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Abstract 
The splanchnic inflammation inchronic liver disease increases intestinal an-
giogenesis. In the current study our aim was demonstrating that the small 
bowel lymphangiogenesis is associated with angiogenesis in chronic cholesta-
sis in the rat. A stereological study of the lymphatic microcirculation in the 
small intestine was performed in cholestatic rats. Portal enteropathy in chole-
stasis increases lymphatic microvessels in the mucosa and submucosa layers. 
Thus, the lymphatic microvessel volume fraction was superior (p < 0.001) in 
the mucosa (0.16 ± 0.01) and submucosa (0.16 ± 0.01), in regard to the mus-
cle layer 0.015 ± 0.01. The lymphatic microvessel length density was higher in 
the mucosa (76.89 ± 2.86 mm−2; p < 0.001) and submucosa (14.87 ± 2.86 
mm−2; p < 0.01), in relationship to the muscle layer (5.04 ± 2.92 mm−2). These 
alterations predominate in the duodenum (volume fraction: 0.10 ± 0.01 and 
length density: 33.55 ± 5.98 mm−2) and ileum (volume fraction: 0.16 ± 0.01 
and length density: 38.62 ± 6.07 mm−2). This study demonstrates the predo-
minance of an increased lymphangiogenic response in both end sides of the 
small bowel associated with chronic liver disease. Since the porto-systemic 
venous collateral circulation in the chronic liver insufficiency is developed in 
the ends of the gastrointestinal tract, the excessive duodeno-ileal lymphangi-
ogenesis could suggest the development of amesenteric-systemic lymphatic 
bypass in the chronic portal hypertension. 
 

Keywords 
Chronic Liver Disease, Lymphangiogenesis, Microsurgery, Collateral  
Lymphatic Circulation 

 

1. Introduction 
The basic structural impairment found in the gastrointestinal tract in portal 
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hypertension is vascular and consists of a greater number and larger blood ves-
sels [1] [2]. Consequently, the name proposed for this kind of enteropathy is 
“hypertensive portal intestinal vasculopathy” [3]. 

In addition, sustained portal hyperpressure increases mesenteric lymph flow 
and produces impairment of lymphatic drainage, which is considered an impor-
tant etiopathogenic mechanism of ascites [4] [5]. In turn, chronic functional 
failure of the gastrointestinal lymphatic vascular system in portal hypertension 
induces a compensatory lymphangiogenic response [5] [6]. At present, the cha-
racteristics of intestinal lymphatic vascular alterations typical of portal hyperten-
sion are unknown, especially when associated with chronic progressive liver 
failure [6]. Consequently, one of the objectives of this study is to demonstrate 
the distribution of intestinal lymphatic vascular changes in an experimental 
model of chronic portal hypertension secondary to biliary fibrosis. 

Since splanchnic alterations associated with chronic liver failure are consi-
dered inflammatory in nature [7] [8], it could be proposed that, similar to the 
mesenteric venous vasculopathy, a hypertensive intestinal lymphangiopathy is 
developed associated with biliary fibrosis in rats, which would also have a similar 
pathogenesis. 

2. Material and Methods 
2.1. Animal Management 

Male Wistar rats, with an average weight between 218 and 334 g, corresponding 
to an age from 8 to 10 weeks from the Animal Facility of the experimental sur-
gery unit of La Paz University Hospital were used. 

The animals were fed a standard laboratory rodent diet (rat/mouse A 04 
maintenance diet; Panlab. Barcelona. Spain) and water ad libitum. They were 
housed in a light/dark-controlled room (light cycles: 7:30 a.m. - 7:30 p.m.) with 
an average temperature (22˚C ± 2˚C) and humidity (65% - 70%), in groups of 
three to four animals. 

The experimental procedures employed in this study were based on the prin-
ciples and practices of the 1986 European Guide for the Care and Use of Labor-
atory Animals, in accordance with the Ethical Guidelines from European Com-
munity Council Directive (86/609/EEC) and published in Spanish Royal Decree 
1201/2005. All procedures were approved by the La Paz Hospital Animal Wel-
fare Committee. 

2.2. Experimental Design 

Forty-one male rats were randomized and divided into two groups: Sham-operated 
(SO; n = 11), microsurgical cholestasis (MC; n = 30). In the SO-group, all the 
animals survived and in the MC-group, five rats died by gastrointestinal he-
morrhage related to hepatic failure in the seventh week of postoperative evolu-
tion. Therefore, thirty-six of the rats from the beginning of the study survived 
until the time of sacrifice: Sham-operated (SO; n = 11) and microsurgical chole-
stasis (MC; n = 25). 
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2.3. Surgical Procedure 

The rats were anesthetized with 1.5% - 2% Isofluorane (inhalatory vaporizer, 
TEC 4 (Ohemeda). Surgery was performed under aseptic, but not sterile, condi-
tions. 

In the SO rats, the bile duct and its lobular branches were dissected without 
resection. In the MC rats, an extrahepatic biliary tract resection was performed 
using a binocular operatory microscope (OPMI 1-FR; Zeiss, Madrid, Spain), as 
previously described [9] [10]. Briefly, the common bile duct was ligated (silk 4/0) 
and sectioned and the lobular biliary branches are ligated and then sectioned. 

The abdomen was closed in two layers with an absorbable suture (3/0 polyg-
lycolic acid) and silk (3/0). Buprenorphine (0.05 mg/kg/8 h s.c.) was adminis-
tered for analgesia in the early postoperative period. Also a broad spectrum anti-
biotic (Ceftriaxona; 50 mg/kg, twice a week) and vitamin K1 (Phytomenadione; 
8 mg/kg, once a week) were administered. 

All the rats were sacrificed at 8th week of intervention. The following aspects 
were studied: 

2.4. Ascites Volume Determination 

The extraction of ascitic fluid was performed in all the cholestatic rats by aspira-
tion using a 10 ml syringe. 

2.5. Portosystemic Collateral Circulation 

First, a middle abdominal incision was performed. Next, the areas where the 
collateral venous circulation develops, that is, splenorenal, gastroesophageal, and 
colorectal, were studied for the presence of collateral veins [7]. 

2.6. Serum Biochemical Tests 

In the blood obtained by puncture of the infrahepatic inferior vena cava, bilirubin, 
alkaline phosphatase, Aspartate-aminotransferase (AST), Alanine-aminotransferase 
(ALT) and Albumin serum concentrations were measured with commercially 
available kits (Sigma), using a Hitachi U-2000 spectrophotometer (Hitachi Nis-
sei Sangyo Co. Ltd., Japan). 

2.7. Immunolabelling of the Intestinal Lymphatic Vessels with 
LYVE-1 

Lymphatic endothelial cells share many markers in common with vascular en-
dothelial cells [11]. Cell surface markers specific of lymphatic endothelium have 
been developed. Lymphatic endothelial cells have been isolated by positive selec-
tion using antibodies to podoplanin, vascular endothelial growth factor receptor 
(VEGFR)-3 or lymphatic vessel hyaluronan receptor (LYVE)-1, and by a nega-
tive selection with antibodies to CD34 [12]. Furthermore, the transcriptional 
factor prospero-related homeodomain transcription factor (Prox)-1 is essential 
for establishing lymphatic endothelial cell identity; its expression is controlled by 
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Sox 18 transcription factor [13] [14]. Lymphatic endothelial cells express specific 
molecules such as Prox-1, VEGFR-3, the membrane glycoprotein podoplanin 
and LYVE-1 [15]; the latter was used as a cellular lymphatic marker in the 
present stereological study (Figure 1). 

Samples of small intestine (duodenum, jejunum, and ileum) were obtained 
from all the groups, fixed in paraformaldehyde (10%) for 1 week, dehydrated in 
ethanol, and embedded in paraffin. Paraffin sections (2 - 4 μm thick) were cut 
and attached to glass slides. Some deparaffinized sections were stained with he-
matoxylin-eosin (HE) to show morphological findings. The other deparaffinized 
sections were rehydrated in phosphate-buffered saline (PBS) and immunos-
tained [16]. Briefly, all serial sections for the immunoperoxidase staining were 
first blocked with 1% hydrogen peroxide in PBS. Next, they were incubated in a 
blocking solution, a PBS with 5% normal goat serum (NGS) (Vector Laborato-
ries; Burlingame, CA, USA) for 1 hour at room temperature. Then they were 
immunostained with rabbit polyclonal anti-LYVE-1, dilution 1:500 (Abcam; 
Cambridge, UK), in PBS with 5% NGS at 4˚C overnight. The immunostained 
sections were finally incubated in biotin-conjugated goat anti-rabbit IgG (Vector 
Lab.) at RT for 1 hour. The immunoreaction products were later visualized with 
Vectastain® avidin-biotin complex (ABC) reagent (Vector Lab.) and a met-
al-enhanced diaminobenzidine (DAB) substrate kit (Pierce; Rockford, IL, USA) 
[17]. After immunoreactions, the sections were counterstained with Harris he-
matoxylin. All the slides were dehydrated in ethanol and mounted in a synthetic 
resin (Depex, Serva, Heidelberg, Germany). 

2.8. Quantitative Methods for Studying the Intestinal Lymphatic 
Vessels 

The following parameters were assessed in all groups of animals: 
1) Volume fraction occupied by lymphatic vessels (Vv vasc). 

points on vessels
vasc

points on reference spa
 

cevV = ∑
∑

                 (1) 

2) Length density of lymphatic vessels (Lv). Dissector frame was used to sam-
ple immunostained vascular profiles eligible to be counted by the Sterio rule 
[18]. The length density is calculated using the formula: 

( )2
v

Q
L

A
× −

= ∑
∑

                         (2) 

where Q− = number of eligible immunopositive vascular profiles and 
A∑  = stromal area sampled, i.e., area of dissector frame, multiplied by the 

number of selected frames. 
Lv = was expressed in mm−2 (mm length of vessel/mm3 reference volume). 
3) Average vascular diameter (AVD) calculated according to the formula and 

expressed in µm [18]: 

2 103 vas  c stromav v vavd V V Lπ= × × ⋅ ⋅               (3) 
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Figure 1. Small intestine of sham operated (SO) and microsurgical chole-
static-rats (MC) immunostained with LYVE1. (a) Image of a duodenum 
SO-rat: a small lymphatic lumen is observed in the lamina propria (arrow-
heads); (b) Duodenal lamina propria from a rat with MC: abundant and en-
larged lymphatics are observed (arrowheads); (c) Image of a jejunum SO-rat: 
a lymphatic lumen is observed in submucosa (arrowheads); (d) lamina pro-
pria of jejunum from a rat with MC: abundant and enlarged lymphatics are 
observed in lamina propria (star) and submucosa (arrowheads); (e) Ileal 
image from a SO-rat: two small lymphatic lumina are visualized (arrow-
heads); (f) Ileal mucosa from an animal with MC showing a relevant en-
largement of lymphatic microvessels (arrowheads). The size of the calibra-
tion bars throughout all images was 100 µm. 
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2.9. Statistical Analysis 

The data was analyzed using a statistical package for social sciences (SPSS, ver-
sion 21, Chicago, Inc.). Mean values ± SEM were obtained from stereological 
parameters. 2-factor ANOVA and a post-hoc Duncan test were performed for 
statistical comparison. A statistical significance was assumed if p < 0.05. 

3. Results 
3.1. Body and Organ Weights 

Liver and spleen weight in the animals with MC increased (p < 0.001) with re-
spect to the SO animals. On the contrary, the testicular weight of rats with MC 
decreased (p < 0.05) with respect to the SO rats (Table 1). 

3.2. Portosystemic Collateral Circulation 

All the cholestatic rats developed portosystemic collateral circulation, whether 
pararectal, paraesophageal, or splenorenal. 

3.3. Ascites Volume 

The mean volume of ascitic fluid in the group with MC was 10.5 ± 8.6 ml. 

3.4. Liver Function 

The animals with MC had an increase (p < 0.001) of total bilirubin, alkaline 
phosphatase, AST and ALT serum levels with respect to the SO-rats (Table 2). 
Albumin serum level was lower (p < 0.001) in MC-rats compared to SO-rats 
(Table 2). 

3.5. Stereological Study of the Lymphatic Microcirculation in  
Microsurgical Obstructive Cholestasis 

The rats with microsurgical cholestasis displayed an increase in volume fraction 
and length density of the lymphatic vessels located in mucosa (Vv vasc: 0.16 ± 
0.01; Lv: 76.89 ± 2.86 mm−2) and submucosa (Vv vasc: 0.16 ± 0.01; Lv: 14.87 ± 
2.86 mm−2) in relation to the SO-rats (Figure 2(a), Figure 2(b) and Figure 3(a) 
and Figure 3(b)). Thus, these parameters increased in the duodenum (Vv vasc: 
0.10 ± 0.01 vs. Vv vasc: 0.04 ± 0.01; p < 0.001; Lv: 33.55 ± 5.98 mm−2 vs. Lv: 8.68 ± 
 
Table 1. Liver weight (LW), Spleen weight (SW) and Testes weight (TW) in 
Sham-operated rats (SO) and in rats with microsurgical cholestasis (MC). 

 LW (g) SW (g) TW (g) 

SO    

(n = 11) 11.77 ± 1.22 0.82 ± 0.14 3.26 ± 0.18 

MC    

(n = 25) 19.81 ± 1.95*** 1.69 ± 0.28** 2.01 ± 0.09* 

Mean ± SE; *p < 0.05; **p < 0.01; ***p < 0.001: statistically significant value with respect to SO-rats. 
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Table 2. Serum concentrations of aspartate aminotransferase (AST; U/I), alanine amino-
transferase (ALT; U/I), and Albumin (mg/dl) in Sham operated rats (SO) and in rats with 
microsurgical cholestasis (MC). 

TB (mg/dl) AP (U/L) AST (U/L) ALT (U/I) Albumin 

SO 0.09 ± 0.04     

(n = 11) 112.34 ± 34.12 105.75 ± 38.35 45.75 ± 12.52 3.09 ± 0.33 

MC 8.17 ± 1.76***     

(n = 25) 284.88 ± 69.30***  484.96 ± 36.76*** 100.75 ± 45.08*** 1.09 ± 0.23*** 

Mean ± SE; ***p < 0.001: statistically significant value with respect to SO-rats. 

 

 
Figure 2. Stereologic quantification of the lymphatic vessel volume fraction (Vv) accord-
ing small bowel layers (a) (mucosa, submucosa and muscular) and regions (b) (duode-
num, jejunum and ileum). SO (Sham-operated rats); MC (rats microsurgical cholestasis); 
the results are expressed as mean ± SD. **p < 0.01; ***p < 0.001: statistically significant 
with respect to SO rats. 

 

 
Figure 3. Stereological quantification of the lymphatic vessels length (Lv) density ac-
cording small bowel layers (a) (mucosa, submucosa and muscular) and regions (b) (duo-
denum, jejunum and ileum). SO (Sham-operated rats); MC (rats with microsurgical 
cholestasis); the results are expressed as mean ± SD. **p < 0.01; ***p < 0.001: statistically 
significant value in regards to SO rats; p < 0.05; P < 0.001: statistically significant value in 
regards to MC rats. 

https://doi.org/10.4236/abb.2019.1010024


L. Tresierra et al. 
 

 

DOI: 10.4236/abb.2019.1010024 312 Advances in Bioscience and Biotechnology 
 

5.98 mm−2; p < 0.001) jejunum (Vv vasc: 0.08 ± 0.01 vs. Vv vasc: 0.03 ± 0.01; p < 
0.01; Lv: 25.42 ± 5.98 mm−2 vs. Lv: 7.02 ± 5.98 mm−2; p < 0.01) and ileum (Vv 
vasc: 0.16 ± 0.01 vs. Vv vasc: 0.02 ± 0.01; p < 0.001; Lv: 38.63 ± 6.07 mm−2 vs. Lv: 
6.26 ± 6.07 mm−2; p < 0.001), of the cholestatic rats in relationship to SO-rats, 
although these increases are more significant in duodenum and ileum (Figure 
1(b) and Figure 1(e); Figure 2(b) and Figure 3(b)). 

Finally, the average vascular diameter (AVD) was similar either in all the lay-
ers as in each anatomical area (duodenum, jejunum and ileum) of the small bo-
wel in the SO-rats and in the cholestatic rats. 

4. Discussion 

This experimental study used stereological methods in combination with a cel-
lular surface marker for lymphatic endothelial cells to estimate such parameters 
as volume fraction, length density, and average vascular diameter of lymphatic 
vessels [19] [20] in the small intestine of microsurgical cholestatic rats. 

Lymphatic endothelial cells share many markers [11], which have been iso-
lated by positive selection using antibodies to podoplanin, vascular endothelial 
growth factor receptor (VEGFR)-3 or lymphatic vessel hyaluronan receptor 
(LYVE)-1, and by a negative selection with antibodies to CD34 [12]. The Prox-1 
is essential for establishing lymphatic endothelial cell identity; its expression is 
controlled by Sox 18 transcription factor [13] [14]. Lymphatic endothelial cells 
express specific molecules such as Prox-1, VEGFR-3, the membrane glycoprote-
in podoplanin and LYVE-1 [15]. 

The increased volume fraction and length density of lymphatic vessels in the 
small intestine mucosa and submucosa in this experimental model of microsur-
gical biliary fibrosis could be attributed to increased interstitial lymph produc-
tion which, in turn, produces increased lymph flow and pressure in the lym-
phatic microvessels. Moreover, intestinal lymphatic vessel dysfunction could 
produce the accumulation of protein and lipid-rich interstitial fluid and lym-
phedema [21]. 

Cholestasis has a pathological effect on the intestinal mucosa [21] [22]. In-
deed, short-term cholestatic rats by bile duct ligation suffer a loss of tight junc-
tion proteins in the ileal mucosa, with subsequent increased permeability [23] 
[24]. These significant morphological intestinal mucosa impairments could in-
duce an increased vulnerability of the lacteal lymphatic vessels, because they are 
located into the intestinal villi, and therefore close to the intestinal mucosa. It 
has been shown that patients with biliary tract obstruction experience various 
pathophysiologic changes in the body. Biliary tract obstruction not only induces 
liver injury but also kidney failure and cardiac dysfunction and hemostatic ab-
normalities. In addition, biliary tract obstruction also impairs intestinal barrier 
function and induces intestinal bacterial overgrowth and bacterial translocation 
[25]. The functions of the intestine are secretory and absorptive, and they play 
an important role in maintaining homeostasis in the organism. Moreover, intes-
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tinal absorption provides nutrients to the body. It has been found that bile defi-
ciency induced by biliary tract obstruction impairs the intestinal mucosal HCO3

− 
and Cl− secretion ability, as well as decreases vitamin E, calcium, magnesium, 
fatty acid, and some drugs intestinal absorption [25]. 

The lymphatic system of the small intestinal villi originates as a large central 
vessel or lacteal located at the apical portion of the villi. The lymphatic capilla-
ries of the small intestine are fenestrated. In addition, they are surrounded by a 
fragmented basement membrane with anchoring filaments attached at the ablu-
minal place [24]. Intestinal lymphatic pathophysiology in cholestatic rats could 
be related to inflammation, with increased Th1 and Th2 lymphocyte activation 
in the small bowel and in the mesenteric lymph complex of microsurgical extra-
hepatic cholestatic rats [26]. 

The drainage function of lymphatic vessels is crucial for inflammation in the 
intestinal interstitium. Biologically active factors produced by the intestine dur-
ing portal hypertension contribute as well as the translocated bacteria to distant 
organ failure [27] [28]. There is evidence that supports the key role of the intes-
tine and mesenteric lymph nodes in the pathogenesis of multiple organ dysfunc-
tion syndrome (MODS) [27] [28]. The inflammation of intestinal mucosa re-
lated to portal hypertension, also aggravated by the degree of coexisting hepatic 
impairment, would cause lymphangiopathy. This alteration of the intestinal 
lymphatic system is characterized by a deficiency clearance to avoid excess intes-
tinal fluid accumulation and inflammatory mediators. Consequently, inflamma-
tion and edema develop, and lymph vessels dilate. 

The outstanding role of lymphatic vessels in the etiopathogeny of inflamma-
tion has been explained in several excellent reviews [29] [30] [31]. The growth of 
lymphatic vessels or lymphangiogenesis is actively involved in multiple patho-
logical conditions, including tissue and organ inflammation [32]. In particular, 
lymphangiogenesis could be advantageous in decreasing inflammation related to 
lymphedema [24]. 

The stereological study shown in this paper suggests that the alterations found 
in the mucosal and submucosal lymphatic microcirculation of cholestatic rats 
could be attributed to an activation of lymphangiogenesis in response to the in-
testinal inflammation, mainly in the mucosa. However, further studies would be 
needed to prove this hypothesis. It has been demonstrated that two members of 
the VEGF family, VEGF-C and VEGF-D, produce lymphangiogenesis by activa-
tion of VEGFR-3, which is expressed by lymphatic endothelial cells in normal 
adult tissues [33] [34]. 

The increased volume fraction and length density of lymphatic vessels in the 
duodenum and ileum, with respect to the jejunum, could correspond to the 
predominance of the inflammatory response that occurs in portal hypertension 
in both ends of the small bowel. This characteristic location of the intestinal 
lymphangiogenesis would be similar to the special intestinal location of the an-
giogenic response that is developed in portal hypertension. Thus, the excessive 
angiogenesis in the proximal and distal ends of the intra-abdominal intestinal 
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tract, i.e. esophagus and rectum, respectively, induces the development of por-
to-systemic collateral circulation. This is the reason why it seems appropriate to 
consider that the excessive lymphangiogenesis in the proximal and distal ends of 
the small bowel could also represent the development of a mesenteric-systemic 
lymphatic collateral circulation (Figure 4). The existence of a porto-systemic 
venous collateral circulation allows noxious substances of intestinal origin, like 
damage-associated molecular patterns (DAMPs) and pathogen-associated mo-
lecular patterns (PAMPs), to reach the systemic circulation [28] [29]. Since the 
presence of these noxious substances in the systemic circulation severely aggra-
vates the prognosis of the patients with chronic liver disease, the existence of a 
mesenteric-systemic collateral circulation would therefore represent a new pa-
thophysiological factor in these patients (Figure 5). 

In portal hypertension, the excessive angiogenic response and the lymphan-
giogenic response could be related, among other factors, with the increased mast 
cells infiltration in the small bowel and mesenteric lymphatic nodes [35] [36]. 
The human mast cells are a major source of both angiogenic and lymphangi-
ogenic factors. Moreover VEGF-C and VEGD-D produced at sites of inflamma-
tion and tumors can amplify mast cells infiltration by interacting with VEGFRs. 
In addition, mast cell-derived proteases, such as tryptase, MMP2 and MMP9 
chymases, can modulate angiogenesis and lymphangiogenesis [35] [37]. Cells of 
the immune system and their mediators need consideration for future therapeu-
tic manipulation of angiogenesis/lymphangiogenesis in chronic inflammatory 
disorders and tumors [34]. 

Portal hypertension related to biliary fibrosis in rats causes extensive mast cell 
infiltration of the mesenteric lymph complex (MLC) [36]. This massive recruitment 
 

 
Figure 4. Schematic representation of the collateral splanchno-systemic cir-
culations, venous (left) and lymphatic (right), in rats with microsurgical 
cholestasis. The acute-on-chronic inflammatory liver disease, secondary to 
decompensation, in rats with obstructive cholestasis induce portal hyperten-
sive enteropathy, with excessive angiogenic and lymphangiogenic responses, 
associated with an increased permeability of lymphatic vascular endothe-
lium, interstitial edema, increased permeability of the peritoneal mesothe-
lium and finally, ascites development. FBD: fibrotic biliary disease; MLC: in-
flamed mesenteric lymph node complex. 

https://doi.org/10.4236/abb.2019.1010024


L. Tresierra et al. 
 

 

DOI: 10.4236/abb.2019.1010024 315 Advances in Bioscience and Biotechnology 
 

 
Figure 5. Schematic representation of the etiopathogenic inter-
relationship between angiogenesis and lymphangiogenesis in the 
development of splanchno-systemic collaterals in portal hyper-
tension associated to chronic liver disease. DAMPs: dam-
age-associated molecular patterns; MODS: multiorgan dysfunc-
tion syndrome; MOF: multiorgan failure; PAMPs: patho-
gen-associated molecular patterns. 

 
of mast cells in the MLC could in turn impair the lymphatic flow of intestinal 
origin. Therefore, the mast cell-related mesenteric adenitis in portal hyperten-
sion could increase the intestinal lymphatic hypertension. If so, this factor would 
also induce intestinal inflammation by mechanotransduction and, subsequently, 
lymphangiogenesis. In particular, chemokines, fundamental mediators of the in-
flammatory response, would be involved in the lymphatic remodeling process, 
either vascular or in the lymph nodes [38]. In this way, the hypothesis that the 
mesenteric-lymphatic collateral circulation is developed through the incidence 
of two consecutive hits in portal hypertensive rats could be proposed. The first 
hit would be related to the inflammation produced by portal hypertension, with 
edema and lymphatic flow increase, while the second hit would be the intestinal 
lymphatic hypertension, which in turn favor lymphangiogenesis and mesenteric 
adenitis [38]. Hence, either intestinal angiogenesis or lymphangiogenesis in 
portal hypertension would have a complementary etiopathogenic role [39]. 

Lastly, this intestinal lymphatic pathology associated with portal hypertension 
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could have an etiopathogenic role in ascites production. Thus, the coupling be-
tween portal venous hypertension and mesenteric lymphatic hypertension would 
induce an intestinal inflammatory response, with being a harmful effect. Maybe 
this intestinal lymph hyperproduction overwhelms the drainage ability of the 
neoformed lymphatic collateral circulation in the cholestatic rats. If so, the 
overloading of lymphatic volume in the interstitium-lymphatic-peritoneum axis 
would finally cause ascites [6] [39] [40]. 

5. Conclusion 

In conclusion, this study demonstrated the development of a lymphatic vascular 
enteropathy in rats with chronic hepatic disease related to cholestasis. The ex-
cessive lymphangiogenesis in the duodenum and ileum could represent the pre-
dominance of the inflammatory response in both ends of the small bowel. Then, 
the consequence would be the development of a mesenteric-systemic lymphatic 
collateral circulation in this experimental model. Since the porto-systemic ven-
ous collateral circulation in the chronic liver insufficiency is developed in the 
ends of the gastrointestinal tract, the excessive duodeno-ileal lymphangiogenesis 
could suggest the development of a mesenteric-systemic lymphatic bypass in the 
chronic portal hypertension. The characterization of the type of intestinal in-
flammatory response that produces an excessive lymphangiogenesis would lead 
to a better understanding of the pathophysiological mechanisms involved in 
portal hypertensive enteropathy. In addition, this understanding would allow for 
establishing more effective treatments for its severe complications, including 
collateral lymphatic circulation and ascites. 
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