60 (C), 90 (D), 120 (E) and 180 (F) d of age in pigs. In all
prepubertal ages investigated (A to E), immature Sertoli cells exhibited two different nuclear
patterns: round/ovoid (arrows) or elongated (arrowheads). After puberty (F), only typically
mature Sertoli cell nuclei (*) with evident nucleolus were found. A-E, bar = 30 um; F, bar =
20 pm.
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Fig. 7.

Sertoli cell nuclear volume (mean £ SEM) in three regions of the testicular parenchyma
during postnatal development in pigs. Different lowercase letters denote significant
differences between regions, whereas different uppercase letters denote significant
differences between ages for the same region (P < 0.05).

Theriogenology. Author manuscript; available in PMC 2016 March 23.



1duosnuepy soyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuep Joyiny

Avelar et al.

Page 20

Leydig cell localization and size

7d

90 d

Fig. 8.

Le?ydig cells in different regions of testicular parenchyma in pigs at 7, 90 and 180 days of
age. Leydig cells near or under the tunica albuginea (A, D, G) and near the mediastinum
(transitional region, C, F, I) are smaller in comparison to those in the intermediate region (B,
E, H). TA, tunica albuginea; TR, transitional region; SC, seminiferous cords; ST,
seminiferous tubules; L, Leydig cell (bar = 40 pm).
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Fig. 9.

Legydig cell end points (mean = SEM) in three regions of testicular parenchyma during
postnatal development in pigs. Different lowercase letters denote significant differences
between regions, whereas different uppercase letters denote significant differences between
ages for the same region (P < 0.05).
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Fig. 10.
Testicular somatic cell proliferation index (mean = SEM) in three regions of testicular

parenchyma during postnatal development in pigs. Different lowercase letters denote
significant differences between regions, whereas different uppercase letters denote
significant differences between ages for the same region (P < 0.05).
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