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ABSTRACT

Aim of Study: Gonadal hormones exert a profound influence on the development, structure and function of the sexual
organs. The testosterone is one of the androgens that plays an essential role in the development of sexual organs in male
mammals. Therefore, the present study was undertaken to evaluate the testosterone levels and developmental pattern of
the penile spines and seminiferous tubules during early postnatal life of Wistar rats. Methods and Materials: At 7, 14,
21, 28, 35, 42, 49, 56, 63 and 70 days after birth, penile and testicular tissues of male rats were dissected out and fixed
for histological study and plasma testosterone levels were determined using high resolution chromatography. Results:
An increase in the number of penile follicles, primarily in the distal region of the penis, was observed from postnatal
days 14 to 42, followed by a gradual decrease. Penile spines were absent from birth until the first growth peak, which
was observed at 42 postnatal days. Both testicular weight and the area of seminiferous tubules showed gradual increases
before achieving their highest values at 42 postnatal days. Similarly, a gradual increase in testosterone levels was de-
tected from day 28, with a peak at 42 postnatal days. Conclusions: These data show a temporal association between the
development of the penile spines and testicular tissue with gradual increases in testosterone levels. These results may
contribute to a better understanding of the behavioral, hormonal and morphological changes underlying sexual matura-
tion in male rats.
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1. Introduction organs, including the epididymis, the ductus deferens, the
seminal vesicles, the prostate gland, and the penis [1,6,7].
In rats, alterations in androgenic activity during devel-
opment can drastically affect not only the weight and size
of the testes and the accessory sex organs (such as the
prostate gland and the seminal vesicles), but also the
timing of the balano-preputial separation (BPS) [8,9], the
production of spermatozoa [10-12], and the protrusion of
penile spines [13], among other aspects.

The penile spines are cone-like keratinized projections,
cornified structures found circumferentially around the

Gonadal hormones exert a profound influence on the
development, structure and function of the sexual organs.
Several studies have established that the sexual organs of
male mammals follow a specific pattern of postnatal de-
velopmental [1-5] which is easily affected by castration
or hormonal alterations.

The role of androgens in the development of male re-
productive organs is well documented [1]. One of the
androgens that plays an essential role in the development

of sexual organs is testosterone, which influences several
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penile skin [14-18] of some mammals, including rodents,
carnivores and primates. In rats, two principal functions
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have been proposed for these keratinized projections: 1)
to stimulate the vagina during copulation and promote
the neuroendocrine processes that result in ovulation and/
or the progestational state; and 2) to help males remove
plugs that they, or other males, deposited during previous
ejaculations, thereby promoting the fertility of the sub-
sequent ejaculate [19,20]. Although the development
pattern of the penile spines is not known, it has been
suggested that these keratinized structures follow a peri-
pubertal development pattern because they are andro-
gen-sensitive [21,22]. The hormonal dependence of these
structures has been demonstrated by means of castration
(which triggers the regression and disorganization of
penile spines at a moderately fast rate) [23], and hormo-
nal restitution with androgens reverses the effect of the
castration [21,24,25].

A critical dependence on the androgens has also been
described for the adequate development of the testes and
the numerous seminiferous tubules they contain. The
testes play a fundamental role in spermatogenesis, defined
as the sequence of cytological events that result in the
formation of mature spermatozoa from precursor cells
[26]. It has been demonstrated that the development of
testicular tissue follows a specific growth pattern in ger-
minal cells with characteristic changes in the epithelium
of the seminiferous tubules and an increase in the number
of Leydig cells in the interstitium [5]. The progressive
differentiation of the seminiferous tubules during early
life is characterized by Leydig cells that acquire a ster-
oidogenic organelle structure and enzyme activities me-
tabolizing most testosterone a capacity that increases at 90
days in rats [3].

Several studies of penile spines have been conducted,
all of which have focused mainly on morphological de-
scriptions [27], hormonal regulation [15,17,21], or quan-
titative analyses after sexual experience [16], at specific
ages of the adult rat. In relation to testicular morphology,
numerous quantitative studies have been made in both
adult rats [28,29] during this rodent’s postnatal develop-
ment in order to study changes in the seminiferous tu-
bules spermatogenesis [30,31] and the interstitium of the
testes [32].

However, there is relatively little information on the
growth pattern of these sexual organs and their associa-
tion with testosterone levels in early postnatal life. An
extended study is needed to establish a more comprehen-
sive understanding of the relationship between testoster-
one levels and the growth of these sexual organs, and to
obtain a more complete explanation of the sexual matura-
tion processes of the male rat. The purpose of this re-
search, therefore, was to determine the development pat-
tern of the penile epithelium and testicular tissues and to
document changes in testosterone levels during the post-
natal development of the male rat.

Copyright © 2013 SciRes.
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2. Materials and Methods
2.1. Animals

A total of 120 male Wistar rats (Rattus novergicus) were
obtained from a colony bred by Harlan Laboratories at
the Universidad Autonoma Metropolitana. They were
maintained under a 14-hour light/10-hour dark cycle,
with lights off at 1800 hours and temperature maintained
at 20°C + 1°C, with access to food (Purina® rat chow)
and water ad libitum. They mated and their progeny were
used as subjects in this study. Weaning occurred on day
22 (day of birth = 1), after which the animals were sexed
and housed in plastic cages in groups of eight male rats
from at least four different litters. All animals were hu-
manely treated following the ethical principles and speci-
fied regulations as stated in the Official Mexican Norm
NOM-062-200-1999 entitled “Specifications for the pro-
duction, care and use of laboratory animals”, and the
Standard Guidelines set forth in the NIH Guide for the
Care and Use of Laboratory Animals. All the male pup
rats were randomly distributed into 10 groups of 12 ani-
mals each one according to age: 7, 14, 21, 28, 35, 42, 49,
56, 63 and 70 days after birth.

2.2. Plasma Collection and Testosterone
Quantification

The male rats of each age group were weighed, and
blood samples were collected by cardiac puncture from
deeply-anesthetized animals with sodium pentobarbital
(ip, 100 mg/Kg; Pfizer) at 7, 14, 21 and 28 days postpar-
tum or by decapitation (after 35 days postpartum), during
the dark phase (between 12:00 h and 13:00 h to prevent
circadian fluctuations). The interval between the first and
last subject sampled was approximately 10 min. Plasma
was obtained by centrifugation at 1500 rpm for 30 min.
Testosterone was extracted from the plasma and quanti-
fied by HPLC with ultraviolet (UV) detection, using a
modification of a procedure described elsewhere [33]
Briefly, 100 pl of a 19-nortestosterone solution (5 pg/ml
in methanol) were added as an internal standard to 500 pl
of plasma. Testosterone was extracted by agitation with 5
ml of a diethyl ether-dichloromethane mixture (60:40
v/v), followed by centrifugation. One ml of HPLC degree
water was added to the organic phase and centrifuged.
The organic phase (3 ml) was then evaporated under ni-
trogen at room temperature. The residue was dissolved in
100 pl of a methanol-water mixture (60:40 v/v). The
HPLC column and pre-column (Waters Corp., Milford,
MA) were equilibrated with a water-acetonitrile (65:35
v/v) mixture at a flow rate of 0.4 ml/min. Testosterone
separation was carried out at 40°C. A system controller
(Waters, 600-MS) was used to pump the mobile phase,
and testosterone was identified by a UV detector (Waters,
Mod. 486) at a wavelength of 250 nm. Results were ana-
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lyzed by a data-handling station (Waters, Millennium 32
Workstation). The detection limit of the assay for testos-
terone was 0.05 ng/ml at a signal-to-noise ratio of 2:1.
The average recovery of steroids after extraction from
blood was approximately 85%. The intra- and inter-assay
variation coefficients for steroid determinations were
2.93% and 7.12%, respectively.

2.3. Collection and Processing of Penile and
Testicular Tissues

After blood collection, and at the different days of post-
natal life, the animals were placed in a supine position
with their penises completely protruded. Then 1 ml of a
4% paraformaldehyde solution was injected through the
penile vein until the organ appeared erect [19]. It was
then cut and post-fixed by immersion in 10 ml of the
same fixative solution for 24 h. The testes were fixed
immediately by immersion in 4% paraformaldehyde for
24 h. These tissues were then dehydrated, processed and
embedded in paraffin. Longitudinal serial sections (5pm)
were obtained from each penis, and transversal serial
sections from each testis. Both kinds of tissue were
stained with hematoxylin-eosin.

2.4. Histological Analysis

About 15-t0-30 longitudinal sections of the midline por-
tion of the penis were examined under a BX 51 Olympus
light microscope (Tokyo, Japan) at 10x and 60 magni-
fication. The formation of penile follicles (PF) was iden-
tified as dermic papillae, and the number of penile spines
(PS) was determined by their cone-like, keratinized
structure. Both structures were counted over a length of
0.2-t0-0.9 mm that included the proximal and distal re-
gions of the penis. The morphometric properties of the
seminiferous tubules were examined and analyzed at the
midline portion of the testes. Histological analysis of the
seminiferous tubules was performed using fifteen to
thirty transverse sections of the seminiferous tubules per
animal. The area of seminiferous epithelium was deter-
mined by subtracting the internal area from the external
area using an image analysis system (Image-Pro plus 5.1,
Media Cybernetics, Bethesda, MD, USA).

2.5. Statistical Analysis

For each parameter, the mean and SD for each experi-
mental group were calculated. Comparisons of body
weight, penile and testes weight, area and diameter of the
seminiferous tubules, testosterone plasma levels, and
number of penile follicles and spines in the proximal and
distal regions of the penis were all performed with a
one-way ANOVA, followed by post-hoc Tukey tests. All
analyses were conducted with the GB-stat program
probability test (School Park Dynamic Microsystems, Inc.
2000). A value of p < 0.05 was considered statistically

Copyright © 2013 SciRes.

significant.

3. Results

3.1. Body, Testes Weight and Area of
Seminiferous Tubules

Body weight increased significantly with the days of life
of the male rat pups [F(9, 110) = 7839.84, p < 0.001].
The average body weight at day 7 was 13.45 = 1.51 g,
and increased by 10-to-15 g per week. As Table 1 shows,
the largest increase in body weight was recorded between
42 and 70 days of life (p < 0.01, respectively). The
weight of the testes also showed a gradual increase with
higher age [F(9.110) = 5637.65, p < 0.001]. Mean testes
weight at day 7 was 0.033 + 0.004, and the most pro-
nounced growth was observed after 42 days, with the
highest values reached at 70 days (Table 1).

3.2. Testosterone Plasma Levels

The different plasma levels of testosterone measured in
relation to the age of the male rats are shown in Figure 1.
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Figure 1. Testosterone levels (ng/ml) measured from 7 - 70
days of postnatal age in male rats. *p < 0.01 compared to 7th
postnatal day. Compared to 42, 35, 28, 21, 14 and 7 days of
postnatal age (ANOVA, followed by Tukey exact probability
test).

Testosterone levels (ng/ml)

35 42 49 56 63 70
Postnatal age

Table 1. Parameters evaluated at different postnatal days in
male Wistar rats.

Age ]'30dy Tes‘ticular Area of Seminifezrous
Weight (G) Weight (G) Tubules (uM")

7 1345151 0.033+£0.004"  2075.72+41.55
14 30.39 £2.30 0.056 +0.007 2241.29 +28.03
21 48.07£1.52 0.132+0.004 9059.15 + 1358.71
28 55.45+2.02 0.159 +0.008 13119.99 + 829.03
35 65.05+2.00 0.264 + 0.009 16379.94 = 451.94
42 89.83 +3.01 0.795 £ 0.008 34152.55 +734.48
49 12375+ 1.41 0.980+£0.013  35662.02 + 1146.62
56 171.58 £ 7.47 1.210+0.025  42184.29 + 1224.99
63 256.11+10.66  1.370+0.019  51363.41 + 1599.63
70 287.50£15.86  1.570+0.048  52351.30 + 1685.51

Data represented as mean + SD. "Indicates significant differences (p < 0.01)
between 7 days and the other postnatal days.
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The lowest level of testosterone was obtained at 7 days
(0.492 £ 0.069 ng/ml), but increased gradually from 14-
to-28 days of age [F(9.110) = 52.253, p < 0.001], exhib-
iting maximum levels at 35 (1.50 £ 0.50 ng/ml) and 42
days (1.95 £ 0.435 ng/ml). In adulthood, from 63-to-70
days of age, testosterone values leveled out at 2.32 +
0.126 ng/ml.

3.3. Histological Growth of the Penile Spines

The growth and development of the penile spines was
characterized by a gradual differentiation of the epider-
mic cells in the penile epithelium (PE). As Figure 2(A)
shows, at 7 postnatal days in the PE only a germinative
layer (Ger) composed of cuboidal or cylindrical cells was
visible. At 14 days, the germinative layer presented
greater cellular proliferation that produced aggregates
(called penile follicles, PF) of cuboidal cells all along the
PE (Figure 2(B)). The PF were more evident on day 21;

Figure 2. Histological longitudinal-sections of penile epithe-
lium (PE) (10x and 60x) obtained from 7 - 56 postnatal days
in male rats. Note the presence of a germinative layer (Ger)
on day 7 (A) and the presence of the penile follicles (PF)
with granules of keratohyalin in the spindle cells (arrow) on
days 14 (B); 21 (C) and 28 (D). By day 28 (D); 35 (E) and 42
(F), keratin layers (arrowheads) were visible in both the PF
and the penile spines (PS). Note the evident protrusion of
the cone-shaped PS on day 42 (F). The protrusion of PS
continued on days 49 (G) and 56 (H); with a more pro-
nounced conical form of the PS and the presence of various
layers of keratin on the ensuing days (arrowheads). Scale
bar 20 pm.

Copyright © 2013 SciRes.
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however, the cells appeared to be clearer and flatter and
the presence of basophilic granules of keratohyalin was
detected in the spindle cells (Figure 2(C)). At 28 days of
age, the PF cells became flatter, approached the superfi-
cial area of the epidermis, and were observable in the
interior of the keratin layers of the PF, where they con-
stitute a stratum called pre-spinous (Figure 2(D)). At 35
days, this pre-spinous stratum made up of PF was de-
tected closer to the periphery of the PE, and the PF were
seen to begin to take on a conical form (Figure 2(E)). By
42 days, protrusion of the penile spines (PS) towards the
periphery of the PE was visible, consisting of several
layers of keratin (Figure 2(F)). By days 49 and 56, the
process of the protrusion of the PS continued, and the
conical form characteristic of a corneal stratum was more
pronounced with a high degree of keratinization. Imme-
diately below these keratin layers various flattened cells
were observed (Figures 2(G) and (H)). These same his-
tological characteristics in the PE were observed up to
days 63 and 70 of postnatal life.

With respect to the number of PF and PS found on
different days, the results are presented in Figure 3. In
gen eral, the density of the PF and PS was greater in the
distal portion of the penis, though their distribution var-
ied significantly at different moments of postnatal growth
[F(36,407)=447.39, p <0.001]. The presence of PF was
observed for the first time at 14 days of age. Primarily in
the distal portion, they attained their maximum expres-
sion at 28 days (93.08 = 5.50, p < 0.01), followed by a
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Figure 3. Number of penile follicles and spines counted at
different days of age in male rats. Note the lack of penile
follicles on day 7 but their gradual increase, mostly in the
distal portion, at 21 and 28 postnatal days, followed by an
evident decrease from 49 - 70 days. The penile spines, in
contrast, showed a significant increase from days 42 - 49
and maintained a high number in the following postnatal
days, also mainly in the distal portion. “p < 0.01 as com-
pared to the 7th postnatal day; p < 0.01 as compared to the
35th postnatal day (ANOVA, followed by Tukey exact
probability test).
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gradual decrease. They then remained at lower levels
from days 49-t0-70 (12.83 + 1.85; 6.42 + 1.62, p < 0.01,
respectively). With respect to the PS, fewer were counted
at 35 days in both the distal (71.75 + 5.13) and proximal
(16.0 = 4.90) portions of the penis; however, after 42
postnatal days an evident increase in the number of PS,
mainly in the distal portion, was observed and continued
until 70 days of age.

3.4. Histological Growth of Testicular Tissue

The gradual postnatal growth of testicular tissue is shown
in Table 1, while Figure 4 presents the histological
changes observed in the seminiferous tubules (ST).
Based on the tubular morphology method, which takes
into account the localization and shape of spermatid nu-

Figure 4. Histological cross-sections of testicular tissue (10x
and 60x) obtained from 7 - 56 postnatal days in male rats.
At 7 days (A); seminiferous tubules (ST) were observed as
solid cords without central lumen. Gonocytes (G) were the
only type of germ cell detected in the seminiferous epithe-
lium (SE), surrounded by Sertoli cells (SC). Mesenchymal
cells (M) were seen in the interstitium. Spermatogonias (Spg)
were identified on day 14 (B); primary spermatocytes (Spl)
were first observed on day 21 in the SE, with greater quan-
tities of LC in the interstitium (C); A central lumen was
observed more defined at 28 days (D); The area of SE in-
creased at 35 days and a central lumen was totally evident.
Moreover, Spg and Spl in the SE and LC were identified in
the interstitium (E); Elongated spermatids (Spmat) and the
release of spermatozoids (Spz) in the lumen were both ob-
served at 42 days of age (F); and these characteristics were
maintained at 49 and 56 days (G) (H); Scale bar 20 pm.

Copyright © 2013 SciRes.

clei, the presence of meiotic divisions, and the overall
composition seminiferous epithelium [34], eight stages of
the spermatogenic cycle were identified. At 7 days of age,
seminiferous cords sheathed by a thin tunic (which con-
tains the peritubular myoid cells) were observed. These
cords without lumen were characterized by the presence
of a seminiferous epithelium (SE) that held around four
layers with gonocytes (G) and Sertoli cells (SC) situated
close to the basal lamina. At that age, only mesenchymal
cells (M, which give rise to Leydig cells) were observed
in the interstitium (Figure 4(A)). At 14 days, more
abundant spermatogonias (Spg) were observed in the SE.
The presence of Leydig cells (LC) was also evident in
the interstitium (Figure 4(B)). At 21 postnatal days, the
ST show showed abundant Spg, and the presence of SC
was noted near the basal membrane. Also, primary sper-
matocytes (Spl) were seen in the medial area of the SE
with a higher quantity of LC in the interstitium and cen-
tral lumen was evident at the first time in some tubules
(Figure 4(C)). These characteristics are specific to stage
I of the spermatogenic cycle. With respect to the area of
the ST, a significant increase was observed through the
different ages of postnatal development [F(9.211) =
363.90 (p < 0.001)]. Hence, on day 21 of postnatal life,
the area of ST was significantly greater (9059.15 =+
1358.71 pm?) than at day 7 (Table 1). At 28 days of age
a central lumen was more evident in many tubules and its
relative volume increased with age, while in the seminif-
erous epithelium Spg, SC and Spl were still observable,
as were LC in the interstitium (Figure 4(D)). At 35 days,
complete formation of the lumen of the tubule was at-
tained in almost all tubules, so that characteristics associ-
ated with stages II and III of the spermatogenic cycle
were detected together with abundant LC in the inter-
stittum (Figure 4(E)). By 42 days of age, elongated
spermatids arranged in bundles and deeply encrusted in
the SE were observed, as well as abundant secondary
spermatocytes located very close to the lumen of the ST
and, for the first time, spermatozoids (Spz) in the lumen
of the seminiferous tubules. Also present were numerous
Spg among the Sertoli and Leydig cells in the inter-
stitium (Figure 4(F)); all of which correspond to stages
IV-to-VII of the spermatogenic cycle and, therefore,
demonstrate that several generations of superimposed
germinal cells that occur with cyclical regularity can be
present simultaneously in a section of a seminiferous
tubule. Also at this age, the area of the seminiferous tu-
bules showed a significant increase (p < 0.001) when
compared to the previous days (Table 1). At 49 days,
observations showed the same components in the SE as
on day 42; however, the presence of Spz was greater in
the lumen of the seminiferous tubule, and there were
abundant LC in the interstitium; findings that reflect
stages V-to-VII of the spermatogenic cycle (Figure 4(G)).
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Upon reaching 56 days of age, the disposition of elon-
gated Spmat on the luminal surface and the emergence of
numerous large residual bodies and spermatozoids in the
lumen of the seminiferous tubule (Figure 4(H)) marked
stage VIII of the spermatogenic cycle. The area of the
seminiferous tubules continued to expand such that sig-
nificant differences were obtained (p < 0.01) compared to
previous days (Table 1). On the ensuing days of postna-
tal life (63-to-70), the same morphological and histo-
logical characteristics observed at 56 days of age were
maintained.

4. Discussion

In this study, a detailed longitudinal analysis made it
possible to demonstrate that the penile spines, like the
testicular tissue, follow a pattern of postnatal develop-
ment characterized by specific morphological changes
associated with gradual increases in plasma testosterone
levels.

Although the morphological characteristics of the
penile epithelium [27] and its dependence on androgen
levels has been described [15,17,21], because most of
that research focused on specific ages of the adult rat, the
precise development pattern of these penile structures
had not yet been determined. Thus, to the best of our
knowledge, this is the first study to specifically describe
the morphological changes that occur in the penile epi-
thelium of the postnatal male rat.

The data from this study show a close temporal asso-
ciation between gradual increases in testosterone levels
and the progressive growth of the follicles until they
form penile spines with a high degree of keratinization.
From 7 - 28 days of age, a slight increase in testosterone
levels was detected, though it did not reach statistical
significance. That period was characterized only by the
presence of follicles located mainly in the distal portion
of the epithelium of the penis. However, at around 42
days of age, higher levels of testosterone (2.0 ng/ml)
were detected in association with the early protrusion of
the penile spines, primarily in the distal portion. Testos-
terone levels continued to increase with age, reaching
their maximum value on day 70 (2.33 ng/ml), a finding
that correlated with the highest number of protruded
penile spines in the gland. Similar testosterone levels
have been found in Wistar rats at 90 days (2.5 ng/ml) in
basal conditions [35]. Thus, these data support the notion
that penile spine growth is dependent on the gradual in-
crease of testosterone levels during the first days of life
in male rats.

These results agree with data reported by Vilamaior et
al. [4] who, using the chemiluminescence immunoassay
method, observed a gradual increase in testosterone lev-
els throughout the postnatal stage in Wistar male rats.
They reported a first peak at 42 days (1.5 - 2.0 ng/ml)

Copyright © 2013 SciRes.

and a maximum level at day 70 (3.5 ng/ml), as in our
study. Sachs and Meisel in 1979 [9] also reported in-
creasing testosterone levels after 25 postnatal days that
reached values as high as 9.26 ng/ml at 50 days, and 6.17
ng/ml at 60 days. Such elevated testosterone values were
not detected in the present study, in which the maximum
level found reached a mean value of only 2.3 ng/ml on
day 70. The differences between the results obtained by
Sachs and Meisel [9] and those reported here may be
attributable to three factors: the different methods used in
the respective studies (i.e., RIA vs. HPLC with ultravio-
let detection); differences in the rat strains used in the
respective experiments (Long Evans vs. Wistar); or dif-
ferences in the experimental conditions.

Our data, like the results reported by Dorostghoal et al.
[5], support the notion that in the male Wistar rat the
process of puberty begins between 35 and 42 days of age
with the appearance of elongated spermatids and the re-
lease of spermatozoids into the tubule lumen. It has been
reported that in accordance with the postnatal growth of
their sexual organs male rats also show certain behav-
ioral acts related to sexual maturation, such as genital
self-grooming and penile erections. Around 35-to-44
days, precisely upon reaching puberty, male rat pups
show an obvious increase in genital self-grooming and
the frequency of spontaneous penile erections, phenom-
ena that have been linked to the pubertal growth of the
prostate gland, seminal vesicles and testes in juvenile rats
[36].

It has been suggested, that intromission and ejacula-
tion responses in rats cannot occur until the male’s penis
is eversible from its surrounding sheath [37]. Testoster-
one stimulates the cornification of the epithelial cells that
connect the penis to its sheath in a process that eventu-
ally leads to preputial sheath separation. Various authors
[8,9,38,39] have demonstrated that separation of the
sheath occurs at 44 - 45 days of age, while recent data
from our laboratory indicate that this event occurs some-
time after the 41st day of life in Wistar rats (unpublished
data). Thus, the results of our study agree with the notion
that increased testosterone levels constitute an important
factor in the maturation process of penile tissue and its
association with the performance of genital self-groom-
ing and spontaneous penile erection, all of which, as has
been suggested, are regulated by hormonal levels and
contribute to readying the adult male rat for reproduction
[40]. The critical role of testosterone in the maturation of
the penile spines has been confirmed in several studies.
Penile spines are androgen-dependent structures that are
lost upon castration, but recovered after treatment with
exogenous testosterone [25,20]. Atrophy of the penile
spine in castrated rats decreases the tactile sensitivity of
the glans and contributes to a reduction in male sexual
behavior. Moreover, the penile spines play a fundamental
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role in stimulating the vagina during copulation and in
removing the sperm of competitors [19,20,41].

With respect to the pattern of testicular growth during
postnatal development, as expected, both testicular weight
and the area of the seminiferous tubules increased pro-
gressively with age, with morphological changes in the
germ cells that were associated with the gradual increase
in testosterone levels. Data from our study show a
marked concordance with the results obtained by other
authors [5,28,29]. As has been reported previously, at
birth the seminiferous tubules were seen as a solid cord
with gonocytes present in the center but without a central
lumen. This condition first became evident at 28 days of
age in some tubules and complete formation of the lumen
of the tubule was showed at 35 days. These data agree
with those reported by Dorostghoal et al. [5] who,
through a detailed stereological analysis of the testes,
reported a similar age for the formation of the tubular
lumen, though the presence of primary spermatocytes
was determined at 14 days of age. In our study, the pres-
ence of primary spermatocytes was not observed until 21
days of age; however, as in Dorostghoal’s work, the ap-
pearance of elongated spermatids and the presence of
spermatozoa were observed in the tubular lumen between
35 and 42 days. Interestingly, these findings coincide
with substantial growth in the area of the seminiferous
tubules and a notable increase in testosterone levels that
reached their first peak on those same days.

It is well known that testosterone plays a preponderant
role in spermatogenesis, specifically in the conversion of
round spermatids to the elongated form [10,11]. Our data
agree with these facts since the increase in testosterone
levels observed between 35 and 42 days of age can be
associated with the presence of elongated spermatids at
42 days. Moreover, although the germ cells do not have
androgen receptors [42], it has been suggested that tes-
tosterone may regulate spermatogenesis through expres-
sion of the androgen receptors localized in the Sertoli
cells, the peritubular myoid cells and the Leydig cells
[12].

Although these data demonstrated a close relation be-
tween development of the penile and testicular tissues
and testosterone levels, it is important to consider that the
effects of testosterone depend on the production of active
metabolites such as Sa-dihydrotestosterone and 17[-es-
tradiol [43], as well as on indirect effects mediated by
several mechanisms, including changes in the level of
other endocrine hormones, such as Growth Hormone
(GH), androgen-induced changes in the secondary tran-
scription regulators, and the secretion of autocrine or
paracrine regulators [44].

Finally, with respect to body weight and testo-
sterone levels during postnatal development, both aspects
showed a progressive increase with age. Some studies

Copyright © 2013 SciRes.

have suggested that testosterone regulates muscle mass
during development and regeneration in animal models
[45,46] particularly in the levator ani muscle [47]; how-
ever, other research has reported inconsistent data con-
cerning the effects of testosterone on the proliferation
and differentiation of myogenic cells [48,49]. Therefore,
it is difficult to conclude that there is a direct correlation
between body weight and increased testosterone levels in
relation to age.

5. Conclusions

The present data demonstrated an important temporal
coincidence between the developmental pattern of penile
spines and testicular tissue and plasma testosterone levels;
these findings may improve our understanding of the
functional changes that take place in the testes and penile
tissue during early life, and serve as a useful reference
for future research.

Finally, our study emphasized the importance of con-
sidering the close relationship between morphological
changes in the sexual organs and testosterone levels
when conducting experiments designed to assess the ef-
fects of diverse experimental or pharmacological ma-
nipulations on juvenile male Wistar rats.
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