COVPCSI TI ONS COVPRI SI NG ORNI THI NE AND PHENYLACETATE OR PHENYLBUTYRATE FOR
TREATI NG HEPATI C ENCEPHALOPATHY Field of the Invention The present

i nvention relates to the prevention or treatnent of liver 5 deconpensation
or hepatic encephal opat hy. Background of the Invention Chronic |liver disease
I's characterised by the gradual destruction of liver tissue over tineg,
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I ncreased portal blood pressure and oesophageal varices. 20 Patients with
chronic liver disease can be in a fairly stable clinical state and exhibit
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oesophageal regenerating liveritissue iz 164t muttients, hdrmsresp diuge midstoxink ercadongengeal
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upper gastroi nt estpigein REAEH sySiplot Wthidng dbnbRea 8lckRfce of proteins absorbed
15  through the intestinal tract, leading to accumulation of ammonia; abnormal excretion,
leading to an accumulation of bilirubin in the blood, producing jaundice; increased
sinusoidal pressure, leading to fluid accumulation in the abdomen (ascites); and portal

hypertension (and portosystemic shunting) wherein scarred liver tissue acts as a barrier
to blood flow, leading to increased portal blood pressure and oesophageal varices.

20 Patients with chronic liver disease can be in a fairly stable clinical state and
exhibit few or no symptoms. However, such patients are at risk of an abrupt
deterioration in their condition which can lead to acute-on-chronic liver failure. This
transition from a “compensated” state, where the liver is able to function, albeit'ata
reduced level, to a “decompensated” state, where liver function fails, involves the effect

25  of precipitating events, Precipitating events associated with chronic liver disease
include gastrointestinal bleeding, infection (sepsis), portal vein thrombosis and
dehydration.

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;



susceptibility to life-threatening conplications such as bacteri al
peritonitis, sepsis, renal failure and hepatic encephal opathy (reran et at
(1997) Gastroenterology 112: 473-482; 2 Garden et at. (1985) Br J Surg 72:
91-95; Pauwel s et at (1996) Hepatol ogy 24: 802- 806; Bleichner et at (1986)
Br J Surg 73: 724-726) resulting in the death of about 30% of pati.ents
despite adequate control. of bleeding (& ace 1992 supra). Hepatic

encephal opathy (HE) is a conpl ex neuropsychiatric disorder that occurs 5 in
di verse clinical situations such as acute or chronic liver disease and
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B. failure, cardiovascular failure, kidney failure). In addition to ammonia, septicaemia (or
bacterial peritonitis) which develops soon after a gastrointestinal bleed is also likely to
be a contributing factor to hepatic encephalopathy.
20 Liver decompensation can then lead to multiorgan failure and hepatic
encephalopathy. In the early stages of hepatic encephalopathy subtle mental changes
such as poor concentration or the inability to construct simple objects occurs. In severe
cases, hepatic encephalopathy can lead to stupor, coma, brain swelling and death.
The prognosis for patients with chronic liver disease is difficult to estimate
25  because the condition has many causes. Preventative measures to minimise progression
from the compensated state to the decompensated state include avoidance of further
causative agents which will worsen the condition, such as complete abstinence from
alcohol and vaccination against hepatitis A and B.
However, once liver decompensation occurs, the chances of survival are reduced
30  and liver transplantation is the only treatment that can extend life. Since it is liver
decompensation that leads to a reduced life expectancy, it is highly desirable to prevent
liver decompensation from occurring.



However, once liver deconpensation occurs, the chances of survival are
reduced 30 and liver transplantation is the only treatnent that can extend
life. Since it is liver deconpensation that |leads to a reduced life
expectancy, it is highly desirable to prevent |iver deconpensation from
occurring. 3 A conmon therapy for patients with hepatic encephal opat hy

i nvol ves strategies to reduce the concéntration of ammoni a. These incl ude
restriction of dietary protein intake; adm nistration of |actul ose,
neonycin, L-ornithine L-aspartate (LOLA), or sodium benzoate; and cl eansing
enemas. 5 Sunmary, of the.inventio he.present inventi.on cancerns fhe use of
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at least one of phenylacetate and phenylbutyrate for preventing or treating liver

decompensation or hepatic encephalopathy;

15 - use of at least one of phenylacetate and phenylbutyrate in the manufacture of a
medicament for use in combination with omithine for preventing or treating liver
decompensation or hepatic encephalopathy;

- use of ornithine and at least one of phenylacetate and phenylbutyrate in the
manufacture of a medicament for preventing or treating liver decompensatioﬁ 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  or hepatic encephalopathy, which method comprises administering an effective amount
of ornithine and at least one of phenylacetate and phenylbutyrate to said patient.



encephal opat hy, conprising ornithine and at | east one of phenyl acetate and
phenyl butyrate; and a nethod of treating a patient having or at risk of
having |iver deconpensation 30 or hepatic encephal opat hy, which nethod
conprises adm nistering an effective anount of omthine and at | east one of
phenyl acet at e and phenyl butyrate to said patient. 4 Brief description of
the Figures Figure 1 shows that neutrophil function is altered in patients
with cirrhosis and worsens with increasing severity of liver disease.
Figure 2 shows that ammoni a reduces neutrophil phagocytosis. 5 Figure 3
shows that agno }% redguces neutrophil chenotaxis. Figure 4 shows that the

y
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concentration 158U 455“?‘86\3“ pcf of smimgpia o8 neyteophitiphagosytgsis LR ¢ hat

active renov&lmg;d%”ﬂ{% orevents the secondary rise in anmonia
concentration. Figure 10 shows that phenyl acetate binds glutam ne to make an
excretabl e conpdfiguredrsops thabmsimutated geeteointesting] bleadoeduceanentmopkil 20 Fi gure

11 shows the_effect of. om t.hine.and phenyl butyrate on..a nia levels in
patients w ﬁP%\?ﬂé&‘@#ﬁFﬂ‘ﬁd@@y ! mg}ﬂ&{gﬁf\%@u?%&‘%&?%& of onithine and
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Figure 13 shows the changes in nmental state of patients treated with
pl acebo, 0, isplsuging gxidation inappropriately.

Figure 7 shows that administration of isoleucine during a simulated bleed

enhances protein synthesis but does not reduce ammonia concentration.
Figure 8 shows that administration with LOLA reduces ammonia concentration

15  but allows ammonia to regenerate.

Figure 9 shows that active removal of glutamine prevents the secondary rise in
ammonia concetitration.
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 omithine 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 ornithine, phenylbutyrate and isol;aucine 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 cirthosis.
Figure 17 shows the effect of ornithine, phenylbutyrate and isoleucine on
isoleucine levels in patients with advanced cirrhosis.



Figure 14 shows the effect of ornithine, phenylbutyrate and isol eucine on
ammoni a levels in patients with advanced cirrhosis. Figure 15 shows the

ef fect of ornithine, phenylbutyrate and isoleucine on glutamne levels in
patients with advanced cirrhosis. 30 Figure 16 shows the effect of

orni thine, phenylbutyrate and isoleucine on glycine levels in patients with
advanced cirrhosis. Figure 17 shows th®& effect of omithine, phenylbutyrate
and isoleucine on isoleucine levels in patients with advanced cirrhosis. 5
Figure 18 shows the effect of omthine, phenylbutyrate and isol euci ne on

ornithine | evels dn lents, W t.h advanced ¢cirrhosis. Figure 19 shows the
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contrast, the placebo and the P alone animals shows an increase in ammonia production
by the muscle.
15 Figure 24 shows that ammoniz is produced by the gut in all animals except the
OP treated animal (samples were taken from the portal drained viscera —artery).

Figure 25 shows that muscle glutamine release is increased by O but not P used
in isolation. OP caused a markedly greater release of muscle glutamine (thereby
trapping ammonia as glutamine in the 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 omithine levels increase in the two animals (O
alone and OP groups) to which it is administered.

Figure 28 shows that arterial giutamine 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 ornithine 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 "inctude” and variations such as "comprises", "comprising", "includes"



al one and OP groups) to which it is adm nistered. Figure 28 shows that
arterial glutarnine levels rise with 0, but less so with OP. 25 Figure 29
shows that the conbination of OP prevents the increase in the ammobniagenic
am no acid glycine. Figure 30 shows that omthine al one caused an i ncrease
in brain water, phenyl acetate induced a small reduction in brain water,
while in conbination these agents brifg about a substantial reduction in
brain water (% control). 30 Detailed description of the Invention Throughout
the present specification and the acconpanying clains the words "conprise”
and "include" and variations, such Eﬁ&gﬁrises", "conprising", "includes" 6
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may have 15 liver, cirrhosis. The subject may have acute liver failure. The
subject to b@“FPEIﬁ’cé‘H"tFPEy have hepatic encephal opathy. The onset of both
acute angy chronic liver disease may be due to a xenobiotic cause. For
exanpl e, the subject may have been exposed to a chemical, drug or sone

ot her agent Suljecls fodetregted i ver danage. The subject may have a reaction to an
over -t he

The present invention is concerned with the prevention or treatment of liver
decompensation or hepatic encephalopathy. The subject’s liver may therefore be in the
compensated state. The subject may have chronic liver disease. The subject may have

15  liver cirrhosis. The subject may have acute liver failure. The subject to be treated may
have hepatic encephalopathy.

The onset of both acute and chronic liver disease may be due to a xenobiotic
cause. For example, the subject may have been exposed to a chemical, drug or some
other agent which causes liver damage. The subject may have a reaction to an over-the-

20  counter, prescriptive or “recreational” drug which causes liver damage. The subject
may have been taking Rezulin™ (troglitazone; Parke-Davis), Serzone™ (pefazodone;
Bristol-Myers Squibb) or other drugs thought to cause liver damage. The subject may be
one who has had an overdose of a particular drug or exceeded the recommended dosage
of a drug capable of causing liver damage. For exarmple, the subject may have taken an

25 overdose of paracetamol. The subject may have been exposed to chemicals which can
cause liver damage such as, for example, at their place of work. For example, the
subject may have been exposed to such chemicals in an industrial or agricultural
context. The subject may have consumed plants which contain compounds which can
cause liver damage, in particular this may be the case where the subject is an animal,

30  such as a herbivore. For example, the subject may have consurned a plant containing
pyrrolizidine alkaloid such as ragwort. The subject may have been exposed to

environmental toxins thought to cause liver disease,



20 counter, prescriptive or "recreational" drug which causes |liver damage.
The subject may have been taking Rezulin m(troglitazone; Parke-Davis),

Ser zone (nefazodone; Bristol-Mers Squi bb) or other drugs thought to cause
| i ver damage. The subject nay be one who has had an overdose of a
particul ar drug or exceeded the recommended dosage of a drug capabl e of
causi ng |iver damage. For exanple, the?subject may have taken an 25 overdose
of paracetanol. The subject may have been exposed to chem cals which can
cause liver danmage such as, for exanple, at their place of work. For

exanpl e, the subject .may.have .heen exposed to h em cal.s in agn
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may be the case where the subject is ‘an aninmal, 30 such as a herbivore. For
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| di osyncypat irgspdhidétoah Peald @ houtd Bver BEMENT to be a hypersensitivity response
wherein the subject responds to a drug in a pharmacol ogi cally abnornal way.
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i nfected, with a virus_ which causes , hepatitis. The_ subject nmay have chronic

viral hepat ihepaitisyRe sbjegtmaphave chionicvimphepatitice The virp ey fpsexample, ¢ D
\rllla:);tsl t :1;5 S%aﬁﬁyc?%m%ﬁl@g%%%gﬁyﬁ% - F%@Wg@ubj ect may
have Al DS. Hepatitis, the ssbjidt enayhlsd be ifectetowitic HTVid pr Ha The sebject ooy haes | nf ect ed
with other AIDS. It is possible that the subject may have been, or be, infected with other
organisms which cause liver disease and in particular those which are present in the
liver during some stage of their life cycle. For example, the subject may have, or have
20  had, Liver fluke.
The subject may have an inherited disease which causes, or increases the risk of,
chronic liver disease. For example, the subject may have one or more of hepatic
hemochromatosis, Wilson’s disease or a-1-antitrypsin cieﬁciency. The subject may have
an inherited disorder which causes some kind of structural or functional abnormality in
25  the liver which increases the likelihood of liver fibrosis. The subject may be genetically
predisposed to develop an autoimmune disorder which damages the liver and hence
which can contribute to liver fibrosis.
The chronic liver disease may be alcohol-induced. A man or woman to be
treated may be, or have been, an alcoholic. He or she may be, or have been, consuming
30 onaverage 50 or more units of alcohol per week, 60 or more units of elcohol per week,
75 or more units of alcohol per week and even 100 or more units of alcohol per week.
The man or woman may be, or have been, consuming on average up to 100 units of

alcohol per week, up to 150 units of alcohol per week and even up to 200 units of



organi snms whi ch cause liver disease and in particular those which are
present in the |liver during sone stage of their life cycle. For exanple,

t he subj ect may have, or have 20 had, liver fluke. The subject may have an
i nherited di sease which causes, or incgeases the risk of, chronic liver

di sease. For exanple, the subject nmay have one or nore of hepatic
henmochromatosiis, WIlson's disease or a-l-antitrypsin deficiency. The

subj ect may have an inherited di sorder which causes some kind of structural
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iver fibrosis. The subject maybe genetically predisposed to,devel op an
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to liver fibask Igr&hronic liver disease may be al cohol -induced. A man
or wonman tot}%‘ggdot%%tat ed&'may be, or have been, an alcoholic. He or she may

be, or have been,Theammariwuman3faydmavebeenagesubingsuchiavelswfalcshal ffordl arohol per
week, 60 or nore uniltos al coh nor e I ts, of al cohol per
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up to 150 units of al cohol per week and even u o 200 units of 8 al cohol

per week. Thysarsand gyantprto 48fyeunclnnases obalcol ediliver eirthosis theisbjegett ry to
try. He ' i ith th
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| evel s of algvehélydaes. 5 or 5 nore years, 10 or nore years, 15 or nore years
or 20 or nore years. The sulject maé have been consum ng such | evels of

al cohol ¥or up tﬁ@“@@%‘%ﬁyl{%‘_"%‘%" aﬂqm@pngbb%oreﬂ%ﬁegh ?IH’té?ren up to
40 years. | rhd?@r?iéﬁ&fcs Glatchol théﬂ‘xqb’&‘wj%ﬂlén"c‘%ﬁ d%ﬂéﬂ@édg?li& E%oéﬂ@v@ﬁﬁsea@y be

aged, for exanp 25 years or over, 35 years or o ears or over and
even over 60 ayhertey Himb(rafineand fiyne groallen gmbnisiefl alcobol thammeer.. Théreseemstoy be nore

susceptible  to the dverse effects of al cohal..t han . yonmen can devel op
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amounts of  aemeRe but 1he RfFEEIDE hdfifines @@%ehﬁpﬁéﬁ?of‘ﬂcﬁioﬁﬂh?pfa?@ﬁ‘Bﬁp&r&nﬁccount
for increased susceptibility to alcoholic liver danage in emal es, but the

ef fect of5 hooleones on the netabolismof al cohol may play an inportant
In other embodiments of the invention, the subject may have one or more of a
number of other conditions known {o result in liver damage such as, for example,
primary biliary cirrhosis, wtohﬁme chronic active hepatitis, and/or schistosomiasis
(parasitic infection), The subject may have or have had a bile duct blockage. In some
20 cases, the underlying canse of chronic liver disease may not be known. For example the
subject may have been diagnosed as having cryptogenic cirthosis. In one embodiment,
the subject may be suspected of having any of the conditions listed herein.
Methods for diagnosing chronic liver disease, acute liver failure and hepatic
encephalopathy are well known in the art and in particular to clinicians and
25  veterinarians in the field. Preferably, the subject will have been diagnosed as having a
liver disease and hepatic encephalopathy, for example by a medical or veterinarian
professional. The subject may display one or more symptoms associated with liver
disease such as one or more of jaimdice, ascites, skin changes, fluid retention, nail
changes, easy bruising, nose bleeds, oesophageal varices, and in male subjects may have
30 enlargement of breasts. The subject may display exhaustion, fatigue, loss of appetite,
nausea, weakness and/or weight loss. The subject may also display one or more
symptoms associated with hepatic encephalopathy such as one or more of confision,
disorientation, dementia, stupor, coma, cercbral edema, multiorgan failure (respiratory



15 role. In other enbodi nents of the invention, the subject may have one or
nore of a nunber of other conditions known to result in |iver damage such
as, for exanple, primary biliary cirrhosis, autoimmune chronic active
hepatitis, and/or schistosom asis (pagasitic infection). The subject may
have or have had a bile duct bl ockage. In sone 20 cases, the underlying
cause of chronic liver disease nmay not be known. For exanple the subject
may have been di agnosed as having cryptogenic cirrhosis. In one enbodi nent,

the subject ghwercardisweaT1ftailire GRMIIRG) fate)) ubd)@stiRRed/fibiaiP, seizifesfr her ei n.
Met hods for diagnosing chronic |iver disease, acute liver tailure and
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nul tiorgan fs’tb{ddﬁsdéfeﬁﬁiﬂb%b&bvmﬁisﬁéhﬁryﬁnﬁedﬁﬁh@'mY&eqﬂeM@dddure or kidney

failure), nuscle stiffness/rigidity, seizures or Speech inpairnment. The
subj ect b bederlyiag esnsernfthe liversdiseasamaecberchaaptgrizadn Any bistagy of exposuretst | i ver

di sease. The wm’ 0 : Q% e ri sk of devel opi ng hepatic
encephal opat%ay. g%%‘ﬁ?@?ﬁ‘%?%%ﬁ%%@h@ avgdbeen, or be, confirnmed by
physi cal exam natTheubjestad beltreged majbhe stusk forhepatiz encephatopsttic@pisbdes ofor

bi opsi es nmay have been taken to,|loqk for build up. of, fibrosis, necrotic
Cel | s, cel | UPAmPIRASEFS WEP 877 SyRAgLvEr SHaplAmiS SOrRiceh sncipn nortal by Bristic

Sub] ot to dRbam A pEERR ick i endd el B B T s b ot U e
and 10 ulfdler sufiereg aop hepetio kndepbalbpathic epliciensrhasngtruflcredany hepaticed. Any
history of expostalosath® epfiads B mi SxBIR pericd of e (about 15 Wedicd S bl b’ M e
bhas a disorder or medical condition which creates a risk of hepatic encephalopathic
episodes. A hepatic encephalopathic episode is a clinical condition characterised by the
presence of cerebral dysfunction in patients with liver disease or dysfunction. There is a
20  wide spectrum of mental disturbances in hepatic encephalopathy which range from
minimal where the main effects are a reduction in the quality of life, to overt which
leads to coma and ultimnately death.
Scoring systems may be used to assess the severity of liver disease and hepatic
encephalopathy and also the prognosis of subjects. The Child-Pugh, West Haven
25  Criteria, Glasgow Coma Scale or modified Child-Pugh scoring system may be used.
Alternatively, the (AP ACHE) II scoring system may be used. Points are assigned to
parameters including serum bilirubin levels, serum albumin levels and to signs
including presence of ascites or encephalopathy. Subjects to be treated may be classified
in Child-Pugh class A , B or C. Generally subjects to be treated are classified in Child-
30 PughclassC.
A man or woman to be treated may be aged, for example from 25 to 80 years. In

one embodiment, the man or woman is aged from 45 to 70 years. In another



The subject to be treated maybe at risk for hepatic encephal opathic

epi sodes, for exanple patients who are awaiting |iver transplants, surgical
and/ or portal hypertension patients. A person at risk for hepatic
encephal opat hi ¢ episodes is a person who has not 15 suffered any hepatic
encephal opat hi ¢ epi sodes or has not suffered any hepati ¢ Encephal opat hic

epi sode for an extended period of tineldabout 12 weeks or |onger), but has
a disorder or nedical condition which creates a risk of hepatic

encephal opat hi ¢ episodes A hepatic encephal opat hi c episode is a clinical
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woman i s age over years. The invention does have veterlnary use,
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or bull, shee t or be a 5 donpestic.ani mal such as
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Formul ati on The am no acids used in the present invention may be pure
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Ormithine may be in pure crystalline amino acid form. In general, ornithine is in
the L-form, rather than the D-form, or 2 mixture of D and L. Isolated forms of omnithine
are typically used. Any active form of ornithine may be used or a pharmaceutically

acceptable form of ornithine may be used. Omithine may be employed as 2 free amino

20  acid or an amino acid salt or derivative.

Typically, ornithine is used as a single, monomeric amino acid. Omithine may
be used in salt form, for example ornithine hydrochloride may be used. Omithine may
be in the form of a physiologicaliy acceptable sait in free form. Thorefore, the ornithine
or the ornithine salt are typically not chemically bound, or covalently linked to any

25  otheragent.

Derivatives of ornithine may be used. For example, keto or hydroxy analogs of
omithine may be administered as sodium or calcium salts. Keto acids of ornithine
include omithine ketoglutarate, ornithine ketoleucine and omithine ketovaline. Salts or
derivatives of ornithine may be used in place of or in addition to free ornithine.

30 . At least one of phenylacetate and phenylbutyrate may be used. Phenylacetate
and/or phenylbutyrate may be in physiologically acceptable sait form, such as an alkali
metal or alkaline earth metal salt. The salt may be sodium phenylacetate or sodium
phenylbutyrate. The salt form of phenylacetate and phenylbutyrate may be in free form.



of Dand L. Isolated forns of the amno acids are typically used. Any active
formof the amno acid may be used to prevent or treat the liver
deconpensati on or hepatic encephal opathy. A pharnaceutically acceptable
formof the am no acid nmaybe used. The ami no acids nay be enpl oyed as free
am no acids or amno acid salts or 15 derivatives. Onithine my be in pure
crystalline amino acid form In generall, ornithine is in the L-form rather
than the D-form or a mxture of D and L. Isolated forms of ornithine are
typically used. Any active formof ornithine maybe used or a

phar maceuti cgl | ce Ieformof rnithin be used Om t hi ne may be
enpl oyed as '&‘?’gf@ &P Y*’QEW&@F‘EIPWY&HW?RP Y ¢ 8 ‘(ﬂﬂ der| vati ve.
Typical Iy, opinlibififat Saltia€ feall n&' BESricBvAdt et hi ne
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L-fonn, rathemeddpast.the D-form or a mixture of D and L. Isolated forns of
| sol eucine are typically used. Any active formof isoleucine may be used or
a pharmaceutically acceptable form of isol euci ne nay be used.

15  Pharmaceutical compositions
The ornithine and the phenylacetate and/or phenylbutyrate are typically
formulated for administration with a pharmaceutically acceptable carrier or diluent. The
ornithine and the phenylacetate and/or phenylbutyrate may thus be formulated as a
medicament with a standard pharmaceutically acceptable carrier(s) and/or excipient(s)

20 as is routine in the pharmaceutical art. The exact nature of the formulation will depend
upon several factors including the desired rouie of administration. Typically, ornithine
and the phenylacetate and/or phenylbutyrate are formulated for oral, intravenous,
intragastric, intravascular or intraperitoneal administration.

The pharmaceutical carrier or diluent may be, for example, an isotonic solution

25  such as physiological saline. Solid oral forms may contain, together with the active
compound, diluents, e.g. lactose, dextrose, saccharose, cellulose, corn starch or potato
starch; lubricants, e.g. silica, talc, stearic acid, magnesium or calcium stearate, and/or
polyethylene glycols; binding agents; e.g. starches, gum arabic, gelatin, methylcellulose,
carboxymethylcellulose or polyvinyl pyrrolidone; disaggregating agents, e.g, starch,

30 alginic acid, alginates or sodium starch glycolate; effervescing mixtures; dyestufis;
sweeteners; wetting agents, such as lecithin, polysorbates, laurylsulphates; and, in
general, non-toxic and pharmacologically inactive substances used in pharmaceutical
formulations. Such pharmaceutical preparations may be manufactured in known



| sol euci ne may be enployed as a free amno acid or an amno acid salt or
derivative. Typically, isoleucine is used as a single, nononeric am no acid.
| sol eucine may 10 be used in salt form for exanple isol eucine

hydr ochl ori de may be used. Isoleucine may be in the formof a
physi ol ogically acceptable salt in free form Therefore, the isoleucine or
the isoleucine salt are typically not Bhenmically bound, or covalently |inked
to any other agent. 15 Phannaceutical conpositions The ornithine and the
phenyl acet at e and/ or phenyl butyrate are typically fornulated for

adm nistration with a pharpaceutically acceptable carrier or diluent. The
orni t hi ne an®aRd %aﬁp&gaw@#&m&mtﬁlamgma&m%eﬁm mul at ed
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essentially of ornithine, isoleucine and at least one of phenylacetate and phenylbutyrate.

The medicament may consist essentially of orithine, phenylacetate and/or
phenylbutyrate and a pharmaceutically acceptable carrier. Such a medicament therefore
contains substantially no other amino acid in addition to ornithine. The medicament

20  may consist essentially of omithine, isoleucine, phenylacetate and/or phenylbutyrate
and a pharmaceutically acceptable carrier. Such a medicament therefore contains
substantially no other amino acid in addition to omithine and isoleucine.

The phenylacetate may be present in an amount from § to 100%, for example
from 10 to 50%, or 20 to 40%, by weight of the weight of omithine. The phenylbutyrate

25 may be present in an amount from 5 to 100%, for example from 10 to 50%, or 20 to
40%, by weight of the weight of orithine.

However, the medicament may comprise free aspartate, glutamate or arginine in
non-peptide form, typically in an insubstantial amount. Generally, the amount by weight
of aspartate, glutamate or arginine does not exceed the amount by weight of omithine,

30 By an insubstantial amount, it is meant that the amount by weight of aspartate,
glutamate or arginine, or a combination of these amino acids, does not exceed 20% by
weight of omithine. Therefore, the medicament may comprise substantially no
aspartate. In one embodiment, the composition does not comprise aspartate, glutamate



Suspensi ons and enul sions may contain as carrier, for exanple a natural gum
agar, sodium al ginate, pectin, nethylcellul ose, carboxynethylcellul ose, or
pol yvi nyl al cohol. The suspensions or solutions for intranuscul ar
injections may contain, together with ornithine and at |east one of

phenyl acet at e and phenyl butyrate, a 10 pharmaceutically acceptable carrier,
e.g. sterile water, olive oil, ethyl oBeate, glycols, e.g. propylene
glycol, and if desired, a suitable anount of |idocai ne hydrochl ori de.

Medi canents of the invention can conprise ornithine as the only am no acid

conponent. Medicanments of the i.nvention can conpri.se ornithine. and
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Treatment
Ornithine and at least one of phenylacetate and phenylbutyrate are administered
in combination to a subject for preventing or delaying the onset of liver decomipensation
20  or hepatic encephalopathy. Ornithine and at least one of phenylacetate and
phenylbutyrate can thus be administered in combination to improve the condition of a
subject, for example a subject suffering from chronic liver disease following a
precipitating event. Ornithine and at least one of phenylacetate and phenylbutyrate may
be administered in combination to alleviate the symptoms of a subject, for example the
25  symptoms associated with chronic liver disease in a subject following a precipitating
event. Ornithine and at least one of phenylacetate and phenylbutyrate may be
administered in combination to combat or delay the onset of liver decompensation or
hepatic encephalopathy.
Onnithine and at least one of phenylacetate and phenylbutyrate may be
30  administered in combination to a subject for treatment of hepatic encephalopathy.
Omithine and at least one of phenylacetate and phenylbutyrate may be administered in
combination to improve the condition of a patient suffering from hepatic
encephalopathy. Omithine and at least one of phenylacetate and phenylbutyrate may be



glutamate or arginine, or a conbination of these am no acids, does not
exceed 1 % by weight of ornithine. Preferably, the anpbunt by wei ght of
aspartate, glutamate or 5 argi ni ne does not exceed 0.5% by wei ght of
ornithine. In another enbodi ment, the conmposition may conprise yet other
amno acids in non-peptide form typically as the free amno acid or a
physi ol ogical |y acceptable salt theredf in free form The anount of these
ot her am no acids generally does not exceed the anpbunt by wei ght of

onm thine. For exanple, the other amino acids may be present 10 in an anount

by weight up .o, 00/ for ex | e to 20% of the ght , of ornithine.
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branched chain am no acids (BCAAs). I hcl ude | sgl eum ne, I ne and

| euci ne. Thurdministered imcarbingionde corhiat hma@ﬁpwnhﬂmathmamsunmdptlew
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phenyl acet ate@cephalorsihicepisads sypﬂli 4pd ptrleast quﬂwfe@ in conmbi nation to

i mprove the tg?g& f: ing from
chronic | iveﬁ@@q’ge se t?}Lo)f?eovvl ng a prrééchlrlpl tating evgweﬁg ﬁpﬁﬁlﬁgel and at

| east one ofhepitizrepkcephatopathiccepibofdinmypetson gt iskeof feryhephtic andephalopathiced i n
conbi nation to II vi,ate the a C r. exanple the 25
synpt ons ass%‘EFP MIW”E‘HPB%&TB %ﬂl@%ﬁﬁﬁmnﬁ Y4 owi ng a
preci pi t@yt i NgmiMMerRH in 6&ibihitiondo &ﬂ?ﬁimitﬁﬁﬁépaﬁélén&fahﬂé]ﬁﬂﬁ @ifidaufa and

phenyl butyrate may be adm nistered in combination to combat or deI ay the
onset of | i \psreone forhepatic encephalopathicepisadesphal opat hy. Om t hi ne and at

conbi nat 1 on 10 a SFpEREareg 1o Rtk e R AL o L e
and at | east“pquﬁﬁng)éwms?’mmxb”pk&mhbﬁmmﬁgemg lmu@dm nistered in

conbination to inprove the conditign qQf a pati ent sufferl n(ghfrom hTEatl C
encephal opatmlﬁeﬂqﬂmlﬁ@%éﬂfﬁquop&fﬂﬁm)o?@ﬂb

phenyl bulsyr g Cet TR ¥udb%n hbute attack is likely to lead to hospltahsatlon. The patient may suffer
one of these acute attacks or a combination of these acute attacks.
A subject who hag had or is suspected of having had an acute attack is treated
according to the invention with omithine and phenylacetate and/or phenylbutyrate in

combination to prevent progression of the liver to the decompensated state. The

20 invention can therefore prevent the medical consequences of liver decompensation such
as hepatic encephalopathy. The omithine and phenylacetate and/or phenylbutyrate may
be used to preserve liver function. Use of ornithine and phenylacetate and/or
phenylbutyrate may thus extend the life of a patient with liver disease. In one
embodiment, the metabolic consequences of a gastrointestinal bieed such as

25 hyperammonemia, hypoisolencemia and reduced protein synthesis in the post-bleeding
period are prevented.

Typically, treatment of subjects may begin as soon as possible after the onset or
the suspected onset of a precipitating event (acute attack), Preferably, treatment of the
subject begins prior to repeated acute attacks. More preferably, treatment of the subject

30 begins following the first acute attack.

Treatment is typically given promptly after the start of an acute attack.
Treatment may begin after the symptom(s) of an acute attack or suspected acute attack
have been detected e.g. by a medic such as a physician, a paramedic or a nurse.



adm nistered in conbination to alleviate the synptons associated with
hepati ¢ encephal opathy. Ornithine and at | east one of phenyl acetate and
phenyl but yrate maybe adm nistered in conbination to conbat hepatic
encephal opat hy. Omithine and at | east one of phenyl acetate and

phenyi butyrate may be adm nistered in conbination to prevent 5 an initial
hepati ¢ encephal opat hic episode in a p@rson at risk of for hepatic
encephal opat hi ¢ epi sodes. Onithine and at | east one of phenyl acetate and
phenyl butyrate may be adm nistered in conbination | essen the severity of an
initial hepatic encephal opathic episode in a person at risk of for hepatic
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Use of om thine and phenyl acet ate and/ or utyrate may t extend the
life of a paaduterattack have besncdetettedeTypicallyireatraent ondysiiortheitine wihen regoecyl i ¢

consequences, of astrointestinal,bleed such as 25 hyperamoneni a,

hypoi sol euceﬁﬁ"ﬁ@%%“&é’&f?é@é gﬁ%#ﬁ@ﬁ&hesi s in the post-bleeding period
are prevented. TyrHeGabjedtis tréfted withthe@mithitjaaa i pheiylhegitdaorsoon as

possi bl e after the onset or the suspected onset of a precipitating event
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after the st differenf medicanents: Wiieraorkithine and at least one of phenylacetate and

phenylbutyrate are to be administered in a combined medicament, the combination may

be prepared immediately before administration, or may be stored as a combined

medicament.

20 Where the ornithine and the phenylacetate and/or phenylbutyrate are to be
administered separately, the medicaments may be administered simultaneously or
sequentially over a period of time. Two or three separate medicaments may be
administered over a period of time.

Where two medicaments are administered, omithine may be administered first,

25 followed by administration of the phenylacetate and phenylbutyrate, the phenylacetate
or the phenylbutyrate. Alternatively, the phenylacetate and phenylbutyrate, the
phenylacetate or the phenylbutyrate may be administered first, followed by ornithine. In
another embodiment, a combination of ornithine and phenylacetate may be administered
first, followed by administration of phenylbutyrate. Altemnatively, a combination of

30 ornithine and phenylbutyrate may be administered first, followed by administration of
phenylacetate. In another embodiment, phenylacetate may be administered first,
followed by administration of & combination of ornithine and phenylbutyrate,




Treatment may begin after the synptom(s) of an acute attack or suspected
acute attack have been detected e.g. by a nedic such as a physician, a
paramedic or a nurse. is Treatnent may begin upon hospitalisation of the
subject. Treatnent may thus begin wthin 6 hours, within 3 hours, within 2
hours or within 1 hour after the synptom(s) of an acute attack or suspected
acute attack have been detected. Treat®ent of the subject may therefore
begin from1l to 48 hours, for exanple from1l to 36 hours or from1l to 24 5
hours after the synpton(s) of an acute attack or suspected acute attack have
been detected. Treatment may occur for up to 8 weeks, for exanple up to 6

weeks,- up toAhemWé’éb’sPhﬂfHprtwﬁeﬂl éﬂ@n&ﬁﬁfmdﬁmbfw&u'(admwaannaﬁmte
attack or Sl{iﬂﬁ?’éa‘ﬁq e, een detected. Treatnent may
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up to 24 hours afWheretiires mydipimentssare administened) bvithinesHenPlacstasts pRLCt ed acute
attack have E?WPr]Hdet ected, Typl&f' ly, treat ment, Qccurs to the ti rre Wnen

recovery FRapte bess. Qmithing may be admiaistared firs
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medi cament , drbediiistiraBfirsg Bnd'Bhen meﬂywﬁah&hha&w
adm ni stratlon or may be stored as a conbi ned nedicanment. 20 Where the
orni t hi ne anWhetsornithing is administesed:third.nhepylaseiatanrmherylbutyvate areadsuinistered

adm ni stgye tered sinultaneously

or sequ@nt ?ﬂr?fg&{o@ﬁerﬁ& eri o@%ﬁ%&?ww&&s@par ate nedi canents

may be admi ni steftﬁdemndmﬁlcambntaﬂayﬁeddmimateféh mimﬂﬁﬂm g are

adm ni stere omthln? tﬁg’admnlster:edflrﬁp,tali 25fo||o

adni ni strat ¥ ﬁﬂ‘é‘zt}! PaREAmDisRtion of the fimtmedicament, ﬁEPR?ng acetate

or the pheny, dadidiMeeted frohD p&@ﬁm tyrate,
&&H&dﬁﬂ&i@mtﬁﬁ&lﬁ{]en | but yr at egnggﬁ%kﬁg%&%?g?ere I rst 30

the phenylacetate or the p fol | owed
by orni t hi neminutes teahbodreer ferhd dionetot3 hours; tollowing: adoinistrationroif thei first and

phenyl aclest atge&]gﬁnelﬂg adm ni stered
The third medicament may be administered up to 5 hours, such as up to 2 hours
or up to 1 hour, following administration of the second medicament. The third
medicament can thus be administered from 15 minutes to 5 hours, for example from 30
minutes o 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
Toute or b;{r 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 ornithine 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 ornithine may be
administered orally and the phenylacetate and/or phenylbutyrate may be administered
intravenously, or the phcnylacetaj:e and/or phenylbutyrate may be administered orally

30  and ornithine 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



first, followed by adm nistration of phenylbutyrata. Alternatively, a

conbi nation of 30 ornithine and phenyl butyrate nmay be adm nistered first,
foll owed by adm nistration of phenylacetate. In another enbodi nent,

phenyl acetate may be administered first, followed by adm nistration of a
conbi nation of ornithine and phenyl butyrate. 16 Alternatively,

phenyl butyrate nmay be adm nistered firgt, followed by adm nistration of a
conbi nati on of ornithine and phenyl acetate. Were three nedi canents are

adm ni stered, ornithine, phenylacetate and phenylbutyrate are adm ni stered
at separate tines. Onthine may be adm nistered first, 5 second or third.
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adm nistered up to hours, such as up to 2 hours or up to_ 1 hour,
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fol | owi ng aderithine and phenylaeetatp Epheaylbulyratamay: bhedministered in aiwedght msigiftamrent can

t hus be m {H. . QF % \ . A [ a .
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i nventi on rTaR}mBEﬁ"éW?ﬁ%q dgplenging for epy particylar ubieat £ f er ent routes. A
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doses, of omithine and/or of the phenylacetate and/or phenylbutyrate and/or of the
optional isoleucine may be administered. Such multiple doses may be administered

over a period of one month or two weeks or one week. In another embodiment, a single

dose or multiple doses such as two, three, four or five doses of ornithine and/or of
20 phenylacetate and/or phenylbutyrate may be administered daily.

Other amino acids may be administered to a subject as noted above. The or each
such other amino acid may be administered in the same medicament as the omithine
and/or the phenylacetate and/or phenylbutyrate, or may be administered separately.
When administered separately, the or each other amino acid may be given

25  simultaneously with, or at a different time such as up to 5 hours, up to 2 hours orup to 1
hour before or after, the administration of omithine and/or phenylacetate and/or
phenylbutyrate. The or each other amino acid is typically administered orally or
intravenously.

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 t0 0.5, g per kg



adm nistered orally or they may all be adm nistered intravenously or
ornithine may be admnistered orally and the phenyl acetate and/or

phenyl butyrate may be adm nistered intravenously, or the phenyl acetate
and/ or phenyl butyrate may be adm nistered orally 30 and ornithine may be
adm ni stered i ntravenously. Therapeutlﬁally effective anounts of ornithine,
t he phenyl acetate and/ or phenylbutyra e and the optional isoleucine are
adm nistered to the subject. The doses of the ornithine, the phenyl acetate
and/ or phenyl butyrate and the isol eucine can be 17 determ ned according to

various par Bfoight'C bject to
be treated; % éa typ@anﬁgﬁ?g?#%?o the |ver gfmga%g%ﬁrgéeﬁgﬁtleﬂgf

admi ni strat |50rgsuelmbfiam3lbg}ui red regimen. A typical dose of onitbine, of
phenyl acet at e or Ibut rate of isoleucin 5, 1.S. f m 0.02 to 1. 25,
for exanple fronfo 8° ‘%. b"@&loﬁlﬁr t’llc eﬁ‘n ing on such
paraneters. mﬁﬁﬁqay,rmhmpleaiod@smem{plm ﬂiﬁéenﬁmr of b mgFbat e or

phenyl butyrate, .or of isoleucine rraybe from | to 50 g such as from5 g to
30 g. ThE @edmmnisersd 8mhmwnnbdﬁw @eetboverﬁ@eu%@fmm@m@ucu ne

be 5
i ni ot or od? oSN onp Wtk Banfih ﬁ%ﬁ%&ﬁe&tﬁgﬁ dosP BB BB 0°) .
or from 2: 1ttr0,tﬁre2,ibur<a'tﬁmtdo§esmy/bemﬂmmlsterahdmlytl be able to deternine the

requi red dosage of ornithine and of phenyl acetate or phenyl butyrate and of
the optional isoleucine for any particul ar subject. A single dose of

ornithine and a ii‘h@%lﬁ)ﬂﬁ?ﬂx&ﬁpl&hﬁﬁh‘ﬁ'&@%éﬁ%&tﬁ d/or- phenyl butyrate may be

admini stered. Opfionally,-a singl'e dose of isol eucine may also 15 be

adni ni stléred. Al ternatively nultiple doses, for exanple two, three, four or
five doses, of he hen | butyrate
and/ or of thHeE=

may be adm ni st er ed mrinereaﬂﬁg w&eﬂ_i! auﬁeméﬂeor t Wo vveeks or one week. In
anot her enbodi nent, a single ose or multiple doses such as two, three,
four or five doses of om' t hi ne and/or of 20 phenylacetate and/ or
ggﬁm g'tjte?/regh o@%’ggjl as no{'ﬁguﬁi‘g%ﬂ\%l’ha?ﬁgﬂgsr@éﬂédgﬁﬂ suaﬁ’ er am no acid
maybe adi$i ni ster mgmmﬂéemnsedmhbchWaamcuﬁmmm oﬂsomeed HTG/ or the
phenyl acet atlgbeﬁeéjji’ coli anﬁﬁ'lg“fﬁé célls Were then aXal or\;vI & ergry@%%r arely.
Becton Dickinson), gated through forward 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.
Neutrophil Chemotaxis: Neutrophil chemotaxis was measured using a modified
Boyden chamber method using interleukin-8 as chemo-attractant to stimulate
chemokinesis.

‘;‘-"_',' L e B

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 cirrhosis were classified as those with
superimposed alcoholic hepatitis (AH+) and those with decompensated or compensated



When adm ni stered separately, the or each other amno acid may be given 25
sinmul taneously with, or at a different tine such as up to 5 hours, up to 2
hours or up to | hour before or after, the admi nistration of ornithine
and/ or phenyl acetate and/ or phenyl butyrate. The or each other amino acid is
typically adm nistered orally or intravenously. A therapeutically effective
anmount of the or each other amino acidl% s 30 administered to the subject.
The dose wil|l be dependent upon various paraneters such as those noted
above for ornithine, phenylacetate and phenyl butyrate. A typical dose of

the or each pother_amno acid. s .from0,02 to 1,25, for exanple fromO0.1 to
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or each other am no acid nmay be adm nistere Alternatively tiple
doses, for eR#HgHie two, three, four or five doses may be 5 adm ni stered.
Such nultlple doses may be adm ni stered over a period of one nonth or two
weeks or one week. In another enbodi nent, a single dose or nultiple doses
such as & woResultsee, four or five doses may be adninistered daily. The
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positive cells. The gated popul ation was then assessed for 20 the presence

of FI TC- | abedipaase, Bredess theability soxsapond to andeqmcmthsmfgcmm e bl ood was incubated
with opsonised E cola suspension to stinulate oxidative burst. A substrate
sol ution was added to deternmine the conversion of dihydrorhodan ne (DHR)
123 to the fExdme6 NEIf slitdo

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

Patients and methods
Blood was collected from healthy volunteers (r=15) and incubated for 1 hour
20 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

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

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

Methods for Measurement of Neutrophil Phagocytosis and oxidative burst
As in Bxample 1.



(R) 123. The reaction was stopped and fixed before incubation with CD16
anti body for 25 positive neutrophil identification. Analysis was then
undertaken by flow cytonmetry. Neutrophil Chenotaxis: Neutrophil chenotaxis
was neasured using a nodified Boyden chanber nethod using interleukin-8 as
cheno-attractant to stimulate chenokinesis. 30 Patients and Met hods W
studi ed 30 patients with cirrhosis (A #¥oholic cirrhosis; nean age 53.2 (SEM
4.6) and 20 healthy volunteers. Patients with cirrhosis were classified as
those with superinposed al coholic hepatitis (AH+) and those with
deconpensated or conpensated 19 livers. Phagotest was used to determ ne the
phagocytic capacity and Phagoburst was used to determ ne whether the cells
were able t@ﬂﬁﬂﬁrﬁﬁﬁna?ibﬂgat've burst when exposed to E COL 5 Results W
observed that neutro romcirrhotic patients had a significantly
reduced abili tyBlmtg\vmﬂytttahﬁ’om&cﬂﬁwwaluntﬁérsdhﬁtf)familmdubdmtfophhowrnt S with

h had d d t.y t t I f th
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oxi dativeg bmaafenﬁﬁhgyfe@@ad.usiﬂgltﬁep@gueﬁlm I n capaci ty correlated 10 with
the severity of liver disease indicating t at the nore advanced the stage of

liver disease, the less the ability to respond to and cope with infection.
Exanpl e 2: %;ea reduces phaocvtic capacity in neutrophils 15 Methods for
Measur enment utrophl | Phagocytosis and oxidative burst As in Exanple 1.
Patients and met mdabmmmmmmdmmmmwmmwmsﬁn 15) and
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Neut rophil chenpfaxis. assay. ReSults F I ncreasi ng
concentrati ammﬁdmmedmtbﬂeommbmlaﬂsputml ficant reduction in neutrophil
phagocytosis (Figure 2) and al so in neutrophil

Example 4: simulated gastrointestinal bleed reduces neutrophil chemotaxis
which can be partially reversed by administration of isolencine

15
Methods
Ten overnight fasted, metabolically stable patients with biopsy proven cirrthosis
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 ammonia increased significantly from 75.1 (14.2) to
124 (£8.5) (p<0.001). The change in the concentration of ammonia correlated with the



chenotaxis (Figure 3). Exanple 3: The effect of ammoni a on neutronhl
nhaocvt osl s can be reversed 30 by interventions Mthods for Measurenent of
Neut r ophl | Phagocytosis and oxidative burst As in Exanple 1. 20 Patients
and net hods Bl ood was col |l ected from healthy volunteers (n=15) and i ncubated
for 1 hour wth amonia and selected am no acids. The ability of the
neutrophils to phagocytose 5 bacteri alwas neasured using the Phagot est
assay. Results W observed that the amoni a-i nduced reduction in neutrophi
phagocytosis could be partially reversed by ornithine and gl utam ne (Figure
4). However, neutrophil 10 phagocytosis was made worse by co-incubation of

anmoni a Wt W%#P%@Phﬁ&hm%ﬁﬂéﬁﬁﬁﬁ@fﬂﬁ@@@ e Feductionrin nppirephil - aspart at e.

Exanpl e 4: Anshbidkidiod gﬁﬁdt ﬁ%gﬂﬁ er not axi s
whi ch can b? parti al I y rever se?i% aﬁj?n'L ni strat| n o?‘fth@ %Rmeﬁ 5 Met hods
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cirrhosis of the liver [9 nales and 1 female; nmean 49.6 years (SEM9.1);
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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 Results
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 cirrhosis 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 isoleucine 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; SO 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,Jtyrosine and L-[ring-?H, Jtyrosine) and ammonia.



30 conpared wth age-matched controls (53.3 SEM 4. 6) and was significantly
reduced after sinmulated bleeding from31 (4.2) to 8 (5.4) cells/high power
field (p<0.0001) (Figure 5). Plasna concentration of amoni a i ncreased
significantly from75.1 (4.2) to 124 (8.5) (p<0.001). The change in the
concentration of anmonia correlated with the 21 change.in neutrophi
chemotaxis (r-0.65 andp <0.05). The réduction in neutrophil chenotaxis
observed with the simulated bl eed was abrogated in the group of patients
treated with isoleucine 25.4 (6.0) cells/high power field, 5 Exanple 5: A
sinmul ated bl eed reduces protein synthesis and stinulates isoleucine

oxi dation inappropriately Methods Five overnight fasted patients with
cirrhosis ofgdsiyes | i ver were recruited. A blood 10 sanple was col |l ected and
expired air was sanpled before the start of the infusion of the stable
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Adni ni stlPat i on of i sobspartateinpatients with-advanced-cirthiosied enhances 25 protein
synt hesi s but does not reduce ammoni a concentration Methods Sixteen
nmetabolically stable patients with bi opsy-proven cirrhosis of the |iver
wer e studi edMethadls ents were randoni zed eit her to supplenmentation with

i sol euci ne 30 (40rrg/ L sol ut| on 50 m [ hr) pl acebg during a si rrul at ed

bl eed over a 4- hSmatignss Wish adv WW qniajiop (R8¢ed
continuous i5gf §5{aQNChild Eldsd O Yisease, severe ascites, creatinine 102 umol/L) were

15  undergoing treatrnent 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 Day1 Day2 |Day3
72 178 289 354
ASPARTATE (umol/L)) (11.8) (23.2) (27.1) (31.1)




2Hs] phenyl al anine), L-[ring-2H4]tyrosine and L[ring--2H2 ]Jtyrosine) and
ammoni a. 22 Results The results showed that infusion of isoleucine during a
sinmulated bleed in patients with cirrhosis of the liver restores inpaired
protein synthesis of liver and 5 nuscle |eading to a net anabolic state in

t hese organs (Table 1). Amoni a concentration increased significantly in
bot h groups but was not significantly i fferent between those adm nistered
wi th isoleucine or placebo (Figure 7). Exanple 7: Aspartate accunul ation
followin Infusion of L-orulthine L- 10 aspartate in patients with advanced
cirrhosis Methods 5 patijents with advanced cirrhosis who were awaiting
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Adm nistration with LOLA reduces anmon#a concentration but allows amonia

to regenerate Patients and Methods 5 Eight patients with cirrhosis (age 56

(5.6), 5M AID-6; Gade 2 HE: 4; Gade 3- 4 HEE 4) were treated with an

i nfusion of LOLA 40 g, over 8 hour_s) Bl ood was sanpled for the nmeasurenent
of anmoni a LEAmple8; Administrationgvith LOLA re ammonia concentration but

allows ammonia to regenerate

Patients and Methods

5 Eight patients with cirrhosis (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,

Resnlts
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

Example 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 ammonia 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: Pheunylacetate binds glutamine to make an excretable compound and
prevents the secondary rise in ammmonia



10 The results showed that adm nistration of LOLA resulted in a significant
reduction in amonia concentration with a concomtant rise in glutamne
concentration (Figure 8). This reduction in amonia 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 HEin 3 of the 6 patients that had ¥nproved. 15 Exanple 9: Active
renoval of elutam ne prevents the secondary rise in ammobnia concentration
Patients and Methods 20 3 patients (age 45 (4.1) 2M ALD, all HE grade 3,
HRS all 3) tha r under goi ng heanofiltration (CYWH) were treated with an
I nfusi on 2)f f%fﬂ&%@’&eﬁwgfg 8 gours). Bl ood was garrp:_?ad for the neasurenent

of ammoni a and glgHaAEnE Hith BBt Iivér faifiRe (9'%0ntL 2Eh-BSHSRARNE Il § QLA resul ted

in a reduction in amonia concentration but the additi'on o | al ysi s
prevent ed t heacephalopathy (Grade Bel) wvaredreated gritht TMh.A end phemylanctata (40g/dayBvenf e 9) .
Ther ef or e, v%upsgl I eve there was a sustained reduction in anmonia
concentration. 30 Exanpl e 10: Pheuvl acetate binds glutam ne to make an
excret ablse conpound and prevents the secondary rise in amonia 25 Patients
and Methods 6 patients with acute liver failure (5 non-A non-B Hepatitis)
and severe %‘ﬁ@l‘{)hal opathy (Grade 3-4) were treated with LOLA and

phenyl acetate (40{cAYashoHgriitealiiridse i giSBIH onodihiafibn Wifarifloh ONI 1 cant
i ncrease in glutamne concehtration an nmoni a nlceve S were reduced with

t he conbi nedeveleatrereeducéd-with the chtpineditreatmiont (Figurenki)) SNs ecbound iacremssiim was
observed. 10 ExanEI e 11: ‘IéRe ef fect of ornithine and phenvl butvrate i nhuman

patients wi tfpmonia was observ

10

Example 11: The effect of ornithine and phenvibu te 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 cirthosis 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
euphorie or anxiety




hepati c encephal opathv Patients 15 1. G oups-3 patients per group. Total
12. 2. Inclusion criteria - adult patients aged 18-80 years, - liver
cirrhosis docunented by histology or clinical <criteria 20 - HE type C, -
ammoni a concentration of > 80 unol/L, informed consent/assent 3. Exclusion
criteria - other concom tant neurol ogical disorder, - use of another
specific ammonia lowering drug, - res¥iratory failure requiring mechanical
ventilation and sedation, - uncontrolled 25 gastrointestinal bleeding, -

hypot ensi on requiring inotropes, overt renal failure (creatinine >2 ny(dl),
henodi al ysirs; ' - Hvity to any
of the study drugs, - prep} H,E%Pda t o,f, Mental State 30 G adi ng of
hepatic en hal opathy (\ f ate
(m ni mal HE Grade2 or mor e fof 8RARY abnor mal i ti es on psychonetric tpsting)
Grade 1 trifvial lack of ajlminimalglisos n for timeanplac®6 shortened atteption
span i npaijred perfornancemﬂ)ﬂepetsbmht;nhﬁgde 2 lethargy or apathy m nj nal

di sorientatlion for tine ori bebhvieurper sonal ity change i napproprjate

behavi our ijnpaired perfor
sem - st upor|,G/a4d 3 r esponsi
disorientation Gade 4 c
Met hods

m@&e@mﬂ?ﬁm@wgwﬁde 3 sommol ence to
P%ﬁﬁﬁ%sggﬂgl vie! f'(,)utve?bai tg

uli :
noxli ous stimufi)

| gross disorientation
| Grade 4 coma (unresponsive to verbal or noxious stimuli)
Methods

In an open labelled study, we included 8 patients with cirrhosis 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 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
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 Ornithine alone | Phenylbutyrate | OP 1
alone
Age P1: 47 P3: 46 P5: 56 P7:52
P2: 57 P4. 40 P6: 48 P8: 52
Sex PI:M P3F P5:F P7:M
P2: M P4:F P6: M P8. F
Actiology of P1: HCV P3: HBV P5: NASH P7. HBV
Liver Disease P2: HBV P4: NASH P6: HBV P8. HBV
Severity of P1:9 P3:13 P5: 14 P7: 14
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15

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-Omithine and the Phenylbutyrate
group, the ammonia conceniration 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.



Factor P2: Infection P4:Infbction P6:7infection P8: Infection Severity of
HE PI: 2 P3: 3 P5: 3 P7: 3 (West-Haven P2:3 P4:3 P6:3 P8:3 criteria)
Severity of HE P1:9 P3:8 P5:9 P7:9 (d asgow cona P2: 8 P4: 8 P6: 10 P8: 9
score) Other organ Pl: none P3: pre-renal, P5: none P7: none failure P2:
hypot ensi on P6: pre-renal P8: none hypotension P4: hypotension Dead/ Alive
Pl: AP3: DP5: AP7: A P2:A P4:A P6:%® P8: A Conplications Pl: infection,
P3: HRS P5: sepsis, ICU P7: none SBP P4: rec. P6: recurrent PS: bleed, day
P2: infection, infection SBP 14 variceal bl eed SBP. spontaneous bacteri al
peritonitis, Non al coholic steatohepatitis, I1CU Intensive care support
needed, HRS: hepatorenal syndronme Results 5 Figure Il shows that the nean
anmoni a | eveg ‘ ?Jucﬂﬂiﬂimﬁ:ﬁﬁat ment in
group, the

8 8 3 - grlopnd In the group treated
with both L-ornithine and Phenyl butyrate there was a substantial reduction
of anmmoni a. The postprandial increase in ammonia was reduced in the OP
treated ani rmitﬁmtslo in addition to the reduction in ampni a concentrations.
Both patients in the OP group had inproved their encephal opathy score by 2
grades by daly G3oupsn? pHiepispensoupkataléed in any of the other 6 patients.
Figure 12 shows that the nmean glutam ne | evels remained |argely unchanged
over the period of treatnment in the OP group despite a reduction in anmoni a.
There was 15 Ieclusipietitérian i n gl utami ne in the Phenyl butyrate group, which

may well be df&u?ttp%%n%aged 1% 80 years, liver cirrhosis 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, uncontroiled
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; Ornithine: 20g in 250 ml, 5% Dextrose
30 (=0, 24, 48br); Phenylbutyrate:10g twice deily, orally (+=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



the L-Om thine and pl acebo groups there was an increase in d utam ne
concentrations which was markedly accentuated in the postprandial state.
Figure 13 shows the changes in nental state in the groups treated with

Pl acebo, O PandOP. 28 Exanple 12: The effect of ornlthine, phenvibutvrate
and isol eucine in human patients with hepatic encephal opathv 5 Patients 1.
G oups- 2 patients per group. Total 62?2, Inclusion criteria - Adult
patients aged 18-80 years, l|iver cirrhosis docunented by histol ogy or
clinical 10 criteria, Child B or C, recent Gastrointestinal bleed from
varices (<6 hours after presentation), infornmed consent/assent.
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of variceal bleeding. They were matched for the severity of [|iver disease

(see Tabl e Fpvivedey were treated with one of the following regines 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 nil) ii. Isoleucine alone: 10 gm
IV in 250 mTdde Pextrose over 2 hours in two divided doses. iii. Isoleucine
+ Oithi ne =Rhenybutyrat-e-— sel-edci-Re~t0—g-——-R—250_nil-5%—Dexty ose
over 2 hourls_in twn divi déf! . Oni t by selénoimealone 553 QIF 504 Deytrobe 30
(tom 24, 48k Phenyl buﬁyila‘ﬂe: | Og twilcB:ddily, oral I\W5(4d, 12, 24,36, 48
hr). Patients were fasted|88i ght bet weRH 48000 ni dni gi6: 4hd 0800 anj They
wer e Sex PI: M P3:F P5:M
P2: M P4 M P6: M
Aectiology 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 P1:2 P3:2 P5:2
(West-Haven P2:3 P4:1 P6: 2
criteria)
Estimated Blood P1:9 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
administration of either Isoleucine, Placebo or OIP. Only in the OIP group the ammonia
was reduced substantially.



fed intragastrically wth a diet of 25KCal/Kg that included | g/Kg protein
diet starting at 0800 and finishing at m dnight. Bl ood was sanpled at 0730
am and then at 1800 hr for 29 the nmeasurenent of ammoni a and gl ut anm ne.
Patients were nonitored closely for sigle effects. The drug was tol erated
well in each of the groups and no adverse events were observed. Because the
patients received sedation for their initial endoscopy, the nental state
assessnment was inpossible to interpret. One patient each in the Placebo and

the 5 |soel ucine PS sHWS Un hit @R ve bl W QPO By a8t & 1 Asdntig! The
rest of the Eati nt s SsllJl’Vi ved. Tabl eS’4 Pl acebo){soFsethfcalll%ﬁ(;Ea oﬁ%ﬁnélﬁP Age
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Aeti ol ogy of_ Li. , AlLD P3: HBV P5: HBV Disease P2: HCV P4: AID P6: NASH
Severity of %Hdéﬁﬂé&%’%%& 13 P5: 14 Disease (Pugh P2: 14 P4: 11 P6: 10

Score) Severity @igurk]Pshodrs @ isoléiring levelbbts vérg ¥ toitart with'f eath BPthe
criteria) Estimated Blood Pl; 9 P3: 7 P5; 7 oss Cu) P2: 10 P4:8 P6: 10
Dead/ Al i ve [Erouppbptincreases;to tiqe:normalvalueginithe IsplencingineatedgroenssTher: i nf ecti on,

P3: HRS P5: cﬁ@%@ b Of: ' ?éi'ndpﬁﬁs | ion P6: none P2: severe
enc halo ath ﬁa@d&ﬁ@%ﬂl‘eigc&gcﬁ gllaal‘clﬁerl a lgé%ﬁgom IS, Non al coholic
st eat ohepati tis, Figi 18 shoes shewhanges in the Ornithine levels in the patients over the

course of treatment showing marked sustained increase in the concentrations of

Omithine which are significantly reduced to basal values on stopping the drug

10 indicating uptake in the different tissues.

Example 13: The effect of ornithine and phenylbutyrate in the bile duct ligated

rat

15 Methods
duction of cirrhosis by bile duct ligation (BDL
Male Sprague-Dawley rats (200-250g) were used for this procedure. Following
anaesthetisation, a mid-line laparotamy was performed, the bile duct was exposed, triply
ligated with 4.0 silk suture, and severed between the second and third ligature. The
20 wound was closed in layers with absorbable suture, and the animal allowed to recoverin
a quiet room before being returned to the animal storage facility. Animals were kept at a
constant temperature (20°C) in a 12 hour light/dark cycle with access to water and
standard rodent chow ad libitum. .
After five weeks post BDL (or sham procedure) the animals were switched from
25 rodent chow to a complete liquid diet (Liquidiet, Bio-Serv, Frenchtown NJ, USA) to
which was added an amino acid mixture mimicking the composition of hasmoglobin
(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
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 IP, BDL + OP (0.22g/Kg / 0.3g/Kg, n=7) in
saline IP.



10 care support needed, HRS: hepatorenal syndronme Results Figure 14 shows
that no significant changes in anmonia concentrations in the placebo and
the Isol eucine groups. In the group treated with O P, there was a
substantial 15 reduction in amoni a concentration. Figure 15 shows that the
glutam ne |l evels are not significantly altered by admnistration of either

| sol euci ne, Placebo or OP. Only in th#d QP group the ammonia was reduced
substantially. 30 Figure 16 shows an alternative by which OP may act is

t hrough a reduction i n t he ammoni ageni ¢ am no acid, dycine. Substanti al

reduction in Gy bserve in the OP grqoup. Figure 17 shows the
i sol euci ne | evel gl W@%pﬁ@ﬂﬂwwwmf?w edPBifss but

i ncreases t GribidoGh 'Plééﬁla%cbﬂbc{eﬁ BAhE L 0 he
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shows the cleadgerdiah- QOF@p@omtamlmM evel s in the patients over the course
of treatnent showy ng n ed S | ned _increase in the c rat Lons of

Oni t hi ne which a EV'SLI" ‘f°85%?’%°§§?@§d’£%ﬂd”% mﬁfe‘gaﬁggéﬂ%éu ng the
drug 10 isndigcedrdin. tdmhmif@ctmerstlﬁmudmdn&emﬂtoabidﬁ naRifdINyEHBIC withe ef f ect
of onithine and phenyl butvrate in the W duct lirated rat 15 Methods

| nduct i on offlugrescenesdeientiony | e duct |igation (BDL) Male Sprague-Dawl ey rats
(200-250g) were used for this procedure. Follow ng anaesthetisation, a

m d-1ine | aparotany was perforned, the bile duct was exposed, triply

| i gated wi t Redals si |l k suture, and severed between the second and third

i gature. The 20 _wound .was, ¢l gsed L0 | ayers W th absorbab) e suture and the
ani mal al | owed tBlV\g@ W\gﬁ Pﬁe gﬁ?’t@% “féﬂﬂ?iﬁwﬁsésﬂéqtﬂ?"f theo t he
ani mal gpor %Fab!nh%iﬁmoﬁ!ﬁl@?él $20%6L £ I!&g@ks;gtm@m:g 2ok &ﬁi@ﬁ%at ure (200
in a 12 hour I|g t/dark cycle with access to water and ?andar rodent chow
ad |ibitum hﬁﬂ@mﬂW&@ﬁeﬁaﬁkg nuandes/IRPE0.00} dattyawt showwd du thig mpdel veerfowrd s wer e
. r(%l'iirlttherf:wzu;noc:hangt.e in the arterial aimmonia 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 (O, 0.22g/Kg,
1=6), phenylbutyrate (PB, 0.3g/Kg, n=7) and omithine phenylbutyrate (OP, 0.22g/Kg +
0.3g/Kg, n=7). * signifies p<0.05 for OP vs Om at 3 hours (2 way ANOVA).
This figure shows that in the omithine freated 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 (phenylacetaie) is only effective m subjects with raised glutamine
concentrations, In the animals without ornithine supplementation which can be

25 metabolised to form glutamine the effects of P alone are undesirable and are potentially
harmful. 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 omithine 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.



25 rodent chowto a conplete liquid diet (Liquidiet, Bio-Serv, Frenchtown
NJ, USA) to which was added an amno acid m xture m m cking the conposition
of haenogl obin (2.8g/Kg/day, Nutricia Cuijk, The Netherl ands, Produtct No.
24143). At six weeks, under anaesthesia a right carotid arterial catheter
was inserted and used to collect repeated blood sanples. Following this
procedure a baseline sanple was col |l ec®ed prior to 30 administration of the
study formulations by IP injection. The study groups were: BDL control +
Saline (n=5), BDL + ornithine (0.22g/Kg, n=6) in saline IP, BDL +
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hours in th ted placebo group. Figure 19 shows the change in
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ammoni a condhisemino; ssid ineecugingect ed, though this was not found to be
different from 20 placebo. In the phenyl butyrate treated group a
significant increase in plasma amonia was found after 1 hour (p<0.01 vs all
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duct ligated rat

15
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 chowto a -
complete liquid diet (Liquidiet, Bio-Serv, Frenchtown NJ, USA) to which was added an

20  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 galactosamine (1g/Kg, Sigma, Poole UK) in
galine (n=5 in each group). Three hours prior to sacrifice animals were ireated with
either a formulation of OIP (ornithine 0.22g/Kg, isoleucine 0.25g/Kg, phenylbutyrate

25 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

30 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



phenyl butyrate (phenyl acetate) is only effective in subjects wth raised
glutam ne concentrations. In the animals w thout ornithine supplenentation
whi ch can be 25 netabolised to formglutam ne the effects of P alone are
undesirable and are potentially harnful. A significantly |ower anmonia

| evel was observed in the ornithine plus phenylbutyrate (OP) treated group.
In these animals a sustained | owering ¥f amonia was neasured over the

t hree hour duration of the study the |evels of which were found to be
significantly | ess than those in the ornithine only group at the end of the
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ornithing, phenybutvrate and isoleucine in the bile duct Heated rat 15
Met hods WMal e Sprague-Dawl ey rats (200-250g) were used for this procedure.
For the 48 Exampig iy gect pi ornithineland phichylbutyratedn thyg devasclarizedpig andar d
rodent chow to a cor‘rBI e liquid diet (Liquidiet, Bio-Serv, Frenchtown NJ,
USA) to which was add'e&n 20 amino acid m xture mmcking the conposition
of haenogl obin (2.8g/Kg, Nutricia

Methods

15 Five pigs were randomised into four groups: acute liver failure
(ALF)+placebotplacebo (n=2); ALF+Ormithine+placebo; 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.

20 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
Ornithine + Phenylbutyrate: 0.3g/Kg, 5% dextrose over 3hours intravascular drip,
0.3g/Kg, 5% dextrose over 3hours intragastric feed.

25 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

ALV NH OaYRSCE

ammonia and amino acid changes. At the end of the experiment a section of frontal

30 cortex was removed for brain water measurements.



Cui j k, The Net herl ands, Product No. 24143). Acute liver failure (ALF) was

I nduced 24 hours prior to sacrifice by IP injection of galactosamne (1

g/ Kg, Sigma, Poole UK) in saline (n=5 in each group). Three hours prior to
sacrifice animals were treated with either a formulation of OGP (ornithine
0. 229/ Kg, isoleucine 0.25g/Kg, phenylbutyrate 25 0.3g/Kg, in saline IP) or
saline control. At the termnation of 3he experinent arterial blood was
collected into pre-cool ed heparini sed tubes and stored on ice until
processing. Plasma was col |l ected and stored as above. Ammoni a was

det er m ned &gch)ve. Results 30 Arterial ammonia | evels were found to be
signifi cantlﬁes uced in acute liver failure rats treated with O P conpared

wi th placebo con%nbm@%ﬂw&%m@ﬁ?&;%ﬂ&mm&g@i&ﬂ&éaﬁ@meest whet her

i sol eucine in combinatiron wth ornithi ne and phenylbutyrate (phenyl acetate)
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treated (ALF + OlIbgreiga consisiant risedn theariedyl ammania cogo with time frmt ween

these two griR = ' fﬂ.’eggp' Eﬁnﬁp t s that
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reduci ng ampeoduatidre(Figuse 23jland @ lageamount afldinhbnia comingifronbtheqhi FEigue ef f ect s of
I sol euci ne previously describeq for protein synthesis. 10 anpl.e.15: The
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Met hods 1015 gt ¥8taRissupiieqFigarecdeyi sed into four groups: acute liver failure
(ALF) +pl acebgg+%ll acebo (ngﬁ; ALF+Onmi t hi ne+pl acebo; ALP+Phenyl butyrate

+pl acebo; ALF+Or i thiicase of ity ®nithine dong treated enmad,shéreaslysmmenierise isnserted into
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wer e st art eqFigure 22). There is a net uptake of ammonia by the muscle in this animal (Figure 24),

with a comparable amount of glutamine being released from muscle — compared to the
15  placebo treated animal (Figure 25) with an increased gut uptake of glutarnine (Figure
26).

Phenylbutyrate alone also shows an initial blunting of arterial ammonia levels,
which quickly rises to levels comparable with ornithine alone at experiment termination
(Figure 22) with little change in muscle ammonia uptake (Figure 23), but appreciable

20  gut production of ammonia (Figure 24). Interestingly, there is a net removal of
glutamine by muscle with Phenylbutyrate alone treatment (Figure 25) with little overt
effect on gut glutamine uptake, compared to placebo treated animal (Figure 26).
The combination of ornithine and Phenylbutyrate has the greatest impact on
arterial ammonia levels with an impressive reduction in circulating levels at the end of
25  the experiment compared to all the other animals (Figure 22). Ammonia is actively
removed from the blood by muscle in this animal (Figure 23) with a greatly reduced gut
ammonia production (Figure 24). It is interesting to note that the muscle glutamine
release is increased compared to both the placebo and omithine alone treated animals
(Figure 25). Despite this increased glutamine production in the muscle the gut
30  glutamine uptake is substantially reduced (Figure 26).

A demonstration of increased circulating levels of ornithine in the omnithine

treated animals is shown in Figure 27.



20 1. Pl acebo: 5% Dextrose over 3 hours, oral water placebo 2. Omthine

al one: 0.3g/Kg, 5% dextrose over 3hours intravascular drip 3.

Phenyl butyrate: 0.3g/4 5% dextrose over 3hours intragastric feed O nithine
+ Phenyl butyrate: 0.3g/Kg, 5% dextrose over 3hours intravascular drip,

0. 39/ Kg, 5% dextrose over 3hours intrggastric feed. 25 ALP was induced by
portal vein anastanosis to the inferi vena cava and subsequent hepatic
artery ligation (devascul arisation) at tinme= GChr, infusions were stopped at
t= +2hr and the experinment was termnated at time-8hr. Blood and urine
sanpl es were colh%pted at _ti . 1,.3, 5, 7 and 9hr for the neasurenent of
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net uptake of anmgménqnﬁga g@ﬁWﬁ‘ﬂP@"éﬁﬁﬁﬁW&%ﬂ@&% mmyith a
conpar abjge  3H& BhpepiincilaV hiHaREHRMH i ShitAaPstd belew, muscl e - conpared to the

15 placebo treated animal (Figure 25) with an increased gut uptake of

gl ut am ne (Fi gur ALE2 icropessely witlipgrivaseuler asdemawith sernaindingrvesiles. Neuropl unt i ng
of arterial a ia | | e i.ckly rises to |l evels conparable with
ornithine al “°§¥°%8>?§%‘f%°§r%%{°\‘$§?d%yﬁ‘}aéﬂ8f§% (Figure 22) with little change in
muscl e anmoni a upiIdgke OHPt Midrovedsals withl perivagiubts béden with surrounding vesicles
(less than from ALF without any treatment). Intracellular edema.
15 Sham: Brain tissue with minimal ultrastructural changes=normal brain tissue.

Conclusions
The inventors have found that simulation of some of the symptoms of an acute
attack associated with chronic liver disease, such as increasing the concentration of

20 ammonia or simulating a gastrointestinal bleed, results in reduction of neutrophil
function and this reduction can be partially reversed by ornithine or isoleucine. Rescue
of neutrophil function by both omithine and isoleucine plays an important role in the
prevention of sepsis which is a common precipitating factor in the progression of liver
decompensation.

25 Furthermore, the inventors have found that isoleucine does not affect the rise in
concentration of ammonia following a simulated gastrointestinal bleed. Therefore,
contrary to the hypothesis that ammonia levels will decrease upon administration of
isoleucine because of stimulation of protein synthesis, ammonia levels are unaffected.
Thus, use of isoleucine in combination with ornithine, which is known to lower

30 ammonia levels, is particularly advantageous,

Therefore, administration of ornithine and isoleucine prevent the metabolic
consequences of a gastrointestinal bleed. Rising ammonia levels are blunted, the
deficiency in isoleucine is corrected and neutrophil function is rescued. The combined



20 gut production of ammonia (Figure 24). Interestingly, there is a net
renmoval of glutam ne by nmuscle with Phenyl butyrate al one treatnent (Figure
25) with little overt effect on gut glutam ne uptake, conpared to placebo
treated animal (Figure 26). The conbi nati on of om thine and Phenyl butyrate
has the greatest inpact on arterial amonia levels wth an inpressive
reduction in circulating levels at the¥end of 25 the experiment conpared to
all the other animals (Figure 22). Anmonia is actively renoved fromthe

bl ood by nuscle in this animal (Figure 23) with a greatly reduced gut
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reduced (Figure I8} inventawrhawe elsafouad fL-ionuibwslgdsp@mte@@EAthhldlﬂal s of

omthine in_t Qi t e fr.eate kel S.is s bn Figure 27. 35 The
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| evel of glutamne ipn the qgrnithine treated aninmal which iis anmeliorated by

the co-adm fA%anageousthanyse of bN4Aq Siateqraithing, canhoth roduce ANIRODIR A FesRHE t he

subst anti al n@ﬂﬁ'&[ﬁ read as?ir?;f ' e NE, Emg found in
the ani mal treate tg\nﬁdtn%ﬂb‘gl%%tt%lfn t |6r1%ﬂ%§[g%£ny: Eu%éﬁ%ﬁe&f |gurb§@§9). At
the end of tThis asweulatienef aspartafermoa)t actuallp by barmdfil to Ipetidmtzdince\espartatenoved and

brain water content sured (Figure, 30)..An. in endent pat hol.Qgi st
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ani mal s.10H FuddBBRr AccoRlifgypRévertth d?%ﬁ?ingﬁle‘%nséﬂo‘i‘ﬁ@&%&ﬁhﬁan\%ﬁoﬂ cRehé vascul ar

oedema wi th surrounding vesSicles. Neuron  with necrotic changes surrounded
by vesi cl es achigredusipgrmitiingin vembiaptdonwithnispleudine praferably inothe absepte of
surroundi ng vesigcles (less than fromALP w thout any treatnent).

I ntracel | ul W%%%m 15 Sham Brain tissue with mnimal ullrashvcUual
changes=nor mal bFattherinofe the invewichave ifeund thd) ereatmentifpatentewih hepatied t hat
sinmul ation of some of the s tOnEinOf an acu

encephalopathy (HE) wi rnithine L-aspartate %EOLA) reduces ammonia levels and

15 as aconsequence, increases glutamine levels. However, glutamine is only a temporary

HS

ammonia buffer as it can recycle and regenerate ammonia in the kidney and the small

intestine, Therefore, treatment with LOLA alone can lead to a secondary rise in

ammonia levels, further contributing to the pathology of hepatic encephalopathy.
Use of phenylacetate or phenylbutyrate in children with urea cycle disorders

20 reduces the abnormally high levels of glutamine. In contrast, patients suffering from HE
have normal levels of glutamine unless, as shown in Example 1, they are being treated
with LOLA which reduces levels of ammonia but increases levels of glutamine.
Therefore, use of pheﬁylacetate and/or phenylbutyrate allows for the rcmdval of
glutamine to prevent the secondary rise in ammonia levels in patients with HE.

25 Accordingly, an improved treatment for hepatic encephalopathy can be achieved
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 cirrhosis
support the view that the major organ removing ammonia in patients with cirrhosis is

30 the mmscle, 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 glutemate would increase ammonia detoxification.



attack associated with chronic liver disease, such as increasing the
concentration of 20 ammonia or sinulating a gastrointestinal bleed, results
in reduction of neutrophil function and this reduction can be partially
reversed by ornithine or isoleucine. Rescue of neutrophil function by both
ornithine and isol euci ne plays an |nportant role in the prevention of
sepsis which is a conmon precipitating’factor in the progression of |iver
deconpensati on. 25 Furthernore, the inventors have found that isol eucine
does not affect the rise in concentration of anmonia follow ng a simlated

gastrointesti naI .eed. Therefore cont to the. ot h 5| s that anmoni a
levels will decr 954 Bﬂrﬁﬂﬁ?rrﬂfﬂmrd’ fies W
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in isol egci tsegmsmwmteprﬁwesrmﬁm@éunbdmﬁsﬁ inpatients With Citfibsis ki@ conbi ned
36 use of omthine and jsoleucine therefore provides a new treatnent for

patients fobyRerrAgongmisigaificantly mong raapksdly than ejther; alane. The sffeetécelegsbinsat i on
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This accunul ation of aspartate may actually by harnful to patients since

aspartate Vicichienes redustion inammonia coneoniration ynm@ntmswnlmmem zihtammmt her
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combi nat | O”Wﬁﬁbclﬁ(ﬂiﬁb@'ﬂiﬁpm@ﬂﬁmqummmﬁme mfuddat e.

Furt hernore, the inventors hav e found that .treatment of patients with

hepatic en&eassblyosanagductesp Wtﬂ%ﬁﬁ!ﬂt%@ﬂ@ﬁ reduces
anmoni a | Bev‘ﬂke?eb?wqeveﬁﬁnﬁ S9MARGERial NCr €ases gl utam ne | evels.
u at orary

However, gl
The estabhshed wisdom that phenylaoetate reduces ammonia in the
hyperammonaemic infant presenting with urea cycle disorders is that the ammonia is
trapped into glutamine and that the glutamine is shuttled to the kidneys for excretion as
the phenylacetateglutamine adduct. These infants present with high ammonia and,

20 importently, high glutamine. Conversely the cirrhotic patient presents with high
ammonia and normal to low glutamine, The pig model described above does not have a
raised glutamine and the ammonia levels increase dramatically after the liver is isolated.

Treatment with omnithine alone increases blood glutamine whereas ammonia
levels are unaffected. Phenylbutyrate alone marginally increases glutamine and again

25  has insignificant effects on ammonia levels. In dramatic contrast, in this catastrophic
model of escalating hyperammonaemia the combination of both ornithine and

phenylbutyrate (OP) brings about an appreciable reduction in the circulating ammeonia
and ameliorates the increase in gtutamine seen with ornithine alone. Glycie, an
ammonia generating amino acid increased in all the animals, however, the rise in this
30 amino acid was substantially blunted only in the OP treated animal, suggesting
additional benefit for this form of intervention. An established consequence 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



ammoni a buffer as it can recycle and regenerate anmmonia in the kidney and
the small intestine. Therefore, treatment with LOLA alone can |lead to a
secondary rise in amonia levels, fimther contributing to the pathol ogy of
hepati c encephal opat hy. Use of phenyl acetate or phenyl butyrate in children
with urea cycle disorders 20 reduces. .t he abnormally high | evels of

glutam ne. In contrast, patients suffé#ing fromHE have nornal |evels of

gl utam ne unl ess, as shown in Exanple 1, they are being treated wth LOLA
whi ch reduces | evels of ammoni a but increases |evels of glutanm ne.
Therefore, use of phenyl acetate and/ or phenyl butyrate allows for the renoval

of gl ut ani gEnithinesnd phipyltutrats comhingd rednges brain,walgreamtent. Higtelogically.pat i ent s

with HE. 25 I i | G hal opat hy
can be achig@%ﬁﬂm§§E%&#Fﬁ?@?#EF?%ﬁﬁgpﬁggﬁ%gﬁﬁﬁggﬁﬁpg@ﬁ%?%@?ﬁ%n ﬁﬁth at | east
one of phenypheryitusyrate oxibinpd eregtinlenitapimd] eompared torthéoplacebo tichted abigmihce of
aspartate. Qur extensive investigations in aninmal nodels and al so in humans
with cirrhosis support the view that the major organ renoving amonia in
patients with cirrhosis is 30 the muscle, converting amonia to gl utam ne,
a reaction in which glutamate is utilised. In liver failure, the enzyne
responsible for this reaction, glutam ne synthetase is 1induced and the
provi sion of glutanmate woul d i ncrease amoni a detoxification. 37 Onithine,
a precursor of glutamate, detoxifies anmmonia by transformation to gl utan ne.
However, our prelimnary studies have shown that this glutam ne,

recircul ates and regenerates ammoni 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 anmpnia concentration
in patients with cirrhosis and hyperamonem a significantly nore markedly
than either alone. The effect is clearly synergistic rather than additive.
In addition, postprandial increase in anmonia is abolished by

adm nistration of OP. This may allow for feeding of patients with
deconpensated cirrhosis with protein-rich diets without the risk of
hyperanmonem a. 10 The reduction in amoni a was associ ated wth i nprovenent
in the nental state. It achieves reduction in anmonia concentration by
preventing an increase in glutamne. This is consistent with the hypothesis
that Onithine is driving glutam ne production in the nuscle (thereby
trapping 1 nol ecule of amonia) but this glutamne is excreted



(possi bly as an adduct of phenylacetate) preventing a rise in systemc
glutam ne, 15 thereby preventing rebound hyperanmmonem a. The establi shed

wi sdom t hat phenyl acetate reduces anmonia in the hyperamobnaem c i nfant
presenting with urea cycle disorders is that the ammonia is trapped into
glutam ne and that the glutamne is shuttled to the kidneys for excretion as
t he phenyl acet at egl ut am ne adduct. Théfe infants present with hi gh amoni a
and, 20 inportantly, high glutam ne. Conversely the cirrhotic patient
presents with high ammonia and nor gl | ow gl utam ne. The pi g nodel

descri bed above does not have a ram utam ne and the amoni a | evel s
increase dramatically after the liver is isolated. Treatnment with ornithine
al one increases bl ood gl utanmi ne whereas anmonia |evels are unaffected.
Phenyl but yr dt &Jsalof wenitherreginrthé manifactursasfos mgtligamentrfer vsedinacpaibinatias withsat
insignificant effects gn anmoni evel.s. In dramatic contrast. in this
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or ni t hikegatt¥hcepha®pithput yrate (OP) brings about an appreciable reduction in
the circulating ammonia and aneliorates the increase in glutam ne seen with
om thine alone. Gycine, an ammonia generating amno acid increased in all

t he ani mal s, , e ll 1 1,53 1 I La

bl unt ed onl y2' itiﬁs\éf#ggtdsg‘{lr%%t étgpféér?lly %g#?tes%gg%%epﬁlﬁg&k%%\éﬁﬁ %ﬁgﬂ?‘{@gﬁ]}m H xf or
thi s f ohedicdmennt foi v asd | ian.coMbinaddmbivith heshithings €6rU gitewentihg ebeviadadfly Hveroni a
is brain swelling as water content of the brain increases. The brain from
or ni t hi $FEOEPENSRIGN,GE wﬁl@ﬁ@l Yonsi derabl e increase in water content
while the 38 onithine and phenyl butyrate conbi ned reduces brain water
content. Histologically, there is |less apparent injury in the

m crostruct B eUsf of henithiné randf att keastoomé tolfii phenylacktate hendy phantylbugtrate cionthiened
treat ment Lﬁni mal fconiﬁ%ﬁed touqtohe | acebo treat ecl. anic@al. 39 . CLAI %t%l.. Use
of or ni PHHENE ¢ha AT PR PEYVERUDG BF JHAERE VST GEUTPIRSHRRPH AR with
at | eagleghappathyphenyl acetate and phenyl butyrate for preventing or treating
liver decorrpensa%'i on or hepatic encephal opathy. 2. Use of at |east one of
phenyl acet ate and phenyl butyrate in the nmanufacture of a nedicanent for use

I'n conbi nat 'L ?Jsgmaéc%ré)nqgn ot arﬁlyrg)%e fo? the %;e%v nqtg s &Jhetrgﬁasgqug/el' c'ié/c%lrnpensation is

in a patient with chronic liver disease.

5. Use according to any one of the preceding claims wherein said prevention or treatment

involves delaying the onset of liver decompensation.

6. Use according to any one of the preceding claims wherein the patient has had or is

suspected of having had a precipitating event.

7. Use according to claim 6, wherein said precipitating event is gastrointestinal bleeding,

infection, portal vein thrombosis or dehydration.

8. Use according to claim 6 or 7, wherein the medicament is administered within 6 hours
of the symptom(s) of a said precipitating event or suspected precipitating event having been

detected.



deconpensati on or hepatic encephal opathy. 3. Use of ornithine and at | east
one of phenyl acetate and phenyl butyrate in the manufacture of a nedi canent
for preventing or treating |liver deconpensation or hepatic encephal opathy.
4. Use according to any one of the preceding clains wherein said |iver
deconpensation is in a patient with chronic |iver disease. 5. Use according
to any one of the preceding clains wheétlein said prevention or treatnent

invol ves del aying the onset of |iver deconpensation. 6. Use according to any
one of the preceding. clains mher nthe.,p ent has_had qr is suspected of
havi ng had g‘ﬁfseemﬂilas |t91§n3é9’é°n? ?Pf@gen&ekeﬂwh&%hwa? fresphalppathyi i sai d
pr eci pl&aiedr}ﬂagxt%ft with cHRRId 1RIeP HRSAsk BPAcuR! IRRHFMGre, 1 Nfection, portal vein

t hronbosi s or dehydration. 8. Use according to claimé or 7, wherein the
medi canent is adm nistered within 6 hours of the synpton(s) of a said
precipitati vent sus ect ed eci pitatjng event having .been detected.
30 P, Us B, DRERspREnels "B P06 e B prechibg ot oAt A ies BibreshliaRs | o
encephg m&bm@ctmggdbpp@smg@ng a¥debfibliyal@ni ¢ | iver disease or acute
liver failure. 10. Use according to any one of the preceding clains wherein
said ornithine is present as a free nononeric amno acid or phyS|oIog|caIIy
accept abl e I 1 C i to a f t he, pr.ecedin

wherein theslgt t[{sga%c r%% gof ggyp%gg%fatgee a%/ n%cf'? enyll'l% ytr%glt éqf’ass ﬁP%soefnt as
sodi um gherylydetite it ghefyl boehte i pPeIetak bwlmh@halylackt%te drsediafcphiclylb@yiace. any one
of the preceding clainms wherein said nedi canent further conprises

i sol eucine. 13. Use according to claim12 wherein said isoleucine is present
as a free 0 c t Use
ocor di ng 1o tan afberdil I affust SR ke iafh: WeRREGR] ARURAREN furiid

cont ai ompsiséysisalaicirl | y no ot her am no acid. 15. Use according to any one of
the preceding clainms wherein the nedicanent is fornulated for intravenous,
intraperitoneal, intragastric, intravascular or oral admnistration. 16. Use

accordi ng t o3anie QRS r@hg td elath A2eFhG6inGard #¥BlehiGhe B S¥&RE hd Rle héRAldiRY

[iver

amino acid or physiologically acceptable salt.

14. Use according to any one of the preceding claims wherein said medicament contains

substantially no other amino acid.

15. Use according to any one of the preceding claims wherein the medicament is

formulated for intravenous, intraperitoneal, intragastric, intravascular or oral administration.

16. Use according to any one of the preceding claims for preventing or treating liver

decompensation or hepatic encephalopathy in a patient having chronic liver disease.

17. Use according to any one of the preceding claims for preventing or treating liver

decompensation or hepatic encephalopathy in a patient having liver cirrhosis.

18. Use according to any one of the preceding claims for preventing or treating liver

decompensation or hepatic encephalopathy in a patient having acute liver failure.



deconpensati on or hepatic encephal opathy in a patient having chronic |iver

di sease. 17. Use according to any one of the preceding clains for preventing
or treating |iver deconpensation or hepatic encephal opathy in a patient
having liver cirrhosis. 18. Use according to any one of the preceding clains
for preventing or treating liver deconpensation or hepatic encephal opat hy
in a patient having acute liver failurél 41 19. Use according to any one of
the preceding clains for preventing or treating hepatic encephal opathy. 20.
Use according to any one of the preceding, clains wherein the nmedi canent
conpri ses sﬂ’oé%saﬁﬁ:qdmg to @0y, epapf the Preceding glaims ferareventng or Hagtingrhepdic t he
precedi&g%¥%§ )Mherein t he nmedi canent conprises no aspartate. 22. Use of
orni t hi ne an [ east one of phenyl acetate and phenyl butyrate in the

manuf acture of a medi canent for treating, preventing, or delaying the onset

of hepatic cephal opathy in a patient having chronic¢ |iver disease or
acute i ver J0UskAgcordag thamyhnect %&ﬂwﬁmsﬁ&w Whetsihibe rdicamenteomprisefe of
phenyl aggkahalfd RafAYd. butyrate as a conbined preparation for

si mul t aneous, separate or sequential use for preventing or treating |I|iver
deconpensati on or hepatic encephal opathy. 24. Products according to claim23

whi ch furthe nprise isol eucine., 25. Products according to claim?23 or 24
whi oh conpr i 2l R BisoFGAE Fapeb, e o e pecipg i arigreh e Mo e
CoOMposi hé pakAHPr i sing ornithine and at |east one of phenylacetate and

phenyl butyrate. 27. A pharmaceutical conposition according to claim 26 which
further conprises isoleucine. 28. The pharmaceutical conposition according

to claim26 ergln QL Ni t hy d I at e d
phenyl but yr at'é aIr%ee an%gm%g%@ rggth%% P?%r%ffgi:g@l?%&% %Bd %ﬁwb@&&ﬁ%& the"

phar mac gidhufactireC 6f O SicticameRtC €arr Gedtihg] @rélenting, 26 dbleyiag nthe henser of tHepa and
at | east one_of phenyl acetate and phenyl butyrate are |n a weight ratio from
5:1 to gnosphalgpathyin aprtenthaving chranic livegrissesd gacuisdiypifieldret o clai m 26 wherein
the ornithine and at

23. Products containing ornithine and at least one of phenylacetate and phenylbutyrate as
a combined preparation for simultaneous, separate or sequential use for preventing or treating

liver decompensation or hepatic encephalopathy.

24. Products according to claim 23 which further comprise isoleucine.

25. Products according to claim 23 or 24 which comprises substantially no other amino

acid.

26. A pharmaceutical composition comprising ornithine and at least one of phenylacetate

and phenylbutyrate.

27. A phammaceutical composition according to claim 26 which further comprises

isoleucine.

28. The pharmaceutical composition according to claim 26 wherein the omithine and at

least one of phenylacetate and phenylbutyrate are in a weight ratio from 10:1 to 1:10.



| east one of phenyl acetate and phenyl butyrate are in a weight ratio from2:1
to 1:2. 31. A pharmaceutical conposition according to any one of clains

26- 30 which conprises substantially no other amno acid. 32. A
pharmaceutical conposition according to any one of clains 26-30 which
conprises substantially no aspartate. 33. A pharmaceutical conposition
according to any one of clains 26-30 v ch conprises no aspartate. 34. A
pharmaceutical conposition as defined in any one of claims 26 to 33 for use
in a method of preventl ng or treating |iver deconpensation or_ hepatic
encephal opat4fy The gharpscepsical composition pesnrding tofl awggtwh?gelm thecomiglieg aisb#sat i on

or hepaf, 5@&% ﬁ&@att J one of
phenyloacet atg R%)l en ?%‘bt@/l%gﬂnﬁ{y?g&&%geiﬁﬂ?ggg%ro % 1‘?(?215(:' ai m 35 whi ch
further conprises isol eucine.

30. The pharmaceutical composition according to claim 26 wherein the orithine and at

least one of phenylacetate and phenylbutyrate are in a weight ratio from 2:1 to 1:2.

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

substantially no other amino acid.

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

substantially no aspartate.

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.



