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Summary 

 
The immediate functional closure of the fetal circulation that is followed by 

anatomical obliteration of the umbilical structures take place during the first few hours or 
days of the new borne life and become conjunctively consolidated in the subsequent life 
time. Little appears to be known in animals regarding the quick functional response to birth 
changes and the transformative morphology of the umbilical residual structures. The present 
paper underlines the changes which occur in this anatomical area at the parturition, after the 
shutting down of the placental circulation in calf. The observation focuses on the 
morphological ground of the dynamic changes which involve the communication channels 
like the umbilical ring crossed by extra-abdominal vessels surrounded by the Wharton’s jelly. 
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Birth changes in the fetal circulation make necessary the quickly closure of 
some pre-existent anatomical communication channels by certain coordinated 
mechanisms which permit the beginning of an autonomic life. Being a natural 
defect in the midline of the ventral aponeurosis and the ventral abdominal wall 
during the fetal life, the umbilical orifice allows the passage of the umbilical cord 
structures. The nowadays well known pattern of the closure and retraction of the 
canaliculated structures - like urachus and the blood vessels is based on the 
contraction of their muscular walls but can not explain the speed and promptitude 
of the stint expressed in the whole umbilical cord structure and the ventral 
abdominal wall closure. However, in veterinary investigated literature there are 
neither reports focusing on the changes regarding the remnant anatomical 
structures belonging to the umbilical cord nor the pattern of its involution in neonate 
calves. 

 
Materials and methods 

 
The survey accomplished in a dairy cattle farm interested a number of 23 

at term deliveries, on random. 16 of the new borne calves were normally, viable 
subjects, 2 calves were stillborn calves and 5 calves were dead at delivery (2 cases 
of asphyxia and 3 in dystocial incidents). The umbilical cord of each new borne 
calve was measured immediately after delivery and the involution of the remnant 
external structures was noted at 6 hours, 12 hours and 24 hours. In the first 3 days 
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of life it was also observed the involution of the external umbilical ring by palpation. 
In dead subjects the observations were completed by dissection of the ventral 
abdominal wall structures concurring to the rests of the umbilical cord and those 
intra-abdominal rests. 

Histological samples were collected from the suitable segments, on edge 
of umbilical cord and also from those intra-abdominal rests. The tissue samples 
were processed for the paraffin technique, further the 4-6 µ thick sections were 
routinely (H.E.) and selective technique (PAS) stained and in light microscope 
analyzed.  

 
Results and discussions 

 
The umbilical cord is a tissue of fetal allantoic origin, extended from 

umbilicus to the placenta which enshrouds the umbilical vessels and the urachus 
forming a glistering, translucent-white rope. This anatomical structure exhibits in his 
some spiral turns which number is proportional to the length of the cord in various 
species. The inner contained two umbilical arteries, the umbilical vein and the 
urachus are embedded in an abundant areolar (loose) connective tissue – the 
Wharton’s jelly. This structure is covered by a thick stratified sheet of mesenchymal 
tissue with allantoic origin.  

In viable, normal new borne calves investigated immediately after delivery 
the length of the umbilical cord varied between 32 and 41 cm. This evidence seems 
to confirm the field literature data which postulate the umbilical cord length in 
animals at approximate ¼ of the body length, and presuppose the existence of a 
breaking area of this one (6; 10). At 6 hours after delivery only the 2 calves died in 
utero showed a normal length of the umbilical cord. In this cases the post-mortem 
transformation represented by hemolytic spots, imbibitions and local maceration did 
not allow a neither a good macroscopic examination of all structures nor a valid 
histological sampling. In both cases a patulous, atonic external umbilical ring in 
approximate 10-12 cm diameter was evident by palpation.  

In dead subjects investigated at 12 hours after delivery as so as in living 
calves instantly after birth the catheter introduced in the umbilical vein meats no 
resistance neither in umbilical ring nor in the intra-abdominal umbilical channel until 
impinges upon the far wall of the hepatic sinus. However, in 6 hours after birth, in 
the delivery time dead calves and equally in all living subjects was noted a well 
marked tendency for anatomical obliteration in the ventral urachus lumen and in all 
the vessels concurrent on the umbilical cord breaking. 

The subjects who died among deliveries as so as the viable calves 
investigated at 6 hour of life, showed a marked tendency to the inner umbilical 
structure retraction which progressed nearby the external aperture of the umbilical 
ring. This retraction interested the whole structure except the thick sheet of external 
envelop represented at 24 hours of life by dehydrated rose-brownish rests of the 
mesenchymal tissue.  
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The lack of any sings of retractile reaction in calves deeded in utero shortly 
before delivery is accountable according to the cadaveric changes of the muscular 
system in fetuses, even affected by minimal transformation. On the other hand, the 
quite similar behavior of the umbilical cord structures observed in subjects deeded 
at delivery compared with the viable, normal borne calves take in account the 
explanation regarding the peculiarity of the in time onset of the post-mortal changes 
correlated with the external factors. It is well known for example, that the post 
mortal, irreversible muscular contracture is a very alike process to the normal, 
reversible vital contraction. 

The umbilical stump was made from partially dehydrated thick crowded 
rests of some gelatinous connective tissue which ensheathed the ventral broken 
edges of the canaliculated structures.  

In all 16 cases of viable, normal borne calves analyzed at 12 hours after 
delivery was note the aspect of the remnant external structure belonging to the 
umbilical cord (fig.1). At 24 hours of life the umbilical stump shows like a large, 
empty, leathery aspect tube, brownish and partially dehydrated, with the wrinkly 
and large corrugated wall and the ventral edges convoluted to inner side of the 
lumen. At 12 hours after birth the catheter exploring the umbilical ring found no 
rests of the umbilical vessels and encountered the scarce resistance of a mucous, 
lax connective structure which bunged up in an approximate 2 cm diameter large 
intra-abdominal conduct. At 24 hours after birth all subjects presented an 
approximate 1 cm diameter large external umbilical ring detected by palpation. In 
subjects investigated at 48 hours after birth no palpable sensation of the external 
umbilical ring aperture was discerned on the ventral abdominal wall. 

All the collected data underline the amazing capacity for the local 
anatomical structures to concur at the rapid closure of the ventral body wall after 
the birth, based on the tisular response speedy demonstrate by the vital structures 
and founded on their morphological ground. In fact, morphological studies 
conducted on human and mice embryos showed that ventral midline of the body 
wall close in time around the umbilical vessels and the yolk sac (allantoic) by 
meeting and fusing the mesenchymal tissues originate both from the placental cord 
and each side of the abdominal wall structures (2). In the embryonic life time, the 
body wall with its developing muscle around the umbilical ring, gives way to 
undifferentiated somatopleure over the surface of the umbilical cord. Although true 
skin grows a short distance beyond the body, the cord remains embryonic in its 
structure. (8,11). It was demonstrate that in fetuses, the aponeurotic fibers pass 
around the umbilical cord forming a rounded aperture – the umbilical ring. The 
interweave of fibers derived from both lower tendinous intersection and 
supplemented from the two sides by aponeurotic fibers from the external oblique 
and transversus abdominis generate a dynamic structure similar to a shutter 
mechanism used in optical instruments. According to the observations conducted 
by Askar et al. (1993) in humans, starting with the first respiration the forcible 
contraction of the abdominal wall muscles put the midline aponeurosis on stretch. 
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The free mobility of the aponeurotic fibers encircling the umbilical orifice 
roundabout the remnant umbilical cord constrict the umbilical ring and occlude all 
the anatomical structures passing by (12). Anyway, both in humans and animals, 
however attractive these theories, they remain possibilities without observational 
confirmation. 

On the other hand, the vascular structures of the umbilical cord are 
ensheathed by an areolar (loose) connective tissue network of mesenchymal type 
containing mesenchymal cells dispersed in viscid ground substance – the 
Wharton’s jelly. In the Wharton’s jelly the elastic fibers are scarce but these are 
abundantly intermingled in the thick muscular wall of the umbilical vessels (3). 
Umbilical vein hemodynamics influences the amount of Wharton’s jelly with 
corresponding to the umbilical cord cross-sectional area (13). Note also that the 
loose connective tissue is typically interposed among tissues that can move 
somewhat with respect to another, such as the different planes of histological 
structures. This matrix of the umbilical cord is composed mostly of stromal cells, 
low levels of collagen expressed in the loose connective tissue with scarce fibers 
and a lot of proteoglycans. His development by transformative hydration arise the 
maximum at birth, becoming a myxomatous connective tissue embedded in mucus 
(7, 9).  

 
 

Fig.1. Dissection of the ventral abdominal wall structures and the extra-abdominal rests 
concordant to the umbilical cord structures in stillborn calve, at 12 hours after delivery.  

 
Note the empty external structure of the umbilical cord formed by the rests of the embryonic 
sheets of tissues, as so as the umbilical duct formed between the skin and the ventral 
abdominal muscular wall. The canaliculated structures (the vein, the two arteries and the 
urachus are totally retracted in centripetal direction, beyond of the external umbilical ring. 
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Fig. 2. Histological view of the umbilical cord structures in new borne calve 

The background image shows the structure of loose connective tissue with mucous ground 
stroma, forming the Wharton’s jelly and placed nearby the umbilical cord wall limited by the 
thick, external allantoic structure (Hematoxiline-Eosin staining x 100). Note the detailed 
image showing intermingled cells which were identified as myofibroblastic cells, provided by 
glycogenic reserves in shape of PAS-positive cytoplasmic granules, substantiate for the 
presence of rich contractile capacities (PAS staining x 400). 
 

The cells of this particular type of connective tissue are a specialized form 
of elongated embryonic fibroblasts and myofibroblasts. 

Myofibroblasts are differentiated cells belonging to the pluripotent 
fibroblastic cell family. These are provided by cytoplasmic bundles of 
microfilaments which make them resemble to the smooth muscle structures and act 
as retraction fibers (14, 15). Local embryonic fibroblasts are the major source of 
myofibroblasts. However, myofibroblasts can also derive from local mesenchymal 
cells during a myofibroblastic differentiation of a progenitor cell, resident in a 
stromal tissue (4, 15). 

It was well established that in human fetuses after the second trimester the 
myofibroblasts begins to express numerous microfilaments in their cytoplasm (5) 
but no similar data were found in veterinary medicine. Tomashek et al. (2002) 
affirm that under mechanical stress, fibroblasts differentiate into proto-
myofibroblasts and subsequently in myofibroblasts which contains extensively 
developed stress fibers and large fibronexus adhesion complexes. 

By summarizing the recorded literature data it becomes evident that on-
coming of the delivery moment the histological structures of the umbilical cord 
provide the morphological basis of contraction which makes possible the rapid glide 
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inside the abdominal cavity (fig. 2). This succeeds first because the Wharton’s jelly 
permits the movement of the tisular planes which enshrouds the canaliculated 
structures (urachus and the blood vessels) and second because under peculiar 
stimulation the preexistent vital contractile structures begin to act until the ending of 
the retraction process. Finally, the quite rapid melting away of the Wharton’s jelly in 
parallel with the process of intra-abdominal retraction of the umbilical cord remains 
could be explained by local hemodynamics phenomena. Under physiological 
condition of placental circulation severing the interruption of the blood flow 
determines a marked loose of hydration which is extremely accentuate by the 
exposure in the external atmosphere. 

Further works in this direction will certainly contribute to the plainly 
explanation of such important processes in the natural morphologic evolution in 
neonate calves and equally in other species. 

 
Conclusions 

 
The morphological changes registered at birth in the local anatomical 

structures around the umbilical cord area form a complex and very clever device 
provided by nature to help the newborn organism to severe relation with the 
placenta, and in the same time to isolate and protect the internal structure in 
reason of an autonomic existence.  

The concourse of the histological structures which form the umbilical cord 
provide the morphological basis of contraction making possible the rapid glide of 
the broken remnants inside the abdominal cavity. 

Further thoroughgoing study on mesenchymal and muscular-connective 
tissue interaction may provide the key of the mechanistic events occurred around 
the total closure of ventral body wall and offer the basis for applicative future 
analysis. 
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