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Abstract
In the last three decades, the understanding of the 
renin angiotensin system (RAS) has been changed 
by the discoveries of functional local systems, novel 
biologically active peptides, additional specific receptors, 
alternative pathways of angiotensin (Ang) Ⅱ generation, 
and new roles for enzymes and precursor components 
other than those in Ang Ⅱ synthesis. In this regard, 
the discovery that Ang-(1-7) opposes the pressor, 
proliferative, pro-fibrotic, and pro-inflammatory effects 
mediated by Ang Ⅱ has contributed to the realization 
that the RAS is composed of two axes. The first axis 
consists of the angiotensin-converting enzyme (ACE), 
with Ang Ⅱ as the end product, and the angiotensin 
type 1 (AT1) receptor as the main effector mediating 
the biological actions of Ang Ⅱ. The second axis results 
from ACE2-mediated hydrolysis of Ang Ⅱ, leading to 
the production of Ang-(1-7), with the Mas receptor 
as the main effector conveying the vasodilatory, anti-
proliferative, anti-fibrotic, and anti-inflammatory effects 
of Ang-(1-7). Experimental and clinical studies have 
shown that both axes of the RAS may take part in the 
pathogenesis of liver diseases. In this manuscript, we 
summarize the current evidence regarding the role of 
RAS in hepatic cirrhosis and its complications, including 
hemodynamic changes and hepatorenal syndrome. 
The therapeutic potential of the modulation of RAS 
molecules in liver diseases is also discussed.

Key words: Renin angiotensin system; Angiotensin Ⅱ; 
Angiotensin-(1-7); Hepatic cirrhosis; Liver fibrosis; 
Hepatorenal syndrome
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Core tip: This Editorial reports recent advances on the 
understanding of the renin angiotensin system in regard 
to the role of the two main and counter-regulatory 
mediators, Angiotensin Ⅱ and Angiotensin-(1-7), 
in liver diseases and in their main complications. 
Experimental and clinical findings so far show that 
Angiotensin-(1-7) by binding to Mas receptor opposes 
Angiotensin Ⅱ actions mediated by AT1 receptors 
in liver tissue, by eliciting anti-inflammatory, anti-
oxidative and anti-fibrotic effects. This knowledge may 
help in paving the way for the development of novel 
treatments for liver diseases and their complications.

Simões e Silva AC, Miranda AS, Rocha NP, Teixeira AL. Renin 
angiotensin system in liver diseases: Friend or foe? World J 
Gastroenterol 2017; 23(19): 3396-3406  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i19/3396.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i19.3396

INTRODUCTION
The renin angiotensin system (RAS) is classically 
conceived as a hormonal system mainly responsible for 
blood pressure control and hydroelectrolyte balance[1]. 
In this context, renin, the first enzyme of the classic 
RAS, is produced in the juxtaglomerular cells of the 
afferent renal arteriole in response to glomerular 
hypoperfusion, reduced sodium intake, and increased 
activity of the sympathetic nervous system[2]. Next, 
circulating renin cleaves its substrate angiotensino­
gen to form the decapeptide angiotensin Ⅰ (Ang Ⅰ), 
which is converted by angiotensin-converting enzyme 
(ACE) to the major active component of the RAS, 
angiotensin Ⅱ (Ang Ⅱ). The major biological actions 
of Ang Ⅱ are mediated by angiotensin type 1 (AT1) 
receptors[3]. The excessive activity of ACE-Ang Ⅱ-
AT1 arm frequently contributes to several pathophy­
siological changes including excessive renal sodium 
reabsorption, abnormal vascular smooth muscle 
cell contraction, disproportionately high aldosterone 
secretion and inappropriate cardiovascular responses[4]. 
Additionally, pro-inflammatory, pro-thrombotic and 
pro-fibrotic pathways are stimulated by AT1 receptor 
activation[5]. 

On the other hand, recent advances have changed 
our understanding of the RAS. These have included 
the discovery of functional local systems, novel biolo­
gically active peptides, additional specific receptors, 
alternative pathways of Angiotensin peptides ge­
neration, and new roles for enzymes and precursor 
components other than Ang Ⅱ synthesis[4,6]. Especially 
relevant for the reconceptualization of the RAS was 
the identification of the heptapeptide Ang-(1-7)[7], the 
ACE homologue enzyme responsible for the conversion 

of Ang Ⅱ into Ang-(1-7), ACE2[8,9], and the Mas 
receptor, a G-protein coupled receptor which mediates 
the main effects of Ang-(1-7)[10]. Also important, a 
considerable amount of evidence supports a counter-
regulatory role for Ang-(1-7). This peptide opposes 
several Ang Ⅱ AT1 receptor-mediated effects, including 
vasoconstriction, cell proliferation, inflammation and 
tissue fibrosis[11-13]. Considering the opposite roles 
of the two main mediators of the RAS, Ang Ⅱ and 
Ang-(1-7), independent research groups have proposed 
a new view of the RAS. In this model, the RAS can 
be envisioned as a dual function system in which 
the vasoconstrictor/proliferative or vasodilator/anti-
proliferative actions are primarily driven by the balance 
between two axes of the RAS, the classical one 
formed by ACE-Ang Ⅱ-AT1 and the counter-regulatory 
comprising ACE2-Ang-(1-7)-Mas[4,12-15]. In general, 
these axes present opposite effects in physiological 
and pathological states, including liver diseases[16]. It is 
well-established that RAS blockers, ACE inhibitors and 
angiotensin receptor antagonists (ARAs), can inhibit 
the ACE-Ang Ⅱ-AT1 arm, but also stimulate the activity 
of ACE2-Ang-(1-7)-Mas axis[15,17,18]. Both agents have 
been broadly used in the clinical practice for congestive 
heart failure, hypertension, chronic kidney disease[19] 
and seem to exert beneficial effects on liver diseases[20]. 
Table 1 displays the main opposite effects of both RAS 
axes.

In this editorial, we summarize recent evidence on 
the role of both RAS axes in liver diseases and their 
complications. Furthermore, the general idea that the 
final RAS effect represents a balance between the 
“friend”, ACE2-Ang-(1-7)-Mas axis, and the “foe”, ACE-
Ang Ⅱ-AT1 axis, is discussed in the context of liver 
diseases and potential therapeutic strategies.

RAS IN PHYSIOLOGICAL AND 
PATHOPHYSIOLOGICAL CONDITIONS 
INVOLVING THE LIVER
The RAS was classically described as a circulating 
hormonal system that plays a pivotal role in the 
maintenance of blood pressure and fluid homeostasis[21]. 
However, this view changed when the concept of local 
RAS was introduced. The concept of “local RAS” was 
first based on the discoveries of RAS components in 
unlikely places, such as renin, an enzyme originally 
described in the kidney, found in the brain. New 
hypotheses about local functions of the RAS were raised 
based on the tissue-based synthesis of Ang Ⅱ with 
independent actions. Lately, contemporary concepts of 
local RAS have become function-oriented[22].

The local angiotensin-generating system is im­
portant for regulating tissue/organ functions with 
clinical implications via autocrine, paracrine or intracrine 
actions[21]. The local hepatic RAS is not well-defined, 
although studies about RAS involvement in hepatic 
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diseases have indicated a role for this system in the 
liver[21]. Ang Ⅱ is a pro-inflammatory, pro-oxidant, and 
pro-thrombotic agent that interferes in several steps 
of intracellular insulin signaling. In sharp contrast, 
Ang-(1-7) enhances glucose tolerance, insulin sen
sitivity, insulin-stimulated glucose uptake as well as 
decreases triglyceride and cholesterol levels and reduces 
abdominal fat mass. Furthermore, Ang-(1-7) has been 
demonstrated to decrease liver gluconeogenesis and the 
Mas receptor is an essential component of the insulin 
receptor signaling pathway[23].

Liver diseases are major causes of morbidity and 
mortality worldwide. The most common liver diseases 
are hepatitis B and hepatitis C virus infections, 
alcoholic liver disease and nonalcoholic fatty liver 
disease (NAFLD). Without proper treatment, all 
types of chronic hepatitis will progress into end-stage 
liver diseases, including cirrhosis, liver failure and 
hepatocellular carcinoma, which ultimately lead to 
death[20,24]. The pathological characteristics of chronic 
liver diseases include enhanced fibrosis, oxidative 
stress and inflammatory markers. These processes are 
associated with sinusoidal capillarization and increased 
hepatic vascular resistance, eventually resulting in 
portal hypertension. Edema, ascites, hyperdynamic 
circulation and hepatorenal syndrome can occur 
because of compensatory mechanisms attempting 
to restore hepatic function[20]. The RAS is associated 
with all these processes. Furthermore, the local (i.e., 
hepatic) RAS, in addition to the systemic RAS, is 
thought to contribute to the pathophysiology of liver 
diseases. 

For instance, Ang Ⅱ caused a rapid and pronounced 
rise in portal pressure in an experimental model 
of cirrhosis[25]. In line with this result, the plasma 
concentration of Ang Ⅱ was elevated in patients with 
cirrhosis, while losartan, an AT1 receptor antagonist, 
was capable of reducing the hepatic venous pressure 
gradient in patients with moderate to severe portal 
hypertension[26]. Altogether, these data point to 
the involvement of Ang Ⅱ in cirrhosis-related portal 
hypertension. Ang Ⅱ is thought to exert its vaso­
constrictive effects on the postsinusoidal venules[21]. 

Ang Ⅱ effects in the liver go far beyond vaso­
constriction. For instance, by activating AT1 receptors, 
Ang Ⅱ can induce hepatic stellate cell proliferation 
and up-regulate the expression of transforming 

growth factor (TGF)-b1 in vitro, indicating that 
Ang Ⅱ plays an important role in the development of 
liver fibrosis[27]. Hepatic fibrosis is a dynamic process 
commonly resulting from different causes of chronic 
hepatic injury. Fibrosis is a complex process that 
involves several cell types and mediators, including 
cytokines, chemokines and growth factors, leading to 
a disruption of homeostatic mechanisms in the liver. 
Ultimately, hepatic tissue remodeling depends on the 
balance between collagen degradation and synthesis. 
Several mediators are involved in this process, 
including the RAS components. Notably, Ang Ⅱ acts 
as pro-inflammatory and pro-fibrotic mediator, while 
Ang-(1-7) appears to exert opposite effects in liver 
tissue[28], comparable to heart and kidney effects[15]. 
Corroborating these findings, both the AT1 receptor 
antagonist Candesartan and the ACE inhibitor 
Perindopril significantly attenuated fibrosis and the 
associated pathological markers in an animal model 
of fibrosis[27]. The fibrogenic effect of Ang Ⅱ can also 
be mediated by Kupffer cells, specialized phagocytic 
cells located in the liver that are known to be actively 
involved in the fibrotic process. AT1 receptors are 
expressed in Kupffer cells, as are renin and ACE[21]. 
The presence of RAS components in Kupffer cells and 
in the liver itself (where AT2 receptors and, obviously, 
angiotensinogen can also be found)[21] corroborates 
the hypothesis of the existence of a local RAS in 
the liver. Accordingly, experimental hepatic fibrosis 
was associated with RAS activation, characterized 
by increased levels of plasma renin activity, Ang Ⅰ, 
Ang Ⅱ and Ang-(1-7). Additionally, treatment with 
the Mas receptor antagonist, A-779, worsened 
hepatic fibrosis, thus suggesting a protective role for 
endogenous Ang-(1-7)[29]. 

NAFLD is the most common chronic liver disease 
worldwide and an important risk factor for non-alcoholic 
steatohepatitis, type 2 diabetes and cardiovascular 
diseases[30,31]. Ang Ⅱ actions are associated with a 
series of deleterious effects that together contribute 
to the spectrum of histological changes observed in 
NAFLD and its progressive form, non-alcoholic steato­
hepatitis. The deleterious effects of Ang Ⅱ include the 
stimulation of insulin resistance, de novo lipogenesis, 
mitochondrial dysfunction, reactive oxygen species 
generation, and pro-inflammatory cytokine production 
as well as the activation of hepatic stellate cells to 
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Table 1  Main and opposite actions of both renin angiotensin system axes

Organ/tissue ACE-Ang Ⅱ- AT1 axis ACE2-Ang-(1-7)-Mas axis

Blood vessels Vasoconstriction Vasodilation
Heart Hypertrophic, arrithmogenic Anti-hypertrophic, anti-arrithmogenic
Kidney Inflammation,  fibrosis Anti-inflammatory, anti-fibrogenic
Lung Alergic, fibrosis Anti-alergic, anti-fibrosis
Brain Ischemia Reduction of ischemia
Adipose tissue Increase insulin resistance Decrease insulin resistance

ACE: Angiotensin-converting enzyme; Ang Ⅱ: Angiotensin Ⅱ, AT1: Angiotensin type 1 receptor; Ang-(1-7): Angiotensin-(1-7); Mas: Angiotensin-(1-7) 
receptor.
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secreted Ang Ⅱ, indicating that locally generated 
components of the classical RAS axis contribute to 
tissue fibrosis in human liver[47]. There is evidence that 
Ang Ⅱ effects on hepatic stellate cells are mediated, 
at least in part, by the activation of NADPH oxidase. 
Ang Ⅱ, by means of phosphorylation of p47phox, a 
regulatory subunit of NADPH oxidase, induces reac­
tive oxygen species formation and stimulates DNA 
synthesis, cell migration, pro-collagen alpha1 mRNA 
expression, and secretion of TGF-β1 and inflammatory 
cytokines, all of which contribute to hepatic fibrosis. 
Mice lacking p47phox exhibited attenuated liver 
injury and fibrosis associated with decreased hepatic 
concentration of TGF-β1 and inflammatory cytokines 
(TNF-α, IL-1β, IL-8 and MCP-1) following two weeks of 
bile duct ligation[55]. Moreover, blockade of Ang Ⅱ activity 
by Lisinopril (an ACE inhibitor), Losartan (AT1 receptor 
antagonist) or N-acetylcysteine and diphenylene 
iodonium (NADPH oxidase inhibitors) prevented RAS 
pro-fibrogenic effects[47,54,55].

A recent meta-analysis revised the effectiveness 
of RAS inhibitors in randomized controlled trials in 
patients with liver fibrosis and reported significant 
reduction in fibrosis score and area[56]. A significant 
decrease in serum fibrosis markers, including TGF-b1, 
collagen Ⅰ, Ⅳ, and matrix metalloproteinase-2 (MMP2), 
after treatment with RAS inhibitors was also reported 
in clinical studies with hepatic fibrosis or cirrhotic 
patients[57].

Over the past decades, several studies investigated 
the role of the classical RAS arm as well as the 
mechanisms underlying its deleterious effects on 
liver function by employing different models of liver 
fibrosis, including bile duct ligation, carbon tetrachloride 
(CCl4) treatment or continuous Ang Ⅱ infusion[27,49,58-61]. 
For instance, both ACE and AT1 receptor genes were 
up-regulated in rats submitted to bile duct ligation. 
Additionally, Ang Ⅱ induced an increase in mRNA 
expression of TGF-β1 in culture-activated hepatic 
stellate cells from rats. This finding supports the 
concept that RAS, especially the interaction of 
Ang Ⅱ with AT1 receptors, plays a pivotal role in liver 
fibrosis development, mainly through the activation 
of hepatic stellate cells[27,49]. Accordingly, infusion of 
Ang Ⅱ (25 ng/kg per hour) in bile duct-ligated rats 
via a subcutaneous pump significantly increased 
hepatic fibrosis by enhancing inflammation, TGF-β1 
concentration, collagen deposition, lipid peroxidation 
product and phosphorylation of c-Jun and p42/44 
mitogen-activated protein kinase (JAK2 and MAPK)[59]. 
By employing in vivo and in vitro approaches, Granzow 
et al[61] showed that Ang Ⅱ, acting at AT1 receptors, 
promotes pro-fibrotic processes by phosphorylation 
of JAK2 and subsequent RhoA/Rho-kinase activation 
in rodents and human liver. Pharmacological inhibition 
of JAK2 prevented liver fibrosis in rats, indicating that 
inhibition of this pathway might be a promising therapy 
for this condition. Moreover, AT1 receptor-deficient 
mice presented less liver fibrosis than wild type mice 

trigger fibrogenesis[31,32]. Accordingly, experimental 
studies and clinical trials have shown that either the 
inhibition of the classical arm (composed by ACE-Ang Ⅱ-
AT1)[33-37] or the activation of the counter-regulatory arm 
(ACE2-Ang-(1-7)-Mas)[38-42] is beneficial in NAFLD and 
associated syndromes.

EXPERIMENTAL AND CLINICAL 
EVIDENCE ON THE ROLE OF RAS IN 
CIRRHOSIS
Cirrhosis is the end stage of progressive hepatic 
fibrosis, mainly characterized by liver architecture 
disruption due to fibrous scars and development 
of regenerating tissue. Fibrosis leads to significant 
changes in hepatic perfusion, enhanced portal blood 
flow resistance as well as liver dysfunction[43,44]. 
The leading causes of liver fibrosis are chronic viral 
hepatitis B and C, alcohol use and steatohepatitis 
related to obesity. These disorders have accounted 
for a significant increase in the incidence of cirrhosis 
and the deaths of at least 800000 people worldwide 
annually[45]. Although the pathophysiology of hepatic 
fibrosis remains not fully clear, current views have 
postulated that cirrhosis might be potentially reversible, 
particularly in a compensated stage, thus making 
the search for drug targets a scientific goal of highest 
priority[46].

Emerging evidence has supported the existence 
of RAS not only in the circulation but also in several 
organs such as heart, kidney and liver[47]. Locally, the 
classical RAS axis components, especially through 
AT1 receptor signaling, have been implicated in the 
modulation of cell growth and proliferation, generation 
of reactive oxygen species, apoptosis, hormone 
secretion, inflammatory and pro-fibrogenic processes 
in response to physiological and pathophysiolo­
gical stimuli[48]. Accordingly, an up-regulation of 
RAS components including angiotensinogen, renin, 
ACE, Ang Ⅱ and AT1 receptors has been reported in 
experimental and clinical liver injury studies, pointing 
out a role for this system in hepatic fibrosis and 
cirrhosis[28,47,49-51]. For instance, elevated serum levels 
of ACE were reported as a marker of fibrosis in 
patients diagnosed with chronic hepatitis B[52], whereas 
increased expression of ACE and AT1 receptors was 
found in human cirrhotic liver autopsies and biopsies[50]. 
In line with these studies, the beneficial effects of ACE 
inhibitors, such as Captopril, were reported on the 
analysis of liver biopsies of subjects with hepatitis C 
virus-related fibrosis[53]. In vitro approaches involving 
human culture-activated hepatic stellate cells, the 
main cells involved in the pro-fibrogenic process in 
the liver, showed that they increase their proliferation 
and acquire contractile properties in response to 
Ang Ⅱ through AT1 receptors[54]. Culture-activated 
hepatic stellate cells from human cirrhotic livers also 
expressed high levels of active renin and ACE and 
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following bile duct ligation or CCl4 administration. The 
protective effect of the absence of the AT1 receptor was 
associated with a significant decrease in inflammatory 
mediators, TGF-β1, lipid peroxidation products and 
phosphorylation of JAK2 and p42/44 MAPK, suggesting 
that the blockade of AT1 receptor signaling might also 
be a promising approach to treat liver fibrosis[58,60,62]. 
Indeed, blocking Ang Ⅱ activity either by ACE inhibition 
or AT1 receptor antagonism prevented liver injury 
and fibrosis in different experimental models[16,28,48]. 
A more recent study revealed that the treatment 
with Captopril, an ACE inhibitor, accelerates liver 
regeneration in mice following partial hepatectomy[63]. 
The beneficial effects of Captopril were potentially due 
to reduction of the inflammatory response, paving the 
way for the hypothesis that blocking the classical RAS 
arm might not only prevent but also reverse severe 
liver damage[63].

More recently, it has been proposed that liver 
fibrosis and hepatic cirrhosis depend on the balance 
between the classical (ACE-Ang Ⅱ-AT1 receptor) and 
the counter-regulatory (ACE2-Ang-(1-7)-Mas receptor) 
RAS axes[16,28,64-67]. In cirrhotic patients and rats with 
liver fibrosis, the balance between both RAS axes 
also accounts for hemodynamic changes, including 
splanchnic vasodilatation and portal hypertension[62,66].

An elegant study showed widespread parenchymal 
expression of ACE2 in the liver of rats submitted 
to bile duct ligation as well as in cirrhotic patients, 
providing the first evidence of a potential role of the 
counter-regulatory RAS axis in chronic liver disease[68]. 
Similar findings were found with the progression of 
liver fibrosis induced by CCl4 administration in rats[65]. 
Importantly, as liver fibrosis progresses, liver tissue 
expression of ACE2 and plasma levels of Ang-(1-7) 
increase[16,29,64,66,67]. Both RAS axes, the counter-
regulatory and the classical, seem to be simultaneously 
activated in patients with liver cirrhosis and ex­
perimental models of chronic liver disease[16,29,64,66,67]. 
This finding supports the concept that the activation 
of the counter-regulatory RAS axis is a compensatory 
mechanism to counteract the deleterious effects 
of Ang Ⅱ-AT1 receptor-mediated actions[16,29,64,66,67]. 
Accordingly, in vivo and in vitro inhibition of ACE under 
conditions of liver injury up-regulated the mRNA 
expression of ACE2 and Mas receptor, contributing to 
liver protection[65]. It is worth mentioning that ACE2 
activity seems to be important as an endogenous 
negative regulator of RAS in chronic, but not acute 
liver injury, primarily by promoting the conversion 
of Ang Ⅱ into Ang (1-7). This statement is supported 
by the fact that ACE2 knockout mice only presented 
increased hepatic fibrosis 21 d after bile duct ligation 
or following chronic administration of CCl4. On the 
other hand, no differences were found between ACE2 
knockout mice and wild type littermates when animals 
were subjected to acute liver injury. Moreover, genetic 
ablation of ACE2 in one-year-old mice resulted in 
spontaneous inflammatory cell infiltration and mild 

liver fibrosis[69]. 
In this scenario, components of the counter-

regulatory RAS axis may be regarded as promising 
targets for the development of novel anti-fibrotic 
therapies for chronic liver diseases. Our group has 
previously demonstrated that pharmacological blocking 
of Mas receptor with its antagonist A-779 aggravated 
bile duct ligation-induced liver fibrosis, which was 
associated with elevation in hepatic hydroxyproline 
and TGF-β1 concentrations[29]. Conversely, infusion of 
Ang-(1-7) markedly attenuated hepatic fibrosis in bile 
duct ligated rats, decreased hydroxyproline content 
and down-regulated key genes involved in liver fibrosis 
and angiogenesis such as collagen 1A1, α-SMA (smooth 
muscle actin), VEGF (vascular endothelial growth 
factor) and CTGF (connective tissue growth factor)[64]. 
In line with these findings, culture hepatic stellate cells 
treated with Ang-(1-7) or the Mas receptor agonist 
AVE 0991 expressed less α-SMA and hydroxyproline, 
while treatment with the Mas receptor antagonist A779 
induced opposite effects[70]. Cultured hepatic stellate 
cells express Mas receptor and binding of Ang-(1-7) 
with Mas inhibits Ang Ⅱ-induced phosphorylation 
of extracellular signal-regulated kinase (ERK)1/2, a 
classical pathway of tissue fibrosis[69]. 

Conversion of the pro-fibrotic peptide Ang Ⅱ in 
the anti-fibrotic peptide Ang-(1-7) depends on ACE2 
catalytic action, making this enzyme a very interesting 
therapeutic target for liver fibrosis[65,69]. A recent 
study investigated the long-term therapeutic effect 
of recombinant ACE2 by employing a liver-specific 
adeno-associated viral genome 2 serotype 8 vector 
(rAAV2/8-ACE2) with a liver-specific promoter in 
chronic liver disease models, including bile duct ligation 
and CCl4 administration[71]. The rAAV2/8-ACE2 therapy 
promoted a rapid up-regulation of hepatic ACE2 and 
an attenuation of liver fibrosis. These findings were 
associated with reduction in hepatic Ang Ⅱ levels 
concomitant with increased concentrations of Ang-(1-7) 
in liver tissue. Also revealed were reductions in NADPH 
oxidase activity, oxidative stress, ERK1/2 and p38 
phosphorylation without unwanted systemic effects[71].

RAS IN COMPLICATIONS OF LIVER 
DISEASES
Hemodynamic changes
Hemodynamic changes including portal hypertension 
and hyperdynamic circulation are the main cause 
of morbidity and mortality in patients with cirrhosis. 
Hemodynamic disorders can have widespread 
impact on the body according to the severity of the 
cirrhosis[72]. Portal hypertension and hyperdynamic 
circulation are characterized by elevated cardiac 
output and low systemic vascular resistance. Arterial 
vasodilation in the splanchnic circulation and the 
resulting decrease in systemic vascular resistance 
are associated with portal hypertension in cirrhosis. 
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Compensatory mechanisms following the reduction 
of systemic vascular resistance lead to hyperdynamic 
circulation. The effective arterial blood volume and the 
circulating levels of RAS components and antidiuretic 
hormone remain normal at early stages of the disease, 
even with reduced systemic vascular resistance. 
Nevertheless, hyperdynamic circulation is insufficient 
to correct the effective arterial hypovolemia when the 
disease progresses and arterial vasodilation increases, 
resulting in arterial hypotension and consequent 
activation of the circulating RAS and the sympathetic 
nervous system and secretion of antidiuretic hormone. 
Maintenance of arterial pressure is a result of vaso­
constrictive effects of Ang Ⅱ in extra-splanchnic 
vascular areas, as the splanchnic circulation is resistant 
to Ang Ⅱ, noradrenaline and vasopressin effects[66]. 

Evaluating patients at different stages of cirrhosis, 
one study showed that the circulating RAS is not 
activated at early stages of the disease. In contrast, 
patients at the advanced stages of cirrhosis presented 
an activation of peripheral and splanchnic RAS, and 
a metabolic deviation toward the RAS vasodilator 
axis in the splanchnic circulation. Furthermore, these 
authors observed a positive correlation between the 
Ang-(1-7)/Ang Ⅱ ratio and cardiac output as well as 
a negative correlation between Ang-(1-7)/Ang Ⅱ ratio 
and systemic vascular resistance, concluding that the 
final effect of the RAS may reflect a balance between 
the two opposing axes[66]. In this regard, the positive 
effects observed with blockade of the classical RAS 
arm are due, at least in part, to activation of the RAS 
counter-regulatory axis. Indeed, the hemodynamic 
effects of Ang-(1-7) has already been demonstrated 
in rats, in which Ang-(1-7) produced a significant 
increase in cardiac index (30%) and a decrease in total 
peripheral resistance[73]. However, chronic treatment 
with propranolol (a β-adrenergic receptor antagonist) 
in cirrhotic patients resulted in marked changes in the 
precursors of the RAS cascade, i.e., Renin and Ang Ⅰ, 
with inhibition of both RAS arms at splanchnic and 
peripheral circulation. The chronic use of propranolol 
produced hemodynamic changes that were probably 
able to control the hyperdynamic circulation of cirrhotic 
patients. These effects were associated with overall 
RAS inhibition instead of changes in the balance 
between the two RAS arms[74] (Figure 1).

Hepatorenal syndrome
Hepatorenal syndrome (HRS) has been defined as 
progressive renal failure that occurs in patients with 
chronic liver disease and advanced hepatic failure in 
the absence of any apparent clinical cause for renal 
insufficiency[75-77]. HRS represents the final stage of a 
process that gradually reduces renal blood flow and 
the glomerular filtration rate (GFR) due to marked 
renal vasoconstriction[75-77]. Despite the severity of 
renal failure, no significant histological abnormalities 
are found in the kidneys.

The pathophysiology of HRS is still poorly under­
stood. The progressive reduction in systemic vascular 
resistance leads to effective arterial hypovolemia. To 
maintain arterial pressure within normal limits in this 
setting, there is activation of systemic vasoconstrictor 
systems, including the RAS, sympathetic nervous 
system and in late stages, nonosmotic hypersecre­
tion of vasopressin. Although these systems help to 
maintain blood pressure, they have a negative influence 
on kidney function, leading to the retention of sodium 
and free water, and at late stages of the disease, 
producing an intense kidney vasoconstriction, which in 
turn decreases the glomerular filtration rate resulting 
in HRS. Indeed, hypoperfusion of the kidney due to the 
exaggerated action of renal vasoconstrictors has been 
considered the hallmark of HRS[76,78] (Figure 2). 

The activation of the classical RAS arm, ACE-Ang Ⅱ-
AT1 receptor, is one of the main factors responsible for 
renal vasoconstriction in HRS[16,20]. Plasma renin activity 
and Ang Ⅱ levels are increased in HRS[79]. Ang Ⅱ infusion 
stimulates renal vasoconstriction and there is an 
inverse correlation between renal hypoperfusion and 
activation of the classical RAS in cirrhotic patients[80,81]. 
It has been considered that at the early stages of 
hepatic injury, the renal effects of Ang Ⅱ can represent a 
compensatory mechanism against the decrease in renal 
blood flow[76,78,82]. However, the continuous, uncontrolled 
and exacerbated action of Ang Ⅱ may progressively 
compromise renal function. Pereira and colleagues have 
previously shown that bile duct ligated rats exhibited 
increased circulating levels of Ang Ⅱ and Ang-(1-7) 
even at early stages of hepatic damage[29]. Bile duct 
ligation is an experimental that leads to hepatic fibrosis 
and HRS[83]. However, it is difficult to know whether 
the changes in the components of the RAS preceded 
or were caused by the decline in renal function. The 
liver, or perhaps the kidney, can produce Ang peptides, 
which, in turn, act either as systemic hormones or 
as locally generated factors. Accordingly, Paizis and 
colleagues[68] detected an up-regulation of ACE2, the 
main enzyme responsible for Ang-(1-7) synthesis[84], in 
liver tissue from cirrhotic patients and bile duct ligated 
rats. Herath et al[64] showed increased expression of the 
Mas receptor in experimental biliary fibrosis, suggesting 
a role for ACE2-Ang-(1-7)-Mas arm in liver injury.

Although the renal effects of Ang Ⅱ are well 
documented in patients with chronic liver disease, 
it is not yet clear whether Ang-(1-7) influences 
renal hemodynamics and renal tubular handling of 
sodium and free water. It has been previously shown 
that Ang-(1-7) exerts complex renal actions (see 
reference[85], for review). In vivo and in vitro admini­
stration of Ang-(1-7) can increase water reabsorption 
by acting at the distal nephron and by interacting with 
vasopressin V2 receptor[86-88]. In contrast, other studies 
reported that Ang-(1-7) has natriuretic and diuretic 
effects by inhibiting sodium reabsorption at proximal 
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Figure 2  Potential mechanisms of hepatorenal syndrome. The hemodynamic changes associated with advanced stages of cirrhosis may lead to reductions 
in renal blood flow and in the glomerular filtration rate (GFR) as a compensatory mechanism to the low systemic vascular resistance and arterial hypotension. The 
kidney hypoperfusion is the hallmark of hepatorenal syndrome (HRS) and occurs as a consequence of the activation of systemic vasoconstrictor factors, including the 
classical axis of the renin angiotensin system (RAS), sympathetic nervous system and antidiuretic hormone (ADH). The increase in kidney vasoconstriction negatively 
influences its function, ultimately leading to HRS. Legend: Ang Ⅱ: Angiotensin Ⅱ; SNS: Sympathetic nervous system; SVR: Systemic vascular resistance.

Figure 1  Hemodynamic changes in early and advanced stages of liver cirrhosis. The early phase of cirrhosis is characterized by elevated cardiac output and 
low systemic vascular resistance without changes in the circulating levels of renin angiotensin system (RAS) components and antidiuretic hormone (ADH). However, 
as the disease progresses, activation of the circulating RAS and of the sympathetic nervous system and secretion of the antidiuretic hormone occur in response to 
persistent arterial hypotension. Legend: Ang Ⅱ: Angiotensin Ⅱ; Ang-(1-7): Angiotensin (1-7); SNS: Sympathetic nervous system; SVR: Systemic vascular resistance.
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tubule[89-91]. Additionally, Ang-(1-7) has a vasodilator 
effect on pre-constricted rabbit afferent arterioles in 
vitro via Mas receptor and the release of nitric oxide, 
and attenuates pressor response to Ang Ⅱ in rat renal 
vasculature[73,92,93]. However, the role of Ang-(1-7) in 
modifying renal vascular responses in HRS has not 
been investigated yet.

The treatment of HRS remains a significant 
challenge. HRS progresses rapidly. Therefore, liver 
transplantation evaluation should begin promptly 
to achieve ideal clinical conditions for successful 
transplantation[77]. Pharmacological and surgical 
interventions have not shown survival benefits but 
serve as temporary modalities to be used as a bridge 
to liver transplantation[77]. Therapy with systemic 
vasoconstrictors has been established as first line for 
HRS. The combination of terlipressin and albumin 
remains the standard of care for treating HRS, based 
on the available evidence[94]. Therefore, novel and 
alternative therapeutic approaches are needed to 
improve survival rate of HRS and to maintain patients 
in satisfactory clinical conditions for liver trans­
plantation[77,94]. In this regard, evaluation of the role 
of molecules that modulate both RAS axes may be 
investigated in HRS[20].

CONCLUSION
RAS plays multiple roles in the pathophysiology of 
liver diseases. The classical RAS axis with its major 
mediator Ang Ⅱ exerts pro-oxidant, fibrogenic, and 
pro-inflammatory actions in the liver. Conversely, the 
counter-regulatory RAS axis with its main effector 
Ang-(1-7) produces opposite actions in liver tissue, 
including anti-inflammatory, anti-oxidative and anti-
fibrotic effects. Therefore, the balance between both 
RAS axes most likely affects the clinical and histo­
pathological expression of liver diseases. 

Pharmacological agents that inhibit Ang Ⅱ formation 
(e.g., ACE inhibitors) or its binding to AT1 receptors 
(e.g., ARAs) have exhibited beneficial effects in 
chronic liver diseases. However, further studies are 
needed to incorporate them into clinical practice. 
Another relevant aspect to be better investigated is 
the elevation of circulating levels of Ang-(1-7) during 
chronic RAS inhibition. In particular, an altered balance 
between Ang Ⅱ and Ang-(1-7) might be involved in 
the mechanisms of action of ACE inhibitors and AT1 
receptor antagonists[95-97]. Therefore, these agents may 
not only blunt the effects of the classical RAS axis (“the 
foe”) but may also activate the counter-regulatory 
RAS axis (“the friend”). Most studies showing the 
therapeutic potential of ACE2-Ang-(1-7)-Mas axis 
are still pre-clinical. To date, Ang-(1-7) has only been 
administered in phase Ⅰ/Ⅱ studies as a putative anti-
proliferative and anti-angiogenic agent to patients with 
advanced cancer refractory to standard treatment 
and as a hematopoietic agent to patients with multi­
lineage cytopenias following chemotherapy[98,99]. These 

studies were very limited in scope but no dose-limiting 
toxicities have been reported. Therefore, further 
research on the contribution of the ACE2-Ang-(1-
7)-Mas axis to the pathophysiology of liver diseases 
might lead to the development of pharmacological 
approaches. These new approaches may, in turn, 
result in the design of molecular or genetic methods 
to increase the expression of ACE2 and increased 
tissue levels of Ang-(1-7) and/or activation of the Mas 
receptor. 
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