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Abstract

Int roduct ion: Liver fi brosis and its end stage, cirrhosis, is an enormous worldwide health 
problem. Hepat ic encephalopathy (HE) or portal-systemic encephalopathy cont inues to 
be a maj or clinical problem of long-term cirrhosis. In this review we emphasise the 
molecular basis of HE and the involvement  of oxidat ive st ress in the development  of this 
disease.
Background: Several studies suggest  that  the pathogenesis of HE could be mult ifactorial 
and have dif ferent  factors implicated, such as alterat ions in blood brain barrier, substances 
such as ammonia and manganese, and disorders in the neurot ransmission of dopamine, 
glutamate and GABA.
Development : HE is a severe complicat ion of both acute and chronic liver failure. 
Neuropathologically, it  is characterized by ast rocyte changes known as Alzheimer type II 
ast rocytosis. In addit ion, ast rocytes manifest  altered expression of ast rocyte-specifi c 
proteins, such as, glial fi bril lary acidic protein, glutamine synthetase, monoamine oxidase 
and peripheral type benzodiazepine receptors.
Conclusions: HE is a complex neuropsychiat ric syndrome associated with liver failure. 
These alterat ions are products of increases in oxidat ive st ress in brain due to neurotoxin 
act ivity. The main st rategy for HE t reatment  is directed at  ammonia reduct ion, which can 
be achieved either by decreasing its absorpt ion/ product ion or increasing its removal.
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Introduction

Hepat ic fi brosis and it s fi nal stage, cirrhosis, represent  an 
enormous health problem worldwide. In Mexico it  is the 
second leading cause of death for product ive-age people1.  
This disease is the result  of  a healing response to chronic 
l iver inj ury from a variety of  causes, including infect ions by 
hepat it is B virus (HBV), hepat it is C virus (HCV), chronic 
alcohol abuse and cholestasis induced by prolonged bil iary 
obst ruct ion2,3.  The molecular pathophysiology of l iver 
cirrhosis is characterised by increased, altered deposit ion 
of ext racellular mat rix proteins, mainly collagen of t ypes I,  
III and IV. The excessive deposit ion of this fi brous t issue in 
the subendothelial space or Disse space decreases the 
blood fl ow exchange between hepatocytes and sinusoidal 
blood (fi g. 1).  The effects of  this fi brous t issue deposit ion 
on the liver cause not  only the metabolic characterist ics of 
advanced liver disease, but  also an impact  on distant  
organs, including the brain4-6.  These condit ions induce 
various complicat ions such as oesophageal varices, 
splenomegaly, ascites, cholestasis, portal hypertension and 
hepat ic encephalopathy (HE)5-10.  HE or portosystemic 
encephalopathy is a serious clinical problem in long-term 
cirrhosis. One of the main characterist ics observed in this 
disease is motor defi cit ,  which includes rigidit y,  asterixis 
and defi cient  muscle coordinat ion11.  In clinical pract ice, HE 
is classifi ed into four categories, with increasingly advanced 
deteriorat ion of mental status in each category (table 1).  It  
is also classifi ed into three main types according to it s 
origin or cause: the fi rst ,  t ype A, is associated with an 
acute hepat ic lesion, t ype B is related to portosystemic 
shunt ing, and type C is associated with cirrhosis and portal 

hypertension with portosystemic shunt ing12.  Addit ionally,  a 
subclinical stage of HE has been described, whose 
prevalence is est imated to vary between 14% in pat ients 
with Child-Pugh A cirrhosis and 45% in pat ients with Child-
Pugh B/ C cirrhosis, according to the Child-Pugh 
classifi cat ion13-15.  The obj ect ive of this review was to 
analyse the informat ion that  has led to clarifying the 
pathophysiology of hepat ic encephalopathy, with special 
emphasis on the molecular aspects involved in the 
development  of  this disease.

Pathogenesis of hepatic encephalopathy

The pathogenesis of HE involves the act ion of neurotoxins 
such as ammonia and manganese, as well as various 
phenomena that  include alterat ions in neurot ransmission, 
blood-brain barrier permeability and energy metabolism 
(fi g. 2). Although HE pathogenesis is complex and not  yet  
fully understood, numerous animal models have been used 
to study the development  of this disease. Addit ionally, the 
advent  of modern cell and molecular biology techniques, as 
well as the use of imaging techniques in neurophysiology, 
has allowed considerable progress in understanding HE 
pathogenesis16.

Neuropathology

Ast rocytes occupy about  one-third of the volume of the 
cerebral cortex and form a segregat ion barrier for the 
neurons from the external environment . They are involved 
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Resumen

Int roducción: La fi brosis hepát ica y su etapa fi nal, la cirrosis, representan un enorme 
problema de salud mundial.  La encefalopat ía hepát ica (EH) o encefalopat ía portosistémi-
ca es una afección clínica de la cirrosis a largo plazo. En esta revisión se destacan las 
bases moleculares de la EH, así como el papel del est rés oxidat ivo en el desarrollo de 
esta enfermedad.
Fuent es: Diversos estudios señalan que la EH es de origen mult ifactorial,  las alteraciones 
en la barrera hematoencefálica, sustancias como el amonio y el manganeso, así como 
alteraciones en la neurot ransmisión de dopamina, glutamato y GABA, se han implicado 
en la patogenia de esta enfermedad.
Desarrol lo: La EH es una complicación severa de la insufi ciencia hepát ica tanto aguda 
como crónica. Neuropatológicamente, se caracteriza por cambios ast rocitarios conocidos 
como ast rocitosis Alzheimer t ipo II y por la expresión alterada de proteínas específi cas de 
ast rocito, como la proteína acídica fi brilar glial,  la glutamina sintetasa, los inhibidores de 
la monoaminooxidasa y los receptores periféricos t ipo benzodiacepina.
Conclusiones: La EH es un síndrome neuropsiquiát rico complej o asociado a una falla he-
pát ica. Estas alteraciones son producto de un incremento de est rés oxidat ivo en el cere-
bro como consecuencia de la acción de neurotoxinas. La principal est rategia para el 
t ratamiento de la EH se dirige a la reducción del amonio, ya sea por la disminución de su 
absorción/ producción o promoviendo su eliminación.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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in several processes essent ial for brain funct ion, they 
maintain and regulate the ext racellular environment , they 
part icipate in free radical scavenging, metal retent ion, 
immune response modulat ion and infl ammat ion, and they 
infl uence neuronal excitabilit y and neurot ransmission11,17,18.  
These cells present  dif ferent  morphological changes. Type II 
Alzheimer ast rocytosis appears during hepat ic cirrhosis and 
ast rocytes acquire a semblance of infl ated cells during 
acute liver failure51.  It  has been documented that  in HE, 
ast rocytes present  an altered expression of ast rocyte-
specifi c proteins such as glial fi bril lary acidic protein (GFAP), 

enzymes such as glutamine synthetase (GS), monoamine 
oxidase (MAO) inhibitors and peripheral benzodiazepine 
receptors (PBR)19.

Role of astrocytes

Among the dif ferent  types of cells in the cent ral nervous 
system (CNS), ast rocytes are an important  source of 
ext racellular proteins and adhesion molecules. These play a 
cent ral role in the format ion of the glial scar after inj ury in 

Table 1 Clinical grades of hepat ic encephalopathy

Grade 1 Lack of awareness, euphoria or anxiety, and reduced at tent ion span

Grade 2 Lethargy, apathy, minimal disorientat ion of t ime and space, personality changes 

and inappropriate behaviour

Grade 3 Drowsiness, confusion and disorientat ion 

Grade 4 Coma
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Figure 1  Molecular pathophysiology of hepat ic fi brosis. 

A: a graph showing the architecture of the Disse space in a normal liver where substances (neurotoxins) that  can damage brain cells 

can be removed. 

B: changes in hepat ic architecture begin with a hepatocyte lesion result ing in the recruitment  and st imulat ion of infl ammatory cells 

in the liver, such as Kupffer cells. Factors released by these infl ammatory cells t ransform hepat ic stellate cells (HSC) into a 

myofi broblast -like phenotype. The act ivated HSC proliferate and secrete large amounts of ext racellular mat rix proteins. 

Subsequent ly, sinusoidal endothelial cells lose their fenest rat ions, thereby producing increased blood fl ow resistance in the hepat ic 

sinusoids. 

C: the loss of normal t issue architecture cont ributes to the deteriorat ion of organ funct ion which culminates in penet rat ion of  

neurotoxins (ammonia and manganese) into the brain and causes oxidat ive st ress and cell death. 

EMC: ext racellular mat rix components; aHSC: act ivated hepat ic stellate cells; qHSC: quiescent  hepat ic stellate cells.
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numerous types of lesions to preserve the integrity of the 
t issue and limit  the area of inj ury, in a process called 
react ive ast rogliosis. The glial scar formed around the lesion 
at tempts to protect  the healthy CNS t issue from secondary 
inj uries; however, at  the same t ime, it  inhibits a possible 
axonal regenerat ion after the lesion20.

Role of neurons

In cont rast  to the morphological changes described for 
ast rocytes, neurons do not  present  changes in cellular 
architecture during HE. In histopathological studies of 
brains from pat ients with chronic liver damage, neurons are 
observed in normal condit ions and quant it ies. In addit ion, 
some markers of neuronal integrity such as N-acetylaspartate 
do not  change in these pat ients. Studies in HE animal models 
provide compelling evidence that  these neuronal death 
mechanisms are similar to those observed in ischemia. 
These mechanisms include NMDA receptor-mediated 
excitotoxicity, oxidat ive/ nit rosat ive st ress, lact ic acidosis 
and the presence of proinfl ammatory cytokines21.

Neurotoxins

Ammonia.  Ammonia (NH3) is the key neurotoxin implicated 
in HE pathogenesis. In recent  years, there has been 

signifi cant  progress in defi ning its involvement  in the genesis 
of cerebral oedema during fulminant  hepat ic failure13,22,23.  
The use of ammonia infusions in rats has shown that  cerebral 
oedema and int racranial hypertension can be experimentally 
induced and that  this phenomenon can be inhibited by 
administering methoxamine sulfate, a GS inhibitor. This has 
led to the concept  that  CNS-derived glutamine part icipates 
in ammonia detoxifi cat ion by producing an osmot ic gradient  
across the blood brain barrier, which leads to cerebral 
oedema and swelling of ast rocytes11,22.  The st ructural and 
neurochemical changes in the brain as a result  of exposure 
to ammonia have been the subj ect  of intense research. 
Ammonia induces ast roglial changes that  cont ribute to cell 
swelling by increasing int racellular glutamine, which causes 
alterat ions in the blood brain barrier affect ing glutamatergic 
neurot ransmission and increasing the expression of neuronal 
nit ric oxide synthase22.

Manganese.  Manganese (Mn2+) is a neurotoxic metal. 
Chronic exposure to it  produces neurological alterat ions 
such as rigidity, t remor and impaired gait 5.  Both defi ciency 
and excess of Mn can have profound effects on the CNS. 
Indust rial or experimental exposure to Mn2+ has been 
associated with affect ive and psychiat ric disorders24.  A 
higher content  of Mn2+ has been found in the basal ganglia 
of cirrhot ic pat ients than in non-cirrhot ic, and it  has been 
correlated with ext rapyramidal symptoms. In vit ro studies 
indicate that  Mn2+ inhibits mitochondrial oxidat ive 
phosphorylat ion, while int racerebral administ rat ion of Mn2+ 
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Figure 2 Alterat ions in the development  of hepat ic encephalopathy. Normal brain funct ion depends on many aspects of normal 

liver funct ioning. Although the brain is protected from neurotoxic substances by the blood brain barrier (characterist ic of blood 

vessels in the brain, which prevents many blood compounds from passing into brain t issue), some neurotoxins can penet rate this 

barrier after an inj ury to the liver such as cirrhosis. This liver disease induces an increase of neurotoxic substances such as ammonia 

and manganese, which in turn induce oxidat ive st ress when they cross the blood-brain barrier and cause damages in neurot ransmission, 

breakdown of energy synthesis and, ult imately, cell death.
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increases lactate and decreases ATP concent rat ions. At  
present , the cell compartmentalizat ion of Mn2+ accumulat ion 
is not  fully understood. Some invest igators have reported 
that  glial cells possess a t ransport  mechanism with high 
Mn2+affi nity, capable of accumulat ing this metal in up to 200 
t imes the ext racellular concent rat ion and with int racellular 
concent rat ions of 50-75 μmol. Addit ional studies have 
revealed that  60-70% of the Mn2+ accumulated is captured 
by mitochondria, while the rest  is located in the 
cytoplasm18,25.  Manganese is a t ransit ion element  that  can 
have dif ferent  oxidat ion states (including Mn2+,  Mn3+ and 
Mn7+).  The t ransit ion from Mn2+ to t rivalent  Mn3+ leads to an 
increased oxidat ive capacity of the metal that  can cause 
product ion of react ive oxygen species (ROS), lipoperoxidat ion 
and/ or damage to the cellular membrane25.  The mechanism 
of Mn2+ neurotoxicity is not  fully understood, although it  has 
been proposed that  a dopaminergic dysfunct ion in the basal 
ganglia could be a possible cause5,22.  Finally, it  has been 
reported that  Mn2+ st imulates dopamine autoxidat ion (DA) 
in dopaminergic neurons, a process accompanied by 
increased format ion of quinones and bound proteins: 
cysteine-DA and cysteine-dihydroxyphenylacet ic acid 
(DOPAC)26,27.

Oxidative stress

Although to date there is lit t le evidence of direct  
involvement  of oxidat ive st ress in pat ients with HE, several 
studies indicate that  oxidat ive st ress plays a key role in HE 
pathogenesis. Although it  has been documented that  the 
factors involved in HE pathogenesis are capable of generat ing 
free radicals and reducing ant ioxidant  capacity in the CNS, 
the exact  involvement  of ROS generated by neurotoxins 
such as ammonia is not  ent irely clear. Recent ly, Kosenko et  
al.28 and Hilgier et  al.29 have shown that  the infusion of 
ammonium into the corpus st riatum of rats results in the 
product ion of hydroxyl radicals. Kosenko et  al.30,31 also 
reported a signifi cant  decrease in the act ivity of ant ioxidant  
enzymes such as glutathione peroxidase, manganese-
superoxide dismutase (SOD-Mn) and catalase, as well as 
increased lipid peroxidat ion and reduced glutathione (GSH). 
In addit ion, Warskulat  et  al.32 observed that  the expression 
of heme oxygenase-1 (HO-1) decreased in rats t reated with 
ammonia, a common phenomenon under condit ions of 
oxidat ive st ress. Posit ive effects have been observed in the 
experimental t reatment  of HE with ant ioxidants (ascorbate, 
alphatocopherol, deferoxamine, butylated hydroxyanisole, 
dimethyl sulphoxide and dimethylurea)33,34.  Negru et  al.35 
ident ifi ed high levels of free radicals in conj unct ion with 
decreased ant ioxidant  capacity due to alcoholic liver 
disease in pat ients with HE. The most  signifi cant  evidence 
of the involvement  of oxidat ive st ress in ammonia 
neurotoxicity has been derived from studies with cell 
cultures. Cultured ast rocytes have been shown to be highly 
suscept ible to oxidat ive st ress, part icularly with 
mitochondrial affectat ion. Although it  is known that  
oxidat ion of lipids, proteins and nucleic acids affects cell 
st ructure and funct ion, the precise consequences of 
oxidat ive st ress in HE/ hyperammonemia are not  completely 
known. However, it  is known that  oxidat ive st ress is 

associated with ast rocyte swelling, a maj or component  of 
cerebral oedema in fulminant  hepat ic failure (FHF), as well 
as with the induct ion of mitochondrial permeabilit y 
t ransit ion (MPT), a phenomenon related to the lack of 
mitochondrial energy. It  is therefore likely that  other 
alterat ions in a state of hyperammonemia are related to 
oxidat ive st ress. Both oxidat ive st ress and nit rosat ive st ress 
can cause MPT. It  is important  to point  out  that  recent  
studies demonst rate the induct ion of MPT by Mn2+ in cultured 
ast rocytes in a concent rat ion-dependent  manner, and that  
both the SOD and vitamin E offer part ial protect ion in this 
phenomenon, thus indicat ing a possible role of oxidat ive 
st ress in Mn2+-induced MPT. The select ive vulnerabilit y of 
ast rocytes to Mn2+ is not  clear36,  although, as noted 
previously, the presence of t ransporters with high affi nity 
for Mn2+ in ast rocytes, as well as an elevated capacity to 
accumulate Mn2++,  may explain ast rocyte suscept ibilit y to 
Mn2+ toxicity.

Neurotransmission dysfunction

Dopaminergic

The mechanism of DA reduct ion in HE has been considered 
as the cause of the accumulat ion of false neurot ransmit ters. 
Increased DA conversion in pat ients with encephalopathy 
increases the concent rat ion of the aromat ic amino acids 
phenylalanine and tyrosine in the brain, both of which are 
precursors of the neurot ransmit ter DA. Addit ionally, it  has 
been reported that  Mn2+ alters dopaminergic t ransmission 
through an increase in DA conversion5.

Glutamatergic

Glutamate is an amino acid and one of the amino acid 
neurot ransmit ters in the brain with an excitatory effect . It  
basically consists of a cent ral carbon atom bound to a 
carboxyl group (COOH) and an amine group (NH3). Cerebral 
glutamate is derived solely from endogenous sources; 
mainly from ketoglutarate, a product  of the Krebs cycle37.  
Neuronal glutamate acts as a neurot ransmit ter for 
communicat ion between neurons, which can be excitatory 
or inhibitory. The excitatory act ion of glutamate in the 
brain and spinal cord of mammals has been known since the 
fi f t ies37,  but  not  unt il the late sevent ies was it  recognized 
that  glutamate is the maj or excitatory t ransmit ter in the 
nervous system of vertebrates38.

GABAergic

Gamma-aminobutyric acid (GABA) is the predominant  
inhibitory neurot ransmit ter in the CNS of mammals. The 
alterat ion of GABAergic neurot ransmission is implicated in 
the pathophysiology of various neurological and 
neuropsychiat ric diseases such as epilepsy, schizophrenia, 
neurodegenerat ive disorders, sleep disorders and hepat ic 
encephalopathy. GABAergic neurot ransmission is mediated 
by GABA, which act ivates the postsynapt ic GABA

A
 receptor 

complex (GRC), a specifi c ligand of chloride-select ive ion 
channels. The channel opens after act ivat ion, allowing 
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chloride to enter and inhibit  the postsynapt ic neuron. The 
alterat ion of GABAergic neurot ransmission in HE was 
proposed more than two decades ago39.

Treatment of hepatic encephalopathy

Recent  advances in the t reatment  of  HE have focused on 
the modifi cat ion of metabolic imbalances. The main 
st rategy in HE t reatment  is aimed at  reducing ammonia, 
which can be achieved by reducing overall product ion /  
absorpt ion or increasing it s eliminat ion. Tradit ionally,  it  is 
known that  the gast ric cavit y is the main site of  ammonia 
product ion, so current  st rategies are directed towards 
methods of reducing the product ion /  absorpt ion of 
ammonia in the intest ine. The priorit y of  t reatment  has 
focused on rest rict ing protein in the diet  (table 2).  In 
pract ice, the most  commonly used agents are non-
absorbable disaccharides such as lactulose and lact itol.  
These act  by promot ing bowel movements, thus affect ing 
bacterial metabolism, including the product ion and 
absorpt ion of ammonia11,22,23.  Ant ibiot ics such as neomycin, 
tet racycline, met ronidazole and vancomycin are used to 
reduce the bacterial fl ora and thus ammonia product ion as 
a result  of  the degradat ion of urea and other proteins. New 
agents such as sodium benzoate and L-ornithine L-aspartate 
(LOLA) are aimed at  the metabolic eliminat ion of ammonia. 
For over 25 years, non-absorbable disaccharides have been 
the main t reatment  used. However, these non-absorbable 
disaccharides have been used as t reatment  without  an 
adequate evidence base. In a systemat ic review of 22 
randomized t rials on the use of lactulose/ lact itol for 
hepat ic encephalopathy, Bodils Als-Nielsen et  al. 40 
concluded that  there is insuffi cient  evidence to recommend 
or discourage their use.

Experimental models of hepatic 
encephalopathy

In a suit able model for HE st udy,  t he experiment al 
animals should exhibit  t he t ypical  sympt oms of  l iver 
disease in addit ion t o present ing neurological  changes 
such as t he presence of  t ype II Alzheimer ast rocyt es.  The 
fol lowing sect ion describes some of  t he models used in 
HE st udy.

Surgical models

These models do not  fully meet  the criteria out lined 
previously for an HE animal model. In one of the surgical 
models, the blood is shunted from the portal vein direct ly 
to the caudal vena cava, thus bypassing the liver. This has 
the maj or disadvantages that  it  can only be reversed by 
t ransplantat ion and that  the type of coma is dif ferent  from 
that  observed in pat ients. A more appropriate surgical 
model is the one using complete devascularizat ion of the 
liver by a permanent  portocaval bypass in the hepat ic 
artery. This procedure is irreversible, so temporary ligat ion 
of the hepat ic artery is the most  appropriate surgical model 
for the study of HE41.

Models of hepatotoxicity

It  has been reported that  there is a correlat ion between 
brain concent rat ions of aromat ic amino acids and 
experimental hepat ic encephalopathy induced by carbon 
tet rachloride (CCl

4
,  1ml/ kg, 3 t imes a week for 10 weeks). 

The brain concent rat ions of aromat ic amino acids, especially 
tyrosine (Tyr) and phenylalanine (Phe), in rats with hepat ic 
encephalopathy were increased with respect  to cont rols. 
The increase of Tyr and Phe in the brain, caused by 
hyperammonemia, as well as elevated blood Phe and Tyr 
values, could be fundamental in the development  of hepat ic 
encephalopathy42.  The model of liver damage induced by 
t reatment  with thioacetamide (TAA) presents ast rocyt ic 
infl ammat ion and changes similar to those observed in the 
brains of pat ients with HE43.  However, although TAA-induced 
HE affects the cerebral glutamatergic system, dif ferences 
in experimental design (such as the number of administ rat ions 
or the drug dose) have yielded dif ferent  results44.

Surgical and chemical combination

The combinat ion of surgical and chemical models has been 
used successfully in each of the three exist ing types of HE. 
The proposed models for type A HE (associated with acute 
liver failure) include t reatment  with hepatotoxic drugs, 
part ial or total devascularizat ion and part ial or total 
hepatectomy. To date there is no good model for the study 
of chronic HE. Perhaps the most  effect ive and most  used is 

Table 2 Drugs used in the t reatment  of hepat ic encephalopathy

N-acetylcysteine Restores glutathione stores

Sodium benzoate Enhances ammonia excret ion 

Indometacin Normalises int racranial pressure

Carnit ine Improves mitochondrial funct ion and reduces free radical product ion by mitochondria

Lactulose Decreases ammonia absorpt ion after intest inal pH change (osmot ic cathart ics) 

Neomycin Inhibits the growth of urease-producing bacteria and decreases the amount  of ammonia 

produced in the gast rointest inal t ract

Rifaximin Nonabsorbable oral ant ibiot ic that  decreases the serum concent rat ion of ammonia
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the portocaval shunt , but  this is only a good model for type 
B HE. Other type B models carry out  part ial l igat ion of the 
portal vein to simulate the portosystemic shunt . Finally, the 
models proposed for type C chronic HE (in conj unct ion with 
cirrhosis and portal hypertension) require the use of 
hepatotoxins, such as intoxicat ion by CCl

4
 or TAA or, failing 

that , bile duct  obst ruct ion. While it  is t rue that  biliary t ract  
ligat ion can induce HE by itself ,  exposure to neurotoxins 
(such as Mn2+),  together with liver damage (by hepatotoxins 
or surgical methods), is the method that  best  simulates HE 
pathogenesis45.

Intravenous injection of galactosamine 
hydrochloride

Although in this model the animals show effects similar to 
acute severe hepat ic encephalopathy, there are many 
obj ect ions to it s use. Dif ferent  types of responses have 
been reported among the animal species used; in addit ion, 
the drug is cost ly and there are diffi cult ies in generat ing 
hepat ic encephalopathy46.

Chronic and systemic exposure to endotoxins

It  has been reported that  plasma concent rat ions of gut -
derived endotoxin (lipopolysaccharides) are often elevated 
in pat ients with cirrhosis, and they are thought  to cont ribute 
to HE establishment . This type of experimental model was 
developed to mimic the “ leaky gut ”  syndrome, that  is, the 
t ranslocat ion of endotoxins from the bloodst ream in 
cirrhot ic pat ients47.

New therapeutic strategies in HE

Hepat ic encephalopathy is a signifi cant  cause of morbidity 
and mortalit y in pat ients with advanced chronic liver 
disease. Current  t reatments have side effects, besides a 
high cost  and incomplete effi cacy. The most  useful therapy 
in HE should include the healing of liver failure, since signs 
of cerebral oedema disappear rapidly when there is an 
improvement  of the liver in pat ients with acute liver failure 
and HE48.  Although dif ferent  therapeut ic procedures for HE 
have been used, many of them are complementary and 
include the manipulat ion of intest inal amino acid product ion 
to change the bacteria in the colon by administering high 
doses of urease in bacteria (Lact obacil lus acidophilus),  as 
well as the use of drugs act ing on the urea cycle to improve 
HE in a manner similar to the administ rat ion of lactulose 
and some diets enriched with branched chain amino acids. 
Liver t ransplantat ion is obviously the most  aggressive 
t reatment  to improve liver failure manifestat ions, but  in 
some chronic cases there is no improvement  in neurological 
signs or recovery is only part ial48.  Moreover, although chronic 
ant ibiot ic administ rat ion has proven effect ive in HE 
t reatment , serious adverse effects have been reported with 
the use of neomycin or met ronidazole. Some researchers 
have examined the use of rifaximin, a nonabsorbable 
derivat ive of rifamycin with a broad spect rum of act ivity 

against  gram-posit ive and aerobic and anaerobic gram-
negat ive bacteria, for HE t reatment . Rifaximin appears to 
offer greater benefi ts in terms of safety, effi cacy and 
tolerabilit y profi le than lactulose and possibly neomycin49.  A 
quaternary ammonium L-acyl-carnit ine compound has also 
been proposed as a powerful,  low-cost , safe alternat ive 
t reatment  for pat ients with cirrhosis and HE50.  A study 
carried out  by Galvez-Gastelum et  al.  evaluated the effects 
of gene therapy with adenoviral vectors containing human 
cDNA with urokinase-type plasminogen act ivator and 
metalloprotease 8 (Ad-huPA and Ad-MMP8, respect ively) in 
hepat ic fi brosis and HE-induced symptoms (Mn2+ accumulat ion 
and DA metabolism). Their study used Wistar rats which, 
after bile duct  ligat ion (BDL), received 1 mg/ ml of MnCI

2
 in 

their drinking water (BDL/ Mn2).  Subsequent ly, 
encephalopathic and cirrhot ic animals were t reated with 
the therapeut ic vectors. It  was found that  animals with 
BDL/ Mn2 presented motor alterat ions such as t rembling, 
muscle rigidity and gait  disturbance; these symptoms 
decreased signifi cant ly after gene therapy with Ad-huPA and 
Ad-MMP8. In addit ion, it  was found that  liver fi brosis 
decreased after t reatment  and dopamine concent rat ions in 
the brain (corpus st riatum) increased compared with rats 
suffering encephalopathy without  therapy. Unt reated 
cirrhot ic animals presented an abnormal morphology of the 
cellular elements (gliosis) of the corpus st riatum and 
substant ia nigra, where the expression of glial fi bril lary 
acidic protein (GFAP) had increased and that  of tyrosine 
hydroxylase (TH) had decreased. These anomalies decreased 
with Ad-huPA and Ad-MMP8. The t reatment  was therefore 
effect ive in reversing experimental fi brosis and hepat ic 
encephalopathy (unpublished data).

Conclusions

Hepat ic encephalopathy is a complex neuropsychiat ric 
syndrome associated with fulminant  hepat ic failure, chronic 
parenchymal liver disease or portosystemic shunt . Its 
symptoms vary from subt le changes in mentalit y and motor 
defi cits, such as rigidity, asterixis (shaking, t remor) and 
poor muscle coordinat ion, as well as alterat ions of 
physiological circadian cycles and complete loss of 
consciousness (hepat ic coma). Although HE pathogenesis is 
complex and not  yet  fully understood, numerous animal 
models for the study of HE have been developed. The results 
of previous studies indicate that  HE pathogenesis may be 
mult ifactorial,  involving various factors such as blood-brain 
barrier alterat ions, substances such as ammonia and 
manganese, and neurot ransmission of dopamine, glutamate 
and GABA. These changes are the result  of neurotoxin-
mediated oxidat ive st ress in the brain. Therapies for HE 
t reatment  have focused on modifying metabolic disturbances 
in HE (neurot ransmission), as they relate to the hypothesis 
of ammonia. The main st rategy for HE t reatment  is aimed 
at  reducing ammonia, either by decreasing its absorpt ion or 
increasing its eliminat ion. Tradit ionally, it  has been thought  
that  the intest ine is the maj or site of ammonia product ion, 
so current  st rategies are directed towards methods of 
reducing the absorpt ion /  product ion of ammonia in the 
intest ine.
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