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Summary 

 
This paper refers to the lymphatic drainage of the mammary gland in bitches, 

describing first of all the way of the lymph flow, as well as the identification of the afferent 
lymphatic vessels and also efferent to the lymph nodes that drain the mammary gland at 
bitches. Furthermore, the identification of the type of lymphatic blood supply was made 
particular to each mammary gland, including the capture of the numerous connections 
between the adjacent mammary gland. 

The study presents the morphology and topography of the lymphatic supply of the 
mammary gland, as well as the lymphatic vascular model, specific for the mammary gland, 
by using the intra vital staining Blue Evans. The dye solution has a great tropism for the 
lymphatic tissue and a very good biological insertion without causing side effects both at the 
injection as well as in the systemic site. By administrating the dye subcutaneously and in the 
mammary gland parenchyma, we have highlighted the lymphatic vessels that form the 
superficial and profound lymphatic networks, as well as their reticular and plexiform models. 

We consider this knowledge as being indispensable in a large, applied nature 
research, leading to the development of some easier ways of diagnosis and treatment for 
lymphatic system disorders and none of the less of tumor metastasis treatment. 
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The lymphatic network is widespread in all the tissues and organs 
excepting the ones from the central nervous system, bone marrow, tissues without 
blood supply: cartilage, cornea, epidermis. Between the lymph vessels there are 
numerous anastomoses at almost all the levels.  

The functions of the lymphatic system result from the particular 
components: the drainage of the lymphatic fluid from the interstitial spaces, the 
ways of transportation for some vital or harmful substances – through the lymphatic 
circulatory system (10), and barrier against microbial and tumor invasion – through 
the lymph nodes located on the route of the lymphatic vessels (4). 

The primary lymph vessels, improperly called lymph capillaries, are 
generated in the interstitial tissue in the form of a  "bottom of the bag" or "glove 
finger", being formed from a single layer of endothelial cells closely linked to the 
surrounding connective tissue by fine anchoring filaments (1). The primary 
lymphatic vessels merge into larger-collective ones. These ones form the initial 
ways of lymph drainage, structurally characterized by the alternation of the areas 
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with the same simplicity as the original vessels (with an absorption function), and 
areas with better developed muscle coat (involved in lymph propulsion). The 
retrograde flow is prevented by the presence of the bicuspid valve pairs, more 
numerous and more powerful than the blood veins, their number cranially 
increasing (15.16). The movement direction of the lymph in the lymph nodes is 
centripetal, from the periphery toward the hilum, and the returning way is not 
possible due to the presence of the valves oriented towards the lymph node. In the 
lymphatic efferent vessels the orientation of the valves is towards the next lymph 
node station (6). 

The pre - collecting vessels merge into collecting vessels and on their way 
the lymph nodes are interposed,  the lymph is filtered, followed by the direct 
drainage of the large lymphatic trunks, thoracic duct, right lymphatic duct or 
tracheal trunk, which in their turn unload the lymph in the venous system (15). 

Unlike the blood vascular system ,which is a closed one, the lymphatic 
circulatory system originates from the opened capillaries, the similitude with the 
blood system being the potential of both being a metastasis path (6, 10) and their 
common expression of some identification markers of some lymphatic vessels  
such as VEGFR-3, LYVE-1, desmoplakina. The lymphatic vessels associated to 
each lymph node and the efferent ones also, perform multiple anatomizes and 
bifurcation from the origin site until the unloading one, in the sub capsular lymph 
node sinus or the large lymphatic trunks. 

As a sum up, the lymphatic system presents itself continuously and 
uninterruptedly beginning from the interstitial spaces where it originates, until the 
unloading of the collecting channels into the bloodstream.  

 
Materials and methods 

 
The study was made on a group of 9 bitches of common breed. The 

research method consisted of injecting Evans Blue dye substance in a 
concentration of 0.5%, both subcutaneously and in mammary gland parenchyma 
taken into study. 

The administrating protocol was different according to election place as it 
follows: at 4 of the bitches the injection was made at the caudal thoracic mammary 
gland (T2) and at the caudal abdominal (A2) on the right side and on the left side 
the cranial thoracic mammary gland was injected (T1), cranial abdominal (A1), and 
inguinal (I). At 5 bitches the injection took place only on the right side in the caudal 
thoracic mammary gland (T2), cranial abdominal (A1) and caudal abdominal (A2). 

The amount of dye solution administered was 0.2 ml in each mammary 
gland, and 0.1 ml per injection point, in two adjacent points (cranial and caudal) of 
each gland taken into study. The injections were performed at 24 hours, for 5 
consecutive days the subjects were carefully supervised, with monitoring of the 
physiological constants. The repetitive use of some low concentrations of Evans 
Blue was required in order to obtain a good diffusion in the subcutaneous tissue 
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and in the breast parenchyma as well, with an optimal viewing of the lymphatic 
vessels. 

The results interpretation was done at 48 hours from the last injection, 
using as analysis methods: the statigraphic and regional dissection, the 
observation and the photography. 
 

Results and discussions 
 

Adjacently to the injected area on a region that can be observed a very 
good staining of the lymphatic vessels, in the middle having a darker shade 
corresponding to the injection site. There can be noticed a superficial lymphatic 
network, which collects the lymph from the skin and subcutaneous tissue covering 
the mammary glands. In the center, the superficial lymphatic vessels in the areola 
plexus have a radial dispersal. Also, there is a staining of the lymphatic vessels 
belonging to the pectoral sheath fascia of the thoracic mammary glands (T1, T2) 
and of the abdominal fascia, the abdominal mammary glands (A1, A2). The 
profound lymphatic network, highlighted in the mammary parenchyma at the 
stratigraphic dissection is targeting two directions: one toward the areola plexus 
and another toward the periphery of the mammary gland. 

Between the two territories, there are two types of lymphatic anastomoses, 
one in the areola and the second one at the periphery of the gland. These 
lymphatic vessels are grouped into a number of schematically related vessels 
converging toward the regional lymph nodes: the cranial or caudal according to the 
gland’s topography. Thus, at 7 bitches, the cranial drainage was achieved through 
the accessory axillaries lymph nodes and their belonging axillaries lymph node and 
at 2 bitches we found that the lymphatic vessels which bypass the axillaries lymph 
nodes,  the drainage can be done in the cranial sterna lymph nodes - 1 individual, 
and superficial cervical - 1 subject. For the caudally drainage, there was noticed a 
good coloring of the superficial inguinal lymph nodes in all study subjects. 

Referring to the lymphatic micro supply model, found after injection with 
Evans Blue, we found two aspects: a reticular pattern and a plexiform one. 

The injection of the dye in the mammary glands parenchyma has high 
lightened at all the subjects the lymphatic vessels found at this level, which are 
rooted in a fine network situated around the glandular lobe. From here the 
collectors with a centripetal direction flow accompanying the galactophore channels 
towards the mammary areola region and a cross-linked model of the lymphatic 
vascular parenchyma. The lymphatic vessels visualized at this level are very 
numerous, thin, spread in the glandular parenchyma. From this viewpoint we 
sustain the fact that this plexus is part of the deep lymphatic network of the 
mammary gland. Basically, this fine network is the proper lymphatic network of the 
mammary gland itself. Thus most of the breast parenchyma lymph drainage is 
centripetal towards the superficial areola plexus. We note the fact that at this point 
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the centripetal drainage takes place in reverse direction compared to the venous 
circulation. 

By subcutaneously injecting the dye we visualized the superficial lymph 
node network, more specifically the areola and sub areola lymphatic plexus.  

This forms a large collection network along with the sub areola network. 
The lymphatic vessels orientation is centrifugal towards the periphery of mammary 
glands by through the lymphatic circumareolare, numerous anastomosis being 
present along with the lymph of the dermis. This finding explains the skin rash 
releases extended to the chest in the case of breasts thoracic cancer (T1 or T2), or 
abdominal impairment of cranial abdominal mammary gland (A1) and caudal 
abdominal mammary gland (A2). The superficial micro blood supply appearance 
seen in most subjects (7 of 9) of our study was plexiform. 

It is noteworthy that most morphological and clinical researchers within the 
lymphatic system after the information issues found at the lymph node, the vascular 
ones being less mentioned (8, 9). 

Indeed, the lymph node status, the identification of the sentinel lymph node 
(4), is a known prognostic factor in the occurrence of mammary tumors and is of 
major importance in determining the therapeutic conduct. The overcome of this 
item, widely accepted and recognized, the lymphatic genesis, the micro supply of 
the mammary lymphatic glands at bitch are less studied. This can be partly 
explained by the absence of the specific lymphatic endothelium markers introduced 
into practice a few years ago, such as: VGFR-3 (Vascular Endothelial Growth 
factor Receptor-3), LYVE-1 (lymphatic endothelial receptor Vessel -1) Podoplanina 
etc. (7, 10, 17). 

Many researchers have proposed various theories on the origin of the 
lymph vessels. The hypothesis of lymphatic vessels occurrence from after 
capillaries veins, during the development of the embryonic lymphatic system issued 
by Sabin in 1904, is one of the currently accepted theories (12, 13). 

As such, endothelial cells are derived exclusively from the endothelium of 
lymphatic venous system. Other researchers argue that the primitive lymphatic 
vessels appear in the mezenchima from limfangioblaste, independent of veins 
(6).The study presents the importance of knowing mammary lymph micro blood 
supply morphology, the direction of lymphatic drainage from interstitial spaces. We 
demonstrated the heterogeneity of the lymphatic drainage of mammary glands in 
the bitch by pointing centripetal drainage from profound areas, towards the 
superficial areola lymphatic network on to its centrifugal mammary periphery. The 
anastomosis between the superficial and profound lymphatic network from the 
areola, may be held liable for metastatic dissemination in the profound areas on to 
the surface structures.  

Following the direction of drainage towards regional lymph nodes, also this 
one is done differently depending on the topography of the mammary gland 
studied, with two drainage areas (15, 16). Thus, thoracic mammary glands (T1 and 
T2) and in some cases, cranial abdominal mammary gland (A1), are drained by the 
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axillary or cranial sterna lymph nodes or even by the superficial cervical lymph 
nodes. The caudal (A2) and inguinal (I) abdominal mammary glands are drained by 
the superficial inguinal lymph nodes. The results are consistent with other authors 
(8, 9), cited in the literature. There are cases where gland (A2) has a dual drainage, 
cranial into axillary lymph nodes and caudal toward the superficial inguinal lymph 
nodes, showing once again the heterogeneity and plasticity of the mammary gland 
and drainage of the lymphatic system in general in the bitch (15, 16).  

Since the two components of the lymphatic system, vessels and lymph 
nodes are in a complete interdependence, we believe that these issues cannot be 
subordinated to the lymph node aspects, since the early pathological changes 
occur at the circulatory system, the lymph node ones being often secondary to 
vascular disruption (14). Also, the application of targeted therapies in cancer 
diseases at the mammary gland via the lymphatic vessels has gathered   many 
followers (14). The tubular of a lymphatic vessel, in order to inject the medicinal 
product is quite difficult. In our opinion, the identification and implementation of 
MAPP-ing of lymphatic micro supply of the mammary glands could facilitate a lot 
the paths to achieve the therapeutic desideratum. 

 
 

Fig. 1 Reticular appearance 

 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLIII (2), 2010 TIMIŞOARA 
 

 361  

Studies in recent years on various lymph origin inflammatory affections 
showed that there is a direct correlation between the nature or extent of the 
inflammatory process and the formation of new lymphatic vessels. But the lymph 
nodes react by changes in shape, size and internal architectonics. Therefore, the 
response capacity, proliferation or regression of the lymphatic system components 
resides in the properties of the surrounding stroma. 

In the case of cancer diseases at mammary glands, the tumor genesis is a 
problem with many unknowns. One theory that seeks to explain the meaning and 
methods of dissemination of metastatic cells is sentinel lymph node concept, but 
until it reaches this, the metastatic cells deal with the lymphatic vessels (3, 4). The 
recent data show the presence of dilated lymphatic vessels, both with lymph origin 
in the surrounding tumor area (3, 14). The importance of depth and superficial 
lymph micro blood supply, its density and not least the lymphatic drainage way, in 
the metastatic dissemination by lymphatic pathways, is a reality. 

 
 
 
 
 
 

Fig. 2 Plexiform appearance 
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Conclusions 
 

By using a low concentration of Evans blue dye and its repetitive 
administration we realized an optimal viewing of the breast lymphatic vessels. 

The study shows a reticular and plexiform vascular pattern, of the 
mammary glands lymphatic networks. 

Once again we demonstrated the heterogeneity and plasticity of the 
lymphatic system in the bitch by the existence at the same individual of both 
vascular models. 

The lymphatic micro vascular density of the mammary glands has a 
predictive and prognostic impact on the occurrence of mammary tumors. 
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