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RESUMO.- [Estereologia do sistema elástico e das célu-
las musculares lisas no pênis fibroelástico zebuino e 
bubalino.] O pênis dos zebuinos e bubalinos são classifica-
dos como do tipo fibroelástico, sendo grande parte de sua 
rigidez conferida pelas fibras colágenas e elásticas presen-
tes na matriz extracelular. Embora alguns estudos tenham 
abordado estes componentes em bovinos europeus, os da-
dos na literatura sobre zebuínos e bubalinos são escassos. 
Nós avaliamos a espessura da túnica albugínea, a distribui-
ção das células musculares lisas e a densidade volumétrica 
(Vv) das fibras do sistema elásticona túnica albugínea,  no 
corpo cavernoso e esponjoso do pênis de animais jovens 
adultos inteiros.Foram utilizados 10 fragmentos de pênis 
de búfalos da raça Mediterrâneo e 10 fragmentos de pênis 

de bovinos da raça Red Sindi. Os fragmentos de pênis foram 
processados de acordo com a técnica histológica de rotina 
para inclusão em parafina e corados pela Fucsina Resorcina 
de Weigert, Picro Sirius Red, Tricrômio de Gomori e anticor-
po anti α actina. As fibras elásticas foram determinadas em 
25 campos aleatórios de cada fragmento, utilizando o sis-
tema teste modelo M42. A Vv das fibras do sistema elástico 
no pênis do búfalo e bovino foram(média e desvio padrão 
respectivamente) de 4,07% ±0,88 e 3,36% ±1,21 na túnica 
albugínea; 17,32% ±2,21 e 13,14% ±1,27 no corpo caver-
noso; 26,58% ±4,31 e 31,36% ±3,67 no corpo esponjoso, 
respectivamente. Houve diferença na Vv das fibras elásticas 
entre as duas espécies, no corpo cavernoso e no corpo es-
ponjoso. Na espessura da túnica albugínea houve diferença 
significativa entre o búfalo Mediterrâneo (1,4mm ±0,11) 
e o bovino Red Sindi (1,76mm  ±0,23). Nas duas espécies, 
as fibras musculares lisas foram encontradas apenas asso-
ciadas ao endotélio de revestimento dos seios cavernosos. 
Com base nestes resultados, podemos concluir que existem 
diferenças na proporção entre os componentes da matriz 
extracelular nas espécies estudadas, fato que deve ser con-
siderado nos procedimentos clínicos e cirúrgicos veteriná-
rios e continua a ser investigado.
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Samples of ten penises of Mediterranean buffaloes and ten penises of Red Sindhi cattle 
were used. The thickness of the tunica albuginea (TA), distribution of smooth muscle cells 
(SMC) and volume density (Vv) of elastic system fibers in TA, corpus cavernosum (CC) and 
corpus spongiosum (CS) were evaluated. The Vv of elastic system fibers in buffalo and bo-
vine penis was respectively 4.07% ±0.88% and 3.36% ±1.21% in TA; 17.32% ±2.21% and 
13.14% ±1.27% (CC), 26.58% ±4.31% and 31.36% ±3.67% (CS). The CC of buffalo presen-
ted higher Vv of elastic fibers than bovine, while in the CS the Vv of elastic fibers in buffaloes 
was smaller than in cattle. The TA thickness showed a significant difference among the 
species studied. The arrangement of SMC in the bovine penises  and in the water buffalo 
suggests that this pattern is common to animals that have fibroelastic penises.
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INTRODUCTION
The penis of the domestic mammals is classified into two 
types, such as fibroelastic and musculocavernous, accor-
ding the construction of the corpus cavernosum (CC). In 
fibroelastic type, penis increases in length with little mo-
dification in diameter during erection. This type is found 
in swne, ruminants and the rat. Man, horse, dog and rabbit 
have the musculocavernous type, demonstrating an increa-
se in length and diameter during erection (Swenson 1996, 
Hafez 2004).

The trabeculae of the CC are the main structures impli-
cated in penile erection. They are composed of endothe-
lial cells, smooth muscle cells (SMC) and an extracellular 
matrix, the components of which are collagen and elastic 
fibers (Sattar et al. 1994, Sampaio et al. 1998, Bastos et al. 
1999). The tunica albuginea (TA), a dense sheath of con-
nective tissue involves the CC and also has an important 
role in erection, because is essential for complacency, ve-
nous occlusion, flexibility, extensibility and penile rigidity 
(Bitsch et al. 1990, Brock et al. 1997). The structural inte-
grity of the corpus spongiosum (CS) is also important for 
the mechanism of erection since it acts synergistically with 
the TA and CC (Conti et al. 1988).

In the past, it was supposed that the bovine penis be-
came rigid due to its fibrous components and the erection 
occurred mainly as a result of the relaxation of the retractor 
penis muscle. This explanation is overly simplistic, as the 
flaccid penis of live bull is very bendy, and it is necessary to 
generate a high pressure within the CC of the penis to allow 
the intromission (Ashdown et al. 1979). Studies on the ru-
minant penile erection suggest that the blood carried to the 
CC of the penis through deep arteries is pumped from the 
crural region of the penis by ischiocavernosus muscle, so it 
increases the pressure inside the CC (Ashdown et al. 1979). 
The contraction of the ischiocavernosus muscle also makes 
pressure on the deep veins located in the penile root, so 
blood is pumped within a closed system into the cavernous 
spaces, increasing the pressure inside the penis (Ashdown 
et al. 1979). The obstruction of the venous drainage helps 
to keep the pressure into the CC (Ashdown & Gilanpour 
1974). 

There is no communication between the sinuses of the 
CS and the CC in the normal bull. Communications between 
the sinuses and the dorsal venous system can critically re-
duce the pressure into the CC during erection, leading to an 
erectile dysfunction condition (Ashdown et al. 1979). 

According to Nascimento & Carvalho (1993), when com-
pared with cattle, water buffaloes present better producti-
vity, if raised in places of difficult access, such as flooded 
and mud areas, where cattle would not be productive. Few 
studies have been conducted on the penis of water buffalo, 
but when compared with the bovine penis, few differences 
have been described (Fisher & Bodhipaksha 1992, Escrivão 
et al. 2005). 

Data on the collagen fibers, elastic system and smooth 
muscle in the CS and CC of bovine and water buffalo pe-
nises are scarce. Thus, knowledge of the structure of the 
penis of these species may contribute to the diagnosis and 
treatment of erectile dysfunction. 

The aim of this study was to evaluate the thickness of 
the TA, the distribution of SMC and volume density (Vv) of 
elastic system fibers in the CS and CC of the penis of cattle 
and the water buffalo, performing a comparative study be-
tween both species.

MATERIALS AND METHODS
Ten penises from adult Mediterranean buffaloes (Bubalus buba-
lis) and ten penises from adult Red Sindhi bulls (Bos indicus) were 
obtained from the Federal Rural University of Rio de Janeiro for 
this project. After slaughter, the penises were removed and im-
mediately fixed in 10% phosphate buffered formaldehyde solu-
tion for 24 to 48 hours. Following, five fragments were removed 
at the base of the penis. Subsequently, the samples were dehy-
drated in increasing alcohol solutions, starting with 70% to ab-
solute alcohol, cleared in xylene and embedded in paraffin. Each 
fragment originated one different section 5μm thick. The sections 
were initially stained with Gomori’s Trichrome for detection of 
material featuring histological artifacts. In all sections, five ran-
dom fields were analyzed, then a total of 25 (5x5) fields analyzed 
per evaluated penis. To evaluate the collagen fibers the sections 
were stained with Picrosirius red and observed under polarized 
light.

To assess the elastic fiber system the sections were stained 
with Weigert’s Resorcin Fuchsin with prior oxidation by oxone. 
Data were expressed as volume density (%). The images for gene-
ral analysis and two-dimensional quantification were obtained in 
a magnification of 40x by using an Olympus microscope coupled 
to a Sony CCD video camera. The images were transferred to a 
Sony monitor KX14-CP1.

Randomly selected fields were then quantified using the M42 
test system. Data were obtained by this the point counting plani-
metry method, superimposing the M42 grid on the monitor scre-
en (Weibel et al. 1966).

The Vv of the histological components was calculated as Vv 
= Pp/Pt, where Vv is the volume density, p is the tissue compo-
nent under consideration (elastic fibers), Pp is the number of test 
points associated with p, and Pt is the total number points of the 
M42 grid.

Statistical analysis
Data were analyzed with Graphpad Instat (Graphpad) to verify 

the normal distribution. Means were compared using the unpai-
red t test. Differences were considered significant when p<0.05.

Immunohistochemical assay
The Avidin-Biotin technique was performed for identification 

of SMC, using Monoclonal anti-actin alpha-smooth muscle anti-
body at a dilution of 1:400 in phosphate buffered saline (A2547 
- Sigma Company) as the primary antibody. The sections were 
dewaxed in xylene, hydrated in a decreasing series from etha-
nol to water and washed in phosphate buffered saline (PBS) for 
five minutes. Subsequently, they were treated for thirty minutes 
at room temperature with hydrogen peroxide 3% in methanol to 
block endogenous peroxidase activity. After this stage, sections 
were washed in PBS (3 changes of 5 minutes each) and incubated 
in a moist chamber at 37oC for thirty minutes with goat serum 1% 
in PBS. Then, they were incubated in a moist chamber at 4oC for 
12 to 14 hours with the primary antibody. Negative controls, whe-
re primary antibody was replaced by PBS, and positive controls, 
using tissue fragments that display the antigens were performed 
for all primary antibodies.

Finally, sections were washed in PBS (3 changes of 5 minu-
tes each) and incubated in a moist chamber at room temperature 
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for thirty minutes with biotinylated secondary antibody diluted 
1:100 in PBS.

Thickness of the tunica albuginea
Thickness of the TA was measured in sections stained with 

hematoxylin-eosin. The image processing program Image J was 
used for the morphometric analysis, which allows quantitative 
histomorphometry. The measurement was taken in three diffe-
rent regions of the TA and the arithmetic mean was used to obtain 
more accurate value. The thickness was measured in millimeters 
and the magnification was 2.5x.

RESULTS
The arrangement of the elastic fibers in the TA consisted 
in a peripheral longitudinal and an inner transverse layer, 
which continued with the elastic system fibers of the tra-
beculae. The Vv of elastic fibers in the TA, CC and CS are 
listed in Table 1. There was no significant difference betwe-
en the Vv of elastic fibers in TA of water buffalo and bovi-
ne (p=0.1930). However, the CC of water buffalo presented 
higher Vv of elastic fibers than bovine (p=0.0002), while in 
the CS the Vv of elastic fibers of water buffalo was smaller 
than bovine (p=0.0222) (Fig.1).

The TA of bovine was thicker than water buffalo 
(p=0.0066), as demonstrated in Table 2. The TA of the CC 
of bovine and water buffalo consisted of thick bundles of 
collagen fibers with ondulate shape, interspersed with 
elastic fibers. In both bovine and water buffalo, the TA was 
also divided into two layers: the inner circular and outer 
longitudinal (Fig.2).

Many collagen fibers were found in the CC and CS, even 
though the collagen fibers of CC were thicker than collagen 
fibers in CS (Fig.3)

There was a slight amount of SMC in the trabeculae of the 
CC of both water buffalo and bovine. It produced a subendo-
thelial layer outlining the cavernous spaces. The fibers were 
positioned in the longitudinal and transverse axis of the pe-
nile shaft, and the transverse fibers were predominant. The 
stereological analysis of the immunostained sections showed 
that the SMC had a Vv of 9.645% in water buffalo and 9.625% 

Table 2. Thickness of the tunica albuginea of the corpus 
cavernosum in bovine and buffalo

 Tunica albuginea
  Buffalo Bovine

 Mean 1.45a 1.76a
 SD 0.11 0.23
 Minimum 1.30 1.39
 Maximum 1.66 2.09

Data were expressed as millimeters. SD = Standard deviation. a p=0.0066.

Table 1. Volumetric density of elastic fibers in tunica 
albuginea, corpus cavernosum and corpus spongiosum of 

the penis of cattle and buffalo

 Tunica albuginea Corpus cavernosum Corpus spongiosum
  Buffalo Bovine Buffalo Bovine Buffalo Bovine

 Mean 4.07a 3.36a 17.32b 13.14c 26.58d 31.38e
 SD 0.88 1.21 2.21 1.27 4.31 3.67
 Minimum 2.61 1.42 14.51 5.47 18.56 27.85
 Maximum 5.71 4.76 21.18 17.37 35.22 38.79

Data were expressed as percent. SD = Standard deviation. a p=0.1930; b,c 
p=0.0002; d,e p=0.0222.

Fig.1. Light micrograph of Corpus spongiosum from (A) Red Sindhi cattle, and (B) Mediterranean buffalo penis, showing 
the elastic system fibers (arrows). Weigert’s Resorcin Fuchsin with prior oxidation, 100x.

Fig.2. Tunica albuginea of corpus cavernosum (cc) from Mediter-
ranean buffalo penis, showing its two layers: the inner circular 
(ic) and outer longitudinal (ol). The collagen fibers of the in-
ner circular layer continue to corpus cavernosum trabeculae 
(arrow). Gomori’s Trichrome, 40x.
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in bovine (Table 4). There was no significant difference be-
tween the Vv of SMC in water buffalo and bovine (p=0.8785).

The CS presented scattered SMC in both animals. They 
were located only in the narrow subendothelial space of 
some trabeculae and also the wall of small vessels (Fig.3). 
The stereological analysis revealed that the SMC had a Vv 
of 2.856% in water buffalo and 3.04% in bovine (Table 3). 
There was no difference between Vv of SMC in bovine and 
buffalo (p=0.6752).

DISCUSSION
The fibroelastic penis of cattle and water buffalo is an or-
gan of great interest in animal breeding, due to the outs-
tanding role played by the fibrous component of the ex-
tracellular matrix of the CC for penile erection (Young et 
al. 1977, Ashdown et al. 1979). Tissues that are constantly 
submitted to tensile stretch, present a significant elastic 
system fibers (Cotta-Pereira 1976). Collagen is stabilized 
by elastic fibers, which are characterized by their flexibi-
lity and extensibility (Kreis & Vale 1993). The location and 
arrangement of elastic fibers are related to function and 
mechanical properties of different parts of the tissue (Ha-
ralson & Hanssel 1995). The study described qualitatively 
and quantitatively the elastic system fibers and the SMC in 
bovine penis and of the water buffalo to set a histological 
pattern of these elements for those species.

Regarding the Vv of elastic system fibers in the TA, no 
significant difference between water buffalo and cattle was 
found, suggesting that this structure, at least concerning 
on elasticity, plays a similar role in both species. However, 
the TA of cattle (1.76mm in mean) was thicker than in wa-
ter buffalo (1.45 mm in mean). Ashdown & Smith (1969) 
reported values around 3mm to the thickness of the TA of 
European cattle. This finding is higher than our results for 
zebu cattle (1.76mm). This difference between European 
and zebu cattle can be attributed to the breed difference or 
only to the different size of animals.

The different thickness of the TA may be related to in-
creased pressure generated within the CC of the penis of 
the animal, because it serves to support and protect vessels 
and nerves, that might otherwise be squeezed or stretched 
by the high pressure inside the CC during erection (Golds-
tein et al. 1985). Therefore, the TA, which surrounds the 
trabeculae of the CC, has an important role in the mecha-
nism of erection and is essential for complacency, venous 
occlusion, flexibility, extensibility and penile rigidity (Bits-
ch et al. 1990, Goldstein & Padma-Nathan 1990). The main 
structures to promote such function are the collagen and 
elastic fibers. Thus, any structural damage can immediately 
affect the penile function.

Fig.3. (A) Corpus cavernosum of Red Sindhi bovine penis and (B) corpus spongiosum of Mediterranean buffalo penis. 
Note the thicker collagen fibers in the corpus cavernosum of the Red Sindhi cattle penis (A) and the thinner collagen 
fibers in the corpus spongiosum of the Mediterranean buffalo penis (B). Picrosirius Red under polarized light, 40x.

Fig.4. Corpus spongiosum of Mediterranean buffalo penis, showing 
the sinus of the corpus spongiosum (scs) and the smooth mus-
cle cells (arrows) in the trabeculae subendothelial space. Avi-
din Biotin immunostaining anti-smooth muscle α actin, 100x.

Table 3. Volumetric density of smooth muscle cells in corpus 
cavernosum and corpus spongiosum of the penis of cattle 

and buffalo

 Corpus cavernosum Corpus spongiosum
  Buffalo Bovine Buffalo Bovine

 Mean 9.645a 9.625a  2.856b 3.046b
 SD 0.9067 0.7297 0.4488 0.7166
 Minimum 8.14 9.044 2.38 2.38
 Maximum 10.948 10.472 3.332 4.284

Data were expressed as percent. SD = Standard deviation. a p= 0.8785, 
b p=0.6752.
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Changes in the quantity and morphology of collagen 
and elastic fibers may result of diseases that lead to erectile 
dysfunction, such as priapism and Peyronie’s disease (Bro-
ck et al. 1997, Van der Horst et al. 2003, Tazi 2009, Costa et 
al. 2010), and other disorders, such as preputial prolapse, 
phimosis, balanitis, fibropapilloma, acropostitis and penile 
deviation (Rabelo et al. 2008). Elastic fibers stabilize the 
collagen and are characterized by elasticity and extensi-
bility, as one of the properties of elastin is to promote the 
support and elasticity (Cotta-Pereira et al. 1976, Kreis & 
Vale 1993). Changes in the architecture of elastic fibers or 
loss of function are pathological features found in a num-
ber of degenerative and inflammatory diseases (Haralson 
& Hanssel 1995).

The structural description and quantification of fibrous 
elements of the extracellular matrix have already proved to 
be an effective method for the evaluation of morphological 
and functional changes associated with pathological condi-
tions in humans and animal models (Siracusano et al. 1996, 
Babinski et al. 2005, Maia et al. 2006).

The organization of collagen fibers in the TA of the CC 
of cattle and water buffalo are in agreement with previous 
reports on the fibroelastic penis of the rat, regarding its 
constitution: lots of thick bundles of collagen fibers with 
undulant shape, interspersed with elastic fibers (Bitsch et 
al. 1990, Calabrò et al. 1996). The TA of cattle and the wa-
ter buffalo is divided into two layers: the inner circular and 
outer longitudinal, similar to the arrangement observed in 
the TA of rats (Pinheiro et al. 2000), humans (Akkus et al. 
1997) and mice (Nakano 1995b).

The characterization of collagen in sections stained by 
Picrosirius red and observed under polarized light shown 
in both bovine and water buffalo predominance of red co-
lor, normally associated with type I collagen fibers. Type I 
collagen is the most commonly found in the general con-
nective tissues and form thicker fibrils, whereas collagen 
type III is located in specific organs and around muscular 
fibers. The collagen type III forms thinner fibrils, also cal-
led reticular fibers, normally showing greenish appearance 
when stained by Picrosirius red and observed under pola-
rized light (Van der Rest  &  Garrone 1991). Although the 
type I collagen fibers were predominant in both CC and CS 
of cattle and water buffalo, the fibers in CC were thicker 
than in CS, suggesting a possible difference in the functio-
nal properties of CC and CS.

The arrangement of the collagen fibers in the bovine 
penis is very important. To reinforce this idea, Ashdown et 
al (1968) observed in the integument of the penis a clear 
spiral pattern of collagen fibers. This spiral arrangement 
of collagen fibers suggests, according to Ashdown et al. 
(1968), a satisfactory anatomical explanation for the spi-
ral deviation that occurs at the free extremity of the penis 
when it is erect. This spiral arrangement of collagen fibers 
in the integument of the penis was found in adult animals, 
young animals and fetuses, demonstrating to be a congeni-
tal characteristic and not acquired during adulthood.

The arrangement of the elastic fibers in the TA consis-
ted in a peripheral longitudinal and an inner transverse 
layer, which continued with the elastic system fibers of the 

trabeculae. This way of distribution of the elastic fibers is 
similar to that described in human fetuses and adults (Hsu 
et al. 1994, Bastos & Costa 1998), in young adult rats (Pi-
nheiro et al. 2000) and rabbits (Maia et al. 2006).

The water buffalo had a higher elastic system fibers in 
the CC than the bovine species, suggesting that the elastic 
system in this animal may play an utmost important role. 
The smaller amount of elastic fibers in the CC of the bovine 
penile could be related to the thicker TA. The organization 
of collagen bundles in two layers in the TA seems to contri-
bute to a better resistance to stretching process, i.e., could 
enhance elasticity during erection, compensating the lower 
amount of elastic system fibers in the CC. When the Vv of 
elastic system fibers in the CC is compared between other 
species, it shown about 5% in rat (Pinheiro et al. 2000), 
11% in wild boar (Babisnki et al. 2005), 9% in man (Sattar 
et al. 1994, Bastos et al. 2004) and 25.1% in rabbit (Maia et 
al. 2006), while in bovine and water buffalo the Vv of elastic 
fibers in the CC is 13.14% and 17.32%, respectively.

Regarding the SMC, immunohistochemistry revealed 
the presence of these cells only as a thin layer lining the 
lumen of the CC. This finding is in agreement with previous 
descriptions of CC of adult rat (Pinheiro et al. 2000), which 
had the Vv of 9.1% of SMC in the CC, similar amount found 
in bovine (9.625%) and water buffalo (9.645).

The amount and organization of SMC in the musculoca-
vernous penis are markedly different from those found in 
the fibroelastic penis. The SMC in musculocavernous penile 
occupy a significant space and are uniformly distributed in 
the total area of the trabeculae of the CC. In humans, these 
cells represent 34 to 52% of the total area of the CC (Gol-
dstein & Padma-Nathan 1990, Nehra et al. 1998), in rab-
bits these cells represent 49.28% of the total area of the 
CC (Abidu-Figueiredo et al. 2010). The SMC are capable to 
maintain muscle tonus, which is very important in regula-
ting the luminal diameter of tubular structures, such as the 
vascular penis. An increase in tonus of muscle fibers arran-
ged circularly reduces the diameter of the lumen and vice 
versa (Comarck 1991). The CS of the bovine penis presen-
ted more elastic fibers than the one of water buffalo penis. 
The presence of elastic system fibers is more expressive in 
the trabeculae of CS than in the trabecula of CC of both bo-
vine and water buffalo penis. Some authors have reported 
the same difference in man (Conti & Virag 1989, Hsu et al. 
1994), in boar (Babisnki et al. 2005) and rabbit (Maia et al. 
2006).

When comparing the arrangement and amount of the 
collagen fibers into the TA and trabeculae of the CS and into 
the TA and trabeculae of the CC, the difference seems to be 
related to the hemodynamic process, which occurs in the 
CS and the CC during erection. In the CS, the venous draina-
ge is not completely compressed against the TA. Thus, the 
pressure remains low and the CS does not become comple-
tely rigid, even during a full erection, allowing the emission 
of semen through the urethra during ejaculation (Nakano 
1995a). In the CS of the water buffalo and cattle, SMC were 
not numerous, therefore it has little significance in the 
structural organization of the CS. Similar amount of these 
fibers was found in CS of adult rats (Pinheiro et al. 2000).
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CONCLUSIONS
The present study presents the quantification of elastic 

system fibers and SMC for the first time in the penis of Red 
Sindhi cattle and Mediterranean buffalo.

The arrangement of SMC in the penis of cattle and wa-
ter buffalo suggests that this pattern is common to animals 
that have a fibroelastic penis, but significant differences 
were observed between the bovine and the buffalo species 
for the distribution of elastic system fibers in CC and CS, 
and the thickness of the TA.
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