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ABSTRACT

Purpose: We present the main morphological modifications in the human gubernaculum during
testicular migration in humans.
Materials and Methods: We obtained 12 gubernacula from fresh, macroscopically normal
human fetuses at 15 to 29 weeks of gestation. Collagen was evidenced using trichrome and Sirius
red staining procedures, while Weigert’s resorcinol-fuchsin and anti-human elastin antibody
were used to reveal elastic system fibers. Smooth muscle cells were detected by anti-human
smooth muscle ␣-actin antibody.
Results: When the testes were still located in the abdomen at 15 to 16 weeks of gestation,
collagen fibers were sparse and embedded in a loose extracellular matrix. The amount of fibers
then gradually increased with age and at 28 weeks of gestation the gubernaculum was mostly
collagenous in composition. Elastic fibers had a similar growth pattern, although they were
located mainly at the distal end of the gubernaculum. Fibroblasts largely predominated over
other cell types and decreased in number with gestational age, whereas smooth muscle cells were
restricted to the walls of blood vessels. Striated muscle cells were detected at the scrotal end of
the gubernaculum, where they were disposed as isolated and scattered bundles running in
various directions. Like fibroblasts, their number also decreased with age.
Conclusions: During testicular migration gubernacular connective tissue undergoes extensive
remodeling and ultimately becomes an essentially fibrous structure rich in collagen and elastic
fibers. Such changes should decrease the size of the gubernaculum and, thus, contribute to other
forces that cause the testes to move toward the scrotum. In fact, because of the lack of smooth
muscle cells, and the amount and organization of striated muscle cells, active contraction of the
gubernaculum is less likely to be an important factor in testicular descent.
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In human fetuses the testes normally migrate from the
abdomen to the scrotum, traversing the abdominal wall between the 15th and 28th weeks of gestation (17th to 30th
menstrual weeks). Complications that adversely affect this
displacement may lead to cryptorchidism and other testicular abnormalities. However, the mechanisms that regulate
testicular migration are not yet well established. The most
accepted theories for explaining testicular descent in humans
are related to increased intra-abdominal pressure,1, 2 the development of the epididymis, vas spermatic, vas deferens and
inguinal canal,1 development of the gubernaculum,3, 4 stimulus from the genitofemoral nerve4 and various stimuli from
hormones and biologically active peptides with systemic
and/or paracrine effects.2, 5–7
The gubernaculum is an elongated and cylindrical mesenchymal structure that connects the inferior pole of the testis
and the tail of epididymis to the scrotum.3, 4 Histologically
the gubernaculum is composed of an abundant extracellular
matrix that is rich in glycosaminoglycans (GAG)s and mesenchymal cells, such as fibroblasts and smooth muscle
cells.3, 4 Putative morphological and compositional changes in
the gubernaculum are considered to have an important role
in testicular migration. In fact, the gubernaculum undergoes

extensive remodeling during this process3 and yet the organization and composition of its extracellular matrix and cells
remain poorly known, especially in human tissue.
The role of the gubernaculum during testicular migration has
been explained mainly by its capacity of dilatation and contraction.3, 4 The gubernaculum increases in volume mainly during
the second trimester of gestation, when the testis passes
through the inguinal canal, most likely due to increased GAG
synthesis.4 It is supposed that the increase in gubernaculum
volume is important for facilitating testicular passage through
the inguinal canal.3–5 Although the mechanisms that regulate
these marked structural modifications are still not well known,
experimental evidence suggests that several and diverse hormone or other soluble factor may be involved,2 including the
nonandrogen hormone insulin-like factor-3,8, 9 androgens that
may act in paracrin fashion10 and calcitonin gene-related peptide, which is a neuromuscular transmitter.2
Experimental studies in various animal models show modifications in the gubernaculum during testicular migration,
demonstrating that this structure is of the utmost importance for this process.11–15 Some studies of morphological
macroscopic aspects of the testicular migration have been
done in human fetuses.16 –18 Nevertheless, to our knowledge
a detailed analysis of the molecular and cellular components
of gubernacular connective tissue is lacking. We correlated
the morphology of the gubernaculum with testicular position
in human fetuses at different gestational ages, focusing analysis on its principal components, that is elastic fibers, muscle
cells and collagen.
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The position of the testis and fetal parameters

No. Gestational
Wks.

Wt.
(gm.)

Crown/Rump
Length (cm.)

15
15
16
20
20
20
24
24
25
28
28
29

170
225
190
381
468
371
865
660
698
1,415
1,291
1,190

15
17
14
18
18
19
25
20
23
36.5
27.5
27

Rt. Testis

Lt. Testis

Abdominal
Abdominal
Abdominal
Abdominal
Abdominal
Abdominal
Canalicular
Abdominal
Abdominal
Scrotal
Scrotal
Scrotal

Abdominal
Abdominal
Abdominal
Abdominal
Abdominal
Abdominal
Canalicular
Abdominal
Abdominal
Scrotal
Scrotal
Scrotal

We studied 12 right gubernacula obtained from 12 fresh
human fetuses that died of causes unrelated to the urogenital
tract. The fetuses were macroscopically well preserved and
no signs of congenital malformation were detected. The gestational age of 15 to 29 weeks, corresponding to 17 to 31
menstrual weeks, was estimated according to foot length
criteria.19 –22 The fetuses were also evaluated in regard to
crown-rump length and body weight immediately before dissection (see table).
After fetal classification the abdomen, inguinal canal and
scrotum were opened to identify and remove the testes, epididymides and gubernacula. The removed tissue samples
were immediately immersed in Bouin fixative for 48 to 72
hours. The material was then processed by routine histological methods and embedded in paraffin, from which 5 m.
sections were obtained.
For histochemical analysis collagen fibers were stained
with Gomori’s and Masson’s trichrome as well as with Sirius
red.23 The different forms of elastic fibers, comprising the
so-called elastic fiber system, were visualized by Weigert’s
resorcinol-fuchsin technique with and without previous oxidation by peracetic acid.23 For immunolabeling the standard
avidin-biotin conjugate immunostaining procedure with appropriate positive and negative controls was used. To detect
elastic fibers we used monoclonal antibody No. 25011/165
(Institut Pasteur, Lion, France) against human elastin, diluted 1:2. To detect smooth muscle cells we used A-2547
anti-human smooth muscle ␣-actin monoclonal antibody
(Sigma Chemical Co., St. Louis, Missouri) according to previously described techniques.24 –26

RESULTS

Cellular components. Fibroblasts were the most abundant
cell type in the gubernaculum during the gestational period
studied. Identification of these cells was based on their location shape (figs. 1 and 2, A) and because they failed to stain
with anti-human smooth muscle ␣-actin antibody (fig. 3).
Early in gestation when the testes were abdominal in position, fibroblasts were homogeneously distributed in the
whole gubernaculum at relatively high density (figs. 1, A and
B, and 2, A). Cell density then decreased sharply with age, so
that by 29 weeks of gestation when the testes were in the
scrotum, the intercellular space was noticeably larger (fig. 4).
Smooth muscle cells were absent from the gubernacular tissue between weeks 15 and 29, as revealed by immunostaining sections with anti-smooth muscle ␣-actin antibody. Accordingly positive antibody staining was observed only in
blood vessel walls (fig. 3).
Elongated cells organized as discrete bundles were the
other major cell type present in the gubernaculum (figs. 1,
A, 4 and 2, A and B). Higher magnification photomicrographs showed a characteristic cytoplasmic banding pattern (fig. 2, B), thereby indicating that they were striated
muscle cells. Throughout the gestational period studied
the muscle cell bundles were preferentially located at the
distal end of the gubernaculum and their amount decreased with age. In samples from 29-week fetuses there
were fewer muscle bundles, which were replaced by fibrous
connective tissue (fig. 4). Notably the bundles tended to be
disposed transversely in relation to the long axis of the
gubernaculum (fig. 1, A).
Collagen. By 15 weeks of gestation when the testes were
located in the abdomen, the gubernaculum had a rather loose
and hyaline extracellular matrix (figs. 1, B and 2, A) with few
collagen fibers, as indicated by Gomori’s trichrome staining
(fig. 2, A). In fetal samples from weeks 20 to 24 the amount of
collagen increased and, thus, the extracellular matrix became moderately dense (figs. 5 and 2, A). At 28 weeks Sirius
red collagen (fig. 2, C) and Masson’s trichrome (fig. 2, B)
stains revealed that the extracellular matrix was already
dense with abundant collagen fibers. At 29 weeks the extracellular matrix was even denser and the gubernacular tissue
was reminiscent of mature scar (fig. 4).
Elastic fibers. The expression of elastic fibers in the
gubernaculum from weeks 15 to 29 was similar to that of

FIG. 1. Cellular components in human gubernaculum during fetal development. A, longitudinal section of gubernaculum from fetus 20
weeks after conception reveals that collagen fibers form a dense sheath around gubernaculum but elsewhere density is low and extracellular
matrix is mostly hyaline. Bundles of muscle cells (arrows) localize at distal end, yet are absent from other regions of gubernaculum. Note that
bundles are mainly oriented transversely with regard to long axis of gubernaculum. Gomori’s trichrome, reduced from ⫻40. B, fibroblast-like
cells with typical elongated nuclei at distal end of gubernaculum from fetus 15 weeks after conception. Note uniformity of cell population.
H&E, reduced from ⫻400. C, section from fetus 28 weeks after conception reveals dense organization of collagen fibers and predominance
of sparsely distributed fibroblast-like cells (arrows). Masson’s trichrome, reduced from ⫻400.
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FIG. 2. Cellular components, collagen and elastic system fibers in human gubernaculum during fetal development in humans. A, distal end
of gubernaculum from fetus 15 weeks after conception. Gubernaculum is largely composed of loose, hyaline extracellular matrix (asterisk),
whereas fibrous, collagenous components are mostly restricted to periphery (arrowhead). Embedded in extracellular matrix are numerous,
evenly distributed fibroblast-like cells and few bundles of muscle cells (arrows). Gomori’s trichrome, reduced from ⫻100. B, higher
magnification of muscle cell bundles in distal end of gubernaculum show transversely (arrowheads) and longitudinally sectioned (arrow)
cells. In latter cells banding pattern is clearly noticeable. Note also presence of collagen fibers (stained blue-green) throughout interstice.
Sample from fetus 24 weeks after conception. Gomori’s trichrome, reduced from ⫻1,000. C, sample from fetus 28 weeks after conception
shows dense collagen matrix (asterisk) at proximal end of gubernaculum where it attaches to testis (star). Sirius red, reduced from ⫻40. D,
periphery of distal portion of gubernaculum from fetus 20 weeks after conception. Section was treated with Weigert’s resorcinol-fuchsin with
previous oxidation, and no significant amount of elastic fibers was detected in gubernacular tissue (asterisk). However, tunica intima of blood
vessels (arrows) was positively stained, which confirms specificity of histochemical technique. Reduced from ⫻100. E, elastic fibers (arrows)
at distal end of gubernaculum in close association with muscle cell bundles. Sample from fetus 28 weeks after conception. Anti-human elastin
antibody, reduced from ⫻100.

collagen (figs. 6 and 2, D and E). Thus, in fetal samples
from weeks 15 to 20 no elastic fibers were detected by
anti-human elastin antibody (data not shown) or by
Weigert’s resorcinol-fuchsin (figs. 5, A and 2, D). On the
other hand, in the same sections the internal elastic membrane of blood vessels had a clearly positive reaction, confirming absent elastic fibers in the gubernacular tissue
proper (fig. 2, D). By week 28 each staining technique
revealed conspicuous elastic fibers, (fig. 5, B and C) preferentially located at the distal end of the gubernaculum
(fig. 2, E). At this part of the gubernaculum elastic fibers
gradually replaced striated muscle cell bundles (fig. 2, E).

DISCUSSION

Previous studies of the histological organization of the
gubernaculum in human fetuses were usually quite limited
in scope, describing this structure as containing abundant
extracellular matrix and a large number of undifferentiated
cells.3–5, 8 The gubernaculum undergoes extensive remodeling during the fetal and postnatal periods, and a number of
experiments in animals variously demonstrated that this
structure is implicated in testicular migration.27–30 However,
experimental animals may not be good models for testicular
migration in humans, a notion that was already mentioned
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FIG. 3. Immunostaining of gubernaculum with antismooth muscle ␣-actin antibody. Positivity to antibody shows that smooth muscle
cells in gubernaculum are restricted to wall of blood vessels (arrows).
Sample from fetus at 28 weeks after conception. Reduced from ⫻100.

20 years ago.5 In addition to important anatomical differences,28 descent in such animals usually occurs long after
birth and, hence, under different physiological conditions and
regulatory mechanisms.
Our results show that in the early phases of testicular
migration the gubernaculum is a hydrated structure with a
loose extracellular matrix and numerous fibroblasts. As the
testes move toward the scrotum, it becomes progressively
fibrous with low cellularity. This finding correlates with the
data of Heyns, who reported that the wet-to-dry mass ratio of
the gubernaculum decreases after testicular descent.3 A decrease in the concentration of GAGs, major extracellular
matrix molecules capable of retaining water, also occurs in
the gubernaculum during testicular migration in pigs.14 This
rapid remodeling of gubernacular connective tissue, which
was noted in our samples at 20 to 24 weeks of gestation also
confirms our previous anatomical observations that testicular passage in the inguinal canal at this time in gestation16, 18
is likewise rapid.5
In our samples elastic fibers were concentrated at the
distal end of the gubernaculum and appeared only later in
testicular descent. To our knowledge we report the first description of elastic fibers in the human gubernaculum. It is
common knowledge that after birth and in individuals with
normally descended testes the gubernaculum differentiates
into fasciae associated mainly with the testis and epididymis.5 Due to our results we hypothesize that these elastic
fibers in an already fibrous gubernaculum are actually the
initial stages in the formation of a greater amount of fibers
for those fasciae. In addition, our finding of a discrete collagenous capsule around the gubernaculum supports the view
that it usually lies loose in the mesenchyma of the inguinoscrotal region.4 This fact would enable the tip of the gubernaculum to be motile. The bundles of striated muscle at the
distal end of the gubernaculum may be the attachment fibers
of the cremaster muscle, which adheres to the distal part of
the gubernaculum.2, 4, 5 However, in this study we did not

FIG. 4. At 29 weeks after conception gubernaculum is essentially
fibrous structure composed of densely packed collagen fibers interspersed with widely separated fibroblast-like cells (arrowheads) and
few striated muscle cell bundles (arrows). Distal end of gubernaculum. H&E, reduced from ⫻100.

identify morphological evidence relating these bundles to the
cremaster muscle.
Another important feature revealed by our morphological
analysis was the overall paucity of muscular cells in the
gubernaculum during the fetal period when testicular descent occurs. Based on smooth muscle ␣-actin staining we
can infer that smooth muscle cells are completely lacking and
myofibroblasts should not be present in significant numbers
since the phenotypic modulation of fibroblasts into cells is
usually accompanied by the expression of large amounts of
␣-actin.31 In addition, striated muscle cells were sparse and
transversely oriented in regard to the gubernacular long
axis. These findings suggest that unlike in rats15, 29 the human gubernaculum should not be capable of significant contraction. These observations also imply that if the gubernaculum pulls the testis down from the abdomen into the
scrotum in humans, it should be much more a result of a
remodeling and consequent shortening of its connective tissue rather than of an active, muscle mediated contraction.
Another corollary of the noncontractility of the human gubernaculum is that it provides further support to the proposition of Husmann and Levy concerning calcitonin generelated peptide.2 They argued that this factor should not
have a significant role in testicular migration in humans
since it is essentially a neuromuscular transmitter. The
transverse fibers of striated muscle at the distal tip of the
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human gubernaculum may serve a function similar to that in
rats, in which they orient testicular direction.15, 29
Current experimental evidence indicates that the dramatic
changes undergone by gubernacular tissue during testicular
descent, as shown by our results, are mediated by a complex
and as yet unclear array of stimulatory and inhibitory factors. Accordingly the testicular paracrine factor descendin is
thought to cause in an androgen independent manner a
swelling of the gubernaculum, thereby, facilitating the passage of the testes through the inguinal canal.32 This swelling
corresponds to the loose matrix that we observed in samples
by 15 weeks of gestation. On the other hand, estrogens would
inhibit this effect, directly or by down regulating the expression of insulin-like growth factor-3,8 which is an enhancer of
gubernacular growth.9, 33 Interestingly while it was reported
that the regression or shortening of the gubernaculum depends on androgens,10 others noted that these hormones may
also stimulate gubernacular outgrowth.9 Notably many of
these results were obtained in experimental animals. Thus,
as mentioned, the implied physiological mechanisms should
be applied to humans with caution.
Although the extent of this shortening of the gubernaculum and the traction force it would exert cannot currently be
ascertained, as discussed it should act synergistically with
other factors that are thought to cause the testis to migrate
from abdomen to scrotum. In this context cryptorchidism
should be viewed as a pathological condition with multiple
etiologies.
CONCLUSIONS

FIG. 5. Proximal end of gubernaculum shows its close attachment
to testis (closed star). Gubernaculum presents areas of denser (open
star) and looser (asterisk) connective tissue. Sample from fetus 20
weeks after conception. H&E, reduced from ⫻40.

During the period in which testicular migration occurs
gubernacular connective tissue undergoes extensive remodeling and ultimately becomes an essentially fibrous structure
rich in collagen and elastic fibers. Such changes should decrease the size of the gubernaculum and, thus, contribute to
other forces that cause the testes to move toward the scrotum. In fact, due to the organization and small amount of
muscular cells active contraction of the gubernaculum is less
likely to be an important factor in testicular descent in humans.
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