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The penis represents the organ of the male’s copulation. It is essential to know the
reproductive biology and the morphology of the reproductive organs to increase animal
production. In order to contribute to this knowledge and provides information on the ram
reproductive morphology, the purpose of this work was to describe the distribution, based on
light microscopy, of the collagen and elastic fibers in the ram penis. For that, were collected
transverse fragments of the penis (root, sigmoid flexure, body and glans) of seven rams.
The specimens were fixed in paraformaldehyde for 24h and destined for the histological
routine. The extracellular matrix of the ram penis was composed of collagen and elastic
fibers. The penis was enveloped by the tunica albuginea, consisting essentially of collagen
fibers, which were arranged in two layers: an outer longitudinal and an inner circular.
This tunic emitted septa that penetrated the corpus cavernosum. The elastic fibers appeared
transversely and longitudinally in the corpus cavernosum, corpus spongiosum, and next to
the neurovascular bundle of the penis. This structure was not different to that reported for
other domestic ruminants such as cattle and buffaloes.

INDEX TERMS: Morphological analysis, collagen fibers, extracellular matrix, ram, penis, elastic fibers.

RESUMO.- [Analise morfoldgica de fibras elasticas e
colagenas no pénis de ovinos.] O pénis representa o
6rgdo da copula do macho. E fundamental que se conheca a
biologia reprodutiva e a morfologia dos drgdos reprodutores
para o incremento da producao animal. Com o objetivo de
contribuir para este conhecimento e fornecer informacgoes
sobre a morfologia reprodutiva de ovinos, o propdsito deste
trabalho foi descrever a distribuicdo, com base na microscopia
de luz, das fibras colagenas e eladsticas no pénis de ovinos.
Para tanto, foram coletados fragmentos transversais do
pénis (raiz, flexura sigmoide, corpo e glande) de sete ovinos.
Os exemplares foram fixados em paraformaldeido por 24h
e destinados a rotina histolégica. A matriz extracelular do
pénis de ovinos estava constituida por fibras colagenas e
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elasticas. O pénis estava envolvido pela tunica albuginea,
formada essencialmente por fibras colagenas, que estavam
arranjadas em duas camadas: longitudinal externa e circular
interna. Esta tiinica emitiu septos que penetraram no corpo
cavernoso. As fibras elasticas apareceram de modo transversal
e longitudinal nos corpos cavernoso e esponjoso e junto ao
feixe vasculo-nervoso do pénis de ovinos. Esta estrutura
mostrou-se similar ao encontrado em outros ruminantes
domésticos como bovinos e bubalinos.

TERMOS DE INDEXACAO: Analise morfolégica, fibras coldgenas,
matriz extracelular, ovinos, pénis, fibras elasticas.

INTRODUCTION

According to the architecture of the corpus cavernosum,
the penis of domestic animals is classified into two types:
fibroelastic and musculocavernous penises. The fibroelastic
type has small and confined blood spaces, and these spaces
are divided by a large amount of fibroelastic tissue. This type
of penis, when quiescent, exhibits a sigmoid flexure.
The fibroelastic penis appears in ruminants and boars (Hafez
& Hafez 2004, Dyce et al. 2010). Stallions, dogs and rabbits
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have the musculocavernous type of penis. In this type of penis,
blood spaces are relatively larger, and the lining and septa
are more delicate and more muscular (Hafez & Hafez 2004,
Dyce et al. 2010, Ribeiro et al. 2013).

The rabbit penis is covered by a capsule of connective
tissue, the tunica albuginea, which projects intracavernous
septa, especially in the corpus cavernosum. There are elastic
fibers in the corpus cavernosum, corpus spongiosum, and
in the tunica albuginea of the penis (Maia et al. 2006).
The concentration of elastic fibers in different penile regions
isrelated to age-related changes in rabbits. From one month
of life, rabbits have a gradual increase in the concentration
of these fibers. This trend is interrupted at two years, which
may be related to initial changes due to senescence of the
animals (Abidu-Figueiredo et al. 2013).

There are few reports on the distribution of elastic, collagen
and muscle fibers in the penis in domestic or wild animals.
Babinski etal. (2005) studied the boar penis in order to verify
the distribution of smooth muscle fibers and the volumetric
density of the elastic fiber system. Elastic fibers appeared in
both the corpus spongiosum and corpus cavernosum of all the
animals studied. The authors suggest that the large amount
of elastic fibers and the distribution of smooth muscle cells
between the endothelium could represent the role that these
structures would exert in the process of penile erection in
boars. The zebu and bubaline penis, which is a fibroelastic
type, has much of its rigidity conferred by the collagen and
elastic fibers present in the extracellular matrix. Many collagen
fibers were found in the corpus cavernosum and spongiosum
of these penises, which is a common pattern in animals with
this type of penis (Ribeiro et al. 2013). The extracellular
matrix of penis in intact and neutered cats was analyzed and
the findings of this study showed a significant decrease in the
density of the elastic fibers and a significant increase of the
density of the collagen fibers in the corpus spongiosoum in
neutered cats, suggesting that hormonal deprivation caused
modifications in the extracellular matrix in the penises of
neutered cats (Borges et al. 2017).

The extracellular matrix formed by the collagen and elastic
fibers is a dynamic cellular skeleton that plays an important
role in modulating the physiological function of the cavernous
tissue. This regulates cell morphology, movement, growth and
differentiation. In the cavernous body, the matrix consists
of a fibrillar collagen network that is closely connected to
smooth muscle trabeculae (Traish & Kim 2005). Type [ and II
collagen are the major components of the cavernous body
of the penis (Luangkhot et al. 1992, Moreland et al. 1995,
Raviv et al. 1997).

The system of elastic and collagen fibers is therefore an
important structure for penile erection and allows adequate
resistance during the return of the penis to a detumescence
(Hsu etal. 1994, Sattar et al. 1994, Da Silva & Sampaio 2002,
Bastos et al. 2004, Babinski et al. 2005). Therefore, it may
be considered that the extracellular matrix of the corpus
cavernosum is essential for normal penile erection and is
involved in erectile dysfunction. The structural description
and quantification of the elements of the extracellular matrix
represent a good method to evaluate the morphological and
functional alterations associated with pathological conditions
in humans and animal models (Siracusano et al. 1996,
Maia et al. 2006)
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The gross anatomy of the ram penis has been studied
and described in veterinary anatomy treatises such as
Dyce et al. (2010), but there is no information about the
elements of the penile connective tissue in these animals.
Thus, the purpose of this study was to provide morphological
data on the distribution of collagen and elastic fibers in the
ram penis, because is essential to know the reproductive
biology and the morphology of the reproductive organs to
increase animal production.

MATERIALS AND METHODS

Penises of seven rams, sexually mature, were used in this study.
The animals were Santa Ines, Dorper and Texel breeds. The samples
were collected after the slaughter and inspection procedures of
the animals, in a slaughterhouse. After collection, the penises were
sectioned in regions such as root, sigmoid flexure, penile body and
glans.

The tissues were fixed in 4% paraformaldehyde for 24h. After
histological fixation, tissue samples were washed for 24 hours in
running water and submitted for inclusion in Paraplast™ (Sigma, St
Louis/MO, USA). Following inclusion, 5pm thick sections were cut
and stained in Hematoxylin and Eosin (HE), Masson’s Trichrome,
Calleja and Picrosirius red. The slides were observed, analyzed and
photographed in the Olympus BX41 optic microscope connected to
adigital camera Olympus SC30, Department of Anatomy, Institute of
Biosciences of Botucatu, Unesp. The blades stained in Picrosirius red
were analyzed in the polarized light microscope Leica DMLB (Leica
Microsystems, Mannheim, Germany) The images were captured by
a digital camera Leica DFC 300FX and processed with Leica Qwin
V3 software, Department of Morphology, Institute of Biosciences
of Botucatu, Unesp.

RESULTS

The ram has a fibroelastic penis, with a characteristic sigmoid
flexure. There were no morphological differences, by light
microscopy, between of the penile regions such as root,
sigmoid flexure, and penile body. The penis was covered by
a dense connective tissue capsule named tunica albuginea.
The tunica albuginea involved the penile structure, which was
formed by the corpus cavernosum and corpus spongiosum.
The corpus cavernosum was located dorsolateral, deep into
the tunica albuginea, while the corpus spongiosum enveloped
the urethra (Fig.1 and 2).

The histological analysis confirmed that the extracellular
matrix of the ram penis was basically formed by elastic and
collagen fibers. The tunica albuginea was composed essentially
of collagen fibers (Fig.1-4), which were arranged in two layers:
an outer longitudinal and an inner circular (Fig.1A,B, 2C,D).
The inner circular layer of the tunica albuginea projects
intracavernosal septa in the corpus cavernosum. These septa
consisted mainly of collagen fibers. The collagen fibers were
the most abundant component of the tunica albuginea, septa,
and corpus cavernosum (Fig.2 and 4).

An irregular system of elastic fibers was observed in the
studied penises. Elastic fibers were intercalated between the
collagen fiber bundles of the tunica albuginea and its septa.
These fibers were abundant in the neurovascular bundles,
around the blood vessels and nerves. There was a predominance
of elastic fibers in the cavernous structure of the corpus
spongiosum of the ram penis and in the neurovascular bundles
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(Fig.1-3). This system of elastic fibers was composed of elastic
fibers that were appeared in several ways, longitudinally and
transversely bundles (Fig.3). The region of the ram penile
glans was formed only by a corpus spongiosum, which was
formed by the system of elastic fibers (Fig.2E,F).

DISCUSSION

The ram penis contains two erectile structures, the supero-lateral
corpus cavernosum and the ventral corpus spongiosum that
surrounds the urethra. The wild boar penis has a similar structure
with a tunica albuginea covering the corpus cavernosum
and spongiosum (Babinski et al. 2005). In this study, the
extracellular matrix of the ram penis was described and is
formed by collagen and elastic fibers. Ribeiro et al. (2013)
claimed that the fibroelastic penis of cattle and water buffalo
is an organ of great interest in animal breeding, due to the
presence of extracellular matrix which is involved in penile
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icaalbuginea (s),
corpus cavernosum (cc), corpus spongiosum (ce), elastic fibers (arrows), urethra (u), artery (a), vein (v) and nerve (n) that comprised the neurovascular
bundle of the penis. Note the collagen fibers in blue in Calleja stain indicating that tunica albuginea consists mainly of collagen fibers. (A,C) Calleja,
bar = 500pm. (B) Calleja, bar = 200pm. (D) Masson’s trichrome, bar = 200pm.

erection. Trabeculae of the corpus cavernosum represent the
major morphological structure involved in penile erection.
They are composed of endothelial cells, smooth muscle cells
and extracellular matrix (Sattar et al. 1994, Sampaio et al. 1998,
Ribeiro et al. 2013). The integrity of the corpus spongiosum
is also important for the erection mechanism since it acts
synergistically with the tunica albuginea and the corpus
cavernosum (Conti et al. 1988, Ribeiro et al. 2013).

Penile erection occurs by the transformation of erectile
tissue and vasculature from a state of minimally perfused
sagging to one of engorgement with blood. This process is
mediated by vascular, neuronal, hormonal, and psychological
components. There is relaxation of the smooth muscles
present in the blood vessels and trabeculae of the corpus
cavernosum, which leads to an increase in blood flow to the
penis, which compresses the venules that lie just below the
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2162 Bruno Cesar Schimming et al.

ile body and (E,F) glans. Corpus cavernosum (cc), corpus spongiosu ers (arrows), urethra (u), artery
(a), and lining epithelium of the glans (e). The tunica albuginea are arranged in two layers: an outer longitudinal (ol) and an inner circular
(ic). These two layers are comprised basically of collagen fibers (in blue in Calleja stain). (A,C,D,F) Calleja, bar = 200um. (B) Masson’s
Trichrome, bar = 500um. (E) Masson’s Trichrome, bar = 200pum..

Pesq. Vet. Bras. 38(11):2159-2165, novembro 2018



Morphological analysis of the elastic and collagen fibers in the ram penis

2163

B

N N

<4 W RICR A9 = ( P
G60, AN T
L\ i

tuainally

(thin arrows). Note the collagen fibers in blue. Thus, the extracellular matrix of the ram penis is formed by elastic and collagen fibers.

Calleja, bar = 100pm.

tunica albuginea against it, leading to drainage occlusion
(Mostafa et al. 2013).

The ram tunica albuginea was divided into two layers:
an outer longitudinal and an inner circular, which is in
agreement with that reported for bovine and buffalo penises
(Ribeiro etal. 2013). The collagen fibers appear mainly in the
two layers of the tunica albuginea and in their septa, which is
also similar to that described for the tunica albuginea of the
corpus cavernosum of cattle and buffalo (Ribeiro et al. 2013).
The organization of collagen fibers in the tunica albuginea of
ram are in agreement with reports on the cattle and water
buffalo penis (Ribeiro et al. 2013). The tunica albuginea, a
connective tissue sheath which surrounds the cavernous body,
also plays an important role in erection, and is essential for
penile compliance, venous occlusion, flexibility, extensibility,
and rigidity (Brock et al. 1997).

Pinheiro et al. (2000) have been studied the structure of
the corpus cavernosum of the rat penis, and reported that
the collagen fibers represented the main component of the

trabeculae of the corpus cavernosum of the mouse penis.
These authors claimed that the extracellular matrix of the
corpus cavernosum is essential for the normal erection of the
penis and seems to be related to several erectile dysfunctions.

The ram penis is a fibroelastic penis. The elastic fiber system
appeared in the corpus spongiosum and corpus cavernosum.
The boar penis had a well developed elastic fiber system in the
corpus spongiosum and cavernosum, but there was a higher
volume density of these fibers in the corpus spongiosum
when compared to the corpus cavernosum (Babinski et al.
2005). In this study, the elastic fibers, besides constituting the
extracellular matrix of the cavernous tissue, are also abundant
near the blood vessels and nerves. Several studies reported
that tissues, normally submitted to stretching, presentalarge
amount of elastic fibers (Cotta-Pereira et al. 1976, Kreis &
Vale 1993, Ribeiro et al. 2013), and this could explain the
presence of abundant elastic fibers in the cavernosus structure
of the ram penis.

Pesq. Vet. Bras. 38(11):2159-2165, novembro 2018
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Fig.4. (A-H) Corpus spongiosum (ce), corpus cavernosum (cc) and tunica albuginea (ta) of ram penis. Note the great amount of collagen
fibers in the corpus cavernosum (cc), and in the septa (s) of the tunica albuginea (ta). Neurovascular bundles with artery (a) and nerve
(n). (A,CE,G) Picrosirius Red under conventional light and (B,D,F,H) under polarized light, bar = 100um.
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CONCLUSION

The arrangement of the elastic and collagen fibers in
the ram penis suggests that this animal shows a typical
extracellular matrix corresponding to the fibroelastic penis,
similar to other mammals such as the boar, bull and buffalo.

Like these fibers play an important role in penile erection
and detumescence, this morphological knowledge can contribute
to the reproduction routine in veterinary medicine.
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