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TREATMENT OF HEPATIC 
ENCEPHALOPATHY AND LIVER 

CIRRHOSIS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a divisional of application Ser. 
No. 12/429,832, filed Apr. 24, 2009, which is a continuation­
in-part of international application no. PCT/IL07/001300, 
filed Oct. 25, 2007, which claims the benefit of three U.S. 
provisional application Nos. 60/854,073, filed Oct. 25, 2006, 
60/929,443, filed Jun. 27, 2007 and 60/929,444, filed Jun. 
27, 2007. The entire content of the above applications are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to a composition and meth­
ods for the treatment or prevention of hepatic encephalopa­
thy and liver cirrhosis. 

BACKGROUND OF THE INVENTION 

2 
thesis for the removal of blood-borne ammonia. Since 
glutamine synthetase is dependent on an adequate level of 
ATP to amidate glutamate to glutamine, ammonia intoxica­
tion results in depletion of brain ATP resources and even-

5 tually cell death (Ott et al., 2005; Hardie, 2004). Finally, 
decreased glucose utilization in the brain may be compen­
sated by mobilization of amino acids to provide carbon 
skeletons as substrates for energy metabolism. Yet, attempts 
to balance energy failure at the expense of cerebral proteins 

10 may end in destructive brain proteolysis (Hardie and Car­
ling, 1997). 

However, other factors such as an inflanimatory response 
and astrogliosis in the brain are also implicated in hepatic 

15 
encephalopathy. 

The AMP-activated protein kinase (AMPK) is an evolu­
tionarily conserved metabolic master switch. AMPK is 
allosterically activated by 5'-AMP, which accumulates fol­
lowing ATP hydrolysis. Conversely, high ATP antagonizes 

20 the activating effects of 5'-AMP on AMPK. AMP binding to 
AMPK leads to activation of the enzyme by inducing a 
conformational change exposing threonine-I 72 in the cata­
lytic domain, which undergoes phosphorylation by an 
upstream AMPK kinase (AMPKK) (Hawley et al., 1996). 

Cirrhosis is a consequence of acute and chronic liver 25 

disease characterized by replacement of liver tissue by 
fibrotic scar tissue as well as regenerative nodules, leading 

Once activated, it switches on catabolic pathways ( such as 
fatty acid oxidation and glycolysis) and switches off ATP­
consuming pathways (such as lipogenesis) both by short­
term effect on phosphorylation ofregulatory proteins and by 
long-term effect on gene expression (Foretz et al., 2006). 

to progressive loss of liver function. Cirrhosis is most 
commonly caused by alcoholism, hepatitis C, toxins and 
fatty liver but has many other possible causes. 

Ascites (fluid retention in the abdominal cavity) is the 
most common complication of cirrhosis and is associated 
with a poor quality of life, increased risk of infection, and a 
poor long-term outcome. Other potentially life-threatening 
complications are hepatic encephalopathy and bleeding 
from esophageal varices. Today, cirrhosis is generally irre­
versible once it occurs, and treatment generally focuses on 
preventing progression and complications. In advanced 
stages of cirrhosis the only option is a liver transplant. 

30 Stresses such as nutrient depletion, hypoxia, heat shock, 
metabolic poisoning and exercise, all activate AMPK by 
their effect on the ratio of 5'-AMP to ATP. AMPK, in tum, 
phosphorylates multiple targets, which switch off anabolic 
pathways and stimulate catabolic ones. AMPK was recently 

35 recognized as a key regulator of whole body energy metabo­
lism (Minokoshi et al., 2004). Cerebral AMPK responds to 
integration of nutritional and hormonal input. Hypothalamic 
AMPK controls energy balance via regulation of food 
intake, body weight and glucose and lipid homeostasis 

Modem medicine defines hepatic encephalopathy (HE) as 
a neuropsychiatric syndrome, which is associated with acute 
or chronic liver dysfunction and has quantitatively and 
qualitatively distinct features relating to its severity. In 
cirrhosis, cerebral dysfunction is heterogeneous ranging 
from mild neuropsychiatric and psychomotor dysfunction, 
impaired memory, increased reaction time, sensory abnor­
malities and poor concentration to severe features such as 
confusion, stupor, coma and eventually death. 

40 (Dagon et al., 2005; Pagotto et al., 2005). Hippocampal 
AMPK controls cognitive function via regulation of neuro­
genesis and neuroapoptosis (Dagon et al, 2005). 

The cannabinoid (CB) system consists of two receptor 
subtypes. The CB-1 receptors are predominantly found in 

45 the brain, while the CB-2 receptors are mostly found in the 
peripheral tissue (Matsuda, et al., 1990). The main endog­
enous endocannabinoids are small molecules derived from 
membrane arachidonic acid, such as anandamide(arachi-

Hepatic encephalopathy is caused by disorders affecting 
the liver including disorders that reduce liver function (such 50 

as cirrhosis or hepatitis) and conditions where there is 
impaired blood circulation in the liver. 

While the symptoms of hepatic encephalopathy are well 
documented, its pathogenesis is not clear yet and a number 
of possible scenarios have been suggested. First, liver failure 55 

induces impaired glucose oxidative pathways and increased 
lactate synthesis in the brain which results in energy failure. 
Second, hypoglycemia and hypoxia are also major contribu­
tors to the energy failure seen in hepatic encephalopathy. 
Third, ammonia is considered to play a major role in the 60 

pathogenesis of the neuropsychiatric disturbances observed 
in hepatic encephalopathy. The liver is the major organ for 
detoxifying ammonia. When the liver fails the body is 
incapable of efficiently converting ammonia to urea or 
glutamine, resulting in systemic hyperammonemia includ- 65 

ing the brain. Unlike the liver, the brain lacks an effective 
urea cycle and therefore relies entirely on glutamine syn-

donoylethanolamide) and 2-arachidonoylglycerol (2-AG) 
(Iversen, 2000; Berry et al., 2002). D9-tetrahydrocannabinol 
(THC), the major psychoactive constituent of the Cannabis 
plant, is a cannabinoid agonist which produces a myriad of 
complex pharmacological effects (Baker et al., 2003; Avra­
ham et al., 2006). It is now recognized that most of the 
central effects of endogenous as well as exogenous cannabi­
noids are mediated through the CB-1 receptor, a family of 
G-protein-coupled receptors. Cerebral CB-1 receptors are 
part of the complex mechanisms involved in the control of 
energy balance via regulation of food intake and body 
weight (Teixeira-Clerc et al., 2006). The endocannabinoid 
system has also been demonstrated to exert neuroprotective 
effects in several types of cerebral insults via regulation of 
motor control, cognition, emotional responses, motivated 
behavior and homeostasis (Julien et al., 2005). 

The endocannabinoid system was shown to have an 
important role in the pathogenesis of hepatic encephalopa­
thy. Modulation of this system, either by specific antagonists 
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to the CBI cannabinoid receptor, or by agonists specific for 
the CB2 receptor, such as HU-308 was shown to be effective 
(Avraham et al., 2006). 

4 
stage to the other; shortening the length of an hepatic 
encephalopathy episode and lengthening the period between 
episodes. 

The term "treatment" is also meant to refer to preventive 
SUMMARY OF THE INVENTION 5 or prophylactic treatment-meaning that a person known to 

have liver dysfunction or to be at risk for developing liver 
dysfunction (for example, due to hepatitis C) is administered 
with THC, cannabidiol or capsaicin, even before manifes­
tation of hepatic encephalopathy in order to prevent its 

10 

The present invention is based on the surprising finding 
that D9-tetrahydrocannabinol (THC) is effective in the treat­
ment of hepatic encephalopathy. This finding is surprising in 
view of the fact that THC was previously known to have 
about equal affinity both to the CBI and the CB2 receptors 
and the above-mentioned Avraham et al, 2006 publication 
teaches that modulation of the endocannabinoid system is 
effected either by specific antagonists to the CBI cannabi­
noid receptor or by agonists specific for the CB2 receptor. 15 

The present invention is further based on the findings that 
cannabidiol (CBD) and capsaicin are effective in the treat­
ment of hepatic encephalopathy. This finding is also sur­
prising since cannabidiol does not exert its physiological 
activity through neither of the CBI or the CB2 receptors 20 

while capsaicin is known to act through the vanilloid recep­
tors subtype 1. 

Accordingly, the present invention relates to a compound 
selected from D9-tetrahydrocannabinol (THC), cannabidiol 
or capsaicin, comprising said compound, for prevention, 25 

treatment, or both, of hepatic encephalopathy. 

occurrence. 
The terms "THC" or "D9-tetrahydrocannabinol" are used 

herein interchangeably for the compound (-)-(6aR,10aR)-
6,6,9-trimethyl-3-pentyl-6a, 7,8, 1 0a-tetrahydro-6H-benzo[ c] 
chromen-1-ol. This substance may be isolated from the 
natural source (cannabis), for example, in accordance with 
the method in Gaoni and Mechoulam (1964) or may be 
synthetically produced such as dronabinol, which is avail­
able as a prescription drug (under the trade name Marino!™ 
of Unimed Pharmaceuticals, Inc.) 

The present invention also relates to a compound selected 
from capsaicin, 2-arachidonoylglycerol (2-AG), HU-308 or 
cannabidiol for prevention, treatment, or both, of liver 
cirrhosis. 

The invention further relates to the use of capsaicin, 
cannabidiol (CBD), 2-arachidonoylglycerol or HU-308 for 
the preparation of a medicament for prevention, treatment, 
or both, of liver cirrhosis. 

Furthermore the invention concerns a method for the 

The present invention also relates to pharmaceutical com­
position comprising a compound selected from D9-tetrahy­
drocannabinol (THC), cannabidiol or capsaicin, for preven­
tion, treatment, or both, of hepatic encephalopathy. 

Furthermore a method for prevention, treatment, or both, 
of hepatic encephalopathy comprising administering to a 
subject in need an effective amount of a compound selected 
from the group consisting ofD9-tetrahydrocannabinol, can­
nabidiol and capsaicin, is provided. 

30 prevention, treatment, or both, of liver cirrhosis comprising 
administering to a subject a therapeutically effective amount 
of capsaicin, cannabidiol, 2-arachidonoylglycerol or 
HU-308. 

The term "liver cirrhosis" as used herein refers to any 
35 stage in the development of the pathological condition, from 

very initial development of fibrotic scar tissue to full-blown 
liver cirrhosis. Examples of diseases or conditions that are 
known to lead to liver cirrhosis are, but are not limited to: 

The term "hepatic encephalopathy", in the context of the 
invention, and in accordance with the World Congress of 
Gastroenterology 1998 in Vienna, refers to all subclasses of 
the disease as follows: Type A (acute), hepatic encephalopa­
thy associated with acute liver failure; type B (bypass), 40 

caused by portal-systemic shunting without associated 
intrinsic liver disease; and type C (cirrhosis), occurring in 
patients with cirrhosis. 

alcoholic liver disease, chronic viral hepatitis (Type B and 
C), chronic bile duct blockage, metabolic diseases resulting 
in abnormal storage of copper (Wilson's disease) or iron 
(Hemochromatosis ). Cirrhosis may also be caused by expo­
sure to drugs and toxins, by autoimmune processes such as 
autoimmune hepatitis, by inherited diseases such as cystic This term refers to all durations and characteristics of 

hepatic encephalopathy and includes episodic, persistent and 
minimal. The term "minimal encephalopathy" refers to 
patients with cirrhosis who do not demonstrate clinically 
overt cognitive dysfunction, but who show a cognitive 
impairment on neuropsychological studies. 

45 fibrosis and alpha antitrypsin deficiency, and by obesity (so 
called "fatty liver" or nonalcoholic steatohepatitis). Further­
more, severe reactions to prescription drugs, prolonged 
exposure to environmental toxins such as arsenic, the para­
sitic infection schistosomiasis, and repeated bouts of heart 

The evaluation of severity of persistent hepatic encepha­
lopathy is based on the West Haven Criteria for semi­
quantitative grading of mental status, referring to the level of 
impairment of autonomy, changes in consciousness, intel­
lectual function, behavior, and the dependence on therapy, 
and includes: Grade I-trivial lack of awareness; euphoria 

50 failure with liver congestion can all lead to cirrhosis. 
The treatment may be initiated when a disease is estab­

lished to stop or slow disease progression. Alternatively, as 
many of the conditions ( e.g. hepatitis, excessive consump­
tion of alcohol and obesity) are evident long before cirrhosis 

or anxiety; shortened attention span; impaired performance 
55 develops, often many years before, capsaicin, cannabidiol, 

2-AG or HU-308 may be given in a preventive prophylactic 
manner to prevent or delay the onset of cirrhosis. of addition. Grade 2-lethargy or apathy; minimal disori­

entation for time or place; subtle personality change; inap­
propriate behavior; impaired performance of subtraction. 
Grade 3-sonmolence to semistupor, but responsive to 60 

verbal stimuli; confusion; gross disorientation. Grade 
4----Coma (unresponsive to verbal or noxious stimuli). 

The term "treatment" in the context of the present inven­
tion refers to at least one of the following: decrease in the 
severity of at least one undesired side effect associated with 65 

the disease; improvement in the overall cognitive function of 
the treated subject; delay in the progression from one disease 

BRIEF DESCRIPTION OF THE FIGURES 

The patent or application file contains at least one drawing 
executed in color. Copies of this patent or patent application 
publication with color drawings will be provided by the 
Office upon request and payment of the necessary fee. 

In some of the following figures, the level of significance 
of differences between treatment groups is designated with 
one, two or three asterisks(s). 
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FIGS. 12A-B depict the effect of cannabidiol (CBD) 
treatment of chronic liver failure induced by bile duct 
ligation (BDL) on IL-1~ mRNA level in the hippocampus 
relative to Sham operated animals. 12A, RT-PCR gel sepa­
ration; 12B quantification of measurements done on the gel 
depicted in 12A. L19, ribosomal protein commonly used as 
invariant control gene; AUC, area under the curve. 

FIG. 1 shows D9-tetrahydrocannabinol (THC)-induced 
AMPK activation following thioacetamide (TAA)-induced 
liver failure in mice. Mice were administrated with saline or 
TAA. After 5 days, mice were treated with 0.1-10 mg/kg 
THC for 1 h. AMPK expression and phosphorylation on 5 

Thrl 72 were analyzed by immunoblotting. Black colunms 
represent control group and the gray colunms represents the 
TAA-treated group. 

FIGS. 2A-E show that THC activates AMPK and 
improves impaired brain function in TAA-induced liver 
failure in mice. Mice were treated with TAA for 5 days, then 
0.1 mM THC was administrated daily for 5 days. (2A) 
Hippocampal AMPK expression and phosphorylation on 
Thr 172 were analyzed by immunoblotting. P-AMPK, phos­
phorylated AMPK. (2B) Mice were treated as above and 15 

performance in an eight arm maze was measured every day 
after the THC treatment. AUC, area under the curve. (2C) 
Activity score. (2D) Neurological score under the same 
conditions. (2E) Catecholamines levels were analyzed by 
HPLC. DA, dopamine. 

FIG. 13 shows the effect of cannabidiol (CBD) treatment 
of chronic liver failure induced by bile duct ligation (BDL) 

10 on oxidative stress in the liver. MDA, malondialdehyde. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Our study shows that AMPK is potently activated in 
murine models of hepatic encephalopathy. This correlates 
with the observed hyperanimonia and hypoglycemia-two 
major causes of cerebral energy depletion. Nonetheless, as 

FIGS. 3A-F show the effect ofAICARand THC treatment 
on hepatic failure. Mice were treated with TAA or saline and 
then with 0.5 mM AICAR or 0.1 mg/I THC. Blood plasma 
was obtained for liver functions analysis. (3A) Ammonia; 
(3B) Bilirubin; (3C) alanine transaminase (ALT); (3D) 
aspartate aminotransferase (AST); (3E) gamma-glutamyl­
transferase (GGT); (3F) Glucose. 

20 found in acute hepatotoxicity (caused by TAA), this 
response decreases with time, and eventually reaches the 
same level as that of the chronic stress induced by bile duct 
ligation. Such a cerebral adaptation response fails to meet 
the intact brain energy requirements and may be augmented 

25 by pharmacological means (AICAR). 

FIGS. 4A-F depict histopathological changes in the liver 
after treatment with TAA. 4A, normal mouse liver histology­
score =0; 4B, mild centrilobular necrosis/apoptosis 30 

(score=!); FIG. 4C, Centrilobular coagulative necrosis 
(score=2); 4D, Central to central (bridging) necrosis 
(score=3); 4E, massive necrosis effacing liver architecture 
(score=4); 4F, higher magnification of liver centrilobular 
area (score=!). 35 

FIGS. SA-B show TAA effect on (SA) alanine transami­
nase (ALT) and (SB) aspartate aminotransferase (AST) in 
mice treated with different cannabinoid receptor ligands. 

FIGS. 6A-B show effect of 2-arachidonoylglycerol 
(2-AG) and SR141716A on blood ALT (6A) and AST levels 40 

(6B) in TAA treated CB2-KO mice. 
FIGS. 7A-B show that capsaicin significantly reduces 

both the ALT (7A) and the AST (7B) level in TAA treated 
mice. 

FIGS. SA-F depict glial cell staining at the area of 45 

hippocampus in naive animals (SA), and astrogliosis fol­
lowing TAA administration (SB-F). Hepatic encephalopathy 
induced intensive glial fibrillary acidic protein (GFAP, a 
marker for glial cells) staining intensity and increased pro­
cess complexity. These changes were minimal following 50 

capsaicin-(SC), CBI antagonist-(SD) and CB2 agonist­
(SE) treatment, whereas CB2 antagonist administration (SF) 
did not alter either the number or morphology of activated 
astroglia compared to untreated animals (SB). 

FIGS. 9A-C show that capsaicin significantly improves 55 

TAA-induced impaired cognitive function (9A), poor activ-
ity performances (9B) and reduced neurological score (9C). 

FIGS. lOA-B depict the effect of 2-AG treatment of 
chronic liver failure induced by bile duct ligation (BDL) on 
cognitive impairment (lOA) and motor impairment (lOB) 60 

relative to Sham operated animals. AUC, area under the 
curve. 

In light of this, pharmacological activation of AMPK 
might provide a new strategy for the management of hepatic 
encephalopathy. However, unselective drugs such as 
AICAR, which activate AMPK under normal as well as 
under stress conditions, are not suitable for clinical use. 
THC, the main active constituent of marijuana, has been 
repeatedly demonstrated to cause brain dysfunction and 
neurotoxicity (Mishima et al., 2001). This finding is in line 
with our observations disclosed herein below of its ability to 
stimulate AMPK. In addition, these studies have used high 
dosage of THC (1-15 mg/kg), quantities that we found 
necessary for AMPK activation under normal circum­
stances. 

It is a finding of the present invention that the quantity of 
THC required to activate AMPK drops (from 10 mg/kg in 
healthy animals to 0.1 mg/kg in experimental hepatic 
encephalopathy animals) as shown herein below. Therefore, 
THC could be suitable as a selective agent that could 
function as a "stress specific drug" by activating AMPK only 
under pathological conditions. 

The surprising fact that THC, which has about equal 
affinity for the CBI and CB2 receptor, was effective in the 
treatment of induced hepatic encephalopathy in animal 
models, motivated us to investigate other compounds known 
to interact with receptors other than the endocarmabinoid 
receptors. For example, capsaicin, suggested by Di Marzo et 
al (1998) to interact with the endocarmabinoid system, acts 
on neural cells via vanilloid receptors subtype 1 (VRl, also 
known as transient receptor potential 1 TRPVl), a non­
selective cation channel, which can be blocked by 
capsazepine. As shown herein below, capsaicin treatment of 
induced hepatic encephalopathy in animal models resulted 
in both improved hepatic and brain functions. 

A second compound tested herein to treat the animals is 
carmabidiol, an active ingredient of Carmabis Sativa devoid 
of adverse effects related to the CBI receptor owing to its 
CBI-independent mechanism of action. Carmabidiol is also 
a very potent anti-inflammatory agent. It is a finding of the 

FIGS. llA-B depict the effect of cannabidiol (CBD) 
treatment of chronic liver failure induced by bile duct 
ligation (BDL) on cognitive impairment (llA) and motor 
impairment (11) relative to Sham operated animals. AUC, 
area under the curve. 

65 present invention that carmabidiol improves impaired brain 
and liver function in experimental hepatic encephalopathy in 
animal models. Furthermore, two additional cannabinoids, 
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2-AG and HU-308 were shown herein to positively affect 
liver function in experimental hepatic encephalopathy in 
animal models. 

The present invention thus provides a compound selected 
from D9-tetrahydrocannabinol (THC), cannabidiol and cap- 5 

saicin for prevention, treatment, or both of hepatic encepha­
lopathy. 

In one preferred embodiment the compound is D9-tetra­
hydrocannabinol. In another preferred embodiment the com­
pound is cannabidiol. In still another preferred embodiment 10 

the compound is capsaicin. 

8 
The invention further provides a pharmaceutical compo­

sition for prevention, treatment, or both, of hepatic encepha­
lopathy or liver cirrhosis, comprising cannabidiol or cap­
saicin and a pharmaceutically acceptable carrier. 

The invention will now be illustrated by the following 
non-limiting examples. 

EXAMPLES 

Materials and Methods 
(i) Reagents. THC, SR141716A, SR144528 and CBD 

were provided by Prof. Raphael Mechoulam (Faculty of 
Medicine and Department of Pharmacology, Hebrew Uni­
versity of Jerusalem). Hepatotoxin thioacetamide (TAA) and 

The compound may be formulated in any suitable form 
for administration, preferably in an oral, parenteral, sublin­
gual or intranasal dosage form. 

According to the present invention, D9-tetrahydrocan­
nabinol, cannabidiol and capsaicin are intended for preven­
tion and/or treatment of all subclasses of hepatic encepha­
lopathy as described above, i.e. Type A, Type B or Type C, 
preferably type A or type C. 

15 capsaicin were obtained from Sigma-Aldrich (Rehovot, 
Israel). 5-aminoimidazole-4-carboxamide ribonucleoside 
(AICAR) was obtained from Toronto Research Chemicals 
(TRC). HU-308 was synthesized as described in Hanus et al. 

20 

(1999). 
(ii) Mice. Eight- to 10-week old female Sabra mice (29-32 

g), obtained from the animal facility of the Hebrew Univer­
sity, Israel, were assigned at random to different groups of 10 
mice per cage and were used in all experiments. All cages 
contained wood-chip bedding and were placed in a tempera-

The present invention further provides a pharmaceutical 
composition for prevention, treatment, or both, of hepatic 
encephalopathy comprising a compound selected from 
D9-tetrahydrocannabinol, cannabidiol and capsaicin and a 
pharmaceutically acceptable carrier. 

The present invention also concerns a method for preven­
tion, treatment, or both, of hepatic encephalopathy compris­
ing administering to a subject in need a therapeutically 
effective amount of a compound selected from D9-tetrahy­
drocannabinol (THC), cannabidiol and capsaicin. 

25 ture-controlled room at 22° C., on a 12 h light/dark cycle 
(lights on at 07.00 a.m.). The mice had free access to water 
24 h a day. The food provided was Purina chow, the animals 
were maintained in the animal facility (SPF unit) of the 
Hebrew University Hadassah Medical School, Jerusalem. 

In one aspect the present invention relates to a compound 
selected from capsaicin, 2-arachidonoylglycerol (2-AG), 
HU-308 or cannabidiol for prevention, treatment, or both, of 
liver cirrhosis. 

30 CB-2 KO mice were provided by Prof. Zimmer, Institute of 
Molecular Psychiatry, University of Bonn, Germany. 

The invention further relates to a pharmaceutical compo- 35 

sition comprising a compound, selected from capsaicin, 
2-arachidonoylglycerol (2-AG), HU-308 or cannabidiol for 
prevention, treatment, or both, of liver cirrhosis 

In one preferred embodiment the compound is 2-arachi­
donoylglycerol. In another preferred embodiment the com- 40 

pound is HU-308. In still another preferred embodiment the 
compound is capsaicin. In yet another preferred embodiment 
the compound is cannabidiol. 

The term "prevention of liver cirrhosis" refers herein to 
preventing or slowing the deterioration of any damage 45 

caused to the liver tissue, such as the accumulation of 
fibrotic scar tissue, by factors known to cause cirrhosis such 
as, but not limited to, alcoholic liver disease, chronic viral 
hepatitis type C, chronic viral hepatitis type B, chronic bile 
duct blockage, Wilson's disease, hemochromatosis, expo- 50 

sures to drug and toxins, autoimmune hepatitis, cystic fibro­
sis, alpha antitrypsin deficiency, obesity or schistosomiasis. 

It is envisioned that prevention of the development of 
liver cirrhosis can be achieved by treating subjects in need, 
such as alcoholics, people infected with hepatitis C and 55 

obese people, at very early stages of their disease or con­
dition, even before appearance of physical symptoms of 
liver cirrhosis. 

Mice were sacrificed after treatment by decapitation 
between 10.00-12.00 a.m. Brains were rapidly removed and 
were dissected out and kept at - 70° C. 

(iii) Induction of hepatic failure 
(iiia) Bile duct ligation. A midline incision was made 

under general anesthesia. The common bile duct was local­
ized, doubly ligated, and cut between these two ligatures. In 
sham animals, a midline incision was performed, but with 
BDL. 

(iiib) TAA. A single dose of 200 mg kg-1 of TAA was 
injected by the intraperitoneal route (i.p.). 24 hours after 
injection all animals (including control) were injected (s. c) 
with 0.5 ml solution of0.45% NaCl, 5% dextrose and 0.2% 
KC! in order to prevent hypovolemia, hypokalemia and 
hypoglycemia. The mice were intermittently exposed to 
infrared light in order to prevent hypothermia. THC was 
administered i.p. either alone or with SR141716A on day 6 
after TAA administration. Mice were sacrificed 1 h post 
treatment and analyzed for AMPK level. For the behavioral 
tests which started on day 6 after TAA administration, THC 
was administered i.p. during days 6-10. Neurological score, 
activity and cognitive function were analyzed during these 
days. 

(iv) Immunoblot analysis. Total hippocampal protein was 
extracted using TriFast reagent (peqLab, Germany). Ali­
quots of the clarified lysates containing 30 mg protein were 
denatured in Laemmli sample buffer (6% SDS 30%, glyc­
erol, 0.02% bromophenol blue, 200 mM Tris-HCI (pH 6.8), The present invention also concerns a method for preven­

tion, treatment, or both, ofliver cirrhosis, comprising admin­
istering to a subject in need a therapeutically effective 
amount of a compound selected from capsaicin, 2-arachi­
donoylglycerol (2-AG), HU-308 or cannabidiol. 

The present invention further provides a compound 
selected from cannabidiol (CBD) or capsaicin for preven­
tion, treatment, or both, of hepatic encephalopathy or liver 
cirrhosis. 

60 and 250 mM-mercaptoethanol, at 95° C. for 5 min. The 
samples were resolved by SDS-PAGE (10% acrylamide), 
and blotted onto nitrocellulose membrane. Non-specific 
binding in a Western blot analysis was prevented by immers­
ing the membranes in blocking buffer (5% nonfat dry milk 

65 in Tris-buffer saline-Tween 20 (TBS-T)), for 2 h at room 
temperature. The membranes were then exposed to the 
indicated antibodies diluted 1: 1000 for 1 h at room tern-
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water presented at the end of each arm. The mice were tested 
until they made entries into all eight arms or until they 
completed 24 entries, whichever came first. Hence, the 
lower the score, the better the performance. Maze perfor­
mance was calculated each day for five consecutive days. 
Results were presented as area under the curve (AUC) 
utilizing the formula: (day 2+day 3+day 4+day 5)-4*(day 
1 ). 

(x) Statistical analysis. Data are presented as means and 

perature. Anti-AMPK and phospho-AMPK antibodies were 
obtained from Cell Signaling. Anti-protein kinase B (AKT) 
was obtained from Upstate. Anti-actin was from Santa Cruz 
Biotechnology Inc. (Santa Cruz, Calif.). The blots were 
rinsed in TBS-T and then incubated with horseradish per- 5 

oxidase-conjugated goat anti-mouse antibodies (1:10,000; 
Santa Cruz Biotechnology Inc., Santa Cruz, Calif.) for 1 hat 
room temperature. Antibody-antigen complexes were visu­
alized by detecting enhanced chemiluminescence with 
X-ray film. 

(v) RT-PCR analysis. Total hippocampal RNA was 
extracted using TriFast reagent according to the manufac­
turer's instructions and reverse transcribed. Primers specific 
for CBI were GGAGAACATCCAGTGTGGGG [SEQ ID 
NO: 1] and CATTGGGGCTGTCTTTACGG [SEQ ID NO: 15 

2], for CB2 GGGTCCTCTCAGCATTGATTT [SEQ ID 
NO: 3], and GTTAACAAGGCACAGCATGGAAC [SEQ 

10 standard deviations (SD) or standard errors (SEM). Results 
were evaluated by one-way ANOVA and 2-tailed t-test. 
Post-hoc testing was carried out using the Tukey-Kramer 
multiple comparisons procedure. 

ID NO: 4], and for actin CAG CTTCTTTGCAGCTCCTT 
[SEQ ID NO: 5] and TCACCCACATAGGAGTCCT [SEQ 
ID NO: 6]. All primers were synthesized by Danyel Biotech, 20 

Israel. 
(vi) Catecholamine measurements. Catecholamines were 

measured as described previously (Avraham et al, 1996). 
The assay for dopamine was performed by High Pressure 
Liquid Chromatography (HPLC) separation and detection 25 

using HPLC-electrochemical detection (ECD). Values are 
presented as concentration (ng/g tissue). 

(vii) Neurological function. Neurological function was 
assessed by a 10 point scale based on reflexes and task 
performance (Chen et al., 1996): exit from a circle 1 meter 30 

in diameter in less than 1 minute, seeking, walking a straight 
line, startle reflex, grasping reflex, righting reflex, placing 
reflex, corneal reflex, maintaining balance on a beam 3, 2 
and 1 cm in width, climbing onto a square and a round pole. 
For each task failed or abnormal reflex reaction a score of 1 35 

was assigned. Thus, a higher score indicates poorer neuro­
logical function. The neurological score was assessed one 
day after TAA induction ( day 2). The mice were then divided 
between treatment groups so that each group had a similar 
baseline neurological score after TAA induction. The post- 40 

treatment neurological score was assessed one day after 
administration of the agonist or the antagonist or the vehicle 
(day 3). 

(viii) Activity. The activity test was performed on day 4, 
since in the first 3 days after TAA injection almost no motor 45 

activity was observed. One of two methods was utilized: a) 

(xi) Liver function analysis. Ammonia, bilirubin, ALT, 
AST, GGT and glucose were analyzed using standard ana­
lytical methods in the Hadassah Hospital Biochemistry 
Department, Jerusalem, Israel. 

Example 1 

Experimental Hepatic Encephalopathy is 
Accompanied by Activation of AMPK by 

Cannabinoids 

To consider their role in AMPK stimulation, we studied 
the effects of giving exogenous cannabinoids to activate 
AMPK. In the first step, control mice were administrated 
with 0.01 to 10 mg/kg THC and hippocampal AMPK 
phosphorylation was analyzed. THC treatment showed a 
biphasic effect (Sulcova et al., 1998). While low levels of 
THC (less than 0.1 mg/kg) reduced the level of activated 
AMPK, higher concentrations exhibited a dose dependent 
elevation in activated enzyme, reaching a significant acti­
vation ofAMPK (FIG. 1). In the next step, the effect of THC 
was tested in TAA treated mice. In this instance THC also 
demonstrated a biphasic effect. However, an inactivating 
effect was already observed in 0.01 mg/kg and AMPK 
activation was achieved by 0.1 mg/kg. Elevation of the 
cerebral responsiveness to THC suggested that low doses of 
THC, which do not activate the AMPK in the healthy 
animals, could be used in the pathological state. 

Example 2 

THC Activates AMPK and Improves Impaired 
Brain Function in Experimental Hepatic 

Encephalopathy 

Since treatment of 0.1 mg/kg THC augmented AMPK 
activation in a similar manner to AICAR treatment, we 
chose this dose to test THC's physiological effects on the 
experimental hepatic encephalopathy. TAA treated mice 
were administrated daily with 0.1 mg/kg THC for 5 days. 
Amplification of AMPK activation in response to THC 

an activity apparatus, which consists of a cylindrical cham­
ber (60 cm in diameter) with crossing infrared beams. 
Locomotor activity was recorded by a counter (attached to 
the apparatus), that counts the number of beam crossings 50 

made by the mice at one-minute intervals. Activity of two 
mice was measured simultaneously for a five-minute period. 
Two mice were tested together to lower stress to the mini­
mum. Activity is presented as the mean number of beam 
crossings in 5 minutes. 

Activity was also assessed in the open field (20x30 cm 
field divided into 12 squares of equal size) as described 
previously (Pride and Mechoulam, 1993). Two mice were 
observed simultaneously for 5 minutes. Locomotor activity 
was recorded by counting the number of crossings by the 60 

mice at one minute intervals. Results are presented as the 
mean number of crossings per minute. 

55 administration was confirmed in the brains of the experi­
mental animals at the end of the behavioral studies (FIG. 
2A). 

(ix) Eight-arm maze. The animals were placed in an 
eight-arm maze, which is a scaled-down version of that 
developed for rats (Olton and Samuelson, 1976; Pick and 65 

Yanai, 1983). We used water deprivation achieved by lim­
iting water consumption overnight and a reward of 50 µl of 

Next, we investigated the outcome of AMPK activation 
increase on brain function. Following the treatment, TAA­
induced impaired cognitive function was improved signifi­
cantly (FIG. 2B), poor activity performances were restored 
(FIG. 2C) and the reduced neurological score was improved 
(FIG. 2D). To reveal the mechanism by which THC could 
improve brain function, we studied the catecholaminergic 
response to THC treatment. Brain tissue in animals with 
experimental hepatic encephalopathy exhibited reduced 
dopamine concentrations while THC administration, simi-
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larly to AICAR administration, restored levels to normal 
(FIG. 2E). These results demonstrated the potential of THC 
to stimulate cerebral AMPK activity in treating hepatic 
encephalopathy. 

12 
TABLE 1 

Comparison of the frequency of cells showing apoptosis/necrosis, 
inflammation and regeneration in the liver. 

5 Groups 

Example 3 comparison Apoptosis Inflammation Regeneration 

TAA vs normal Increase Increase Increase 
(p < 0.001 *) (p < 0.001 *) (p < 0.001 *) 

TA.A.. + capsaicin Decreased Decreased Decreased 
AICAR and THC Treatment do not Improve 

Markers of Hepatic Function 
10 vs TAA 

TAA+ 
SR141716A vs 
TAA 

To investigate the possibility that the neural benefits of 
AICAR and THC might also result from peripheral effects 
(i.e. improvement of liver function) rather than cerebral 
function, we studied their effects on liver function. Animals 
treated with TAA exhibited hyperammonemia as a result of 
the liver dysfunction; AICAR and THC treatment had no 
effect on the ammonia level (FIG. 3A). Bilirubin levels and 
liver enzymes activity are the most commonly used labora­
tory markers of liver function. TAA treated mice demon- 20 
strated increased levels of bilirubin (FIG. 3B), alanine 
transaminase (ALT) (FIG. 3C), aspartate aminotransferase 
(AST) (FIG. 3D) and gamma-glutamyltransferase (GGT) 
(FIG. 3E). Neither AICAR nor THC ameliorated these 
markers indicating lack of direct action on liver recovery. 25 

Glucose analysis revealed a systemic hypoglycemia follow­
ing TAA treatment (FIG. 3F) providing additional evidence 
for the metabolic energy impairment characterizing experi­
mental hepatic encephalopathy. 

(p < 0.005*) 
NS** 

(p < 0.01 *) (p < 0.001 *) 
Decreased Increased 
(p < 0.001 **) (p < 0.005*) 

TAA + HU-308 NS* Decreased Increased 
vs TAA 

15 TAA + NS* 
(p < 0.005*) 
NS* 

(p < 0.001 *) 
Increased 

Example 4 

Capsaicin Improves Impaired Markers of Hepatic 
Function in Experimental Hepatic Encephalopathy 

30 

SR144528 vs 
TAA 
TAA + 2Ag vs 
TAA 
TAA + 2Ag + 
SR141716A vs TAA 

*= Fisher's exact test; 

**= Pearson's chi-square test 

(p < 0.05*) 

NS* Decreased Increased 
(p < 0.05*) (p < 0.05*) 

NS* Decreased Increased 
(p < 0.05*) (p < 0.05*) 

Example 5 

CBI Antagonist and CB2 Agonist Treatment 
Improve Markers of Hepatic Function 

TAA treated mice demonstrated increased levels of ala-
nine transaminase (ALT) (FIG. SA) (see also FIG. 3C) and 
aspartate aminotransferase (AST) (FIG. SB) (see also FIG. 
3D); treatment of the TAA treated mice with 2-AG-a CBI 
agonist, SR141716A-a CBI antagonist, HU-308-a CB2 

The surprising fact that THC, which has about equal 
affinity for the CBI and CB2 receptor, was effective in the 
treatment of induced hepatic encephalopathy in animal 
models, motivated us to investigate other compounds known 
to interact with receptors other than the endocannabinoid 
receptors. For example, capsaicin, suggested by Di Marzo et 
al (1998) to interact with the endocannabinoid system, acts 

35 agonist, and SR144528-a CB2 antagonist, all significantly 
reduced ALT and AST levels. Moreover, 2-AG did not 
counteract the effect of SRI 41716A or SRI 44528, and 
HU-308 did not counteract the effect of SRI 44528. Thus, the 
results imply that the agonists/antagonists did not convey 

40 their effect specifically through the CBI or CB2 receptors. 

on neural cells via vanilloid receptors subtype 1 (VRl, also 
known as transient receptor potential 1 TRPVl), a non­
selective cation channel, which can be blocked by 45 

capsazepine. Thus, TAA treated mice were administered 
different agonist/antagonists and capsaicin and their effect 
on hepatic function was assessed. 

First, histopathological changes were observed after the 
treatment with TAA. FIGS. 4A-F depict varying degrees of 50 

necrosis which were semi-quantitated as histopathological 
indices 1-4. 

Example 6 

CB2 Agonist, but not CBI Antagonist Treatment 
Improves Markers of Hepatic Function in CB2-KO 

Mice 

In the transgenic mice lacking the CB2 receptor, 2-AG but 
not SRI 41716A modestly but significantly reduced the ALT 
level and SR141716A blocked the effect of2-AG (FIG. 6A), 
confirming that effect was achieved through the CBI recep-
tor. 

The effect of the endocannabioid agonist and antagonist 
on the second hepatic function marker tested, AST, was 

Second, the effect on hepatic function of different agents 
administered to the TAA treated animals was tested. Com­
parison of the histopathological indices assessed for each 
group indicated that amelioration of TAA-induced apopto­
sis/necrosis reached statistical significance (P<0.05) only 
with capsaicin treatment. However, inflammation was 
reduced also in HU308 and SRI 41716A-treated animals 

55 inconsistent with the result obtained for ALT in that both the 
CBI antagonist SR141716A and the CBI agonist 2-AG 
were effective in reducing its level (FIG. 6B). SR141716A 
abolished the effect of 2-AG, or vice-versa. 

when compared to TAA-treated group, whereas, SR144528 60 

treatment resulted in non-significant changes with regard to 
the inflammatory process. 

The regenerative capacity of the liver in all cannabinoid 
receptor agonists or antagonists-treated groups was higher 
when compared to animals to which only TAA was admin- 65 

istered, except capsaicin treated animals which exhibited 
significantly less hepatic regeneration (Table 1). 

Example 7 

Capsaicin Treatment Improves Markers of Hepatic 
Function 

The results disclosed above imply that the effect observed 
with the endocannabioid agonist and antagonist may have 
been affected through another receptor than the CBI recep-
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tor. We therefore tested the effect of capsaicin, which as 
mentioned above, has been suggested to interact with the 
endocannabinoid system. FIGS. 7A-B show that indeed, 
capsaicin significantly reduces both the ALT and the AST 
level in TAA treated mice. The effect of capsaicin is spe- 5 
cifically affected through the VRl receptor as evidenced by 
the abolishment of the effect of capsaicin by the VRl 
antagonist capsazepine. 

sis m mice (FIG. lOA), but failed to reverse the motor 
impairments (FIG. lOB) which are also typical to this 
disorder. 

Example 11 

Cannabidiol Improves Impaired Brain and Liver 
Function in Experimental Hepatic Encephalopathy 

Example 8 

Endocannabioid Agonist and Antagonist and 
Capsaicin Treatment Reduce Astrogliosis in TAA 

Treated Mice 

To assess whether endocannabioid agonist and antagonist 
and capsaicin treatment affect the important aspect of 
hepatic encephalopathy pathology-astrogliosis-TAA 
treated animals were treated with these compounds and 
hippocampus was stained for glial cells in naive animals 
(FIG. SA) and after treatment (FIGS. SB-F). 

It was found that hepatic encephalopathy induced inten­
sive glial fibrillary acidic protein (GFAP, a marker for glial 
cells) staining intensity and increased process complexity, 
i.e. more processes and increased branching (FIG. SB) as 
compared with naive animals (FIG. SA). These changes 
were prevented following capsaicin-(FIG. SC), CBI 
antagonist (SR141716A)-(FIG. SD) and CB2 agonist (HU-
308)-(FIG. SE) treatment, whereas CB2 antagonist 
(SR144528) administration (FIG. SF) failed to prevent the 
hepatic encephalopathy induced changes and did not alter 
either the number or morphology of activated astroglia 
compared to untreated animals (FIG. SB), as can be seen in 
Table 2, presenting the changes in quantitative terms. 

TABLE 2 

Quantification of the changes in astrogliosis 
following TAA and treatments with various compounds. 

(two-sided Fisher's exact test) 

Comparison 

TAA vs normal 
TA.A. + capsaicin vs TA.A.. 
TAA+ SR141716Avs TAA 
TAA + HU-308 vs TAA 
TAA + SR144528 vs TAA 

Direction of change 

Increase (p < 0.001) 
Decrease (p < 0.001) 
Decrease (p < 0.001) 
Decrease (p < 0.001) 
NS 

Example 9 

Capsaicin Improves Impaired Brain Function in 
Experimental Hepatic Encephalopathy 

10 We decided to treat the animals with cannabidiol, an 
active ingredient of Cannabis Sativa devoid of adverse 
effects related to the CBI receptor owing to its CBI­
independent mechanism of action. Cannabidiol is also a very 

15 
potent anti-inflammatory agent. 

Chronic liver failure was induced by bile duct ligation 
(BDL) in female Sabra mice. Sham-operated mice served as 
controls. BDL animals were divided randomly to control and 
treatment groups, which received, respectively, saline and 5 

20 mg/kg cannabidiol i.p. daily for 3 weeks. 
Two weeks post-surgery, the cognitive and the motor 

function of the mice were evaluated. Mice were decapitated 
3 weeks post-surgery and their hippocampi were taken for 
analysis of IL-lb mRNA level by RT-PCR. The results 

25 clearly show that cognitive function (FIG. llA) and motor 
activity (FIG. llB) are impaired by BDL after 2 weeks and 
is restored by cannabidiol. Also, IL-1~ mRNA level (nor­
malized to ribosomal protein L19 mRNA levels; a com­
monly used invariant control gene) in the hippocampus is 

30 elevated following BDL and is restored by cannabidiol 
(FIGS. 12A-B). 

Oxidative stress in liver tissue due to chronic liver failure 
induced by BDL was assessed by measuring malondialde­
hyde, a well accepted biomarker for oxidative stress. As can 

35 be seen in FIG. 13, oxidative stress is elevated following 
BDL and is restored by cannabidiol. As oxidative stress is 
commonly known to be involved in the development of 
cirrhosis (Ara et al., 2005) and treatment with cannabidiol 
reduces the oxidative stress, one can deduce that this treat-

40 ment will prevent or slow down the development of cirrho­
sis. 

In s=ary, after 2 weeks, bile duct ligation induced 
cognitive and motor deficits and increased oxidative stress in 
the liver, which were reversed by cannabidiol. In the hip-

45 pocampus, which is responsible for learning and memory, 
there was an up-regulation of IL-1 b mRNA following BDL, 
which was also reversed by cannabidiol, suggesting causal 
relationship between an inflammatory response in this 
region and impaired learning. 

50 
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<160> NUMBER OF SEQ ID NOS, 6 

<210> SEQ ID NO 1 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial 
<220> FEATURE, 

SEQUENCE LISTING 

<223> OTHER INFORMATION, Primer specific for CBl 

<400> SEQUENCE, 1 

ggagaacatc cagtgtgggg 

<210> SEQ ID NO 2 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Primer specific for CBl 

<400> SEQUENCE, 2 

cattggggct gtctttacgg 

<210> SEQ ID NO 3 
<211> LENGTH, 21 
<212> TYPE, DNA 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Primer specific for CB2 

<400> SEQUENCE, 3 

gggtcctctc agcattgatt t 

<210> SEQ ID NO 4 
<211> LENGTH, 23 
<212> TYPE, DNA 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Primer specific for CB2 

<400> SEQUENCE, 4 

gttaacaagg cacagcatgg aac 

<210> SEQ ID NO 5 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Primer specific for actin 

20 

20 

21 

23 
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-continued 

<400> SEQUENCE, 5 

cagcttcttt gcagctcctt 

<210> SEQ ID NO 6 
<211> LENGTH, 19 
<212> TYPE, DNA 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Primer specific for actin 

<400> SEQUENCE, 6 

tcacccacat aggagtcct 

The invention claimed is: 
1. A method for reducing oxidative stress in liver tissue of 

a subject with non-alcoholic steatohepatitis but without 20 

fibrosis or cirrhosis, comprising administering a therapeuti­
cally effective amount of cannabidiol to the subject. 

2. The method according to claim 1, wherein said can­
nabidiol is administered orally, parenterally, sublingually, or 
by inhalation. 

20 

19 

3. A method in accordance with claim 1, wherein said 
non-alcoholic steatohepatitis is caused by fatty liver. 

4. A method of treatment of non-alcoholic steatohepatitis, 
comprising administering to a subject in need an effective 
amount of cannabidiol, wherein the subject does not have 
fibrosis or cirrhosis. 

* * * * * 
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Abstract 

The compounds D9-tetrahydrocannabincl (THC), cannabidiol (CBD) and capsaicin are useful for 
prevention, treatment, or both, of hepatic encephalopathy. The compounds capsaicin, 
2-arachidonoylglycerol (2-AG), HU-308 and cannabidiol are useful for prevention, treatment, or both, 
of liver cirrhosis, 
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