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Abstract

The extracellular matrix is an important element in penile function and pathology, although little is known about its components in human
glans. This study evaluates the morphological organization and volumetric density of elastic fibers in the glans penis of young men without
any evidence of urogenital disease at autopsy or medical history. Penile glans were obtained from five young men who died of causes not
related to the urogenital tract, ranging in age from 18 to 30 years (mean 24 years). Samples were fixed in formalin, embedded in paraffin,
and histologically processed. Tissue was analyzed by light microscopy using Weigert's resorcin-fuchsin, after previous oxidation with
oxone. The point-counting method was used for morphometrical evaluation. Quantities were expressed as volumetric densities (Vv) and
were determined on 25 random fields for each individual. Elastic system fibers were easily identified. These fibers had tortuous profile and
surrounded sinusoids in the glans penis. An irregular elastic fibers network was identified in the mucosa, while in the corpus spongiosum
the elastic fibers were longitudinally distributed. Volumetric density of elastic fibers in the glans penis is 29.4%+3.1. These data could
provide valuable information in order to draw parallels regarding patients with erectile dysfunction. Further studies regarding extracellular
matrix of the penis are necessary to better elucidate the relation between elastic fibers and erectile dysfunction.
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& Introduction

Glans penis tissue is composed of smooth muscle
cells resting on collagen and elastic system fibers [1, 2].
The exterior structure of the glans consists of muco-
cutaneous tissue, which is usually covered by foreskin
or clitoral prepuce in naturally developed genitalia [3].

The glans is particularly relevant regarding to several
pathologies of the penis, e.g. non-specific dermatitis [3]
or balanitis, which occurs in 3-11% of males, and up to
35% of diabetic males [4], and cancer [5].

A few studies have been focused on the morphology
of glans penis, e.g., the density of genital corpuscles, and
the distinct pattern of innervation of the glans [6].

Penile erection is dependent on penile tissue
integrity. The mechanism of penile erection includes
hemodynamics and a complex physiological process.
Besides the well-known vascular problems, other
alterations could play a significant role in erectile
dysfunction (ED) [1, 7].

An understanding of the elastic system fibers in
the glans penis would improve the basic scientific
knowledge of the composition and organization of the
glans penis structures that are thought to play a key role
in the mechanism of erection.

In this study, we characterized and quantified the
elastic system fibers in the glans penis of young men.
Our analysis was focused on volumetric density by
using stereological methods.

=& Materials and Methods

This study complies with the provisions of the
Declaration of Helsinki in 1995 (as revised in Edinburgh,
2000). Our internal Review Board approved the study
guidelines. Also, the protocol received approval by the
Ethics Committee on Human Research of the State
University of Rio de Janeiro, Brazil.

Fragments of penile glans were obtained from
autopsies of five individuals ranging in age from 18
to 30 years (mean 24 years). There was no previous
clinical manifestation of erectile dysfunction or balanitis,
according to medical history provided by family
members and medical examination during autopsy,
although is not possible to completely exclude previous
inflammatory conditions of the glans in any research
involving humans. As well as, the individuals died of
traumatic causes not related to the urogenital system.
The time elapsed between the individuals’ death and the
fixation of the material did not exceed 12 hours.

For light microscopy, specimens of 1-cm-thick from

ISSN (print) 1220—0522

ISSN (on-line) 2066-8279



394

F. Andrade et al.

longitudinal axis of glans penis (superficial mucosa-
lumen urethral) were fixed in 10% formalin (pH 7.2),
processed according to routine histological methods and
embedded in paraffin. From the paraffin-embedded
samples, 5-um-thick sections were initially stained
with Hematoxylin and Eosin and were examined by a
pathologist to confirm sample adequacy. Weigert’s
resorcin—fuchsin (Bio-Optica Milano, W01030708, Italy)
technique was used for demonstration and evaluation of
elastic system fibers that were stained in dark blue,
producing a sharp contrast. The complex formed from
the basic fuchsin, an iron resorcin lake, binds to the
elastic fibers, resulting in the dark blue staining. The
nuclear detail is stained with an iron Hematoxylin that
will not over differentiate in the acidic elastic stain
solution. For the “Weigert’s resorcin—fuchsin” staining,
the protocol for the working technique can be detected
in higher details in previous literature [8, 9].

From each individual, five tissue sections were
analyzed, and from each section, five random fields
were evaluated; therefore, we analyzed 25 test areas for
each individual. The analyzed fields were digitized with
a final magnification of x400 by a Sony CCD video
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Figure 1 — Penile glans showing the layers, topography
of the mucosa and spongiosum part (asterisk). MT:
Mucosa topography. Weigert’s resorcin—fuchsin. Scale
bar =50 um.
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buted beneath the penile glans skin (arrow). Weigert’s
resorcin—fuchsin. Scale bar = 50 um.
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camera (DXC 151-A model) coupled with a light
microscope. The quantification was obtained by using
an M-42 test grid system on the digitized fields on the
screen of a color monitor. Based on the stereological
principle, in isotropic tissue, the area distribution of a
given structure, as determined on a two-dimensional
section of the structure, is proportional to the volume
distribution of this structure. The volume density of the
histological components was calculated according to the
formula Vv = Pp/Pt, where Vv is the volume density,
p is the tissue component to be taken into consideration,
Pp is the number of test points associated with p, and
Pt is the number of points of the test system. The
stereological methods have been described in detail
elsewhere [9].

= Results

After careful examination of the slides stained by
Weigert’s resorcin—fuchsin with previous oxidation
with oxone, it was possible to observe the distribution
of the elastic system fibers present in the glans penis
(Figures 1-4).

Figure 2 — Elastic fibers surrounding vessels under-
neath to penile glans of corpus spongiosum. V: Vessel.
Weigert’s resorcin—fuchsin. Scale bar = 50 um.
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Elastic fiber system at the penile glans outer
periphery. Elastic fibers are interspersed among
collagen bundles, forming an inner transverse layer
(double asterisk) and an outer longitudinal layer
(double arrow). Weigert’s resorcin—fuchsin. Scale bar
=50 um.
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The elastic system fibers were abundant (Figures 1
and 2). These fibers often had a tortuous aspect
(Figures 2 and 3) and surrounded the sinusoids (Figure 3)
in the glans penis. An irregular elastic fiber network was
distributed in the glans penis mucosa (Figure 4), while in
the corpus spongiosum, the elastic fibers were observed
longitudinally distributed. Similar to collagen, the elastic
fibers on the glans are organized into an inner circular
layer and into an outer layer with fibers running parallel
to the long axis of the glans (Figure 4). The volumetric
density of elastic system fibers in the glans penis was
29.4+3.1%.

Regarding to corpora cavernosa, elastic fibers were
identified mainly surrounding blood vessels. Still in
corpora cavernosa, these fibers presented with a tortuous
profile and were seen in less quantity than in the corpus
spogiosum.

= Discussion

Three types of fibers form the elastic system: oxytalan,
elaunin and elastic. The oxytalan fibers are formed
exclusively by microfibrils, the elaunin fibers by micro-
fibrils and patches of amorphous material (elastin), and
the elastic fibers by a large amount of elastin with
microfibrils [10, 11]. The elastin content is delivered to
the extracellular matrix as tropoelastin, and the elastic
fibers assembly is completed in maturity when tropo-
elastin synthesis ceases [12].

The aim of our study was to analyze the entire
elastic fiber system, and particular emphasis was placed
on Weigert’s resorcin—fuchsin stain after oxidation,
because it highlights all elastic components in the tissues.
We also attempted to outline the distribution of elastic
system fibers in the glans penis and to characterize their
organization in young adult men. Furthermore, the design
provided stereological data on the concentration of
elastic fibers in the glans penis.

The elastic fibers are active in tissue compliance
[13], mainly in organs that change their shape under
physiological conditions [12, 14], such as the glans
penis. Mechanical forces also induce intense cellular and
extracellular changes [15]. As shape and compliance are
characteristics attributed to the extracellular matrix,
mechanical forces may, in fact, influence shape and
tissue compliance.

According to previously reported data [16], the elastic
system fibers of extracellular matrix are characterized
by major extension qualities and elastic recoil. Tissues
that are constantly submitted to tensile strength are rich
in elastic fibers [12, 16]. The location and arrangement
of fibers are related to their different functionality,
which reflects local tissue mechanical properties [16].

Penile erection and detumescence processes require
a complex structure. These processes are closely related
to the distribution of fibrous connective tissue elements,
mainly the elastic system fibers and collagen bundles
that also have a stretching function during erection [2].
The penile function also relies on the elastic system
fibers [1]. Previous studies have shown a decrease in
elastic fibers concentration in patients with ED from
vascular diseases, which is the most important cause of

ED in senescent individuals [2]. In addition, researches
revealed a reduction in concentration of elastic fibers in
men with ED from any cause, after adjustment for age
[17].

However, despite elastic fibers that endow glans
connective tissue with the critical properties of elasticity
and resilience, to our knowledge, no previously reported
study has assessed the quantification of elastic fibers
in the glans penis. Therefore, we present original data
concerning this aspect in young adult men. In the present
study, we verified that the elastic fibers were abundant
in glans penis, reaching a volumetric density of 29.4%.

The elastic system fibers play an important role in
the firmness of the glans penis during erection and
sexual intercourse. It could resist less to dilation during
erection, which results in a decrease in pressure, and
then ED would occur. However, the disposition of these
fibers remains the same, that is, more numerous in the
corpus spongiosum and around blood vessels of the
corpora cavernosa [2, 17, 18]. These observations
suggest that the elastic system fibers might be one of the
important factors in the development of ED.

Although the likely efficacy of new drugs has been
demonstrated in certain dysfunction disorders, the real
solutions for all changes involving ED remain unknown.
Further studies regarding the specific structure and
function of the different components of the penis would
be an essential step in answering many questions on the
pathophysiology of erection and eventually could be
helpful to resolve the problem of certain forms of male
impotence [17].

Our results show elastic system fiber concentration
and distribution in glans penis of young men and, in
spite of being essentially quantitative, they provide
evidence for closer relationships between biomechanical
modifications and erectile dysfunction.

Concerning the morphometric analysis, most of the
studies attempting to quantify linear structures primarily
use area density since the advent of computer-aided
image analysis programs [2, 19, 20]. These programs
use an element of color properties (pixels) of the image
to determine a threshold level for inclusion. This is a
rapid procedure, although for most linear structures, it is
not an appropriate tool, since the most significant
increase occurs in their length and not in their volume.
Moreover, in rather thin linear structures, such as the
elastic fiber system under analysis, the contrast between
the fibers and the background is low and the error
introduced using color intensity, as the method of
measurement is too high. Thus, this renders it impossible
to use the volume density as a reliable method of study
[21].

The point counting method (stereology) used in
our study proved to be quite effective in avoiding the
bias that frequently occurs with computerized image
analyses, which may overestimate or underestimate the
analyzed structures. These methods have been used to
quantify and particularly to determine the amount (%)
of the elastic system fibers in the penis [12, 22, 23] and
other extracellular matrix elements [21, 24, 25]. This
procedure has been recommended by several authors
[12, 22, 26].
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& Conclusions

The elastic fibers in the glans penis are organized in
an inner circular and an outer longitudinal layer, and its
volumetric density was 29.4+3.1%.
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