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ABSTRACT

PURPOSE: To investigate whether elastic fiber content in the corpus cavernosum (CC), corpus spongiosum (CS) and tunica albuginea
(TA) of the rabbit penis undergoes modifications with age.

METHODS: Rabbits were sacrificed, in groups of ten animals each, at 30, 120, 240, and 730 days of age. Histological sections were
obtained from the penile middle shaft and were stained with Weigert’s resorsin fuchsin. The content of elastic fibers was determined
using stereological methods, and was expressed as volume fraction.

RESULTS: At 730 days of age, elastic fiber content was increased by 54% (p<0.004), 78% (p<0.004), and 87% (p<0.004) in the TA,
CC, and CS, respectively, compared with animals aged 30 days. After 30 days of age, the concentration gradually and significantly
increased until 240 days of age. In 730-day old animals, the concentration, compared with the previous age group, was unchanged in the
CC and decreased by 20% (p<0.004) in the TA.

CONCLUSIONS: Elastic fiber contents in the rabbit penis correlate with properties of penile tissues. Although after one month of age
there is a gradual increase in these concentrations, in two-year old animals this trend is interrupted, which suggests that this could be
an early alteration due to senescence.
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Introduction

Animal models are often used in investigations on penile
tissues that are involved in erection and erectile dysfunction, or
that are subjected to surgical treatments'. The rabbit is considered
to be particularly suitable because, like humans, it has a vascular
penis which, in turn, lacks a penile bone as found in rodents®*.
Other similarities with the human penis include the presence of a
corpus cavernosum (CC), a ventrally located corpus spongiosum
(CS) which surrounds the urethra, and a tunica albuginea (TA)
enveloping these erectile structures’.

Erection is normally associated with an intracellular
cascade of events that change smooth muscle contractility in
penile blood vessels and vascular spaces, thereby modifying
blood flow and initiating inflation of the CC®. However, erection
also depends on the collagen and elastic fibers of the underlying
connective tissue framework, which exerts passive resistance to
the expansion of erectile tissues, thereby creating penile turgidity*.
Further, elastic fibers provide elastic recoil when the penis returns
to a flaccid condition during detumescence’.

Elastic fibers themselves consist of a bundle of
fibrillar glycoproteins, such as fibrillins, which are assembled
extracellularly and are later embedded with the amorphous
elastomeric protein elastin®. Elastic fibers impart viscoelastic
properties to tissues and are typically found in structures that, upon
application of stretching forces, undergo deformation and then
return to the original shape once these forces are removed’. Loss
or degradation of elastic fibers can cause significant dysfunctions,
such as in degenerative and inflammatory disorders'°.

The distribution and structural features of elastic fibers
in penile tissues have been investigated in humans!!"'*as well as in
laboratory and food animals®'®!'”. We have previously studied the
concentration and distribution of elastic fibers in different regions
of the rabbit penis, and the results indicated a close relationship
with the known functions of penile tissues®. These results,
however, were from young adult animals only, so that there is
no data yet on how elastic fibers in the rabbit CC, CS, and TA
change with age. In view of the involvement of elastic fibers in
penile function and disorders, such data would provide important
information on the rabbit reproductive biology and extend the
applicability of the penis of this animal as an experimental model.
For example, in humans, elastic fibers are altered in different types
of erectile dysfunction'®!® and their content is reduced in the TA
of elderly individuals'®, while similar, age-related data exist for
erectile tissues of the rat penis®*?2. It should be noted also that

correlations between extracellular matrix composition and age

Age-related changes in the concentration of elastic fibers
in different regions of the rabbit penis

are particularly relevant in short-lived animals such as the rabbit.
Significant changes can occur in a relatively short period of time,
and if they are not taken into account, results from experimental
studies might be misleading or even erroneously interpreted.

Although common breeds of the European rabbit
(Oryctolagus cuniculus) may have a life expectancy of about
five years®, experimental evidences show that metabolic and
tissular alterations indicating the onset of senescence occur much
earlier. For example, in rabbits aged 30 or less months, age-
related degenerative changes have been detected in intervertebral
disks?, lens®, and in the serum levels of fertility-associated trace
elements®. Notably, changes in sexual behavior, as denoted by
increased sexual exhaustion and impaired ejaculation?’, as well
as hypospermatogenesis®, have been shown to take place at
around 20 months of age. Thus, other adverse, senescence-related
modifications in the rabbit reproductive system, as in the erectile
tissues of the penis, might also occur at these earlier, rather than
later ages.

In our previous investigation on the rabbit penis, we
showed that the CC of young adult animals has a high concentration
of elastic fibers?, which is greater than the values that have been
reported for humans' and young adult rats'®. This implies that, in
rabbits, these fibrillar proteins play a particularly prominent role
during erection and detumescence.

In spite of these facts, it is not known whether elastic
fibers in the different regions of the rabbit penis change with age,
and whether these fibers would also be susceptible to degenerative
alterations due to early senescence, as described above. These
issues have been addressed in the present investigation, in which
the relative concentration of elastic fibers in the CC, CS, and TA

were determined in rabbits aged from one month to two years.

Methods

The present experimental protocol follows the European
Commission’s Directive 86/609/EEC, and was reviewed and
approved by the Ethics Committee for Animal Experimentation of
the State University of Rio de Janeiro, Brazil.

Forty newborn rabbits (Oryctolagus cuniculus) of the
New Zealand breed were obtained at the Veterinary School of
the Federal Rural University of Rio de Janeiro, Brazil, and were
randomly assigned to four groups of ten animals each (GI, GII,
GIII, GIV). For the present study, the animals were kept under
standard conditions, with food and water ad libitum, a 12-hour
light: 12-hour dark cycle, and environmental temperature control.

They were then sacrificed, by pentobarbital overdose, at 30 (GI),
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120 (GII), 240 (GIII), and 730 (GIV) days of age.

Tissue samples and histological techniques

Immediately after sacrifice, the whole penis was dissected
and a 5 mm transverse segment from the mid shaft was excised and
fixed in a 10% formalin solution prepared in phosphate buffered
saline. “Ortrip” cleavage of this segment was then performed for
stereology. This method consists of three random slice sections,
of which the second section is orthogonal to the first one, and
the third section is in turn orthogonal to the second one. Thus,
isotropically uniform random sections are produced”. The samples
were then routinely processed for paraffin embedding, after which
S-um thick sections were obtained. Elastic fibers were evidenced
by staining these sections with Weigert’s resorsin fuchsin method,
with a previous oxidation by oxone’. During assembly of elastic
fibers, the amount of elastin that is embedded in the microfibrillar
scaffold may differ. Thus, for a given tissue, there may exist
different types of elastic fibers, which vary from those that contain
nearly no elastin to those that consist mostly of this protein®. The
Weigert-oxone technique as used herein stains all types of elastic
fibers irrespective of the amount of elastin’. The specificity of the
staining was further confirmed by immunolabeling tissue sections
with an anti-elastin antibody (product code ab21610, polyclonal,
Abcam, Cambridge, USA), as previously described'®.

All tissue sections were photographed under the same
conditions and at a final magnification of X400 using a digital
camera (Olympus DP71, Tokyo, Japan) directly coupled to the
microscope (Olympus BX51, Tokyo, Japan). The captured digital
images had a resolution of 2040 X 1536 pixels and were stored in
a TIFF file format.

Quantitation of elastic fibers

The relative content of elastic fibers in the different penile
tissues was determined as volume fraction (Vv) using stereological
methods®. Briefly, the histological images were first loaded into
the Imagel] software version 1.46 (NIH, Bethesda, Maryland,
USA), after which continuous areas of tissue in the CC, CS, or
TA were manually outlined. These areas were defined as reference
spaces, and they occupied as much as possible of the image and
were of roughly similar sizes. Next, the “Grid_.class” plugin of
Image] was used to create grids that were digitally superimposed
on the captured tissue images. The mesh density of the grids was
calculated so that a reference space would contain 200 points. The

Vv of elastic fibers was then separately estimated in the different
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penile regions by point counting and expressed as percent of the
reference space®. For each animal, ten sections were selected at
intervals of 50 um, and for each section, five random fields were

analyzed.

Statistical analysis

The repeated measurements for each animal were used to
calculate one individual mean, which was then used to calculate
group means. Comparisons among group means by age or penile
region were first carried out by one-way ANOVA. When statistical
significance was found, pairwise planned comparisons were done
using the Bonferroni method. Numerical results for stereological
measurements are given as mean = standard deviation, and

statistical significance was considered when p<0.05.

Results

The relative content of elastic fibers in the TA, CC, and
CS, in rabbits from 30 to 730 days old, presented an overall pattern

of marked increase with age (Figure 1).
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FIGURE 1 - Relative content of elastic fibers in the penis of rabbits at
different ages. The amount of elastic fibers was determined as volume
fraction (%) separately in the tunica albuginea (black bars), corpus
cavernosum (dark gray bars), and corpus spongiosum (light gray bars)
from rabbits aged 30 (GI), 120 (GII), 240 (GIII), and 730 (GIV) days.
Bars represent mean and standard deviation from ten animals in each
group. Refer to Tables 1 and 2 for statistical analysis of these results.

This trend was shown to be significant both by ANOVA
for all time points, and by comparing the youngest (GI) versus the
eldest (GIV) age group (Table 1).
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TABLE 1 - Statistical analysis, based on data from Figure 1, for the effect of age on the content of elastic fibers in different

regions of the rabbit penis.

Penile region
Statistical procedure TA CcC CS
Change (%) p value Change (%) p value Change (%) p value
ANOVA - <0.001 - <0.001 - <0.001
Multiple comparisons of
means
GI vs GII +47.0 <0.004 +31.1 <0.004 +40.6 <0.004
GII vs GIII +31.1 <0.004 +26.9 <0.004 +8.4 <0.04
GIII vs GIV -19.9 <0.004 +7.0 >0.05 +23.0 <0.004
GI vs GIV +54.3 <0.004 +78.1 <0.004 +87.4 <0.004

The amount of elastic fibers was determined as volume
fraction separately in the tunica albuginea (TA), corpus cavernosum
(CQC), and corpus spongiosum (CS) from rabbits aged 30 (GI), 120
(GID), 240 (GIII), and 730 (GIV) days. For each pair of groups,
“change” represents the percent change when comparing the mean
of the second group against that of the first group, with positive and
negative signs denoting an increase and a decrease, respectively.
All age groups had ten animals each.

Accordingly, at 730 days of age, the Vv of elastic fibers
was significantly increased by 54%, 78%, and 87% in the TA,
CC, and CS, respectively, as compared with animals aged 30
days. Examples of these quite noticeable increases in elastic fiber
content as a function of age can be seen in tissue sections from the
CS of 30- (Figure 2A) and 730-day (Figure 2B) old animals.

FIGURE 2 - Elastic fibers (arrows) in the corpus spongiosum of the
penis from 30 (A) and 730-day (B) old rabbits. Representative images
of each age group, stained with Weigert’s resorsin fuchsin with previous
oxidation and photographed at a final magnification of 400X.

However, depending on penile structure, there were
small differences in this trend of increasing elastic fiber content
as a function of age. Thus, as shown in Figure 1 and Table 1, the
contents increased steadily and significantly from 30 to 240 days
of age in the TA (7.55+0.73, 11.11 £ 1.62, and 14.55 + 1.36) and
CC (11.92 + 0.80, 15.63 £ 2.33, and 19.84 + 2.13). Thereafter, at
730 days of age, elastic fiber content tended to stabilize in the CC,
as its Vv value (21.30 £ 0.68) was not significantly different from
that of the preceding age group (19.84 + 2.13), whereas in the TA
the content was significantly decreased by 20% (11.67 + 0.56),
also with regard to 240-day old animals (14.55 £ 1.36). In the CS,
on the other hand, there was a constant and significant increase
from 30 to 730 days of age (16.15 £ 0.52, 22.69 £ 1.29, 24.61 +
1.47, and 30.25 £ 0.34), as indicated by the pairwise comparisons
in Table 1.

It is also noteworthy that, for every age group, the TA
and CS consistently had the lowest and the highest concentration
of elastic fibers, respectively, whereas the CC had always an
intermediate content. These differences among penile regions
are clearly noticeable in Figure 1 and they are all statistically
significant for the four age groups, as shown by the analysis in
Table 2.
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TABLE 2 - Statistical analysis, based on data from Figure 1, comparing elastic fiber content in different regions of the rabbit

penis.
. Age group
Statistical procedure Gl Gl G GIvV
ANOVA <0.001 <0.001 <0.001 <0.001
Multiple comparisons of means
TA vs CC < 0.004 <0.004 <0.004 <0.004
TA vs CS < 0.004 <0.004 <0.004 <0.004
CCvs CS <0.004 <0.004 <0.004 <0.004

The amount of elastic fibers was determined as volume
fraction separately in the tunica albuginea (TA), corpus cavernosum
(CC), and corpus spongiosum (CS) from rabbits aged 30 (GI), 120
(GII), 240 (GIII), and 730 (GIV) days. For each age group, the
three penile regions were statistically analyzed, and the results are

shown as p values. All age groups had ten animals each.

Discussion

The results of the present investigation demonstrated
that the concentration of elastic fibers in the CC, CS, and TA of
the rabbit penis undergoes a steady increase from 30 days of age,
when the animals have not yet reached puberty, to the full adult
age of eight months (240 days).

Similar growth-related modifications that start before
puberty and advance until at least early adulthood or early
senescence have been demonstrated in other reproductive organs
of the rabbit. For example, even though sexual maturity in New
Zealand rabbits is reached at five or six months of age®, testicular
morphology continues to steadily change until animals are at
least two years old*®. The concentration of elastic fibers in the
erectile tissues of the rabbit penis follows a similar pattern, as
per our results, with ever-increasing values even after puberty.
It should be pointed out that this pattern differs from that of
humans, in whom the penile concentration of total collagen and
total glycosaminglycans, other major components of the penile
extracellular matrix, undergo little change in the TA and CC during
a physiologically equivalent period®'. Also, elastin expression by
human skin fibroblasts remains unchanged from the fetal period
to adulthood??. In rabbits, therefore, this continuous increase in
elastic fiber content up until early in adulthood might be related to
the fast onset of sexual maturity, which takes place well before the
animal has reached full adult size.

Our results also showed that, in the time window from
eight months (240 days) to two years (730 days) of age, elastic
fiber content plateaued in the CC and even diminished in the TA.
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Although in the CS the concentration continued to augment during
the time frame of our study, it is a reasonable presumption that
elastic fibers would be subjected to similar alterations not much
later, based on what we found in the TA and CC. It is noteworthy
that these interruptions in the trend of gradual increase are roughly
simultaneous with early and age-related degenerative alterations
that affect intervertebral disks?, lens®, and fertility-associated
trace elements® of rabbits. But more importantly, the same study
that described continuous changes in testicular structure of rabbits
until an age of two years, also showed that, at this time point,
hypospermatogenesis is already noticeable?®. Indeed, impaired
sexual behavior and reproduction are detectable in 20-month old
rabbits?’. Taken together, these published data strongly indicate
that early alterations in the organization, function, and physiology
of tissues due to senescence are already detectable in rabbits
aged from 20 to 24 months. Consequently, our results showing a
stabilization or a decrease in the contents of penile elastic fibers,
succeeding a period of continuous increase, should likewise be an
early alteration due to aging.

Experimental evidences from other animals and
humans not only support this contention, but also highlight its
implications. For example, in aged rats, degenerative changes
have been observed in elastic fibers of the TA, and these could
be associated with the lower intracavernosal pressures also found
in these aged animals®. In humans, the concentration of elastic
fibers in the TA decreases with age'®, which is consistent with a
reduction in the extensibility** and elasticity** of the penis in aged
individuals. Although a direct causative role for elastic fibers
in erectile dysfunction cannot be established yet, it has been
shown nonetheless that their content is decreased in the TA from
impotent men'?,'®. Additionally, in patients with venogenic erectile
dysfunction, in whom venous leakage resulting from deficient
tension of the TA is thought to preclude normal erection, elastic
fibers are diminished or are even undetected in this region of the
penis®. It should be noted also that, in erectile dysfunction patients

at around 44 years of age, elastic fibers in the CC are fragmented™.



These previously published data, therefore, further
support the hypothesis whereby the stabilization and decrease
we found in elastic fiber content in the CC and TA, respectively,
in the time period spanning from adulthood to early senescence,
are the initial phases of an age-related degenerative process that
would lead to less and/or altered fibers. Notably, these data also
imply that these alterations are likely to be associated with erectile
dysfunction. Nevertheless, detailed functional studies would be
required to ascertain whether the early changes we observed in the
elastic fibers of the rabbit penis would have a negative impact on
erection and sexual function.

Our findings, as discussed above, should be important not
only for providing information on the reproductive biology of the
rabbit, but also because it extends the usefulness and applicability
of the rabbit penis as a model for studies on penile function
and disorders, including erectile dysfunction. Additionally, for
investigations about the effects of aging, and especially of early
senescence, on erectile tissues of the rabbit, our data would allow
a reduction in the period of animal housing in the laboratory.

The cellular and molecular mechanisms underlying
the degenerative structural and functional changes associated
with aging are not yet well understood. Intensive research over
the past few decades, however, has clearly shown that aging
is a process resulting from a complex array of multifactorial
events. Accumulation of DNA damage and the ensuing adverse
modification of gene expression is widely regarded as the
hallmark of cellular aging®. For example, and in agreement with
our findings, elastin gene expression by human skin fibroblasts
declines in aged individuals as compared with young adults®*. But
major causes of age-related degenerative changes also involve
factors that act extracellularly. In the specific case of elastic fibers,
it has been shown that accumulation of matrix metalloproteinase
2, an elastin-degrading enzyme, is greatly increased near broken
elastic fibers in the arteries of aged rats®’.

Another factor that might play a role in the degenerative
changes penile elastic fibers undergo with age is the non-
enzymatic glycation of proteins. In a study using human penile
samples from autopsy and surgery of non-diabetic individuals, it
was found that the concentration of the advanced glycation end-
product pentosidine in the CC and TA increases continuously from
puberty to 90 years of age or more*®. This study also revealed that
the amount of pentosidine was greater in the TA compared with
the CC. Higher levels of pentosidine have been associated with
tissue modifications, including loss of integrity of collagen fibers
in bones from aged humans®. Additionally, pentosidine itself can

bind to, and modify, aortic elastin*. Therefore, non-enzymatic
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glycation and/or pentosidine might be yet another factor adversely
affecting the organization of penile elastic fibers in two-year old
rabbits, especially in the TA.

It was also evident from our results that, for every age
group, the TA and CS consistently had the lowest and the highest
concentration of elastic fibers, respectively, whereas the CC had
always an intermediate content. A low content in the TA makes
it less extensible, and this is in line with its main function as a
limiter*of cavernosal expansion. As expected, the CC and CS,
which undergo inflation and reversible expansion during erection,
have the highest concentration of elastic fibers. On the other
hand, the comparatively lower content of elastic fibers in the CC
should make it less resilient. This is consistent, however, with
biomechanical experiments which indicate that, in rabbits, the CC,

and not the TA, is the major structure limiting penile expansion*.

Conclusions

The different regions of the rabbit penis contain diverse
concentrations of elastic fibers, which reflect the different
functional properties of penile tissues. Although after one month
of age there is a gradual increase in these concentrations, in two-
year old animals this trend is interrupted, which suggests that this

could be an early alteration due to senescence.
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