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Experimental studies were undertaken, aiming at evaluation of lymphatic drainage from the peritoneal 
cavity to lymph nodes of the cranial mediastinum in rats. The study made use of 11 adult male Wistar 
rats. For examination of lymphatic structures drawing ink and FITC-dextran, administered intraperi-
toneally, were used. Due to lack of unambiguous terminology quoted in the literature with regard to 
the lymph nodes of the rats’ cranial mediastinum, the authors’ own nomenclature was suggested to 
introduce the notions of the medial mediastinal lymph node and the lateral mediastinal lymph node. 
After intraperitoneal markers’ injection in each case bilateral lymphatic vessel was observed, empty-
ing to the mediastinal nodes of the proper side. The inflow of the markers was observed in both me-
dial mediastinal nodes or in both lateral mediastinal nodes or in all lymph nodes of the cranial medi-
astinum. We can conclude that the lymph outflow from the peritoneal cavity to the lymph nodes of 
the cranial mediastinum is always bilateral. 
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INTRODUCTION 

The lymphatic system and its anatomy 
was described many times in animals 
(Barone et  al., 1950; Nishida, 1954; Rusz-
nyāk, 1969; Seo, 1981; Popesko, 1992), 
nevertheless, there is no uniform nomen-
clature. Despite the ambiguous termino-
logy, for oncological reasons, scientists 
and physicians performing research into 
the lymphatic structures are highly con-
cerned especially about the lymph nodes, 
since their enlargement is always a sign of 
disease. Even at proper size, following 

appropriate examination methods, they 
can prove a valuable source of informa-
tion about the physiological and patho-
logical processes. Metastases to regional 
lymph nodes are a universal sign of pro-
gression of many malignant neoplasms. 
The role of lymphatic system in rabbit 
models for cancer metastasis was decribed 
by Oshiro (2014). The regional node 
which is first to receive lymph from the 
tumour is called the Sentinel Lymph Node 
(Uren & Hoefnagel, 2004). No tumorous 
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cells found in that node allow for further 
appropriate diagnostic and therapeutic 
procedures, giving an opportunity to avoid 
radical lymphadenectomy (Keshtgar et al., 
1999; Parungo et al., 2005). With regard 
to the possibility of macromolecular com-
pounds’ and neoplastic cells’ transport via 
lymphatic vessels (Nieweg et al., 2000; 
Parungo et al., 2007; Shibata et al., 
2007), experimental studies were under-
taken, aiming at evaluation of lymphatic 
drainage from the peritoneal cavity to 
lymph nodes of the cranial mediastinum in 
rats. 

MATERIALS AND METHODS 

The study made use of 11 adult male Wis-
tar rats weighing 350–400 g, supplied by 
the Center for Experimental Medicine of 
the Medical University of Silesia in Ka-
towice. Approval no. 48/2010 of the Lo-
cal Ethical Committee and permission no. 
5/2010 of the Dean of the Faculty of 
Medicine in Zabrze were obtained. 

Experiments were conducted after in-
traperitoneal 4% chloral hydrate (Sigma, 
USA) injection at a dose of 400 mg/kg 
body weight. Intubation and artificial res-
piration (ventilation rate of 70/min and 
ventilation volume of 2–2.5 mL) with a 
ventilator for small animals (SAR-830/P) 
were performed. 

For examination of lymphatic structu-
res, 1:1 water suspension of drawing ink 
(Staedler Mars GmbH & Co, Germany) 
(hydrodynamic diameter 20–50 nm) and 
1% water solution of fluorescein isothio-
cyanate dextran 70,000 (Sigma, USA) 
(FITC-dextran 70,000; hydrodynamic dia-
meter 11 nm) were used. Observations 
were done with a stereomicroscope 
(Nikon SMZ800), after ink injection in 
white light and after FITC-dextran injec-
tion in violet-blue light (rousing filter 

Zeiss B.G.3/2, barrage filter Zeiss 
O.G.1+GG9). 

The animals were divided into two 
subgroups: Subgroup A counting 5 rats – 
suspension of ink was administered and 
subgroup B counting 5 rats – FITC-dex-
tran 70,000 was administered. 

After anesthesia, 2 mL of each marker 
were injected intraperitoneally by punc-
ture of the left lower abdominal quadrant. 
Artificial ventilation was initiated and 
opening of the thorax was performed by 
excision of its ventral wall. Observations 
followed for two hours after ink injection 
and for 90 minutes after FITC injection. 

One rat was used as control. The pro-
cedure was identical to that described 
above, except for the marker’s injection; 
0.9% NaCl was administered instead of 
the tracer. 

After the procedures the animals un-
derwent euthanasia by bleeding from the 
thoracic aorta cut above the diaphragm. 

RESULTS  

Taking into consideration the lack of un-
ambiguous terminology quoted in the lite-
rature with regard to the lymph nodes of 
the rats’ cranial mediastinum, the authors’ 
own nomenclature was suggested to intro-
duce the notions of the medial mediastinal 
lymph node and the lateral mediastinal 
lymph node. Medial mediastinal nodes are 
situated symmetrically and medially to 
vena cava superior of the proper side, 
whereas lateral mediastinal nodes are po-
sitioned laterally to each vena cava supe-
rior and asymmetrically to each other (the 
right lateral lymph node more dorsally 
than the left one). In eight (80%) rats con-
figuration of one medial and one lateral 
mediastinal lymph node on each side was 
observed. In one (10%) rat, three medi-
astinal nodes on each side were shown 
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and in one case (10%) absence of lateral 
mediastinal lymph node was noticed.  

After intraperitoneal markers’ admini-
stration, bilateral lymphatic plexus on the 
diaphragm’s cranial surface was observed 
(Fig. 1 and 2). From each plexus a lym-

phatic vessel rose, running cranially on 
the internal surface of the dorso-lateral 
part of the thoracic wall (Fig. 3). Each 
vessel emptied to the mediastinal nodes of 
the proper side (Fig. 4, Table 1). Thus, in 
each case, bilateral inflow of the marker 

 

Fig. 1. Right lymphatic plexus (1) after ink injection to the peritoneal cavity (the tool indicates right 
diaphragmatic dome); bar=3 mm. 

 

Fig. 2. Left lymphatic plexus after FITC-dextran (fluorescein isothiocyanate dextran) injection to the 
peritoneal cavity; bar=3 mm. 
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to lymph nodes of the cranial mediastinum 
was observed. Additionally, one case re-
vealed the lymphatic vessels running on 
the internal surface of the sternum to me-
diastinal lymph nodes. 

The pattern of the lymph outflow from 
the peritoneal cavity to the lymph nodes 

of the cranial mediastinum is shown below 
(Fig. 5). 

DISCUSSION 

Numerous data in the literature refer to the 
possibility of reaching mediastinal nodes 
by intraperitoneally administered substan-

 

Fig. 3. Lymphatic vessel leading to the left lateral mediastinal lymph node, after FITC-dextran 
injection to the peritoneal cavity. Arrows indicate lymphangions; bar=3 mm. 

 

Fig. 4. Lymph nodes of the anterior mediastinum after intraperitoneal ink administration; 1 – Right 
medial mediastinal lymph node (marker present); 2 –  Left medial mediastinal lymph node (marker 

present); 3 –  Left lateral mediastinal lymph node (marker absent); bar=3 mm. 
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ces (Zakaria et al., 1996; Fritz & Waag, 
1999; Parungo et al., 2007; Shibata et al., 
2007). Some authors claim that the lymph 
outflow from the peritoneum to nodes 
situated in the thorax is the main route and 

appears more important than outflow to 
the intraabdominal nodes (Fritz & Waag, 
1999). Some have even suggested that 
thoracic lymph nodes are the first to re-
ceive the lymph inflow (Abernethy et al., 
1991), this, however, is denied by others 
(Parungo et al., 2007). Lymph outflow 
from the peritoneum to the mediastinal 
lymph nodes has been documented in 
many species (Abernethy et al, 1991; 
Fritz & Waag, 1999). 

Shibata et al. (2007) describes four 
types of ink outflow from the peritoneal 
cavity. The first is along internal thoracic 
vessels, the second leads through the lym-
phatic vessels along the phrenic nerves 
and the third runs via the lymphatic trunk, 
running on the dorso- lateral part of the 
thoracic wall. These routes lead to the 
lymph nodes of the cranial mediastinum. 
The last one, through the cisterna chili, 
leads to the thoracic duct. According to 
Ezaki et al. (2004), three types of outflow 
exist – anterior (parasternal), posterior 
(dorsal) and via the thoracic duct (least 
important). The first leads to the para-
thymic lymph nodes (medial mediastinal 
lymph nodes in the present study), the 
second to the mediastinal nodes (lateral 
mediastinal lymph nodes in the present 
study). In our study, we observed the main 
outflow through vessels running on the 
internal surface of the dorso- lateral part 

Table 1. Markers injection to the peritoneal cavity 

Number of  
animals 

Marker present in both 
medial mediastinal 

lymph nodes 

Marker present in both 
lateral mediastinal 

lymph nodes 

Marker present in all 
lymph nodes of the 
cranial mediastinum 

Ink injection to the peritoneal cavity – Subgroup A 

5 2 1 2 

FITC- dextran 70,000 injection to peritoneal cavity – Subgroup B 

5 1 2 2 
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2
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diaphragm

 

Fig. 5. The pattern of the lymph outflow from 
the peritoneal cavity to the lymph nodes of the 
anterior mediastinum of both sides. Thicker 
arrows illustrate the main flow from the peri-
toneal cavity to the mediastinal lymph nodes, 
whereas thinner ones illustrate the route along 
the internal thoracic vessels. 1 – Peritoneal ca-
vity; 2 – Thoracic cavity; 3 – Right lateral medi-
astinal lymph node; 4 – Right medial mediasti-
nal lymph node; 5 – Left medial mediastinal 
lymph node; 6 – Left lateral mediastinal lymph 
node. 
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of the thoracic wall, which refers to the 
third route quoted in Shibata et al. (2007) 
work and the second one as defined by 
Ezaki et al. (2004). In one case the out-
flow took place on the internal surface of 
the sternum (referred to as the first route 
by both Shibata et al. (2007) and Ezaki et 
al. (2004). 

Injecting HSA800 (Human Serum Al-
bumin) and QDs (quantum dots) tracers 
into the peritoneal cavity, Parungo et al. 
(2007) observed the lymph outflow from 
the peritoneum to the lymph nodes of the 
cranial mediastinum, as well as to the tho-
racic duct via intraabdominal lymph no-
des. Parungo et al. (2007) proved that af-
ter bowel resection (all abdominal lymph 
nodes were intact), the marker adminis-
tered intraperitoneally is captured by the 
mediastinal lymph nodes. Following such 
observation, the authors concluded that 
lymph vessels of the visceral peritoneum 
led the lymph from the peritoneal cavity 
via particular groups of abdominal lymph 
nodes to the thoracic duct, whereas from 
the parietal peritoneum, the lymph flowed 
to lymph nodes of the cranial mediastinum 
(the diaphragmatic peritoneum differs in 
its structure from other parts of the parie-
tal peritoneum, and is probably the only 
place to absorb the macromolecular com-
pounds, colloids, corpuscular substances 
or cells to the lymphatic vessels). 

 Tilney (1971) reports the marker’s 
uptake from the peritoneal cavity only to 
the parathymic lymph nodes (referred to 
as the medial mediastinal nodes in the 
present work), while Takahashi & Patrick 
(1987) observed the presence of the 
marker in both parathymic nodes and only 
the left mediastinal lymph node (referred 
to as lateral mediastinal lymph node in the 
present work). In our study we observed 
that the lymph outflow from the peritoneal 
cavity to the lymph nodes of the cranial 

mediastinum was always bilateral (Table 
1). Injecting Tc-99m albumin nanocolloid 
intraperitoneally, Shih et al. (1993) ob-
served the symmetrical uptake of the 
marker in the mediastinal lymph nodes. 
According to Rusznyāk et al. (1969) after 
intraperitoneal blood administration, the 
number of erythrocytes was higher in the 
right lymphatic duct than in the thoracic 
duct. Such observations were made in 
dogs, rabbits and guinea-pigs, while re-
sults received in cats and rats were con-
tradictory. 

As indicated from the data above, the 
authors do generally agree on the bilateral 
marker’s capture by the lymph nodes of 
the cranial mediastinum. The differences 
refer mainly to the symmetry of the uptake 
or the number of lymph nodes involved. 

Translocation of the peritoneal fluid 
components in the lymph flowing in the 
thoracic duct is the result of the previous 
transport of such components to the ab-
dominal lymphatics and through abdomi-
nal lymph nodes, therefore evading the 
lymph nodes situated in the thorax. While 
it has been accepted that in every case of 
lymph drainage’s examination from the 
peritoneal cavity, the marker’s capture by 
the lymph nodes situated in the thorax is 
also observed, it is always the result of 
activation of the previously mentioned 
‘anterior and posterior lymphatic route’. 

It is likely that the respiration move-
ments, the muscular tonus or body posi-
tion may influence the current activity of a 
given lymphatic route. In quadrupeds, due 
to the body position, the peritoneal fluid 
gathers on the ventral side of the body, 
and therefore the anterior lymphatic route 
is most likely to be activated first. More-
over, interspecies, interstrain or individual 
differences may play an important role 
(Shibata et al., 2007). 
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