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ABSTRACT 

Prehepatic portal hypertension induces a splanchnic 
low-grade inflammatory response that could switch to 
high-grade inflammation with the development of 
severe and life-threatening complications when asso- 
ciated with chronic liver disease. The extraembryonic 
origin of the portal system maybe determines the re- 
gression to an extraembryonic phenotype, i.e., vitel- 
logenic and amniotic, during the evolution of both 
types of portal hypertension. Thus, prehepatic portal 
hypertension, or compensated hypertension by portal 
vein ligation in the rat, is associated with molecular 
mechanisms related to vitellogenesis, where hepatic 
steatosis and splanchnic angiogenesis stand out. In 
turn, extrahepatic cholestasis in the rat induces in- 
trahepatic portal hypertension, or decompensated hy- 
pertension, with ascites and hepatorenal syndrome. 
The splanchnic interstitium, the mesenteric lymphatic 
system, and the peritoneal mesothelium seem to cre- 
ate an inflammatory pathway that could have a key 
pathophysiological relevance in the production of ascites. 
The hypothetical comparison between the ascitic and 
the amniotic fluid also allows for translational invest- 
tigation. The induced regression of the splanchnic 
system to extraembryonic functions by portal hyper- 
tension highlights the great relevance of the extraem- 
bryonic structures even during post-natal life. 
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1. INTRODUCTION 

Portal hypertension is defined as a pathological increase 

in portal vein pressure and it is diagnosed when the he- 
patic venous pressure gradient is above the normal range 
[1]. It has been proposed that low-grade inflammation 
related to portal hypertension switches to high-grade infla- 
mmation with the development of severe and life-threa- 
tening complications when associated with chronic liver 
disease [2]. 

It could be considered that the underlying central theme 
in low-grade portal hypertensive inflammation is the 
disturbance in splanchnic and systemic hemodynamics 
[1,2]. This splanchnic and systemic hemodynamic response 
would be aggravated during the progression of the chronic 
liver disease [2,3]. Thus, a critical state is produced in 
which the appearance of noxious factors during the pro-
gressive evolution of chronic liver disease would favor 
the development of a high-grade splanchnic and systemic 
inflammatory response [2,4,5]. 

The portal system includes all veins which carry blood 
from the abdominal part of the alimentary tract, the 
spleen, pancreas and gallbladder [6]. This venous system 
transports the splanchnic venous flow through the portal 
vein to the liver [1,6]. The afferent venous circulation of 
the liver as well as its efferent venous system, i.e., the 
hepatic veins, derives from an extraembryonic venous 
system, the vitelline venous system, which transports 
blood from the yolk sac to the heart at the end of the 3rd 
week of gestation [7]. This extraembryonic origin of the 
portal system perhaps determines some of the pathologi- 
cal evolutive characteristics when it suffers hyperpres- 
sure. 

Hence, it is important to keep in mind that a common 
characteristic of mammals is the development of ex- 
traembryonic supporting tissues and organs that are re- 
quired for embryonic implantation, survival and devel- 
opment “in utero” [8]. Particularly, in the earliest stage of 
the embryonic development the vitelline system, as well 
as the amnion, stands out [7,8] (Figure 1). *Corresponding author. 
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Figure 1. Schematic transverse representation of 
mammal embryo. The amniotic cavity surrounds the 
embryo and the amniotic fluid flows through the gut. 
The yolk sac is connected to the mid-gut by a narrow 
vitelline duct. Amniotic cavity; Y: yok sac; G: gut. 

 
The portal system, derived from the extraembryonic 

vitelline venous system continues to perform a vital tro- 
phic role for post-natal organism survival and develop- 
ment, although based on its new metabolic needs [2,7]. 
However, when the portal system suffers an aggression, 
i.e., portal hypertension, perhaps a regression to the un- 
derlying or original embryonic functions could be in- 
duced by inflammatory mechanisms [9]. 

2. LOW-GRADE INFLAMMATORY 
PORTAL HYPERTENSION: THE 
VITELLINE CONNECTION 

Prehepatic portal hypertension by partial portal vein liga- 
tion in the rat induces a splanchnic and systemic chronic 
low-degree inflammatory response that could be devel- 
oped through the expression of three successive and 
overlapping phenotypes: ischemia-reperfusion phenotype, 
immune phenotype and angiogenic phenotype [2,3]. 
Thus, it has been already proposed that these phenotypes 
could represent the expression of trophic functional sys- 
tems with increasing metabolic complexity [2,10]. There- 
fore, in the portal hypertensive rat it could be con- 
sidered that the body adapts the support, i.e., the trophic 
system, to the metabolic needs characteristic of each in- 

flammatory phenotype. In turn, the metabolic activity of 
each inflammatory phenotype would be determined by 
the mechanisms used for cellular energy production [9] 
(Table 1). 

2.1. The Ischemia-Reperfusion Phenotype: The 
Hydroelectrolitic Changes Enforce the 
Beginning and Maintenance of a Low-Grade 
Inflammatory Response 

The ischemia-reperfusion phenotype secondary to the 
hyperdynamic syndrome could represent oxidative and 
nitrosative stress with edema, which favors diffusion 
through the inflamed tissues and organs [2,10]. Hy- 
perdynamic circulation stands out among the splanchnic 
and systemic alterations related to portal hypertension 
[1,11-15]. It has been suggested that the splanchnic and 
systemic vasodilation is the initial step leading to the 
hyperdynamic syndrome or progressive vasodilatory 
syndrome [12,16]. Multiple organ failure in portal hy- 
pertensive chronic liver disease is in large part attribute- 
able to this syndrome [14,16]. Furthermore, hyperdy- 
namic circulation could favor the initiation and mainte- 
 
Table 1. Proposed splanchnic overlapping inflammatory phe-
notypes in compensated experimental portal hypertension. 

1. Ischemia-reperfusion phenotype: 

-Hyperdynamic blood circulation 

-Oxidative and nitrosative stress 

-Interstitial edema 

-Increased lymph flow 

-Hepatic atrophy 

2. Immune phenotype: 

-Acute phase response 

-Inflammatory cells and bacteria infiltration 

-Extracellular matrix degradation 

-Enzymatic stress 

-GALT activation and splenomegaly 

-Mesenteric lymphadenitis 

-Dyslipidemia 

-Liver steatosis 

3. Angiogenic phenotype: 

-Gastrointestinal vasculopathy 

-Portosystemic collaterals 

-Lymphangiogenesis 

-Fibrosis 

-Aortopathy 

GALT: Gut-associated lymphoid tissue (Peyer’s patches and isolated lym-
phoid follicles). 
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nance of an inflammatory response. First, the pathologi- 
cal increase of the portal pressure that occurs in the hy- 
perdynamic splanchnic circulation could favor a dis- 
turbed splanchnic venous flow with shear stress mediated 
by non-laminar flow [12]. The disturbed or non-laminar 
flow with associated reciprocating low shear stress has 
profound effects on the biology of the vascular wall, par- 
ticularly the vascular endothelium, and could stimulate 
inflammation [17,18]. Second, both the increase in blood 
flow speed and the opening of arteriovenous shunts that 
induces the splanchnic hyperdynamic circulation would 
reduce oxygen tissue availability. This fact would pro- 
duce tissue hypoxia and therefore chronicity of the in- 
flammatory response [19]. 

It is widely understood that the gastrointestinal tract 
functions in a state of low-grade inflammation because 
the constant exposure to potentially inflammatory stimuli 
[19]. Therefore, in portal hypertension hypoxia-related 
with disturbed intestinal blood flow could aggravate this 
low-grade inflammatory state, favoring the hyperactive- 
tion of hypoxia-inducible factor (HIF) and the IκB/nu- 
clear factor (NF)-κB system, both endogenous alarm 
signals for the presence of mucosal gastrointestinal in- 
flammatory disease [19]. In this way, the gastrointestinal 
tract often represents the source for the development of 
systemic inflammation with multiple organ dysfunction 
[20,21]. The association of mucosal hypoxia, splanchnic 
hyperemia and development of portal systemic collat-
erals bypassing the liver in portal hypertension also sug-
gests that the gastrointestinal tract could play a key role 
in the induction and maintenance of a low-grade inflam- 
matory response [2,3]. 

During the expression of the ischemia-reperfusion phe- 
notype through the progression of the interstitial edema, 
the lymphatic circulation could be simultaneously acti-
vated. This circulatory switch increases mesenteric 
lymph flow and favors gut-derived factors that could 
reach the systemic circulation avoiding the liver filter 
[22,23]. 

Since the evolutionary symbiosis between gut, i.e., 
enteric nervous system considered as a “mini-brain” [24], 
and the Central Nervous System, it is possible to hy- 
pothesize the contributory role of altered bidirectional 
gut-brain neural, noradrenergic, cholinergic and nitrergic 
communications resulting from damaged intestinal mu- 
cosal integrity to the development of a systemic inflam- 
matory response [25]. More recently, multiple studies 
have shown a potentially important neural pathogenic 
role in the portal hypertension-induced hyperdynamic 
circulation [1]. Vagal afferent nerves may be the signal- 
ing pathway from the hypertensive gastrointestinal tract 
to the central nervous system [26]. Also, although in 
portal hypertension there is a global overactivity of the 
adrenergic system, a splanchnic sympathetic nerve re- 

gression, which may contribute to aggravating splanch- 
nic vasodilation, is produced [1]. 

It has been considered that homeostatic mechanisms 
attempt to correct the progressive hyper dynamic circula- 
tory state of portal hypertension, including activation of 
the sympathetic nervous system and the renin-angio- 
tensin-aldosterone system with renal sodium retention 
[27]. These homeostatic mechanisms seem to be com- 
plementary since increased sodium intake or retention 
can directly affect the excitability or responsiveness of 
the rostral ventrolateral medulla neurons to enhance 
sympathetic reflexes [28]. 

Hydration by sodium retention is a fundamental step 
of inflammation [29]. The increase of endothelial per- 
meability in the tissues and organs that suffer inflamma- 
tion causes interstitial edema [18]. This also allows the 
selective diffusion into the interstitial space of other cir- 
culating substances into the blood. Among those released 
as a response to the neuro-endocrine system to induced 
stress, in this case, by portal hypertension, the hypotha- 
lamic-pituitary-adrenal axis, the sympathetic-adrenal me- 
dullary or sympathetic nervous system and the renin- 
angiotensin-aldosterone system stand out [27]. This se- 
lectivity in the localization of the early inflammatory 
response that induces interstitial edema could also favor 
the posterior interstitial storage of substances derived 
from the acute phase response. In this way, the interstitial 
space is shaped from the start of the portal hypertensive 
pathology as the main field where the battle of inflam- 
mation takes place. 

2.2. The Immune Phenotype: The Pathological 
Management of Fat 

The expression of the immune phenotype by the splanch-
nic system which has suffered ischemia and/or reperfu-
sion is coupled with interstitial infiltration by inflamma-
tory cells and by bacteria [30-32]. It has been hypothe-
sized that the symbiosis of inflammatory cells and bacte-
ria for extracellular (fermentation) and intracellular (phago- 
cytosis) could favor tissue trophism [2,10]. Improper use 
of oxygen persists in this immune phase and it is associ-
ated with enzymatic stress. Compensation of the acute 
phase response includes the production of positive acute 
phase proteins that bind proteolytic enzymes and inhibi-
tors of leukocyte and liposomal proteolytic enzymes 
[33,34]. Likewise, the natural inhibitors of matrix metal-
loproteinases (TIMPs) could promote anti-enzymatic 
stress [3]. 

Portal hypertension is one factor determining bacterial 
intestinal translocation to mesenteric lymph nodes [30, 
32]. In addition, the increased presence of mast cells in 
the hypertrophied mesenteric lymph nodes of prehepatic 
portal hypertensive rats [35,36] would not only collabo-
rate in the production of mesenteric adenitis, but also it 

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 



M.-A. Aller et al. / Advances in Bioscience and Biotechnology 3 (2012) 881-899 884 

would constitute a source of inflammatory mediators 
located between the intestine and systemic blood circula-
tion [37,38]. The mesenteric lymph nodes are key struc-
tures involved in the gut-associated lymphoid tissue 
(GALT) [39]. GALT constitutes the largest lymphatic 
organ in the body and has an important function in the 
maintenance of the intestinal mucosal integrity, as well 
as in the control of mucosal inflammation [40]. GALT 
activation in portal hypertensive enteropathy would pro- 
duce the release of inflammatory mediators. Then, these 
mediators would be transported by the intestinal lymph 
vessels to the systemic circulation aggravating the in- 
flammatory response [9]. In different conditions related 
to intestinal ischemia, such as hemorrhagic shock or se- 
vere burns, mesenteric lymph node circulation has the 
priority over portal circulation for transporting inflam- 
matory mediators released in the intestinal wall [41,42]. 
This fact suggests that in other conditions that also pro- 
duce intestinal hypoxia, like portal hypertension, the mes- 
enteric lymph is a regional pro-inflammatory mediator 
vehicle, that is, a splanchnic one, but with a systemic 
effect [9,10]. 

Prehepatic portal hypertension in the rat, both in the 
short-(1 month) and in the long-term (1 year) could pro- 
duce hepatic accumulation of triglycerides and choles- 
terol [43-45]. The mechanisms by which portal hyper- 
tension could induce liver steatosis are not fully under- 
stood. Hepatic steatosis, as well as visceral adipose tissue, 
are metabolic risk factors in mesentery and omentum or 
visceral fat because their anatomical position drain the 
venous blood directly to the liver through the portal vein 
[46,47]. We speculate that these pathological strategies of 
the body inducing intraabdominal fat deposits around the 
portal venous system could represent ontogenic reminis- 
cences associated with the yolk sac development, or 
phylogenetical, related to vitellogenesis. In the first case, 
the liver and particularly the omentum can be thought of 
as the substitutes of the yolk sac, in which the animal 
carries out a pathological deposit of lipids. In this hypo- 
thetical situation through the expression of inflammatory 
mediators, i.e., tumor necrosis factor (TNF)-α, IL-6, 
C-reactive protein and leptin, [47] the liver and the 
omentum would be able to regress to evolutive phases in 
which the metabolic characteristics were suitable [2]. In 
the second way, and from an ancestral perspective, the 
body would adopt the molecular mechanisms related to 
the vitellogenesis. This is a process by which all ovipa- 
rous species provision their eggs with vitelline, as a ma- 
jor yolk storage glycolipoprotein, that in turn constitutes 
a reserve food-source for the future embryo [48] (Figure 
1). 

The ability to transport fat in the form of lipoprotein 
through the circulatory system by eukaryotes is one of 
their more significant functions right from the beginning 

of existence [49]. Thus, the evolutionary advancement of 
storing energy in the form of fat has provided organisms 
with an enormous advantage in adapting to environ- 
mental and developmental changes [49]. An isoform of 
apolipoprotein B, apo B48 particles, are chylomicrons, 
which transport dietary cholesterol and triglycerides 
from the intestine to sites of storage and utilization with- 
in the body, such as the adipose tissue, skeletal and car-
diac muscle and the liver [50]. 

Hepatic steatosis results from increased uptake of free 
fatty acids derived mainly from the hydrolysis of adi- 
pose-tissue triglycerides, increased because of insulin 
resistance, but also from dietary chylomicrons and he- 
patic biogenesis [51]. Inflammation and the concomitant 
acute phase response induce marked changes in the lipo- 
protein profile [52]. Thus, in portal hypertensive-rat, 
hepatic steatosis is associated with the plasmatic increase 
of low density lipoprotein (LDL) and lipopolysaccharide 
binding protein (LBP) as well as reduction of high-den- 
sity lipoproteins (HDL) [43,45]. In turn, hepatic steatosis 
might play a key role in the pathogenesis of cardiovas- 
cular disease through the systemic release of several in- 
flammatory mediators and/or through the production of 
insulin resistance and atherogenic dyslipidemia [51,53]. 

The acute-phase-response is a core part of the innate 
immune response and produces changes in more than 
200 proteins grouped as either positive or negative acute 
phase proteins [54,55]. Positive acute phase protein bio- 
markers which increase in concentration during the in- 
flammatory response include the classic short pentraxins, 
i.e., C-reactive protein, serum amyloid P component and 
serum amyloide A [54,55]. IL-6 produced in response to 
tissue damage and infection is a central mediator of the 
immune system inducing the liver acute-phase-response 
[56]. IL-6 and positive acute phase proteins, particularly 
C-reactive protein, have been correlated to disease sever- 
ity and outcome in most of the chronic low-grade in- 
flammatory conditions like cardiovascular diseases, obe- 
sity, metabolic syndrome, type-2 diabetes and non-al- 
coholic fatty liver disease (NAFLD), which includes a 
large spectrum that ranges from fatty liver, non-alcoholic 
steatohepatitis and cryptogenetic cirrhosis [51,53,57-59]. 

However, conflicting results exist as to whether IL-6 is 
a beneficial or harmful cytokine [60]. There is increasing 
evidence to show that IL-6 has a protective role during 
liver injury [56]. Hence, it has been suggested that IL-6 
favors hepatic secretion of very low density lipoprotein 
(VLDL) triglyceride by increasing the availability of apo 
B and thereby reducing hepatic lipid content by in- 
creased triglyceride export [60]. It is also accepted that 
acute phase proteins, particularly serum amyloid A, in- 
hibits the ability of acute phase HDL to serve as an ac- 
ceptor for cellular cholesterol efflux. This promotes the 
removal of excess cholesterol from macrophages, as well 
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as increases the availability of cellular free cholesterol 
and thereby, increases the development of atherosclerotic 
lesions [52,61]. 

On the contrary, during cardiovascular inflammation 
cholesterol esters may be transferred from HDL to apol- 
ipoprotein B-containing particles, such as LDL or VLDL 
[62]. Trapping of apolipoprotein B containing particles 
within the arterial wall is unquestionably the essential 
initiating event for the development of complex athero- 
sclerotic lesions [50]. Recent evidences support a strongly 
association between NAFLD and cardiovascular diseases. 
Particularly, NAFLD is considered a risk factor for ather- 
osclerosis [51] and ample evidence indicates that in-
flammation could be the pathophysiological mechanism 
linking NAFLD and cardiovascular diseases [51,63]. In 
this context, we have found in the long-term (22 months) 
prehepatic portal hypertensive-rats that liver steatosis is 
related to an inflammatory aortic response. In particular, 
the increased expression of NF-κB, TNF-α, IL-1β and 
IL-6 in the rat’s aortic wall suggests the existence of a 
chronic inflammatory state [64]. 

2.3. The Angiogenic Phenotype: Remodeling 
through Extraembryonic Vitelline Functions 

The remodeling by angiogenesis could characterize the 
third inflammatory phenotype of the portal hypertensive 
response. Angiogenesis is defined as the growth of new 
vessels from pre-existing ones [65]. Although the final 
objective of endothelial growth is to form new vessels 
for oxygen, substrates and blood cells, other functions, 
like antioxidative as well as antienzymatic stress proper- 
ties, could be carried out before the new vessels, i.e., 
mature capillaries, are formed [2,9]. During the evolution 
of chronic liver diseases the establishment of an abnor- 
mal splanchnic and systemic angioarchitecture, including 
portosystemic collaterals, stand out [2,66,67]. 

Since in portal hypertension the basic structural altera- 
tion found in the gastrointestinal tract is vascular and 
consists in the increased size and the number of vessels, 
the very appropriate name of “hypertensive portal intes- 
tinal vasculopathy” has been proposed [68]. However, in 
addition to vascular alterations, histological evidence of 
non-specific inflammation has been described in the gas- 
troenteropathy associated with portal hypertension [68]. 
Therefore, angiogenesis plays a key role in development 
of portal hypertension and represents a potential thera- 
peutic target [69]. 

Chronic inflammatory infiltration found in the small 
bowel predominantly consists of mononuclear cells, and 
it is accompanied by atrophy, a decreased villous/crypt 
ratio, edema of the lamina propia, fibromuscular prolif- 
eration, and thickened muscularis mucosa [70,71]. Since 
most of the aforementioned characteristics can be ex- 
plained on the basis of increased levels of mast cell me 

diators [72], these cells could be involved in the patho- 
genesis of portal hypertensive chronic enteropathy [35, 
36]. Furthermore, in experimental portal hypertensive 
enteropathy, the increased degree of mast cell infiltration 
coexists with a higher vessel number in these intestinal 
layers. Indeed, the number of mast cells shows a positive 
and statistically significant correlation with the vascular 
diameter and total microvascular surface [73]. Splanch-
nic hyperemia, increased splanchnic vascularization, and 
the development of portal-systemic collateral circulation 
in experimental portal hypertension are all angiogenic 
processes that are partly vascular endothelial growth 
factor (VEGF) dependent [74,75]. Given that mast cells 
release many angiogenic factors, including VEGF [72], 
they possibly are involved in the promotion of the hy-
pertensive portal vasculopathy, as well as of the portal- 
systemic collateral circulation. 

One characteristic of mast cells is their phenotypic he- 
terogeneity. Mast cell heterogeneity is presumably a re-
sult of micro environmental conditions that dictate gene 
expression and phenotype development [76]. Given the 
evolutive nature of portal hypertension, the splanchnic 
mast cell response could be influenced by the predomi- 
nant phenotype in each evolutive phase. 

The splanchnic dependent angiogenic process in portal 
hypertension, could also represent a reminiscence of the 
extraembryonic vitelline functions. The yolk sac is an 
extraembryonic vitelline structure not only related with 
lipid storage, metabolism and transport [48,49], but also 
with angiogenesis and hematopoiesis [7,77]. Endothelial 
cells and hematopoietic stem cells simultaneously dif- 
ferentiate within the blood islands in the yolk sac [77]. 
Indeed, because hematopoietic stem cells always emerge 
in close physical association with endothelial cells, a 
common origin for the two cell types has been proposed 
[78]. It is generally accepted that hematopoietic stem 
cells generated in yolk sac blood islands sequentially 
colonize the embryonic liver, then the aorta-gonads-me- 
sonephros and finally the bone marrow [7]. If so, the 
excessive splanchnic angiogenic response induced by 
portal hypertension could be related to the embrionary 
colonization process by cells bearing a dual hemato-en- 
dothelial phenotype. In addition, there is evidence of the 
association between liver cirrhosis and bone marrow 
alterations in both rats and patients [79]. Inflammatory 
mediators may be responsible for increased expression of 
adhesion molecules in the bone marrow sinusoidal en- 
dothelium. However, more investigation is needed to 
clarify the precise mechanism of how sinusoidal endo- 
thelium changes affect the hematopoietic cells [79]. 
Greater understanding is required pertaining to the rela- 
tionship of portal hypertension with both processes, i.e., 
angiogenic and hematopoietic. Thus, the mast cell, a 
plurifunctional bone-marrow-derived cell, could emulate 
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a rudimentary hematopoietic response in the gastrointes- 
tinal tract. 

3. HIGH-GRADE INFLAMMATORY 
PORTAL HYPERTENSION: THE 
AMNIOTIC CONNECTION 

Liver disease could be the most frequent factor for 
worsening portal hypertensive syndrome. Particularly, 
chronic liver disease and cirrhosis aggravate this syn- 
drome exceedingly [80]. Hepatic dysfunction related to 
fibrosis or cirrhosis would aggravate the grade of sys- 
temic inflammation characteristic of the chronic portal 
hypertensive syndrome. Consequently, the vascular dys- 
function with both blood and lymphatic hyperdynamic 
circulation would be favored [9]. 

3.1. Ascites: The Portal Hypertensive Peritoneum 

Increased lymph flow is known to occur in diffuse ab- 
normalities of liver architecture such as fibrosis and cir- 
rhosis [81,82]. The size and number of lymphatics are 
increased due to the increased hepatic lymph production 
which is caused by disturbance of the microcirculation 
typical of portal hypertension [82]. Expansion of lym- 
phatics is also a prominent feature of gastrointestinal 
inflammation. The dysregulation of lymphatics exacer- 
bates, in turn, gastrointestinal disease [83]. During cir- 
rhotic portal hypertension dilation of esophageal and 
gastric lymph vessels may be related to the absorption of 
excess interstitial fluid [84]. However, the main features 
of liver decompensation in cirrhosis are ascites [85], 
hepatorenal syndrome [80,86] and hepatic encephalopa- 
thy [80]. 

Ascites and hepatorenal syndrome are the major chal- 
lenging complications of cirrhosis and portal hyperten- 
sion that significantly affect the course of the disease 
[87]. 

Hepatorenal syndrome is a serious complication of 
end-stage disease occurring mainly in patients with ad- 
vanced cirrhosis and ascites, who have marked circula- 
tory dysfunction [86]. Although ascites can be observed 
in multiple diseases [88], it is most frequent due to cir- 
rhosis with portal hypertension. 

The three major factors involved in the pathogenesis 
of ascites are portal hypertension, arterial vasodilation 
and neurohormonal activation, all of them leading to 
sodium and water retention [87]. Arteriolar vasodilation 
causes underfilling of systemic arterial vascular space 
with a decrease in the effective arterial blood volume. 
Consequently, baroreceptor-mediated activation of renin- 
angiotensin-aldosterone system, sympathetic and para- 
sympathetic nervous systems and non-osmotic release of 
antidiuretic hormone occur to restore normal blood ho- 
meostasis [87,89-91]. On the other hand, splanchnic 

vasodilation increases splanchnic lymph production ex- 
ceeding the lymph transportation system capacity and 
leads to lymph leakage into the peritoneal cavity [92]. 
Persistent renal sodium and water retention, alongside 
increased splanchnic vascular permeability in addition to 
lymph leakage into peritoneal cavity play the major role 
in a sustained ascites formation [90,92]. Overtime the 
stasis of lymph flow in lymphatic channels of the intes- 
tine could lead to lymphangiectasia with an accompany- 
ing loss of proteins and lymphocytes [93]. 

In the past, it was considered that ascites treatment 
depends on a reduction of lymph formation by indirect 
i.e. dietary restriction of salt and water, and diuretic 
drugs, or direct, i.e. portosystemic shunt, portal decom- 
pression or, alternatively, and acceleration of an already 
rapid lymph return (peritoneovenous shunt) to match the 
high rate of lymph production. Conversely, factors that 
favor lymph formation i.e. mineralocorticoids, exoge- 
nous salt, or inhibit lymph return i.e. impaired lymphatic 
contractility or central venous hypertension, intensify 
lymph imbalance and worsen ascites [92,94]. 

Other mechanisms proposed to be involved in ascites 
formation are based on hepatorenal reflex, secondary to a 
rapid increase in sinusoidal hepatic pressure [92,95] and 
the splenorenal reflex-mediated reduction in renal vas- 
cular conductance, which exacerbates sodium and water 
retention in the kidneys and may eventually contribute to 
renal dysfunction and, consequently, ascites formation 
[96]. 

The development of ascites is a major complication of 
cirrhosis that induces an impaired quality of life and de- 
creases survival. The most difficult patients to treat are 
those with refractory ascites, which are characterized by 
a lack of response to diuretic treatment [97]. Spontane- 
ous bacterial peritonitis is a frequent and severe compli- 
cation of decompensated cirrhosis [98]. Bacterial trans- 
location is the key mechanism in its pathogenesis and the 
common causative microorganisms are gram-negative 
bacteria such as Escherichia coli and Klebsiella pneumo- 
niae [99]. The clinical manifestations of spontaneous 
bacterial peritonitis are subtle and require a high index of 
suspicion and almost always occur in a large volume of 
ascites in patients with liver cirrhosis. Abdominal pain 
can be continuous and is different from tense ascites. 
Ascitic polymorphonuclear leukocyte cell count is essen- 
tial for diagnosis and management [98,99]. However, by 
means of a polymerase chain reaction (PCR)-based 
method and automated nucleotide sequencing is possible 
to detect and identify the presence of fragments of bacte- 
rial DNA in patients with culture-negative, non-neutro- 
cytic ascites, indicating the existence of bacterial DNA 
translocation [100]. Paralysis ileus, hypotension and hy- 
pothermia are seen in advanced illness, where prognosis 
may be death and one third of patients will develop renal 
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failure [90,99]. 
Secondary bacterial peritonitis is an infrequent com- 

plication in cirrhotic patients and presents a significant 
more severe local inflammatory response than in patients 
with spontaneous bacterial peritonitis [100,101]. On the 
contrary, “bacteriascites” is the term used to describe the 
colonization of ascitic fluid by bacteria in the absence of 
a local inflammatory reaction, which suggests the con- 
current failure of defensive mechanisms [99]. 

3.2. Splanchnic Interstitium, Mesenteric 
Lymphatics and Peritoneal Mesothelium: A 
Hypothetically Inflammatory Continuum in 
the Portal Hypertensive Syndrome 

The standard view of inflammation as a reaction to injury 
or infection might need to be expanded to account for the 
inflammatory processes induced by other types of ad- 
verse conditions [102]. Therefore, the splanchnic and 
systemic impairments that are produced during the evo- 
lution of the syndrome associated with portal hyperten- 
sion could be considered of an inflammatory nature. If so, 
and similar to other type of inflammatory response, it 
would begin in the interstitial space [2,3,29] (Table 2). 
 
Table 2. The hypothetical continuum inflammatory splanchnic 
pathway in decompensated portal hypertension. 

1. Interstitium 

-Shear stress 

-Oxidative and nitrosative damage 

-Abnormal ion transport 

-Edematous infiltration 

-Immune and non-immune cells activation 

-Extracellular matrix remodeling 

2. Mesenteric lymphatics 

-Increased lymph flow 

-Leaking lymphatics 

-Increased transport of immune cells 

-Changes in lymph composition 

-Toxins and bacteria translocation 

-Lymphangiogenesis 

3. Peritoneal mesothelium 

-Oxidative and nitrosative stress 

-Abnormal ion transport 

-Immune activation 

-Lymph leakage 

-Secreting mesothelial cells 

-Ascites 

The early inflammatory response in portal hyperten- 
sion could be associated with abnormal ion transport. 
There is increasing evidence that the conditions charac- 
terized by an inflammatory response have alterations in 
cellular membrane potential with depolarization and ab- 
normal ion transport [103]. In addition, disturbances of 
ion transport are produced in intra- and extracellular 
edema. It has been stated that small fluctuations in cell 
hydration or cell volume act as a potent signal for cellu- 
lar metabolism and gene expression [104]. Oxidative and 
nitrosative stress increase degradation of extracellular 
matrix and causes edema [105]. The accumulation of 
glycosaminoglycans fragments has been proposed as an 
important mechanism for edema formation due to its 
hydrophilic properties [106]. Likewise, while the pro- 
gression of interstitial edema reduces the blood capillary 
function, it simultaneously enhances lymphatic circula- 
tion, thus producing a circulatory switch in the inflamed 
tissues and organs. 

Furthermore, splanchnic interstitial flow could be 
relevant for lymphangiogenesis [107]. The interstitial 
fluid flow associated with edema, even though it can be 
extremely slow, can have important effects on tissue 
morphogenesis and function, cell migration and differen- 
tiation and matrix remodeling, among other processes 
[108]. Abnormally increased interstitial flow rates can 
occur during low-grade inflammation and can also trig- 
ger fibroblasts to differentiate or remodel the extracellu- 
lar matrix, contributing thus to the development of tissue 
fibrosis [107,109-112]. Interstitial flow may significantly 
alter the distribution of metalloproteinases and lymphatic 
growth factors, inducing lymphatic endothelial cell mi- 
gration and capillary morphogenesis [107,110]. Mast 
cells and lymphatics could be important players in the 
development of the splanchnic inflammatory process [9]. 
Thus, it has been shown that in vitro mast cell degranula- 
tion impairs lymphatic contractile activity, probably 
through activation of H1 receptors by histamine. It has 
been suggested that this action could interfere with the 
expected ability of lymphatic vessels to reduce edema 
during inflammation [113]. 

Two of the principal functions of intestinal lymphatics 
are to assist in the maintenance of interstitial volume 
within relatively normal limits during alterations in cap- 
illary filtration, i.e. acute portal hypertension, and the 
removal of absorbed water and chylomicrons [114]. Uni- 
directional fluid transport into the initial lymphatics from 
the splanchnic interstitial space could be facilitated by 
the primary and secondary valve systems and then by 
contractile lymphatics [115,116]. During inflammation 
the elevation of lymphatic endothelial permeability in an 
outward direction has two major effects. First, fluid is 
being cleared from the tissue less efficiently. With the 
increased permeability of the blood vessels already pro- 
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ducing more fluid in the tissue than normal, the de- 
creased transport by the lymphatics causes this edema to 
increase even more [116,117]. Second, the leaking lym 
phatics allow inflammatory mediators to remain in the 
tissue longer increasing thus the inflammatory intestinal 
response [116] (Figure 2). 

Mesenteric lymph transports cells (lymphocytes), lip- 
ids (chylomicrons), proteins (plasma proteins, immu- 
noglobulins), enzymes (alkaline phosphatase, amylase), 
hormones (insulin, incretins) and electrolytes (chloride 
and bicarbonate) to the systemic circulation [115,118]. 
The biological role of the mesenteric lymph in the patho- 
genesis of splanchnic and systemic inflammation is not 
fully clarified up to date. However, there is now evi- 
dence to show that mesenteric lymph plays a key role in 
the pathogenesis of multiple organ dysfunction in trauma/ 
hemorrhagic shock, burns, reperfusion injury and surgi-
cal stress [41,42,115,119-121]. 

The hemodynamic alterations that portal hypertension 
imposes on the splanchnic circulation [16,80] allows 
considering that changes in the mesenteric lymph flow 
and composition are also produced [9]. Therefore, the 
mesenteric lymph could play an etiopathogenic role in  
 

 

Figure 2. Schematic view of the evolutive phases in the forma-
tion of the interstitial-lymphatic-peritoneal mesothelium in-
flammatory axis in portal hypertensive ascites: a) Splanchnic 
lymphatic flow resulting from the gastrointestinal tract (GIT) 
and the hepatic (H) interstitium drained through the mesenteric 
lymph node (MLN) in physiological situations; b) Chronic-low- 
grade inflammation in the compensated portal hypertensive syn-
drome increases mesenteric lymphatic flow; c) Acute-on-chro- 
nic splanchnic inflammation in the decompensated portal hy-
pertensive syndrome increases the ascitic fluid. 

the multiple organ dysfunction developed in the portal 
hypertensive syndrome [16]. Particularly, bacteria and 
toxins, like bacterial lipopolysaccharide (LPS), and in- 
flammatory mediators with high affinity for chylomi- 
crons, that is lipids, could use the mesenteric lymph ves- 
sels to bypass the liver and induce a systemic response 
[122]. 

Lymphangiogenesis, the formation of new lymphatic 
vessels, occurs in several pathological conditions ssoci- 
ated with chronic inflammation [123,124], including 
portal hypertensive enteropathy [84] and liver cirrhosis 
[81,82]. Inflammatory cells, through the secretion of 
stimulatory factor such as VEGF-C and TNF-α, can sti- 
mulate lymphatic endothelial cells [125-127] and con- 
sequently regulate gut lymphatic remodeling in portal 
hypertensive enteropathy. Lymphangiogenesis generally 
accompanies angiogenesis [128], the basic structural 
alteration of the hypertensive portal gastroenteropathy 
[68]. However, pathological lymphangiogenesis may oc- 
cur in absence of blood vessels [127,129]. 

The biological role of lymphangiogenesis in the pa- 
thogenesis of gastrointestinal chronic inflammation needs 
further clarification. Inflammation triggers gut lymphan- 
giogenesis [130-133], and this may be beneficial for the 
resolution of chronic inflammation since lymphatic ves-
sels remove inflammatory cells and mediators from the 
inflammation sites, favoring resolution [133-135]. Lym-
phovenous communications located both in lymphatic 
vessels and mesenteric lymph nodes [115] could also 
have a pathophysiological significance in the setting of 
chronic intestinal inflammation that need to be explored. 
Furthermore, one highly specialized form of tissue re-
modeling in chronic inflammation is lymphoid neogene-
sis, that is, the development of new lymphoid tissue in 
inflammatory sites [134,136]. It has been proposed that 
during chronic inflammation lymphangio-genesis and 
lymphoid neogenesis would be synergistic processes that 
mutually amplify each other [136]. 

Severe hepatic dysfunction related to fibrosis or cir- 
rhosis would aggravate the grade of splanchnic inflam- 
mation in portal hypertension, and as a result would in- 
crease the incidence of complications. Consequently, the 
vascular splanchnic dysfunction, with increased blood 
flow and portal pressure, would get worse and the inter- 
stitial hepato-intestinal-lymph flow would be favored. 
Splanchnic ischemia-reperfusion injury secondary to the 
acute-on-chronic vascular dysfunction could result in 
higher reninangiotensin-aldosterone system activity and 
excessive interstitial edema and lymph flow [137,138]. 
The liver has been assumed to be the likely source of 
ascites in patients with liver disease [81]. Nevertheless, 
the cirrhotic liver is not the sole or even the major source 
of ascites in most patients [89,94]. Weeping of fluid in 
great excess from the peritoneal lining and serosal sur- 
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faces of the bowel is often striking in portal hypertension 
as are dilated lymphatics on the surface of the small in- 
testine, in the mesentery and within the retroperitoneal 
space [94]. Therefore, it is accepted that when lymphatic 
drainage mechanisms are overwhelmed, excess lymph 
collects in the peritoneal cavity, thus causing ascites [90, 
139,140] (Figure 2). 

Nevertheless, peritoneal mesothelial cells would not 
be considered as a passive barrier for the lymph leakage 
of splanchnic origin in ascites formation. In the normal 
peritoneal cavity mesothelial cells play an important role 
as a source of intraperitoneal phospholipid lubricant 
[141]. Surfactant proteins have been found to be associ- 
ated with the phospholipid-containing surfactant-like 
material that line mesothelial cells and exert anti-in- 
flammatory and immunomodulatory functions [142]. In 
addition, the overlapped peritoneal mesothelial cells have 
a surface covered with great number of microvilli and a 
cytoplasm filled with a greater number of ribosomes, 
mitochondria, rough endoplasmic reticulum and Golgi 
apparatus [143]. Particularly, the numerous pinocytic 
vesicles in the membrane and the cytoplasm indicate 
active endo- and exo-transcytosis in the process of secre- 
tion and reabsorption of peritoneal fluid [143]. Peritoneal 
mesothelial cells by secreting chemokines, cytokines and 
growth factors such as VEGF [144] could have an active 
participation in the inflammatory response as a developer 
in the intestinal wall in portal hypertensive syndrome and, 
therefore, in ascites formation. 

3.3. Obstructive Cholestasis in the Rat: A Model 
of Decompensated Portal Hypertensive 
Syndrome 

Obstructive cholestasis is characterized by jaundice, dis- 
colored urine, pale stools and pruritus [145]. The serious 
repercussions of cholestasis on the liver and on the sys- 
temic level have led to the creation of many experimental 
models so as to better understand its pathogenesis, pro- 
phylaxis and treatment [146,147]. 

Obstructive cholestasis causes cirrhotic chronic he- 
patic insufficiency and portal hypertension. Several sur- 
gical techniques for developing obstructive cholestasis 
have been described, especially in the rat. These tech- 
niques could be divided into two groups, macrosurgical 
and microsurgical. Macrosurgical techniques are based 
on the section of the common bile duct between ligatures. 
These macrosurgical techniques of obstructive extra- 
hepatic cholestasis are called “bile duct ligation” (BDL) 
and cause the development of infected biliary pseudo- 
cysts by dilation of the bile duct proximal end. As a re- 
sult an important number of the animals die during the 
first two weeks of the postoperative period because of 
sepsis [147,148]. To avoid these infectious complications 
we have proposed performing a microsurgical technique 

which consists in the resection of the extrahepatic biliary 
tract [146,147,149]. The use of broad-spectrum antibiotic 
and vitamin K allows the long-term evolution of the ob- 
structive cholestatic-rats [146,147]. 

In the long-term evolution, between 8 to 10 weeks, 
microsurgical extrahepatic cholestatic-rats develop hepato- 
megaly with a marked ductular proliferation and fibrosis 
[150]. It has been suggested that liver fibrogenesis re- 
sembles a wound-healing process leading to scar forma-
tion [151-153]. In relation to extrahepatic alterations, 
jaundice, choluria, portal hypertension with an enlarged 
spleen and collateral portosystemic circulation, hepatic 
encephalopathy and ascites stand out [147,154,155]. There- 
fore, experimental extrahepatic cholestasis is not only a 
good model for studying chronic hepatic disease related 
to biliary obstruction, but also for studying extrahepatic 
complications, particularly ascites. 

In the rat, chronic liver disease due to obstructive cho- 
lestasis produces progressive hemodynamic dysfunction 
with ascites and hepatorenal syndrome. BDL rats after 
four weeks of biliary obstruction present an initial dis- 
turbance in renal function associated with ascites. Two 
weeks later, rats with obstructive cholestasis clearly de- 
veloped hepatorenal syndrome with ascites [156]. In 
these chronic phases of macrosurgical obstructive cho- 
lestasis, high rates of bacterial translocation, with en- 
dotoxemia and consecutive systemic inflammatory re- 
sponse, also exist [157,158]. 

In rats with obstructive cholestasis, the portal hyper- 
tensive syndrome with low-degree splanchnic and sys- 
temic inflammation can progress to severe systemic in- 
flammatory response syndrome leading to multiple organ 
failure. After extrahepatic cholestasis, the rat can suffer 
the effects of generalized ischemia/reperfusion injury and 
exacerbation of oxidative and nitrosative stress. It is ac- 
cepted that there is a strong correlation between experi- 
mental obstructive jaundice and oxidative stress [159]. 
BDL mainly impairs the liver rat ability of antioxidant 
regeneration especially at the mitochondria level [160]. 
Thus, it has been demonstrated that treatment with anti- 
oxidants improves the hepatic cellular redox status [161, 
162]. 

Long-term (6 weeks) microsurgical cholestatic rats 
show a splanchnic redistribution of cytokines, with an 
increase of Th1 (TNFα and IL-1β) and Th2 (IL-4 and 
IL-10) production in the small bowel and in the mesen- 
teric lymph nodes [163]. It has been proposed that this 
splanchnic inflammatory response associated with ascites 
could be mediated, among others factors, by mast cells. 
Degranulation of splanchnic mast cells, including the 
mast cells present in the peritoneum, could result in the 
release of mediators with a potent vasodilator and exuda- 
tive actions such as histamine, proteases and other en- 
zymes, arachidonic acid metabolites and reactive oxygen 

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 



M.-A. Aller et al. / Advances in Bioscience and Biotechnology 3 (2012) 881-899 890 

and nitrogen species [76] which could cause intense 
exudation related to an endothelial permeability increase, 
which could be in turn the cause of swelling, increased 
splanchnic lymphatic flow and production of peritoneal 
exudate [9]. 

The suggested pathophysiological mediator role of the 
mesenteric lymph in worsening the splanchnic portal 
hypertensive inflammatory response induced by obstruct- 
tive cholestasis can be studied by the cannulation of the 
rat mesenteric lymph duct [164-166]. The mesenteric 
lymph duct in the rat is observed as a white dyed duct, 
approximately 10 mm above the origin of the left adrenal 
vein, and is accompanied by the mesenteric artery. Using 
an operating microscope, the connective tissue sur- 
rounding the duct could be carefully cleared. In brief, the 
cannulation technique is made using a heparinized poly- 
ethylene catheter with an outer diameter of 1 mm. Then, 
a ligature is placed around the duct and the catheter. 
Lastly a small drop of cyanoacrylate glue or tissue adhe-
sive is applied to the duct at the point of entry of the 
catheter to prevent lymph leakage [164,166]. 

The relative distribution profiles of protein functional 
classes in normal rodent mesenteric lymph differ signify- 
cantly from that reported for the plasma. The most 
abundant protein classes in mesenteric lymph are prote- 
ase inhibitors, immune-related proteins, particularly 
those implicated in innate immunity, and carrier proteins 
[167]. Therefore, mesenteric lymph has a unique profile 
compared with plasma and thus represents more than a 
simple filtrate [167]. Recent proteomic analyses of post- 
hemorrhagic shock mesenteric lymph have documented 
the increase of proteins functionally involved in tissue 
inflammation [168]. These results provide a starting 
point for the in-depth investigation of the pathophysi-
ology role of mesenteric lymph in other conditions in 
which it is considered that the gastrointestinal tract is 
the driving force behind multiple organ dysfunctions, 
like the portal hypertensive syndrome. In rats with 
long-term surgical cholestasis we have shown using the 
transcription factor LYVE-1, as a marker of lymphan-
giogenesis [169], the existence of intestinal lymphatic 
hyperplasia. In this experimental model subperitoneal 
lymphangiogenesis associated with ascites is also de-
veloped. 

Lastly, ascites produces intra-abdominal hypertension. 
Elevated intraabdominal pressure could compresses thin 
walled mesenteric veins promoting venous hypertension, 
intestinal interstitial edema, bacterial translocation, sep- 
sis and multiple organ failure [170-172]. 

3.4. Portal Hypertensive Ascites and the 
Amniotic Way of Life 

Ascites is a common manifestation of liver failure, being 
one of the cardinal signs of portal hypertension [173]. 

Ascitic fluid formation is a not well known pathogenic 
mechanism. However, ascitic fluid is a bioactive medium 
containing electrolytes, with high levels of sodium, 
proteins including albumin and enzymes, as well as cells, 
including leukocytes [174]. Some of these characteristics 
make it similar to another bioactive medium, the 
amniotic fluid [175-177]. Amniotic fluid, the protecting 
liquid contained in the amnion cavity, is an essential 
extraembryonic component for fetal development and 
maturation during pregnancy [176,178]. 

Body fluid is distributed among three major fluid 
spaces: intracellular fluid, interstitial fluid and plasma. 
Nevertheless, the distribution of fluid in each of these 
compartments is dramatically different in the fetus com- 
pared with the adult [179]. Particularly, the amniotic 
fluid that surrounds the fetus may be considered an ex- 
tension of the extracellular space of the fetus [178,179]. 
Thus, the lymphatic system plays an essential role in the 
regulation of fluid distribution between the plasma and 
the interstitial fluid and probably with the amniotic fluid 
[179]. In patients with portal hypertension and ascites, it 
could also be hypothesized that the lymphatic splanchnic 
system plays a key role in the fluid distribution between 
the plasma and the ascitic fluid. If so, a pathological 
pathway of increasingly complex structures with a simi-
lar function to the management of the extracellular fluid 
would be formed [9] (Figure 3). 
 

 

Figure 3. Comparative and schematic representation of the 
fetal (left) and portal hypertensive (right) gastrointestinal tract. 
Amniotic fluid through gastrointestinal tract of the embryo 
favors trophism and maturation. On the contrary, the proposed 
equivalent fluid, i.e. ascitic fluid, in the adult organism is con-
fined within the peritoneal mesothelial cavity. Am: amniotic 
fluid; As: ascitic fluid; Y: yolk sac; L-O: liver and great omen- 
tum; GIT: gastrointestinal tract. 
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In the early stages of pregnancy, amniotic fluid con- 
sists of a filtrate of maternal blood [177,180]. That is 
why in this period drugs taken by the mother can enter 
amniotic fluid by diffusion across the placenta [177,181]. 
However, its composition is known to change as preg- 
nancy proceeds [175]. At these stages amniotic fluid is a 
bioactive medium actively secreted by the cells lining the 
amniotic cavity and as gestation progresses it includes 
significant volume of fetal urine [182]. 

The hypothetical comparison of the characteristics of 
amniotic and ascitic fluids would oblige raising again the 
role of peritoneal mesothelial cells in the etiopathogeny 
of ascites that occurs in the decompensated portal hyper- 
tensive syndrome. 

The first fluid to enter the gastrointestinal system is 
amniotic fluid and contributes to fetal nutritional re- 
quirements and plays a significant role in gut develop- 
ment and maturation [182]. Thus, growth-promoting ef- 
fects of amniotic fluid are equivalent to human milk 
[182]. The trophic effect of orally consumed amniotic 
fluid is attributed in part to its content in growth factors, 
including epidermal growth factor (EGF), hepatocyte 
growth factor (HGF), transforming growth factor-alpha 
(TGF-α), fibroblast growth factor (FGF), insulin-like 
growth factor (IGF-s) and VEGF [182,183]. 

The functional comparison of amniotic and ascitic flu-
ids would imply that in the decompensated portal hy- 
pertensive syndrome the abdominal mesothelium ac- 
quires properties of the amniotic membrane or amnion. 
In essence, the body acquires the ability to express func- 
tions that correspond to a structure of extra-embrionary 
origin, the amnion. This hypothesis would imply several 
suppositions or suggestions. For example, the intestine in 
the case of portal hypertensive ascites could not benefit 
from the supposed trophic properties of the ascitic fluid 
given that the peritoneal cavity-gastrointestinal pathway 
doesn’t exist in post-natal life. Likewise, the prenatal 
interruption of the amniotic fluid transit in cases of pre- 
natal intestinal obstruction prevents the fetus from bene- 
fiting from its trophic properties and it has been sug- 
gested that it contributes to fetal undergrowth [184]. 

The amniotic membrane is a tissue of particular inter- 
est because it possesses cells characteristic of stem cells 
with multipotent differentiation ability [185,186]. There- 
fore, to explore the possibilities that the “ascitic perito-
neum” could be a source of stem cells and growth factors 
could open new paths of knowledge for the study of its 
pathogeny. Moreover, the ascitic fluid could be a source 
of powerful therapies for using its supposedly beneficial 
properties. The embryonic regression of the peritoneum 
that induces the inflammatory response induced by portal 
hypertension also could favor the presence of active an-
timicrobial components as those described in the amni-
otic fluid [187]. Thus, the resistance to infection of the 

ascites would be explained, with usual subtle clinical 
manifestations in cases of secondary bacterial peritonitis 
[97,100,101]. 

The hypothetical existence of a regression to the pre- 
natal functional mechanisms of the abdominal inter- 
stitium-lymphatic-mesothelium axis could serve to inte- 
grate the existing knowledge of the decompensated por- 
tal hypertensive syndrome. In this hypothesis is consid- 
ered that the main objective of this de-repression of 
“dormant” biochemical functions is the recuperation of 
the amnion. The major phylogenetic importance that this 
structure has perhaps lies in that during development it 
protectively surrounds the embryo and creates a full- 
filled cavity in which the embryo develops [178]. Its 
acquisition, that is, the “amniotic egg” was one of the 
main causes that enabled amniotes to escape the bonds 
that confined their ancestors to aquatic environments 
[178,188]. If so, it could be proposed that there this is no 
better method to escape the sea than taking the sea with 
us, as an amniotic-mesothelial structure full of saline 
trophic fluid [188,189]. Since this ability would be asso- 
ciated in the post-natal life with mesothelial cells, its 
major spread through the body is not surprising, coating 
cavities, i.e. aracnoides, sinovial, pleura, testicular and 
vaginal, to create virtual spaces that facing traumatic, 
infectious or tumoral injury, quickly carry out an exuda- 
tive response that is simultaneously protecting and tro- 
phic. Therefore, although the mesothelial exudative in- 
flammatory response is considered pathological, its pro- 
ven evolutive and beneficial characteristics should not be 
forgotten both from the ontogenic and phylogenetic points 
of view [9]. 

4. CONCLUSIONS 

In summary, the extraembryonic origin of the portal sys- 
tem seems to determine some of its evolutive pathologi- 
cal properties when it suffers hypertension, both com- 
pensated, i.e. prehepatic, and decompensated, i.e. intra- 
hepatic. The partial portal vein ligation, or compensated, 
and the extrahepatic cholestasis or decompensated, are 
the experimental models most frequently used to study 
both types of portal hypertension [190]. Prehepatic portal 
hypertension by partial portal vein ligation in the rat in- 
duces the expression of three overlapping phenotypes, 
whose pathophysiological mechanisms recall those that 
are associated with the yolk sac development or vital- 
logenics. In turn, in obstructive cholestatic-rats the de- 
compensation induced by the severe liver disease would 
produce ascites. The functional comparison between the 
ascitic and amniotic fluids would imply that in the de- 
compensated portal hypertensive syndrome the abdomi- 
nal mesothelium acquires properties of the amnion. 

The expression of these extraembryonic functions 
during the evolution of these two types of experimental 
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portal hypertension can be subject to diverse interpreta- 
tions. Regardless of its meaning, it is important that the 
re-expression of these extraembryonic functions induced 
by portal hypertension might be considered today in in- 
flammation. This consideration suggests that the hypo- 
thetical comparison between the inflammatory portal 
hypertensive evolutive types and the evolutive develop- 
ment of extraembryonic systems, i.e. vitelline and amni- 
otic, could allow for translational research. 
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