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ABSTRACT
Although the knowledges on morphological changes in cattle pelvic symphysis during gestation and obstetrics gives valuable information about the age
of optimal primary calving of cows, up to now little research has been carried
out about the ossification of pelvic symphysis. The aim of the study was to
carry out histochemical and immunohistochemical comparative investigation
of pelvic symphysis in calves, in-calfed and after-calved Estonian HolsteinFriesian’s (EHF) cattle.
The material from the cranial part of the pubic bone, pubo-ischiadic
junction, symphyseal eminence and the body of the interischiadic bone was
taken for immunohistochemical investigation from eight EHF cows divided
into three age groups: calves, in-calfed and after-calved EHF’s. Specimen were
fixed with 10% formalin, demineralized thereafter in EDTA and embedded
into paraffin, slices 7 μm in thickness were cut followed by histochemical staining by Safranin-O and immunohistochemical staining by primary antibodies
Collagen-II and Periostin (Novus Biologicals, Littleton, CO, USA). Immunohistochemical staining was carried out according to the manufacturers quidleines (Invitrogen, Carlsbad, CA, USA).
Our investigations proved that the main morphological changes, the retardation of ossification processes, in the pelvic symphysis occur in adult EHF
kines during the second-half of gestation in the pubo-ischiadic junction.
Keywords: Estonian Holstein-Friesian’s cattle, pelvic symphysis, periostin,
collagen-II
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INTRODUCTION
Up to now the structure and ossification processes of the cattle pelvic symphysis has been slightly studied. According to the literature in some species
(e.g. guinea pigs, pocket gophers etc.), the osseous tissue of pelvic symphysis is
resorbed and replaced by cartilage and connective tissue near birthing [1, 2].
This phenomenon raises the question about the morphological changes near
birthing in the cattle pelvic symphysis in that region. Our previous histological studies have shown the retardation of ossification in the pelvic symphysis
of in-calved heifers [3]. The aim of the study was to carry out histochemical and immunohistochemical investigation of pelvic symphysis in in-calved
Estonian Holstein-Friesian’s (EHF) cattle comparatively with the investigations of pelvic symphysis in calves and after-calved EHF’s cattle.
MATERIAL AND METHODS
The material from four different regions of cattle pelvic symphysis: the cranial
part of the pubic bone, pubo-ischiadic junction, symphyseal eminence and the
body of the interischiadic bone was taken for histochemical and immunohistochemical investigation from eight EHF cows divided into three age groups:
calves (2), in-calved (4) and after-calved (2) EHF’s. The age of in-calved and
after-calved bovines was 3–7 years.
Specimens were fixed with 10% formalin, demineralized thereafter in
EDTA and embedded into paraffin, slices 7 μm in thickness were cut followed by histochemical staining by Safranin-O and immunohistochemical
staining. In the sections for immunohistochemical staining endogenous peroxidase activity was blocked with 3% H2O2 and the sections were stained
using Histostain-Plus Kit (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s guidelines. Collagen-II and Periostin served as primary antibodies (Novus Biologicals, Littleton, CO, USA). The biotinylated secondary
antibody and the streptavidin-conjugated peroxidase were used for the detection using DAB as chromogen giving brown coloration in positively stained
cells and tissues. Samples were analyzed with Zeiss Axioplan 2 (Germany)
light microscope.
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RESULTS
The cranial part of pubic bone consisted of hyaline cartilage in all groups;
the chondral ossification type with the columns of chondrocytes was noted
(Figure 1).
In the pubo-ischiadic junction of in-calved cattle with gestation of 4–5
months as well as in after-calved cattle group the osseous tissue and the hyaline cartilage were noted. In in-calved cattle with gestation of 7,5 months
similarly to calves fibrous and elastic cartilage and dense connective tissue
prevailed. Periostin was detected in the connective tissue islets lining between
fibrous and hyaline cartilage in calves and in in-calved cattle with gestation of
7.5 months (Figure 2).

Figure 1. Hyaline-type cartilage in the
cranial part of the pubic bone in aftercalved bovine. Safranin-O staining. Obj.
200x.

Figure 2. Periostin detected in the dense
connective tissue in the pubo-ischiadic
junction of in-calved cattle with the
gestation of 7,5 months. Obj. 100x.

In the same group collagen-II was detected mainly in the chondrocyte nuclei
of the hyaline cartilage (Figure 3).
In the symphyseal eminence of calves the dense connective tissue and cartilage prevailed. Immunohistochemically periostin was detected in the dense
connective tissue (Figure 4). In other age groups a lot of osseous tissue was
present.
The region of interischiadic bone of calves connective tissue proper and
fibrous cartilage were noted; in in-calved and after-calved EHF’s in the region
the hyaline type of cartilage and osseous tissue prevailed (Figure 5).
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Figure 3. Immunohistochemistry for collagen-II. Collagen-II detected mainly in chondrocyte nuclei of the hyaline cartilage in the
pubo-ischiadic junction of calves. Obj. 100x.

Figure 4. Immunohistochemistry for periostin. Periostin in cell-islets of dense connective tissue in the symphyseal eminence of
calves. Obj. 50x.

Figure 5. Hyaline-type cartilage in
the region of interischiadic bone in
bovine with 7.5 months gestation.
Safranin-O staining. Obj. 400x.

DISCUSSION
Although the morphological changes in the pelvic symphysis in some small
mammals (guinea pigs, mice, moles, pocket gopher, etc.) in the final stage of
gestation have been well investigated, there is a lack of knowledges about these
kinds of changes in bigger mammals, including cattle. The studies have proved
that before birthing ligaments of the symphysis pubis stretch considerablely,
which is presumably related to the changes in the tissues of symphyses during
this period; after birthing the pubic and ischiadic bone join once again tightly
[1, 2, 4].
The partial resorption of the medial end of symphysis pubis during puberty
has been observed in the experiments on mice [5]. It has been noted that precisely female sex hormons may also cause a separation of pubic bones [6–10].
Despite the wealth of morphological information about the extracellular
matrix in this joint, little is known regarding to the involvement of the crimp
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of collagen fibers in the dramatic transformations occurring in this region
during the last 3 days of pregnancy. Previous findings suggest that a disruption of the helical arrangement of the collagen containing fibers may contribute to explaining the rapid remodeling that occurs at the end of pregnancy and
that is responsible for an increase in the pliancy and the length of the pubic
ligament in mice [12]. There are also notes in literature about the role of proteoglycans and hyaluronic acid playing an important role in the remodeling of
the extracellular matrix in these tissues during pregnancy [13].
The records of literature about the tissue changes during gestation and
birthing in the pelvic symphyses of various mammalians led to our hypothesis
about the changes in the ossification processes of bovine pelvic symphysis in
that time period.
For the immunohistochemical study of EHF’s cattle pubic symhysis antibodies against Collagen-II and Periostin were used. Collagen-II was used for
the differentiation of the regions of chondrous and osseous tissues as the protein Collagen-II is the marker of differentiation and calcification existing in
the chondrous tissue and being absent in the osseous tissue [14]. To refine
the ossification types antibody against periostin was used. Periostin is mainly
expressed by mesenchymal cells (fewer by chondrocytes) which have been
regarded as the marker of intramembranous ossification [15].
According to our previous routine-histological studies, the main histological differences occurred in the region of pubo-ischiadic juction [3,16]. In
cows with the gestation of 4–5 months as well as in after-calved cows a lots
of hyaline cartilage osseous tissue occurred in the pubo-ischiadic junction
while in calves and in the cows in their final phase of gestation dense connective tissue and cartilage prevailed. The same type of morphological changes
were also found by our present immunohistochemical studies when the cellislets of dense connective tissue in the pubo-ischiadic junction of calves and
in in-calved cattle with the gestation of 7,5 months were noted by the periostin
stain. It is known that the ossification of symphysis pubis is among the last
ossification processes of the bones of pelvic symphysis of mammals. This data
is supported by our previous and present studies showing that the symphysial
eminence and the body of the interischiadic bone of cows in their first-half
of gestation and in the after-calved bovines consists mainly of osseous tissue,
while the cranial part of the pubic bone consists of hyaline cartilage. Previous studies have shown that the symphyseal eminence and the body of the
interischiadic bone of the calves consists of connective tissue and cartilage
[16–18]. In our experiments a lot of fibrous type of cartilage in the region of
the interischiadic bone and the additionaly hyaline cartilage in the symphyseal
eminence was noted.
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CONCLUSIONS
The histochemical and immunohistochemical study proved that the main histological changes in the pelvic symphysis of adult EHF kines occur during the
second-half of gestation in the pubo-ischiadic junction. In after-calved as well
as in in-calved cattle during their first-half of gestation the osseous tissue is
prevailing meanwhile in calves and in cows with their second-half of gestation
fibrous cartilage and the tight connective tissue is noted in this region.
The presence of periostin in the cell-islets of the dense connective tissue in
the pubo-ischiadic junction of calves and in calved cattle with the gestation
of 7.5 months as well as in the symphyseal eminence of calves may indicate to
the intramembranous ossification in these regions.
Futher histochemical and immunohistochemical investigations are
required to elaborate in more details the tissue changes in the pelvic symphysis in different age groups.
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