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PHENYLBUTYRATE FOR TREATI NG HEPATI C ENCEPHALOPATHY Fi el d

of the invention The present invention relates
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For example, 50% of patients with cirrhosis of the liver have oesophageal

varices and in a third of these patients, the oesophageal varices will burst and cause

30 gastrointestinal bleeding within two years of diagnosis (Grace ND (1992) Gastroenterol
Clin North Am 21: 149-161). An upper gastrointestinal bleed is known to increase the
susceptibility to life-threatening complications such as bacterial peritonitis, sepsis, renal
failure and hepatic encephalopathy (Teran et al. (1997) Gastroenterology 112: 473-482;



Hepati c encephal opathy (HE) is a conpl ex neuropsychiatric
di sorder that occurs 5 in diverse clinical situations
such as acute or chronic |iver disease and spont aneous
portosystem ¢ venous shunting. In the early stages of
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use of omthine in the manufacture of a nmedi canent for
use in conbination with at | east one of phenyi acetate and
phenyl butyrate for preventing or treating |iver
deconpensati on or hepatic encephal opathy; 15 -use of at
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or hepatic encephal opat hy; -use of omithine and at | east

one of pHenymnmodiczsdpy fapatiqniservith Heprtiy eatephalapathip énvolves strategies
man ture of a di . f.or preventjng or.treati
v P e Sne i o IR B o BT MR g o
pr odoiekes adruinistratioh oflactaiose) hevenyaindl -atnithieaBlaspartete GEOLA), or
phenyl.acet at e _an henyl but yrate for sinultaneous,
sepm%wgt&f@gﬁgﬂ'n%ﬁg or preventing or treating

I3 ver deconpensation or hepatic encephal opathy; -a
pharmaceuti cal ,conposition conprising omthine and at

I eaﬁ&mﬂ@wﬂﬂ acetate and phenyl butyrate; -an
agent f OMh@presétiirvenfor donédiabd 138 of drMitiinehad A TBRNSRLEON Or
hepati c .encepl i al opat hy, conprising omthine and at |east

one RbFOYAcEAt atRheryIButAL 1o PRaYRR! 45 dHedt liyprdocompensafionarhepatic o f
tre aehb@aalapa;nﬁtmggﬁ p'&ﬁé#sﬂﬁol_@ﬁci&tmdyi afsh bO hdnb@iieRtd td Y& patients

deconpénsati on or hepatic encephal opat hy, which met hod

BavingrAndtolqueipy dficisrosatriBeahle Soraxmnie togrstivintestinal e
and yideding a8dco yofhe RIVERGh 36Ride: € and phenyl butyrate to

sai d patrent. Brief description of the Finures

Fi gur e 1usgpiwmithine in thememsiisiure ef gmeedicament for aipe in combipgfion with
pat i fbGihdoRRS iy SRE MRS TS ot ol B SASL
sevea‘rflihtgéoé% _f:]’lhvgar %&gg@ e. FIgur e%;psh%dﬁ%hm\%ﬁgéﬁ%i a
r ed Wisesnprasitionprthiepatio keggpiajapelblis. 5Fi gure 3 shows t hat

ni a t ' ' [

2t t ne U Bl ot el ol b o M RO ot

be rmedivasent flause intoombinatianoyith omithine f§Fipgryemng os treatisg liveat a
si mu| at ed strqintestj ed reduces neutrophil
cherfi?fo ?%?%r&'e%%ﬁ%ﬁégpn%i?pﬁlbg’l ly reversed by
Prl m ni suseaifiomithiné andsad least oheef. phenylacetate and phenylbutyrate in the

manufacture of a medicament for preventing or treating liver decompensaﬁoﬁ or hepatic
20  encephalopathy;

- products containing ornithine and at least one of phenylacetate and

phenylbutyrate for simultaneous, separate or sequential use for preventing or treating
liver decompensation or hepatic encephalopathy;
- a pharmaceutical composition comprising ornithine and at least one of
25  phenylacetate and phenylbutyrate;
- an agent for preventing or treating liver decompensation or hepatic
encephalopathy, comprising ornithine and at least one of phenylacetate and
phenylbutyrate; and
- a method of treating a patient having or at risk of having liver decompensation
30  orhepatic encephalopathy, which method comprises administering an effective amount
of omithine and at least one of phenylacetate and phenylbutyrate to said patient.



10Fi gure 6 shows that a sinulated bl eed reduces protein
synthesis and stinul ates isol euci ne oxi dation

i nappropriately. Figure 7 shows that adm nistration of

i sol eucine during a sinmulated bl eed enhances protein
synt hesi s but does not reducg ammoni a concentration.
Figure 8 shows that adm nistration with LOLA reduces
amoni a concentration 15 but allows anmonia to
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Figure 10 shows that phenylacetate binds glutamine to make an excretable

compound and prevents the secondary rise in ammonia.

20 Figure 11 shows the effect of omithine and phenylbutyrate on ammonia levels in
patients with advanced cirrhosis.
Figure 12 shows the effect of ornithine and phenylbutyrate on glutamine levels
in patients with advanced cirrhosis.
Figure 13 shows the changes in mental state of patients treated with placebo, O,
25 PorO+P, _
Figure 14 shows the effect of omithine, phenylbutyrate and isoleucine on
ammonia levels in patients with advanced cirrhosis.
Figure 15 shows the effect of ornithine, phenylbutyrate and isoleucine on
glutamine levels in patients with advanced cirrhosis.
30 Figure 16 shows the effect of omithine, phenylbutyrate and isoleucine on
glycine levels in patients with advanced cirrhosis.
Figure 17 shows the effect of ornithine, phenylbutyrate and isoleucine on

isoleucine levels in patients with advanced cirrhosis.



in the bile duct ligated rat nodel. Figure 21 shows the
effect of omtbine, phenylbutyrate and isol euci ne on
arterial plasma amonia | evels in a hyperammobnaemn ¢ acute
liver failure rat nodel. Figure 22 shows nmuted arteri al
ammoni a increase in the devascul arized pig 10 nodel of
acute liver failure with OP treatnent Fi gure 23
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muscle).
20 Figure 26 shows that gut glutamine uptake is enhanced by O, but reduced by OP
(thereby reduced generation of ammonia in the gut).

Figure 27 shows that arterial ornithine levels increase in the two animals (O
alone and OP groups) to which it is administered.

Figure 28 shows that arterial glutamine levels rise with O, but less so with OP.

25 Figure 29 shows that the combination of OP prevents the increase in the
ammoniagenic amino acid glycine.

Figure 30 shows that omithine alone caused an increase in brain water, phenyl
acetate induced a small reduction in brain water, while in combination these agents
bring about a substantial reduction in brain water (% control).

30
Detailed description of the invention
Throughout the present specification and the accompanying claims the words

"comprise" and "include" and variations such as "comprises", "comprising", “includes"



convey the possible inclusion of other elements or
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15 hepatitis B, Cor Dvirus. In sonme cases, and in
particul ar where the subject has viral hepatitis, the
subject may also be infected with 111V-1 or I1. The
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present in the liver during some stage of their life
cycle. For exanple, the subject may have, or have 20 had,
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15 adm nistered in conbination in a single nmedicanent, or
separately in two or three different nedi canents. Were
om thine and at | east one of phenyl acetate and

phenyl butyrate are to be adm nistered in a conbi ned

medi canment, the conbination gry be prepared i mediately
bef ore adm nistration, or nay be stored as a conbi ned
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25 intraperitoneal or intravasular routes. For exanple,
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A single dose of the or each other am no acid nmay be
adm nistered. Alternatively, nultiple doses, for sanple
two, three, four or five doses may be 5 adm ni stered.
Such nultiple doses may be adm ni stered over a period of
one nonth or two weeks or onqsmeek. I n anot her

enbodi nent, a single dose or nultiple doses such as two,
three, four or five doses nay be adm nistered daily. The
followi ng Exanples illustrate the invention. 10 Exanple
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15 Met hods for Measurenent of Neufrophil Phagocytosis and
oxi dative burst As in Exanple 1. Patients and net hods

Bl ood was col |l ected from healthy vol unteers (n=15) and

i ncubated for 1 hour 20 with increasing concentrations of
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medicament can thus be administered from 15 minutes to 5 hours, for example from 30
minutes {0 4 hours or from 1 hour to 3 hours, following administration of the second

20 medicament.

The medicaments of the invention may be administered at the same site or at
different sites. The medicaments of the invention may be administered via the same
route or b}-' different routes. A medicament of the invention may be administered by
any suitable route. Preferably it is administered by oral, intravenous, intragastric,

25 intraperitoneal or intravasular routes. For example, when omithine and at least one of
phenylacetate and phenylbutyrate are administered separately, they may all be
administered orally or they may all be administered intravenously or omithine may be
administered orally and the phenylacetate and/or phenylbutyrate may be administered
intravenously, or the phenylaceta'te and/or phenylbutyrate may be administered orally

30  and omnithine may be administered intravenously.

Therapeutically effective amounts of ornithine, the phenylacetate and/or
phenylbutyrate and the optional isoleucine are administered to the subject. The doses of
the omithine, the phenylacetate and/or phenylbutyrate and the isoleucine can be
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A therapentically effective amount of the or each other amino acid is
30 administered to the subject. The dose will be dependent upon various parameters such
as those noted above for ornithine, phenylacetate and phenylbutyrate. A typical dose of
the or each other amino acid is from 0.02 to 1.25, for example from 0.1 to 0.5, g per kg
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The following Examples illustrate the invention.

10

Example 1: Neutrophil function is altered in patients with clrrhosis and worsens
with increasing severity of liver disease

Methods for Measurement of Neutrophil Phagocytosis and oxidative burst
15 Phagotest. Heparinised whole blood was incubated with opsonised FITC-
labelled E coli and CD16. The cells were then analysed by flow cytometry (FACScan
Becton Dickinson), gated through forweard and side scatter and subsequently assessed on
the basis of R-phycoerythrin (PE) [Immunotech, Marseille, France] flurochrome
expression to identify CD16 positive cells. The gated population was then assessed for
20 the presence of FITC-labelled bacteria.

Phagoburst: Heparinised whole blood was incubated with opsonised E coli
suspension to stimulate oxidative burst. A substrate solution was added to determine the
conversion of dihydrorhodamine (DHR) 123 to the flurogenic compound Rhodamine
(R) 123. The reaction was stopped and fixed before incubation with CD16 antibody for

25  positive neutrophil identification. Analysis was then undertaken by flow cytometry.

Neuirophil Chemotaxis: Neutrophil chemotaxis was measured using a modified
Boyden chamber method using interleukin-8 as chemo-attractant to stimulate
chemokinesis.

30 Patients and Methods
We studied 30 patients with cirthosis (Alcoholic cirrhosis; mean age 53.2 (SEM
4.6) and 20 healthy volunteers. Patients with cirthosis were classified as those with
superimposed alcoholic hepatitis (AH+) and those with decompensated or compensated
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livers. Phagotest was used to determine the phagocytic capacity and Phagoburst was
used to determine whether the cells were able to generate oxidative burst when exposed
to E coli.

Results

We observed that neutrophils from cirrhotic patients had a significantly reduced
ability to phagocytose bacteria. We also found that patients with cirthosis had a reduced
capacity to respond to stimulation of the neutrophils by E coli in terms of increasing the
rate of generation of oxidative burst (Figure 1). This reduction in capacity correlated
with the severity of liver disease indicating that the more advanced the stage of liver
disease, the less the ability to respond to and cope with infection.

Example 2: monia reduces pha c capact neutrophils

Methods for Measurement of Neutrophil Phagocytosis and oxidative burst
As in Example 1,

Patients and methods

Blood was collected from healthy volunteers (n=15) and incubated for 1 hour
with increasing concentrations of ammonia. The ability of the neutrophils to
phagocytose bacteria was measured using the Phagotest and Neutrophil chemotaxis
assays. 10ng/ml IL-8 was used in the Neutrophil chemotaxis. assay.

Results

With incubation of increasing concentrations of ammonia, there was a
significant reduction in neutrophil phagocytosis (Figure 2) and also in neutrophil
chemotaxis (Figure 3).

Example 3: The effect of ammonia on neutrophil phagocytosis can be reversed
by interventions

Methods for Measurement of Neutrophil Phagocytosis and oxidative burst
As in Example 1.
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Patients and methods
Blood was collected from healthy volunteers (n=15) and incubated for 1 hour
with ammonia and selected amino acids. The ability of the neutrophils to phagocytose
5  bacteria was measured using the Phagotest assay.

Results
We observed that the ammonia-induced reduction in neutrophil phagocytosis
could be partially reversed by omithine and glutamine (Figure 4). However, neutrophil
10  phagocytosis was made worse by co-incubation of ammonia with aspartate, but
remained unchanged with L-ornithine L-aspartate.

Example 4: A simulated gastrointestinal bleed reduces neutrophil chemotaxis

which can be partially reversed by administration of isoleucine
15

Methods
Ten overnight fasted, metabolically stable patients with biopsy proven cirthosis
of the liver [9 males and 1 female; mean 49.6 years (SEM 9.1); mean Child-Pugh score
of 7.8 (SEM 1.2)] were studied prior to and two hours after an oral administration of 75
20  grams of an amino acid mixture that mimics the hemoglobin molecule (Nutricia, Cuijk,
Netherlands). In seven other patients [4 male and 3 female; mean 51.4 years (SEM 6.7);
mean Child-Pugh score of 8.1 (SEM 1.4)], following administration of the amino acid
mixture, isoleucine was administered intravenously over a 2 hour period (iso-osmotic
solution containing 40mg/1 of isoleucine at a rate of 100 ml/hr). Neutrophil chemotaxis
25  (see Example 1 for method) and plasma ammonia were measured in peripheral venous

blood samples.

Results
Neutrophil chemotaxis was significantly lower in these cirrhotic patients
30 compared with age-matched controls (53.3 SEM 4.6) and was significantly reduced
after simulated bleeding from 31 (£4.2) to 8 (15.4) cells/high power field (p<0.0001)
(Figure 5). Plasma concentration of amtnonia increased significantly from 75.1 (14.2) to
124 (£8.5) (p<0.001). The change in the concentration of ammonia correlated with the
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change in neutrophil chemotaxis (r=0.65 and p <0.05). The reduction in neutrophil
chemotaxis observed with the simulated bleed was abrogated in the group of patients
treated with isoleucine 25.4 (16.0) cells/high power field.

5 ExampleS: A simulated bleed reduces protein synthesis and stimulates
isoleucine oxidation inappropriately

Methods
Five overnight fasted patients with cirrhosis of the liver were recruited. A blood
10  sample was collected and expired air was sampled before the start of the infusion of the
stable isotopes for the measurement of background isotope enrichment. Then the
patients received a primed continuous intravenous infusion of [1-'>C)-isoleucine (1
mg/kg bw/h) until the end of the experiment (=480 min).

15 Resuits
Figure 6 shows average whole body rate of appearance of isoleucine (Wb Ra)

and isoleucine oxidation during the last hour of saline (black bars) and amino acid (grey
bars) infusion (values in mean + SEM; # represents p <0.05). An upper GI bleed in
patients with cirthosis resulted in a reduction in isoleucine and markedly decreased

20  whole body protein synthesis. The fraction of isoleucine flux used for oxidation did not
change after the simulated bleed despite the marked reduction in isoleucine
concentration, pointing to occurrence of BCAA antagonism.

Example 6: Adminis on of isoleveine during a simulated bleed enhances
25 protein synthesis but does not reduce ammonia concentration

Methods
Sixteen metabolically stable patients with biopsy-proven cirrhosis of the liver
were studied. Patients were randomized either to supplementation with isoleucine
30  (40mg/L solution; 50 mi/hr) or placebo during a simulated bleed over a 4-hour period.
Protein synthesis (measured using primed continuous infusion of L-[ring-
*Hs]phenylalanine), L-[ring-*H,]tyrosine and L-[ring-*H; Jtyrosine) and ammonia.
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Methods
5 patients with advanced cirrhosis who were awaiting liver transplantation (age:
59; 3 male, Child Class C disease, severe ascites, creatinine 102 umol/L) were
15  undergoing treatment with 40 g/day of L-ornithine L-aspartate.

Results
Over a 3 day period there was a significant and progressive increase in the aspartate
concentration increasing to 5 times the basal value (Table 2).

20
Table 2

PRE Day 1 Day2 |Day3
72 178 289 354
ASPARTATE (umol/L)) (11.8) (23.2) (27.1) (3L.1)
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G ade 1 trivial lack of awareness euphoria or anxiety 26
shortened attention span inpaired performance of addition
Grade 2 lethargy or apathy mninmal disorientation for
tinme or place subtle personality change inappropriate
behavi our i npaired performan of subtraction G ade 3
sommol ence to sem -stupor, but responsive to verbal
stimuli confusion gross disorientation G ade 4 conma
(unrespon3| ve to verbal or noxious st| muli) Methods In

‘ ; ARG TeqENET S o (see Table 3). 5 They were
treated W|th one of the following regines for a 3 day
per| od, and 3 servations were made for 5 days. The study
gro § °‘~’PI acebo: 5% Dextrose over 4 hours;

5 Etght patients with cirthosis (age 56 (5.6), SM, ALD-6; Grade 2 HE: 4; Grade 3-
4 HE: 4) were treated with an infusion of LOLA (40 g over 8 hours). Blood was
sampled for the measurement of ammonia and glutamine.

Results
10 The results showed that administration of LOLA resulted in a significant
reduction in ammonia concentration with a concomitant rise in glutamine concentration
(Figure 8). This reduction in ammonia had beneficial effects upon the severity of HE.
However, when LOLA was stopped, there was a rebound increase in the circulating
ammonia levels, resulting in recurrence of HE in 3 of the 6 patients that had improved.
15

xample 9:  Active removal of glutamine prevents the secondary rise in

ammonia concentration

Patients and Methods

20 3 patients (age 45 (4.1) 2M, ALD, all HE grade 3, HRS all 3) that were
undergoing heamofiltration (CVVH) were treated with an infusion of LOLA (40 g over
8 hours). Blood was sampled for the measurement of ammonia and glutamine.

Results

25 The results showed that LOLA resulted in a reduction in ammeonia concentration
but the addition of dialysis prevented the concomitant increase in glutamine
concentration (Figure 9). Therefore, we believe there was a sustained reduction in

ammonia concentration.

30 Example 10: Pheuylacetate binds glutamine to make an excretable compound and
prevents the secondary rise in gmmonia



Om thine alone: 20g in 500 nil, 5% dextrose between 0800
and 1200; Phenyl butyrate: 10Oy twice daily, orally (0800
and 1600); and 10(iv) Onithine + Phenyl butyrate: 20g in
500 m, 5% dextrose between 0800 and 1200 + I Og tw ce
daily, orally (0800 and 1600), Patients were fasted
over ni ght between 0000 m dni g"ﬁt and 0800 am They were
fed intragastrically with a diet of 25ICCal/Kg that
included 1g/Kg protein diet starling at 0800 and

f i niBdtienty and Meatlsbals ght . Bl ood was saerI ed at 0730 am and

gl ut am nd PREAR v CE R rS HBF§ BYER T BIUPO R
ef f embéphaldfuthyd Gagle Bal§ weltRited with VOLA ahdpiRadkcetite (ubgday over 8

groutg, nd no adverse events were observed. Table
Pat i ) Denpgr aphi cs 20 Pl acebo Ornithine al one
Rhenyl butyrate al one OP Age Pl:47 P2:57 P3:46 P4:40 P5:56
P6: 4l§esP7 52 P8: 52
There was no significant increase in glutamine concentration and ammonia
levels were reduced with the combined treatment (Figure 10). No rebound increase in
ammonia was observed.

10

Example 11; The effect of ornithine and phenylbutyrate in human patients with
hepatic encephalopathy

Patients
15 1. Groups-3 patients per group. Total 12.

2. Inclusion criteria
- adult patients aged 18-80 years, - liver cirrhosis documented by histology or clinical
criteria

20 - HE type C, - ammonia concentration of > 80 umol/L, informed consent/assent

3. Exclusion criteria

- other concomitant neurological disorder, - use of another specific ammonia lowering

drug, - respiratory failure requiring mechanical ventilation and sedation, - uncontrolled
25  gastrointestinal bleeding, - hypotension requiring inotropes, overt renal failure

(creatinine >2 mg/dl), hemodialysis, - extracorporeal liver support, known

hypersensitivity to any of the study drugs, - pregnancy.

Assessment of Mental State
30 Grading of hepatic encephalopathy (West Haven Criteria)
Grade 0 normal mental state
(minimal HE) (one or more quantifiable abnormalities on psychometric testing)
Grade 1 trivial lack of awareness
| euphoria or anxiety




Sex P1 :
Aeti ol ogy of Liver

MP2: MP3:F P4: F P5:F P6: MP7: MP8: F
Di sease Pl : HCV P2: HBV P3: HBV P4:

NASH P5: NASH P6: HBV P7: HBV P8: HBV Severity of P1:9
P3: 13 P5:14 P7: 14

26
shortened attention span
impaired performance of addition
Grade 2 lethargy or apathy
minimal disorientation for time or place
subtle personality change
inappropriate behaviour
impaired performance of subtraction
Grade 3 sommnolence to semi-stupor, but responsive to verbal stimuli
confusion
| ss disorientation
| Grade 4 coma (unresponsive to verbal or noxious stimuli)
Methods

In an open labelled study, we included 8 patients with cirthosis and
hyperammonemia. They were matched for the severity of liver disease (see Table 3).

5  They were treated with one of the following regimes for a 3 day period and observations
were made for 5 days. The study groups were:
(i) Placebo: 5% Dextrose over 4 hours;
(ii) Ornithine alone; 20g in 500 ml, 5% dextrose between 0800 and 1200;
(iii) Phenylbutyrate; 10g twice daily, orally (0800 and 1600); and
10 (iv) Ornithine + Phenylbutyrate: 20g in 500 ml, 5% dextrose between 0800 and
1200 + 10g twice daily, orally (0800 and 1600).
Patients were fasted overnight between 0000 midnight and 0800 am. They were
fed intragastrically with a diet of 25K Cal/Kg that included 1g/Kg protein diet starting at
0800 and finishing at midnight. Blood was sampled at 0730 am and then at 1800 hr for
15 the measurement of ammonia and glutamine. Patients were monitored closely for side
effects. The drug was tolerated well in each of the groups and no adverse events were
observed.
Table 3. Patient Demographics
20
Placebo Omnithine alone | Phenylbutyrate | OP
alone
Age P1:47 P3: 46 P5: 56 P7:52
P2: 57 P4: 40 P6: 48 P8: 52
Sex PI: M P3F P5F P7: M
P2: M P4 F P6: M P8 F
Actiology of P1: HCV P3: HBV P5: NASH P7: HBV
Liver Digease | P2: HBV P4;: NASH P6: HBV P8: HBV
Severity of P1:5 P3:13 P5;: 14 P7: 14




PCT/ 6B2005/ 004539 27 Liver

pP2:

D sease (Pugh Score) P2: 12

P4. 13 P6: 13 P8: 12 Precipitating Factor PlI: Infection
Infection P3: SBP P4: Infection P5: SBP P6:
?infection P7: SBP P8: Infection Severity of HE

(West-Haven criteria) Pl :

10

15

2 2J,:>2: 3 P3: 3 P4: 3 PBCHGPHIS004539

Liver Disease P2:12 P4:13 Pé6: 13 P8: 12
(Pugh Score)
Precipitating P1: Infection | P3:SBP P5: SBP P7. SBP
Factor P2: Infection | P4: Infection | P6: ?infection P8: Infection
Severityof HE | P1:2 P3:3 P5:3 P7:3
(West-Haven P2:3 P4:3 P6: 3 P8:3
criteria)
Severityof HE | P1: 9 P3:8 P5:9 P7:9
(Glasgow coma | P2: 8 P4:8 P6: 10 P89
score)
Other organ P1:none P3: pre-renal, | P5:none P7: none
failure P2; hypotension P6: pre-renal P8: none

hypotension P4:

_hypotension

Dead/Alive P1: A P3:D PS: A P7: A

P2: A P4: A P6: A P8: A
Complications | P1: infection, [ P3: HRS P5: sepsis, ICU | P7: none

SBP P4: rec. P6: recurrent P8: bleed, day |

P2: infection, | infection SBP 14

| variceal bleed |

SBP: spontaneous bacterial peritonitis, Non alcoholic steatohepatitis, ICU: Intensive
care support needed, HRS: hepatorenal syndrome

Results

Figure 11 shows that the mean ammonia levels remained largely unchanged over
the period of treatment in the placebo group. In the L-Ornithine and the Phenylbutyrate
group, the ammonia concentration increased from baseline values. In the group treated
with both L-ornithine and Phenylbutyrate, there was a substantial reduction of
ammonia. The postprandial increase in ammonia was reduced in the OP treated animals
in addition to the reduction in ammonia concentrations. Both patients in the OP group

had improved their encephalopathy score by 2 grades by day 3, which was not observed

in any of the other 6 patients.
Figure 12 shows that the mean glutamine levels remained largely unchanged
over the period of treatment in the OP group despite a reduction in ammonia. There was
a reduction in glutamine in the Phenylbutyrate group, which may well be deleterious. In
the L-Omithine and placebo groups there was an increase in Glutamine concentrations
which was markedly accentuated in the postprandial state.
Figure 13 shows the changes in mental state in the groups treated with Placebo,

O, P and OP.




P7:3 P8:3 Severity of HE (d asgow coma score) P1:9 P2:8
P3:8 P4:8 P5:9 P6:10 P7:9 P8:9 O her organ failure PI:
none P2: hypotension P3: pre-renal, hypotension P4:
hypot ensi on P5: none P6: pre-renal P7: none P8: none
Dead/ Al i ve 28

Example 12: The effect of ornithine, phenylbutyrate and jsoleucine in haman
patients with hepatic encephalopathy

5 Patients
1. Groups- 2 patients per group. Total 6

2. Inclusion criteria
- Adult patients aged 18-80 years, liver cirthosis documented by histology or clinical
10  cnteria, Child B or C, recent Gastrointestinal bleed from varices (<6 hours after

presentation), informed consent/assent.

3. Exclusion criteria
- other concomitant neurological disorder, use of another specific ammonia lowering

15  drug, respiratory failure requiring mechanical ventilation and sedation, uncontrolled
gastrointestinal bleeding, hypotension requiring inotropes, overt renal failure (creatinine
>2 mg/dl), hemodialysis, extracorporeal liver support, known hypersensitivity to any of
the study drugs, pregnancy/lactation.

20 Methods
In an open labelled study, we included 6 patients with cirrhosis and who were
admitted for management of variceal bleeding. They were matched for the severity of
liver disease (see Table 4). They were treated with one of the following regimes for a 3
day period and observations were made for 5 days. The study groups were:
25 i. Placebo: 5% Dextrose over 4 hours (250 ml)
ii. Isoleucine alone: 10 gm IV in 250 ml 5% Dextrose over 2 hours in two
divided doses.
iii. Isoleucine + Ornithine + Phenylbutyrate: Isoleucine:10 gm IV in 250 ml 5%
Dextrose over 2 hours in two divided doses; Orpithine: 20g in 250 ml, 5% Dextrose
30 (=0, 24, 48hbr); Phenylbutyrate:10g twice daily, orally (t=0, 12, 24, 36, 48 hr).
Patients were fasted overnight between 0000 midnight and 0800 am. They were
fed intragastrically with a diet of 25KCal/Kg that included 1g/Kg protein diet starting at
0800 and finishing at midnight. Blood was sampled at 0730 am and then at 1800 hr for
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Table 4
Placebo Isoleucine alone QIP
Age P1:43 P3: 57 P5:43
P2: 62 P4: 42 P6: 45
Sex P1: M P3:F P5:M
P2: M P4: M P6: M
Aetiology of Liver | P1: ALD P3: HBV P5: HBV
Disease P2: HCV P4: ALD P6: NASH
Severity of Liver P1:13 P3:13 P5: 14
Disease (Pugh P2: 14 P4: 11 P6: 10
Score)
Severity of HE Pl1:2 P3:2 P5: 2
(West-Haven P2:3 P4:1 P6: 2
criteria)
Bstimated Blood Pl1:9 P3:7 P5.7
Loss(u) P2: 10 P4: 8 P6: 10
Dead/Alive P1:D P3:A P5: A
P2: A P4:D P6: A
Complications P1: infection, P3: HRS P5: chest infection
rebleed P4: rec. infection P6: none
P2; severe
|_encephalopathy

SBP: spontaneous bacterial peritonitis, Non alcoholic steatohepatitis, ICU: Intensive
10 care support needed, HRS: hepatorenal syndrome

Results
Figure 14 shows that no significant changes in ammonia concentrations in the
placebo and the Isoleucine groups. In the group treated with OIP, there was a substantial
15  reduction in ammonia concentration.
Figure 15 shows that the glutamine levels are not significantly altered by
adminisiration of either Isoleucine, Placebo or OIP. Only in the OIP group the ammonia
was reduced substantially.
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which was added an amino acid mixture mimicking the composmon of haemoglobin
(2.8g/Kg/day, Nutricia Cuijk, The Netherlands,Product No. 24143), At six weeks, under
anaesthesia a right carotid arterial catheter was inserted and used to collect repeated

by

blood samples. Following this procedure a baseline sample was collected prior to

30 administration of the study formulations by IP injection. The study groups were: BDL
control + Saline (n=5), BDL + omithine (0.22g/Kg, n=6) in saline IP, BDL +
phenylbutyrate (0.3g/Kg, n=7) in saline I, BDL + OP (0.22g/Kg / 0.3g/Kg, 0=7) in
saline IP.



29 the neasurenent of ammonia and gl utam ne. Patients
were nonitored closely for side effects. The drug was
tolerated well in each of the groups and no adverse
events were observed. Because the patients received
sedation for their initial eggoscopy, the nental state
assessnent was inpossible tointerpret. One patient each
in the Placebo and the 5 Isoel ucine groups died from

mul tiorgan failure in the hospital The rest of the

pat i ent SBlud simpds weaddotleced ifith Bfealobled Bephinted MBestn® RrefbPice
P3° ey propp s ipepig wiagpoLstad folowing conbifigation 3,000, 0 min
and stored at -80°C prior to analyses.
Ammonia, glucose, lactate and urea were measured using a COBAS Mira S
5  according to manufacturers instructions. Amino acids were quantified by HPLC with

fluorescence detection.

Results
In the cirrhotic bile duct ligated rat model there is a substantial increase in the
10  arterial plasma ammonia level (205 11 pmoles/L, mean + SEM) compared with
healthy controls (25.6 + 2 pmoles/L, p<0.001 data, not shown). In this model we found
that there was no change in the arterial ammonia levels over three hours in the saline
treated placebo group.
Figure 19 shows the change in arterial plasma ammonia levels in BDL cirrhotic
15 rats following IP injections of saline (BDL control, n=5), ornithine (Orn, 0.22g/Kg,
p=6), phenylbutyrate (PB, 0.3g/Kg, n=7) and omithine phenylbutyrate (OP, 0.22g/Kg +
0.3g/Kg, 0=7). * signifies p<0.05 for OP vs Om at 3 hours (2 way ANOVA).
This figure shows that in the omnithine treated animals a slight decrease in
ammonia concentration was detected, though this was not found to be different from
20  placebo. In the phenylbutyrate treated group a significant increase in plasma ammonia
was found after 1 hour (p<0.01 vs all other groups), though this difference was found to
be smaller at the three hour time point. This finding fits with the hypothesis that
phenylbutyrate (phenylacetafe) is only effective in subjects with raised glutamine
concentrations. In the animals without orithine supplementation which can be
25 metabolised to form glutamine the effects of P alone are undesirable and are potentially
barmful. A significantly lower ammonia level was observed in the ornithine plus
phenylbutyrate (OP) treated group. In these animals a sustained lowering of ammonia
was measured over the three hour duration of the study the levels of which were found
to be significantly less than those in the ornithine only group at the end of the study
30  (p<0.05).
This clearly demonstrates that the combination of OP has greater efficacy in
reducing plasma ammonia than either O or P alone. Furthermore, the increased plasma
levels of ammonia may be detrimental in the P alone treated animals.
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In a subset of samples we examined the uptake of ornithine into the blood stream
following IP injection of O or OP. Figure 20 shows the arterial ornithine concentration
in the supplemented groups. It can be clearly seen that in both groups the plasma
ornithine concentration is markedly increased at 1 hour following the IP injection,
which is subsequently reduced et 3 hours as this ornithine is metabolised in the body.
No significant difference was found in plasma ornithine concentration between these
groups at any time point.

This finding is important as it demonstrates that the chosen method of
administration is effective in delivering ornithine in these animals, Furthermore, the
rapid uptake and observed decrease in plasma levels indicate that active metabolism of
this amino acid is occurring.

Example 14: The effect of ornithine, phenylbutyrate and isoleucine in the bile
duct lipated rat

Methods _

Male Sprague-Dawley rats (200-250g) were used for this procedure. For the 48
hrs prior to sacrifice the animals were switched from standard rodent chow to 8 -
complete liquid diet (Liquidiet, Bio-Serv, Frenchtown NJ, USA) to which was added an
amino acid mixture mimicking the composition of haemoglobin (2.8g/Kg, Nutricia
Cuijk, The Netherlands,Product No. 24143). Acute liver failure (ALF) was induced 24
hours prior to sacrifice by IP injection of gelactosamine (1g/Kg, Sigma, Poole UK) in
saline (n=5 in each group). Three hours prior to sacrifice animals were treated with
either a formulation of OIP (ornithine 0.22g/Kg, isoleucine 0.25g/Kg, phenylbutyrate
0.3g/Kg, in saline IP) or saline control. At the termination of the experiment arterial
blood was collected into pre-cooled heparinised tubes and stored on ice until processing,
Plasma was collected and stored as above. Ammonia was determined as above.

Results

Arterial ammonia levels were found to be significantly reduced in acute liver
failure rats treated with OIP compared with placebo controls (Fig. 21). This study was
designed to test whether isoleucine in combination with ornithine and phenylbutyrate
(phenylacetate) would be able to effectively lower plasma ammonia. It has been
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syndrone Results

previously demonstrated that isoleucine alone does not effect ammonia levels in human
studies, though its efficacy in combination with O and P has not been previously tested.

Figure 21 shows arterial plasma ammonia levels in a hyperammonaemic acute
liver failure model for saline placebo (ALF) and OIP treated (ALF + OIP). A
significance level of p<0.01 was found between these two groups (T-Test).

This finding supports the hypothesis that isoleucine in combination with
ornithine and phenylbutyrate is effective in reducing ammonia levels. These are in
addition to the beneficial effects of isoleucine previously described for protein
synthesis.

Example 15: The effect of ornithine and phenvlbutyrate in the devascularized pig

model

Methods

Five pigs were randomised into four groups: acute liver failure
(ALF)+placebo+placebo (0=2); ALF+Ormithinetplacebo; ALF+ Phenylbutyrate
+placebo; ALF+Ornithine and Phenylbutyrate. Pigs had catheters inserted into the
femoral artery and vein, portal vein, renal vein and pulmonary artery. The experiment
started at time= -1hr, when placebo or treatment infusions were started,

1. Placebo: 5% Dextrose over 3 hours, oral water placebo

2. Omithine alone: 0.3g/Kg, 5% dextrose over 3hours intravascular drip

3. Phenylbutyrate; 0.3g/Kg, 5% dextrose over 3hours intragastric feed
Omithine + Phenylbutyrate: 0.3g/Kg, 5% dextrose over 3hours intravascular drip,
0.3g/Kg, 5% dextrose over 3hours intragastric feed.

ALF was induced by portal vein anastamosis to the inferior vena cava and
subsequent hepatic artery ligation (devascula:iéation) at time= Ohr; infusions were
stopped at t= +2hr and the experiment was terminated at time=8hr. Blood and urine
samples were collected at time= 0, 1, 3, 5, 7 and Shr for the measurement of regional
ammonia and amino acid changes. At the end of the experiment a section of frontal

cortex was removed for brain water measurements.
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A demonstration of increased circulating levels of ornithine in the omithine

treated animals is shown in Figure 27.
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consequences of a gastrointestinal bleed. Rising ammonia levels are blunted, the
deficiency in isoleucine is corrected and neutrophil function is rescued. The combined
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by administration of ornithine in combination with at least one of phenylacetate and
phenylbutyrate, preferably in the absence of aspartate.
Our extensive investigations in animal models and also in humans with cirthosis

support the view that the major organ removing ammonia in patients with cirrhosis is
30  the muscle, converting ammonia to glutamine, a reaction in which glutamate is utilised.

In liver failure, the enzyme responsible for this reaction, glutamine synthetase is

induced and the provision of glutamate would increase ammonia detoxification,
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ano nt of gl utam bej gas conpar ed
o theersimthesind R pRielte kit 57 P SRR e o iR

i nc mep;ﬁédhtg glutattfriccakié thaf thggluihmine isesh@ifledytories Edieys for excretion as

Q?f% g‘@%ﬁ?ﬁ’ﬂﬁﬁ‘ﬁ%g@?ﬁ%%ﬂ i nit I‘?&G@l untoimg%g f

Z(Og ﬂmﬁpc&hggy, high fg%]utﬁlimhdl lCaﬁve&Ialgm o&thoﬁxpafehﬂm&nti eitmmght |k on

i gure Wi t ittle ch e ln u

(i Qiont 894 Rl 1 05 WP 3 g e et POHE G TPATBNA &
(Fi guised gBdamind ﬂid&lieﬁeﬁﬁmdiﬂi IWelstlﬁtﬁtEaBe dram#tichity a.freeme Yodr igifolated.
glutamne b sz_ I th Phe Ibuél(‘y?‘f te al one treat nent
(Figure @Ht‘“&ff'w i 0 1

upt akels afeQﬂiEﬂécﬁHd mnﬁbmﬁetbelohmﬁgmm rembs dlitngiae endZ@Jn
The conbl nat i on of omthi nf a S Phen Ibu rat . has t
RecarenherRbeiTegt on ppmpria fev }§ caipstrop o

I WpflﬁﬁlS! of @scaREhE Ry ErdmnBnaeinkaibd @iﬂbﬁﬁu&,ﬂmbm o&hthldaen@nd of
25 the exg;rlmant co redtoal the, other animals

( Fi ghrrylbabyate (hhorings about s mpirsieble reldnglioa dn p giFRuiatas pgerie

by @ Gh&liokdlesthy iicradaé iﬁ%lutinﬁh@&b&@wﬁﬁbm%ﬁ&hl@negGB@ﬁlé Yan
reduced gut anmoni a pr Qductiqn g Figure 24). It is

i nt SEEOniaEgnerPng gmnoagid incrsgeed iy, anele, ey et e Tisg dncthis
SWCfaﬁﬁ%dﬁ%ﬁﬁ{sﬁﬂhﬁﬂbHﬁwoﬂ?ﬁzﬁééP%&e@&ﬁnﬂ%&& al one

treated animals (Fiqure 25). Despite this increase

gl uted mlbqns&fe&tbe oy of i ventian: Aa cetphlisiygiconsequence of elevated

ammonia is brain swelling as water content of the brain increases. The brain from

ornithine alone treated pig shows considerable increase in water content while the



30 gl utam ne uptake is substantially reduced (Figure 26).
A denonstration of increased circulating | evels of
omithine in the omthine treated animals is shown in
Figure 27. 35 The inpact of the devascul ari sation and
treatnment interventions on agterial glutam ne are shown
in Figure 28. There is an increase in the circulating

| evel of glutamne in the omthine treated ani mal, which
is ameliorated by the co-adm nistration of phenyl acet ate.

An ioRfiteine 6dd phenyibulthid GoEifedirbRic@&blst Ritkd @hteAl BlstdMpihilfn
of the_aFterlaI 5.glycine. levels that was found in the

ani e if BRI RFY i R ORI &1 A Bran il e oseithyne 4p

(Fi SihHén?IbE@)ate combinedredti€nt @ithaRombpkted RRLS1Ad¥B redtdd@nimal.
frontal cortex of the brain was renoved and brain water
content neasured (Figure 30). An i ndependent
pat hol ogi st reported on the cellular anatony of the brain
in 10 these experinental animals. His report is

sunmmari zed bel ow. ALP: M crovessels wth
perivascul ar oedema with surroundi ng vesicles. Neuron
wi th necrotic changes surrounded by vesi cl es. ALP +

O-P: Mcrovessels with perivascul ar oedema with
surroundi ng vesicles (less than from ALP wi t hout any
treatnent). Intracellular edenma 15Sham Brain tissue with
m nimal ultrastructural changes=normal brain tissue.

Concl usi ons The inventors have found that sinulation
of sone of the synptons of an acute attack associ at ed
wWith chronic liver disease, such as increasing the
concentration of 20 amonia or simulating a
gastrointestinal bleed, results in reduction of

neutropbil function and this reduction can be partially
reversed by omthine or isoleucine. Rescue of neutrophi
function by both ornithine and isol euci ne plays an
important role in the prevention of sepsis which is a
common precipitating factor in the progression of liver
deconpensation. 25Furthernore, the inventors have found
that isol euci ne does not affect the rise in concentration
of ammonia follow ng a sinulated gastrointestinal bl eed.
Therefore, contrary to the hypothesis that ammonia | evel s
W || decrease upon adm ni stration of isoleucine because
of stinmulation of protein synthesis, anmonia | evels are
unaffected. Thus, use of isoleucine in conbination with
om thine, which is known to | ower 30 ammoni a levels, is
particul arly advant ageous. Therefore, adm nistration of
ornithine and i sol euci ne prevent the netabolic
consequences of a gastrointestinal bleed. R sing amonia
| evel s are blunted, the deficiency in isoleucine is
corrected and neutrophil function is rescued. The

conbi ned 36



use of ornithine and isol eucine therefore provides a new
treatnment for patients followng a precipitating event to
prevent |iver &conpensation from occurring. The

i nventors have al so found that L-om thine L-aspartate
(LOLA), which is used to redyge ammonia in patients wth
hepati ¢ encephal opat hy, does™not reverse the 5 effect of
amoni a on neutrophil ftncttion. Thus, use of omnithine

al one i s nore advant ageousCLABMsuse of LOLA, since

om t bi ne can both reduce ammoni a and rescue neutrophi
function. Al so, the aspartate conponent of LOLA

acc Umsélbﬁ&lﬂtlﬂné fhethb @iufactite Hf @ GicdFahatt i usefin asibiddtibAtWeth at
may act aIIy harnful to patients since aspartate

legi pag Wéacgtﬁ% &ed phanylhubestn far RveRERR ProfFARtine lvshdqcpppensation or
hgpgﬁggmegphmgpdﬂgl ng neutrophil 10 function. Accordingly,
preventing or delaying the onset of |iver deconpensation
can be achi eved using on1th|tte in conbination with
| SOlLYGL NG at ﬁéa@tf 6825t YhenPadellfe glbﬁ’t%ra?csﬂxaﬁk dhhufacture of a
Furthernore, the inventors have foun at treatnent of
mpdicdmeent sfor usra kre pambinakerc epthal copthitsy f¢rHByevemting lor omsating nléver
m&aﬁ@&%&&ﬁ%ﬁhﬁﬁ&lékgiﬁﬂ 5 anmoni a levels and 15 as a
consequence, "I ncredses” gl'utam ne | evel s. However,
glutamne is only a tenporary anmoni a buffer as it can
recygcl L egener at i dne
el e 2 pRERC AR & B ot ettt AR RO BRe dn e
mhedttnire of asaﬁ:dmiaery fior pevemting noron¢ating dived decofnpedshdom or hepatic
cog%&*? ting to the pathol ogy of hepatic encephal opat hy.
tgﬁenylacetate or phenyl butyrate in children with
urea cycle disorders 20 reduces the abnornally hi gh

| eve |.ut am ne. contr ast ents ring from,
HE hJa\%fTé <36 1 ayans obpe glieEﬁdaWkérgw ey Sa@ veg S%W‘%F‘F?a"‘m is
mﬁ&ﬁﬂ&h@ﬁﬁcmbﬁeﬁvaﬂﬁmhﬁlng treated with LOLA which reduces

| evel s of anmmoni a but increases |evels of glutam ne.
Therefore, use of phenyl acetate and/ or phenyl butyrate

al | oygrsd Qicodalig 6 BfAabr @k p&ké&r&rﬂlﬂﬁs hRerbing¥ie BI-evErhr%n or treatment
secondary rise in_ammonia level's in patients with HE
invelpescdslagting gheypnsea af livepdesompensationt ment for hepatic

encephal opat hy can be achi eved by adm ni strati on of
ornithine in conbination with at |east one of )
pherfyUse @ccmdéngmohnp tvan pf thetpyecading cloimsf whegdih yhej pratietidas had or is
Qur extensive investigations

m?ﬁ%ﬁﬂ%?h gﬂﬁgk%hgma §BaFn humans with cirrhosis

support the V|eM/that t he najor or gan renDV|ng anmonia in
g%‘ﬁ 3 %Cé:ordrnét ﬁ! g Shereé%l %atld %rE§?1 \?\f}e\%ﬁt lgl%gst ol tttisp S bleedmg,
nﬁkh&u@&ﬂuvhnﬂhmubmmkmd&udmnmthe enzyme respon5|ble for

this reaction, glutam ne synthetase is induced and the
provi sion of glutamate would i ncrease amoni a

det o iUfsé aebidig.to claifn 6 or 7, viieteirhthe medlaalmne[smﬂﬁlﬁﬁstﬁéd within 6 hours

ut amat e, . det oxi . transforma
of e ERPREL et S BTRR &y i ot s R Tt S bine been
détbdd. t hi s glutami ne, recircul ates and regenerates
amoni a. Qur invention provides a novel nethod of not
only detoxifying amonia into glutam ne but also
elimnating the excess glutamne that 5 is generated.
Thus, OP reduces ammoni a concentration in patients with
cirrhosis and hyperamonenia significantly nore markedly
than either alone. The effect is clearly synergistic
rather than additive. In addition, postprandial increase
in ammonia is abolished by admi nistration of OP. This may
allow fir feeding of patients with deconpensated
cirrhosis with protein-rich dlets wi t hout the ri sk of

e o L o o e e A £ — U [ TR g Y P




The established wi sdomthat phenyl acetate reduces amoni a
in the hyperamonaem c i nfant presenting with urea cycle
di sorders is that the anmonia is trapped into gl utam ne
and that the glutamne is shuffled to the kidneys for
excretion as the phenylacetah@glutan1ne adduct. These
infants present with high ammonia and, 20 inportantly,

hi gh gl utam ne. Conversely the cirrhotic patient presents

Wi t 9. Ris@ hccarlifizith anpbee GfahéBlecddig! cin@ whiéraiftibapatic BR€pRil&pathy is

nodel descri above oes not have rai sed gl utam ne
Ip f pat ‘éﬁﬁﬂ%‘g"@é‘b}é‘[‘% 159985 WAL ey ec:al ly after the
I|ver is isol ated. Treatnment with onithine al one

i ncreases bl god gl utam ne whereas ammoni a | evels are

unaflfeltecgeording i 40y 9n¢ phibe rissedig clrirgVheasin yaid Arjithige ispresent as
a BkdthSBRAC ﬁﬂﬂo%&ﬁ'opp%o%ﬁallmb&%fe' sgignt effects on

amoni a levels. In dramatic contrast, in this

cat astrophi c nodel of escal ating hyperannonaenla t he

co rrt’l'l n @fs% %‘co?&mé) o Ign)P Bhé gf e ﬁ'g%g t?l ecmﬂnp %11\1&{&{ %e( Q:ﬂeast one of

brings out an appreci able re on in the circulating
plenyiasiate aad ghenybilubyoateis peesenh es sodivmadisayldcptatglon scalirinmphegpbutyrate.

with omthine alone. dycine, an anmoni a generating am no

acid increased in all the animals, however, the rise in

t hi 3123Usea=m'cordingctd> dnyare ofulespracetling lclaymbivhertie daid mhegdicamertt Harther

reéﬁed ani mal , suggesting additional benefit for this

chﬁWﬁﬂﬁ T5P&r vention. An established consequence of

el evated ammonia is brain swelling as water content of

the Qrain increase e brain om t hi ne al on

L F ool OGBS TR LN B4 O S PSRl o e
atiiib b&d bihysigBgieallyldtdpeabrRralt.phenyi but yr at e conbi ned

reduces brain water content. H stologically, there is

| ess apparent injury in the mcrostructure of the brain

of tlheumcwumg AR dHB Pt DRICYTiIRL Qaif@ RibeRABGkald B iRt contains
ani mal conpared to the placebo treated animal. 39 CLAIMS
supstantiplly a9 ogerntieg #¢éd- i n t he manufacture of a nedi cament

for use in conbination with at | east one of phenyl acetate
and phenyl butyrate for preventing or treating liver
decoifpéise sbemding th @pmqne of ribe prea¢dineatipyns wherein the mgdisagent is
t .

@il R R 1Cerl BRI ARE, Bl-fachl ORI brth@inlobitf
om t hi ne for preventlng or treatlng I|ver deconpensatlon

or p halopat Qm t h
at 1 B0k GsrBRER R eR Rk O e mrecediad ol R P il e
devampémgiod loehahticenvedialopatieyin afpaﬁenphmgrchromg liver diseest | g
| i ver deconpensation or hepatic encephal opat hy. 4.
Use according to any one of the preceding clainms wherein
sai di7l e acdpippems aink @ff theSprededing Riuinhe fir paviehtinghorardating liver

d » . t f th
A5PRRETR] o M AR L PR GPePoat ment

i nvol ves delaying t he onset of |iver deconpensati on.

her Bt NoE Ao oo e R BFeeree et AP dHe Gt e

déoRpaRhtinlophépate eéefalopathy in a pZtlenuizﬁlnfg(h@% qiv&th@e claim 6,
wherein said precipitating event is gastrointestina

bl eedi ng, infection, portal vein thronbosis or

dehydr ati on. 8. Use according to claim6 or 7,
wherein the nedicament is adm nistered within 6 hours of
the sympton(s) of a said precipitating event or suspected
preci pitating event having been detected.




40 9. Use according to any one of the preceding
cl ai ns wherein hepatic encephal opathy is treated in a
patient with chronic liver disease or acute |iver
failure. 10. Use according to any one of the
precedi ng cl ai ns wherein saiq ornithine is present as a
free nononeric amno acid or bhysiologically accept abl e
salt. 11. Use according to any one of the preceding
cl ai B Usbh escBidingt B@nRbnd SRS pRARIHR 140 ¢ pR& Btz &r #R8ling hepatic
pheq&ggutyrate IS present as sodium phenyl acetate or
@Menylbutyrate. 12. Use according to any one
of the preceding clains wherein said nmedi canent further
conpri ses isol euci ne. 13. Use according to claim12
wher & Mseabcerdingde amcinaef the preeedingrlains wherkindee medicimens eomprises
@ghm% ' hysi ol ogi cal |y acceptable salt. 14.
“Tsé agggkgﬂﬁgﬂgo any one of the preceding clains wherein
sai d medi canment contains substantially no other am no

acl d21. U\ﬁ%aecrc%t%lgrrgtt?l]%n% ncgl .%gg‘% :?m%ngg c?zp 5 %ﬂ rel%ghc% Iglgdigagne tec%h'lrﬁgses

€

cl ai s or mulate
nb adpadatenous, intraperitoneal, intragastric, intravascul ar
or oral adm nistration. 16. Use according to any

one of the preceding clains for preventing or treating
|1 vel2, dase ngiadsidtiine0 Aandott leeyd adnk of epheryiitatlapatdhphanplbatyrate in the

atj ent vi ng,.chroni.c |iver disease. . 17. Use .
SRR o GRS (5t TYaBb o EReE P slpsiag fis Ot of hepatic
efdephaRdphathi @h Oatichid@tihgehrbiiy B¥er deG@ERQKGAIIV@ Taikke. hepat i C

encephal opathy in a patient having liver cirrhosis.

18. Use according to any one of the preceding clains for

pr eveNpidadet®EontdiSAS biBhihd MMt RES SRPE PRSI RBtaR and BRAYIbEtyrate as
encephal opathy in a patient having acute liver failure.
aspmbined prepaatiqusier sieknePe saparaterfy seansntil upfor preventiae g treating
<Ly . i ting hepatic encephal opathy.
hﬁﬁe@ﬂeﬁ%&%ﬁ%ﬁ%ﬂn& ggcaegl;;/al%pﬁggof the preceding clains
wherei n the medi canment conprises substantially no

aspa . ' f the

o ot ity sccondinflo R AMA B D RRYcRBRE ! 1O
aspartate. 22. Use of onilthine and at | east one of
phen cetate an henyl byt te.in the manufacture of :
o P e 3Rt el 23 et o8 Wfich Jorpscl BRI af gler Amino
acdset of hepatic encephal opathy in a patient having

chronic liver disease or acute liver failure. 23.
Products containing onilthine and at | east one of

phend. acsgHaphsedtizal dohpoilidaioppAsifg Agitidncaidak Red one of phenylacetate
E%ﬁPaHgtion for sinultaneous, separate or sequential use

a YeVEAat ng or treating |iver deconmpensation or

hepati c encephal opat hy. 24. Products according to
claim 23 which further conprise_isoleucing ) 5. )
Pr ook A pheERACeticy QREF Pl 3999 iRE 01 Slfn A6 &&ffbrﬁlgtﬁeg comprises
igwhashantially no other am no acid. 26. A

phar maceuti cal conposition conprising onnthine and at

| east one of phenyl acetate and phenyl butyrate. 27.

A pheg e eHirneetutiC0 BRASIskibR BBt 1ichin 8 viHeRinMhe BriinG And at
further conprises isol eucine.
least one of phenylacetate and phenylbutyrate are in a weight ratio from 10:1 to 1:10.



28. The pharmaceutical conposition according to claim 26
wherein the ornithine and at | east one of phenyl acetate
and phenyl butyrate are in a weight ratio from10:1 to
1:10. 42 29. The pharnmaceuti cal conposition
according to claim 26 mhereiﬁ the omthine and at | east
one of phenyl acetate and phe §Ibutyrate are in a wei ght
ratio fromb5:1 to 1:5. 30. The pharnmaceuti ca

CONPS Thd pard&edl Qapoditied AcHRE WBIRME DS whiteinQR binfthiA€and at
and at_ | east one of phenyl acetate and henylbutyrate are

least ope Qfenbeacptateiapd Phesﬁbmteta& i apveight ratio frgm 5:1pto”l:
pharmaceutical conposition according to any one of clains
26-30 which conprises substantially no other am no acid.

32. A pherhramegrticebtompopiposiacidingde elem%gherema*hgzomn@md at
t at
1%%%%&%.%%%%%&‘#9?9&%&%%%Q%Je g& k¥m¥0 gSPArtate.

ceutic sition a ing to any one of
cl aims 26-30 which conprlses no aspartate 34. A

phar
ol ai ﬁﬁ%@g%ﬁ%gﬁ s tiog gcc ft‘dnéﬁk 1:1}? (gr#e og Flgi\;}}e/snzia{gﬁ dﬁﬁ'%crh comprises
substestiallp go bthvmnmkemdrpensat ion or hepatic encephal opat hy.
35. An agent for preventing or treating liver
deconpensati on or hepatic encephal opat hy, conprising
0 m' t 32, Aghaftcaticdl eagpositiog agbrdiipan yhyp@R ofitlainar?d-30 which comprises

%hbut rate. 36. An agent according to claim 35

Iy gp é?m%onprlses i sol euci ne.

33. A pharmaceutical composition according to any one of claims 26-30 which comprises

no aspartate.

34. A pharmaceutical composition as defined in any one of claims 26 to 33 for use in a

method of preventing or treating liver decompensation or hepatic encephalopathy.

35. An agent for preventing or treating liver decompensation or hepatic encephalopathy,

comprising ornithine and at least one of phenylacetate and phenylbutyrate.

36. An agent according to claim 35 which further comprises isoleucine.



