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This can result in symptoms including abnormal clearance 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 at a
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;
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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.
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15 - use of at least one of phenylacetate and phenylbutyrate in the manufacture of a
medicament for use in combination with ornithine 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 decompensation 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.
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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 concentration.
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 ornithine and phenylbutyrate on ammonia levels in
patients with advanced cirrhosis.
Figure 12 shows the effect of ornithine and phenylbutyrate on glutamine levels
in patients with advanced cirrhosis.
Figure 13 shows the changes in mental state of patients treated with placebo, O,
25 PorO+P.
Figure 14 shows the effect of ornithine, phenylbutyrate and isoleucine on
ammonia levels in patients with advanced cirrhosis.
Figure 15 shows the effect of ornithine, phenylbutyrate and isoleucine on
glutamine levels in patients with advanced cirrhosis.
30 Figure 16 shows the effect of ornithine, phenylbutyrate and isoleucine on
glycine levels in patients with advanced cirrhosis.
Figure 17 shows the effect of ornithine, phenylbutyrate and isoleucine on

isoleucine levels in patients with advanced cirrhosis.
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Figure 23 shows that ammonia is being taken from the blood by the muscle in
the O and the OP treated animals (samples were taken from the femoral vein —artery). In
contrast, the placebo and the P alone animals shows an increase in ammonia production
by the muscle.

15 Figure 24 shows that ammonia 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 ornithine levels increase in the two animals (O
alone and OP groups) to which it is administered.

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

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

Figure 30 shows that 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 "include" and variations such as "comprises", "comprising", "includes"
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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™ (nefazodone;
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 example, 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 consumed a plant containing

pyrrolizidine alkaloid such as ragwort. The subject may have been exposed to

environmental toxins thought to cause liver disease.
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15 hepatitis B, C or D virus. In some cases, and in particular where the subject has viral

hepatitis, the subject may also be infected with HIV-Tor II. The subject may have

AIDS. 1t 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 deﬁciency. 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  on average 50 or more units of alcohol per week, 60 or more units of alcohol 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



acet am nophen in therapeutic or nodestly excessive doses are at risk of
severe hepatic injury and possibly acute liver failure. Al cohol use

pot ent i atwe 206vas6m%i ¢ ef fects of acetam nophen. | di osynecatGaoavegssboxi city
al so contributes to acute liver failuse. Idiosyncratic drug toxicity is

t hought to be a hypersensitivity response wherein the subject responds to a
drug in a pharnmacol ogically abnormal way. This abnormal response can | ead
to acute liver failure. The acute liver failure or_chronic |iver disease
may be camkeﬂiobperiwﬁekcﬂmgmmurhmantﬁétomgeih pﬁalsalgdrdilf&rs fiper caaRtii® e, t he

liver disease be due nf q S bj ect nm
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The subj e%ngmgg,ﬁga@hrom c viral hepatiti s The virus may, for exanple,
be hepatitis B, Cor Dvirus. In some cases, and in partlcular where the
subj ect has vi riie mapenwomnmabfélamb?e@@pnﬁwnaﬁ%@ Igeels pf deehd GO H V-1 or
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life cycle. For exanple, the subject g@have or._have had, liver fl uke.
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more of hePat C | 'sori'”s “di sease l-antitrypsin

def|C|ency“waeyauaject may have an inherited dlsorder mhlch causes Sone
kind of structural or functional a nO{ ity in the liver {hncreases

the |il0eli hood Bie subjest may e sraleor frmales \WPWER MY\ PerROTS SPRFEPY Ff“gx
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hence whi ¢t €4an “con oSl S e chronic liver disease may
be al coholini arEﬂltJﬁeLChmAfrrmm am‘l ﬂsmnmnallem almeunts @éabdhwi&banmen ofhergseemiséen, an

fni £5.of _hoenanEiperctbRscdt B TSrse GRS ORI ARaosa o 8Ree s o, "ror e
uni ts of apconal yRGhe YESK o PRGBS or B8 tatiBHs 3 HdohoPa bighalimpeFtameek.
15 role.
In other embodiments of the invention, the subject may have one or more of a
number of other conditions known to result in liver damage such as, for example,
primary biliary cirrhosis, autoimﬁme 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 cause 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 jaindice, 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 confusion,

disorientation, dementia, stupor, coma, cerebral edema, multiorgan failure (respiratory



The man or woman may be, or have been, consum ng on average up to 100 units
of al cohol per week, up to 150 units of al cohol per week and even up to 200
uni ts of avoahalospms week. The neasurenent of one unit ofrcalcreber/oodssbf er s
fromcountry to country. Here, one unpt equals 8 grans of ethanol in
accordance with the United Kingdom standard. The man or woman may have been
consum ng such levels of alcohol for 5 or nore years, 10 or nore years, 15
or nore years or 20 or nore years. The subject nmay have been consumi ng such
| evel s of falleeheirdibevasculpr fapluoniddmey, failgre}, m@glwﬁéfﬂgsgsmﬁdlﬁb selpuEpRar s and
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years or Oy&k 1ieQdiRye) TRY 8iibj6& ty BakiBated Ry bolaj Bsit oty elopingricpatic f enal e.
Wnmen may be nore susceptibl'e to the adverse effects of al cohol than nen.

Wnen can aeeglalgpatilycohol i ¢ chronic liver disease in a shorter time frame

and fragm snal | mount s _of al I ha:-no single
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an inportant role. In other enbodinments of the inyention, the s b4' ect may
have one odbpuildormeofdibresis maeretic sellsn cpllardsaencrationangdiop Wn'f‘té‘g’lﬂnh WET) i ver
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active hep , rrschistosomasis (parasitic infection). The subject
may have ogubfry® dudmindwhethetithls ibtanpagssedlin ttecwbject Tbs natueanshder | yi ng

oy helfl DeRIRA AR T GRS EFE er RBS RSO i GRSBRE nent,
the subj ecéaugﬁiégﬁdggl?tﬁéPﬁﬁéf%e%iEwbgget@‘%n% the conditions listed herein.

Met hods for ronic liver disease, acute liver failure and
hepati ¢ encephaThpafhiact & ke tnedied tanyp b af misktfhehepatic gneephalopathiciepisodes, fa

clinicians and veterinarians in.the field referabl vy, the bj SRR
have been %@&H%E%‘@n_é%“a’]ﬁé%eﬁﬁ’ atfing HiEr %ﬁ’?@@é‘ges"gﬁ’&a ‘géé?rip@ﬁgifé’g;ﬁﬁglﬁ%%ﬂat hy,
for exanpl ﬁat%ts@A%géo‘ﬁaalt riSk fotHlephtid@ickpHalopathic episodes is a person who has not

15  suffered any hepatic encephalopathic episodes or has not suffered any hepatic

encephalopathic episode for an extended period of time (about 12 weeks or longer), but
has 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 ultimately 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 (APACHE) 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 Pughclass C.
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



prof essional. The subject may display one or nore synptons associated with
| i ver di sease such as one or nore of jaundice, ascites, skin changes, fluid
r et ent i orwwonasdosetyanges, easy brui sing, nose bl eeds, oevoplcareaoowspi ces,
and in mal e subjects nmay have enl argerwent of breasts. The subject may
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Li ver function may have been assessed in the subject to determ ne whether
this is conprom sed in the subject. The nature and underlying cause of the
liver di sease be characterized. Any history of exposure to causative
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at risk for hepghé sm@oceidsakaliatihé prespit fodaton Moy be porepirgstgding amine who are
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spect rum of nent al bances” i n hepatic encephal opat hy which range from
m ni mal5 whé¢révatikies.mai n effects are a reduction in the quality of life, to

overt whi ch Omithine may be in pure crystalline amino acid form. In general, ornithine is in

the L-form, rather than the D-form, or a mixture of D and L. Isolated forms of ornithine

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 a free amino
20 acid or an amino acid salt or derivative.

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

25  other agent.

Derivatives of ornithine may be used. For example, keto or hydroxy analogs of
ornithine may be administered as sodium or calcium salts. Keto acids of ornithine
include ornithine ketoglutarate, ornithine ketoleucine and ornithine 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 salt 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.



| eads to coma and ultimately death. Scoring systenms may be used to assess
the severity of liver disease and hepatic encephal opathy and al so the
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encephH) ophe hsed in spl forra de pxpeipla 1§°1%E€é1€p1%3515‘|"§ﬁ‘?r5{;’rﬁ1®f bg 'ﬁséhall???lﬁﬁcﬁ%mynay be
used. The amn | ' api Ld18ucisd d
salts or dg? i%@‘??@%‘g?f @?*{Xs?(ﬁ?ﬁgﬁ %g%éﬁﬁg%ﬁﬁe@%rfgg?gﬂe?ifgfég%ﬁn%oﬁaci d form
I n gener al or Gehidlfichee daft ardtypivalli nbiocthemicadly hennd, warovdientiy-linkedio any a

m xture of D and L. Isolated fornms of ornithine are typically used. Any
active for Athsfaganki t hi ne nay be used or a pharmaceutical ly

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  asis routine in the pharmaceutical art. The exact nature of the formulation will depend
upon several factors including the desired route 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; dyestuffs;
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



acceptable formof ornithine may be used. Onithine my be enployed as a
free amno acid or an amno acid salt or derivative. Typically, ornithine
I s used awoaoaiosgive, nononeric ami no acid. Onithine mychsBsehoussosal t
form for exanple ornithine hydrochl ari de may be used. Ornithine may be in
the formof a physiologically acceptable salt in free form Therefore, the
ornithine or the ornithine salt are typically not chem cally bound, or
covalently linked to any other agent. Derivatives of ornithine maybe used.
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15  at least one of phenylacetate and phenylbutyrate. The medicament may consist

essentially of ornithine, isoleucine and at least one of phenylacetate and phenylbutyrate.

The medicament may consist essentially of ornithine, 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 ornithine and isoleucine.

The phenylacetate 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 ornithine. 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 ornithine.

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 ornithine.

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 ornithine. Therefore, the medicament may comprise substantially no

aspartate. In one embodiment, the composition does not comprise aspartate, glutamate



Phar maceuti cal conpositions The ornithine and the phenyl acetate and/ or
phenyl butyrate are typically forrmulated for adm nistration with a
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as is routine in the pharmaceutical art. The exact nature of the

formul ation will depend upon several factors including the desjred route of
adnmi ni st r airiaginingyPriacadrhgyntoefsphitaie slametecr SHERE amoethermsessatinghe

h | but t | at ed f. | i | C,
"t 1 avascieaPostonrey it et ombdr afifhiel BkpRiERCucld OB el

or di | uentgipmakeor af @hing XA HoRbifdtionPtiesRe amim atidspdossumh exeedhyshyol ogi cal
saline. Solid oral fornms nay contain, together with the active conpound,

dil uent s, weight dfaenighies. Porfatablys the asmpyahby weight elaspatgeluagiale U ar ch or

potato_starch; |ubricants 1 si I iy .. Stearic acid, magnesium or
cal ci um staég?l%ﬂe OC3H /e(’)(f:eego(f@(g’t y ée1 e gflo;r/@j([) se;' bi ndi ng agents; e.g.
starches, gum amalbher &badiinent, thetdoyiposition heyeompaisd gatyaibdriayline bdidd mse or

pol yvi nyl pyrrolidone; disaggregating agents, e.g.. starch, al ginic.acid,
al gi nat es nem-peptife foray bnieplly|ay di fgeamig ﬁ@#x%éahgiﬂof?ﬁl?@ ¥ @ecep gesstaHf fs;

P11t ShclSEbl A SRR 30D AL eCLEP ARl sR0RA OBt ool

€s; ‘an non-toxic and pharnacol ogi cally inactive
subst ancesthy ae@duntbypheighbsfeuitlias. Fooexanzie, the stheSuninopieis meayehet present

ti be_manuf act in k e, b f
im0 or BBIEARGDY NEOLR 15 o< BB SRR LI oo10%Pt SIRLBEEGY pr ocosses.
Li qui d di Spersi-ong, 5mer Shing 96id9 sk kil ibepréleit iRensdtniitioRTisdons or

suspensi ons. € syrups may contain as'carriers, for exanple, saccharose or
sacchar os eessirtial ghd/emr-éssentahamino avidsnThotorapasition may ¢mprise othes beasheths and

enul si ons may contain rei for .exanpl e.a natural .. Sodi um
al gi nat e, 'ﬁ@t‘tWnoﬁﬁ%dﬁaﬁgé%ﬁglgé‘éésé%l‘b%ﬁ%ﬁm’ JEE Andd ,Cq}.(l)er' %%g%’fvi nyl
al cohol . Igﬁneﬁﬁﬁ%@tﬂ@ﬁv%ti&%w RS dodiprisBlidodetieietnalor vajicAnddns may

0g

cont ai n, er wth ornithine and at l'east one of phenyl acetate and
phenyl 1fut yleatiag. a

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 decompensation
20  or hepatic encephalopathy. Omithine 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.
Ornithine 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. Ornithine and at least one of phenylacetate and phenylbutyrate may be



pharmaceutically acceptable carrier, e.g. sterile water, olive oil, ethyl

ol eate, glycols, e.g. propylene glycol, and if desired, a suitable anount
of |idocavoeodwyds®ahl ori de. Medi canents of the inventi orCcrayB0@pI338e
ornithine as the only am no acid conp@nent. Medi canents of the invention
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phenyl acet ate and phenyl butyrate. The nedi canent may consi st essentially of
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f . L
of aspart actmee’ ofq{mgste%rgg’}eeatt%ks or a combination of these acute attacks.

A subject who has had or is suspected of having had an acute attack is treated
according to the invention with ornithine 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 ornithine 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 bleed such as

25  hyperammonemia, hypoisoleucemia 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.



argi ni ne does not exceed 0.5% by wei ght of ornithine. In another

enbodi nent, the conposition nmay conprise yet other amno acids in
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phenylbutyrate. Ornithine and at least one of phenylacetate and phenylbutyrate may be

15  administered in combination in a single medicament, or separately in two or three
different medicaments. Where ornithine 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, ornithine 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. Alternatively, 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 a combination of ornithine and phenylbutyrate.



encephal opathy. O nithine and at |east one of phenyl acetate and
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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 to 4 hours or from 1 hour to 3 hours, following administration of the second

20  medicament.

The medicaments of the invention may be administered at the same site or at
different sites. The medicaments of the invention may be administered via the same
route or by 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 phenylacetate and/or phenylbutyrate may be administered orally

30  and ornithine may be administere;d intravenously.

Therapeutically effective amounts of ornithine, the phenylacetate and/or
phenylbutyrate and the optional isoleucine are administered to the subject. The doses of

the ornithine, the phenylacetate and/or phenylbutyrate and the isoleucine can be



t he suspected onset of a precipitating event (acute attack). Preferably,
treatnent of the subject begins prior to repeated acute attacks. Mre

pr ef er ablwo 2006emt™@Nt of the subj ect begins foll ow ng treTiGB28d5/MMEIBDE
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15  be administered. Alternatively multiple doses, for example two, three, four or five
doses, of ornithine 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 ornithine
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 ornithine and/or phenylacetate and/or
phenylbutyrate. The or each other amino acid is typically administered orally or
intravenously.

A therapeutically effective amount of the or each other amino acid is

30 administered to the subject. The dose will be dependent upon various parameters such
as those noted above for ornithine, phenylacetate and phenylbutyrate. A typical dose of
the or each other amino acid is from 0.02 to 1.25, for example from 0.1 to 0.5, g per kg



adm ni stered over a period of tine. Wiere two nedi canents are adm ni stered,
ornithine may be admnistered first, followed by adm nistration of the
phenyl acewetzeocaiserophenyl but yrat e, the phenyl acetate or troe/qeressylolssbyr at e.
Al ternatively, the phenyl acetate and ghenyl butyrate, the phenyl acetate or

t he phenyl butyrate nay be adm nistered first, followed by ornithine. In
anot her enbodi nent, a conbinati on of ornithine and phenyl acetate may be
adm nistered first, followed by adm nistration of phenyl butyrate.

Al t er nat i vafibpdyweightrbh dasassref die asreach ofhercanaing apidansy heteforabe fieayl Bdo

adm ni ster | kSt |Jowed by adm nistration of phenylacetate. |In another
enbodi mntip%%dghya%gcé@aitogg'my be adm nistered first, followed by

adm ni strati on Akinglecddtbionatd @@racH othérminiiho Beidaime; be administered.

phenyl butyrate. Al ternatively, g}henyl but yr ahre rrfay be_adm ni stered first,
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adni ni st ra@ﬁooﬂ’fﬁﬁ’%%&ﬁﬁvﬁﬁpﬁsﬂ%’%adﬁﬁjé‘ﬁwegg Wie. Where ornithine is

adm ni st ered second, phenyl acetate or phenyl butyrate are adm ni stered
first, and phenyl butyrate or phenylacetate are adm nistered third. Were
orni t hi ne i s adhiefodlbeimedEtdmples illpstetg thadeteationor phenyl butyrate are

adm nistered first, and phenyl butyrate or phenyl acetate are adm ni stered
second® The second nedi canent may be adm nistered up to 5 hours, such as up

to 2 hour SEHH?IgE 1.0 ﬂieMH'Sllail i i AR patibits Mith QirHdIR ahldWérsens

medi canment” Nt can tnhus be admnistered from Ib m nutes
to 5 hours, for exanpith ihereasiBP sevenity eflivey dis¢aseirs or from 1 hour to 3
hours, follow ng adm nistration of the first medicament. The third

medi canment nmay be adm nistered up to 5 hours, such as up to 2 hours or up
to 1 hour ,Meﬁidd%%f‘gfle%gﬁfé?ﬁéiﬁﬁ)ﬂ\ieﬁﬂo?ﬁilTlhﬁgé@‘i@diﬂaﬁ@dkiﬁﬁﬁ%bursfhe third

medi canent can thus be adm nistered Trom15 mnutes to 5 hours, for exanple
from 30 Phagotest: Heparinised whole blood was incubated with opsonised FITC-

labelled E coli and CD16. The cells were then analysed by flow cytometry (FACScan

Becton Dickinson), gated through 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.

30 Patients and Methods
We studied 30 patients with cirrhosis (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



mnutes to 4 hours or from21 hour to 3 hours, follow ng adm ni stration of

t he second nedi canent. The nedi canents of the invention nay be adm ni stered
at the sawoidise®r at different sites. The nedi canent s pgii/dBreosoovsnt i on
may be adm nistered via the same rout® or by different routes. A nedi canent
of the invention may be adm nistered by any suitable route. Preferably it
is adm nistered by oral, intravenous, intragastric, intraperitoneal or
intravasul ar routes. For exanple, when ornithine and at | east one of

phenyl| acetlitess. idgplestinydstised roadetermiee thd phagasyds eapasispandPledgpbushwgs may al |
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phenyl but ytgq%gomay be adm ni stered intravenously, or the phenyl acetate
and/ or phenyl butyrate may be adm nistered orally and ornithine my be
adm ni stered intravenously. Therapeutically effective anmounts of ornithine,
t he phenyl ac%ﬁate and/ or phenyl butyrate and the optional isoleucine are
admi ni ot erBeSWS t he subj ect. The doses of the ornithine, the phenyl acetate
and/ or pheny!| buiyy Bk&vadthat Reutiophileficinntrrisdic padetsts hadrh sigdifmanthy tidneedt o
vari ous paraneters such as the age, weight and,condiéior}pof t he %{Jbia(?ct to
be treat edabilitydo phagocsiose baoiaia We dpo fyad thaj prtieptswith girrhogis had gredug
adm nistration; and the. r ' ' . i : isinbithe, of
henyl acet stpady Brm it o SEAE FErorfil bP Fas): HASRSUE ARG, ©f o,
exanpl e from OF dent1tibn 6 ofdaBre Bugst (Fighmdy). Waisghdyctide e oatianly corrdated
paraneters. Consequently, a_ dosage of ornithine, gf pg(f I?cet iiie or
pheny| Hut ywithéhe ssverty of dizpredissase Ndisptipg that finmorg afyang B?ésslﬁ,gﬁo rom 5 g
to 30 g. The dos QLRI L bl : ionhe dose of isol eucine
may be 5 t lsi%"e’gt.ﬁg%?g{hgra%mt#:fgn%g%dr@%?)%g%;%&aef:\gltﬂg%éfazltloghenyI butyrate may be
adm nistered in a weight ratio from10:1 to 1:10 such as from5:1 to 1.5 or
from2:1 to 1:2 or about 1:1. A physician wll. be able to. determ ne the
requi red dExampled: orAmmeniareducesphagocylie ¢ 2N BeUttaR s butyrate and of
the optional isoleucine for any particul ar subject. A single dose of
ornithine and a single dose of phenyl acetate and/or

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

Patients and methods
Blood was collected from healthy volunteers (n=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 neutrophil phagocytosis (Figure 2) and also in neutrophil
chemotaxis (Figure 3).

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

30 by interventions

Methods for Measurement of Neutrophil Phagocytosis and oxidative burst

As in Example 1.



phenyl butyrate nmay be adm nistered. Optionally, a single dose of isoleucine
may al so be adm nistered. Alternatively nmultiple doses, for exanple two,

t hree, f owo 2006/0s679@ doses, of ornithine and/or of the plremdBzoemisoand/ or

phenyl butyrate and/or of the optional20i sol euci ne may be adm ni stered. Such

mul ti pl e doses may be adm nistered over a period of one nonth or tw weeks

or one week. In another enbodinent, a single dose or nultiple doses such as
two, three, four or five doses of ornithine and/or of phenyl acetate and/or

phenyl butyrate may be administered daily. Qther am no acids may be

adm nistered to a subject as noted above. The or each such other amno acid
may be adrﬁaﬂeyse’f'lé’dnﬁeh“{dﬁe sane nedi canent as the ornithine and/or the
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typically adm nistered orally or intravenously. A therapeutically effective

amount of the or each other amno acid is adm nistered to the subject. The
dose wi || Resultependent upon various paraneters such as those noted above
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four or five doses may be adm nistered daily. Les
.-‘.I"'ll.'ll_ ..\'.1 ulag SO TASELL te .L' DICE Cpuees nc : : g¥ed i n
patients with cirr hoﬁf‘hftha(ﬁﬂ peYarfildfly reversed bv administration of isoleucine
15
Methods

Ten overnight fasted, metabolically stable patients with biopsy proven cirrhosis
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, isoleuciné 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 (£5.4) cells/high power field (p<0.0001)
(Figure 5). Plasma concentration of ammonia increased significantly from 75.1 (34.2) to

124 (+8.5) (p<0.001). The change in the concentration of ammonia correlated with the



wi th increasing severity of liver disease Methods for Measurenent of

Neut rophi | Phagocytosis and oxi dative burst Phagotest: Heparini sed whol e
bl ood waswonecebst®d wit h opsoni sed FI TC abel | ed E coli aou/gB2dé/00333e cel | s
were then anal ysed by flow cytonetry 1IFACScan Becton Di cki nson), gated

t hrough forward and side scatter and subsequently assessed on the basis of
R-phycoerythrin (PE) [lItnmunotech, Marseille, France] flurochrone
expression to identify CD16 positive cells. The gated popul ati on_was then
assessed fdhangdia npuessiteheafotisTE=0.6hehd p O} Bheiradudtion gohenteophil
Heparini sed whol e hl ood ,was jncubated w {h opsoni sed col i ion to
stinmul ate C@QWHWIWSWFQW&AL%MQF@G%WE %5%%@%%%5@“?8%%&2&; ne the
conversi o j: : i t flurogeni c conpound
Rhodamlu;%é%mﬁ%éggﬁﬁ%agggg?ﬂ%gb ssg%%g%égﬁéﬁgifixed before incubation

wi th CD16 anti body for positive neutrophil identification. Analysis was

t hen undertaken by flow cytonetry. i S: Neut rophil
chenot &xi ExampleSys A sinulatedblged reduces progein SYRINCHIS ANE SUMMPALES) \5jng
interleukin-8 as c : : ' chenoki nesis. Patients and
Mt hode Ve studi ed aadtettihe xidifibn : gﬂ (Al coholic cirrhosis: nmean
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 deconéefosSed or conpensatedlivers. Phagotest was used to deternine
the phagocytic Wehﬁgﬁ@s@ QR MAB0YS BEhE Biveekeretedaitath &l Blesd t he

cells were able to generate oxidative burst when exposed to E coli. Results
W& obsey vesintpiatvaneoltectdhind sxpirshaicwas saowled prferedhe star of the isfugionsof et | y

reduced ability to agocyt ose bacteria. f a Lents with
cirrhosis Hahje EOF@&EE‘E%B%%‘&QW?W“&S%%% c?_\r{il\lﬁdiig cc))%s)qeierru a %ﬁghﬁqﬁ the
neut r ophi | 5,y Bo6Obdd d frith€d Bantidbolsiafreasbiginfison ¢f[¢-'&C]-igeleetiat (lon of
oxi dati ve burst ‘(3F| gure 1). This reduction in capacity correl ated

mg/kg bw/h) until the end of the experiment (t=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: Administration 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; 50 ml/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-Hy]tyrosine and L-[ring-*H, Jtyrosine) and ammonia.



with the severity of liver disease indicating that the nore advanced the
stage of liver disease, the less the ability to respond to and cope wth

i nfecti onwoBs@nBEb®42; Anmoni a reduces phagocyti c capaci PyTigB20&suionssphi | s
Met hods for Measurenment of Neutrophil22Phagocytosis and oxi dative burst As
in Exanple 1. Patients and nethods Bl ood was col |l ected from healthy

vol unteers (n=15) and incubated for 1 hour with increasing concentrations
of amoni a. The ability of the neutrophils to phagocytose bacteria was
measur ed usi ng the Phagot est and Neutrophil chenotaxis assays. 10ng/m [L-8
was used in the Neutrophil chenptaxis. assay. Results Wth incubation of

i ncr easi ngR%Sb‘Héent rati ons of ammonia, there was a significant reduction in
neut r ophi | phagﬁﬁé’feﬁﬁfs%h&wﬁé@ﬂfaﬁm%)mm isd1e@ihd\durigtd iatedBleiihaxi s
(Figure 3). Exanple 3: fect of ammonia on neutrophil phagocytosis can
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Phagocyt osi s ative urst AsS. Bl ood
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observed t4ministesechyith iHokeuicing @€ pleceaddégure d)-i n neut rophi | phagocyt osis
could be partially reversed by ornithine and glutam ne (Figure 4). However,
neut r ophi | phagoc t05| S was rrade vvorse by co-1i c,ubatl on qf ,a nonia wWith
aspart at e, Exe op ageiyBRlag

A St ed Gastr of 1 bl PG bR IAREABR Chemotaxi <

Methods

5 patients with advanced cirrhosis who were awaiting liver transplantation (age:
59; 3 male, Child Class C disease, severe ascites, creatinine 102 umol/L) were

15 undergoing treatment with 40 g/day of L-ornithine L-aspartate.

Results

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

20
Table 2

PRE Day 1 Day2 |Day3
72 178 289 354

ASPARTATE (umol/L)) 11.8) |@32 |@71) |GLY)




whi ch can be partially reversed by adm ni stration of isoleucine Methods Ten
overni ght fasted, netabolically stable patients with biopsy proven
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ng/ kg bw h) until the end of the experinment (t=480 mn). Results Figure 6
shows average whol e body rate of appearance of isoleucine (W Ra) and

i sol euci woauesrmtioan during the | ast hour of saline (bl ach/deoesyooassd am no
acid (grey bars) infusion (values in 2ean + SEM # represents p <0.05). An
upper G bleed in patients with cirrhosis resulted in a reduction in

i sol euci ne and markedly decreased whol e body protein synthesis. The
fraction of isoleucine flux used for oxidati on did not change after t he
si nul at ed DiAapledes pAdmihisnration kdih LOTACKed: oniaeanconira :
pointing to occurrence of BCAA antagoni sm Exarrpl e 6; Adm ni stratl on of
i sol euci nealloys apmenia to egencxal) cod enhances protein synthesis but does not
reduce ammoni a concentration Methods Si xteen netabolically stable patients
wi t h bi opsy-proven cirrhosis of the liver were studied. Patients were
random zedPstidnteand Methpqhd errent ati on wi th isol eucine (40ng/ L solution; 50

m /hr) or plac ﬁ%@ﬁ&{}' n s1§ hzggggerﬁD% o#&?_i?m QdGrzﬁ"e%t ein

synt hesi s (nmeas i nf'usTon

H5] phenyl aj ﬁ?)vereLtréz{téwnh ElUﬁifMd’l&SbﬂEOEACMOg[dvleﬂ@hohs)]tmdsmvane) and
ammoni a. Resul ts” The results showed that infusion of isoleucine during a

si mul at ed {singdet] fon theameasurament phameriasaf gIWamiNge | i ver restores i npaired
protein synthesis of liver and nuscle |leading to a net anabolic state in

t hese organs (Table 1). Amoni a concentration increased significantly in
both groupgefiits Was not significantly different between those adm ni stered
with isol eucine or placebo

ure.7) 7 tate rrulatlon
fol | owllhg i nf usTharesplts: tthﬂ%ﬁémL%ﬁf?&PnggqirAfﬁﬁ% Bvanced

e R S b TS D S i
ascites, C(mHgire®)Ehid Ceduuticy inlgmmerishad 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: Phenylacetate binds glutamine to make an excretable compound and

prevents the secondary rise in ammonia




undergoing treatnent with 40 g/day of L-ornithine L-aspartate. Results Over
a 3 day period there was a significant and progressive increase in the
aspart at evoan@ristmat i on increasing to 5 tinmes the basal pecalapo¢siminize 2) .
Tabl e 2Table 1 Protein kinetics deter2sined using the Phe nodel at t= Chours
and at study end Tinme Protein synthesis P Protein breakdown P Net Bal ance P
Li ver SB-saline 0 415 120 263 50 152 76 End 274 250 0.445 108 162
0.366 166 231 0.836 SB-isoleucine 0 218 37 109 25 98 33 End 839 221

0. 038 157 patfthtOand MefBotls 165 0. 010 Leg SB-saline 0 117 52 137 51 -20 19
End 372 211 0.189,288 175 0..232. .87 140 Q.69 - [ soleuei 0 -31 201
196 6 1 -185 é@leEﬁdm@’iﬂrcut%‘ser%@gB@ (%%@'Rwé‘é%%gggt%tg%%n& ¥05%. 005 Dat 2
are mean ' ) I SELOLARG phahylasetste p40psdytoveh® nmean
val ues of ei%h%ﬂﬂfalibr?g ﬁg}g?deg?q%ﬁg&grﬁaﬁ acid inf usipélﬁ.ylPr ot eﬁl synt hesi s data
of liver admairdi dney are corrected for hydroxylation (see nethods).
Statistics: p values for Mann-Wihitney U test for differences within groups;
no si gr§i ficant differences were found between groupsExanpl e 8:

Admi ni strapbQisWM th LOLA reduces amoni a concentration but allows anmmoni a
to regenerate Patients and Methods Eight patjents with cirrhosis, (age 56
(5.6), 5M ALD-BherGwasao sighificant ingeassan glutamine-congenfiation apda@anigi t h an

i nfusion o OLA (4 aver .8 h Bk sur enment
of amoni ae¥%‘awﬁfﬁegﬂ‘%ﬁewl g Pﬁ"g {r%?:%r er%%&ﬁ s sﬁf)i\?ggh f%g%e%dd%bﬁfl%??ati on of
LOLA resul 868h0hfd wasobe@tvEd.cant reduction in amonia concentration wth a
concomtant rise in glutam ne concentration (Figure 8). This reduction in
amoni ) had beneficial effects upon the severity of HE

Example 11: The effect of ornithine and phenylbutyrate in human patients with

hepatic encephalopathy

Patients

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

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

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

3. Exclusion criteria

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

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

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

hypersensitivity to any of the study drugs, - pregnancy.

Assessment of Mental State

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




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

pati ent s wbabodnseyosnpr oved. Exanpl e 9: Active renoval ofPcglar2aes/a0es3pr event s
t he secondary rise in amonia concent2ati on Patients and Methods 3 patients
(age 45 (4. 1) 2M ALD, all HE grade 3, HRS all 3) that were undergoing
heanof Itration (CWH) were treated with an infusion of LOLA (40 g over 8
hours). Blood was sanpled for the neasurement of ammonia and glutamne.
Results The results sho\ehbrtenad atte@itienspgul ted in a reduction in ammonia
concentration but the ad@khpmﬁadpeffodhaﬁopsjfsdqliltienent ed the concom t ant
i ncrease [Id @ dt am ne CONGrALY ot agithy Fi gure 9). Therefore, we believe|there

was a sustal ned reductl()%lhﬂnaqmggﬁbﬁtaﬁ&pﬁ@mﬁﬁeagrlm Exanpl e 10:
Phenyl acet ate binds gl utam £xcretabl e conpound and prevents

the secondary rise in amop 6??-1’ :quta{e%ggv Met hods 6 patients with acufe

liver faiflure (5 non-A 1 .er e encephal o ath Gr de
3-4) were_treated with | &RIK G%{me\wgeo S&b Qp\n/rqm. B\,,w b y (

=2 oot o)
Resul ts TK&ede das no sig R p‘?“b‘i SROGSIVR Lo X?f‘ﬁ@]eﬁ’m‘g]t i on and
ammoni a llevel s were redysenfugionh t he conmbined treatnent (Figure 10). INo
rebound ilncrease i n ammmiressWisoriohgienved. Exanple 11: The effect of
or ni t hi ng @fade phenyl but yrcaina (immrespomsive paverbalt g makioks bi@paki) ¢ _encephal opat hy
Patients T. Goups-3 patients per group. Total 12. 2. Inclusion criteria

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) Omnithine + 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
alone
Age P1: 47 P3: 46 P5: 56 P7:52
P2: 57 P4: 40 P6: 48 P8: 52
Sex P1: M P3:F PS:F P7:M
P2: M P4: F P6: M P8:F
Aetiology 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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SBP: spontaneous bacterial peritonitis, Non alcoholic steatohepatitis, ICU: Intensive

care support needed, HRS: hepatorenal syndrome

Results

Figure 11 shows that the mean ammonia levels remained largely unchanged over

the period of treatment in the placebo group. In the L-Ornithine and the Phenylbutyrate

group, the ammonia concentration increased from baseline values. In the group treated

with both L-ornithine and Phenylbutyrate, there was a substantial reduction of

ammonia. The postprandial increase in ammonia was reduced in the OP treated animals

in addition to the reduction in ammonia concentrations. Both patients in the OP group

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

in any of the other 6 patients.

Figure 12 shows that the mean glutamine levels remained largely unchanged

over the period of treatment in the OP group despite a reduction in ammonia. There was

a reduction in glutamine in the Phenylbutyrate group, which may well be deleterious. In

the L-Ornithine 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.



care support needed, HRS: hepatorenal syndrome Results Figure 11 shows that
the mean ammoni a | evel s renai ned | argely unchanged over the period of

t r eat mentwonoddmsepacebo group. Li the L-Onithine and wrhe/dirersydobisvyr at e
group, the anmonia concentration incr®ased from baseline values. In the
group treated with both L-ornithine and Phenyl butyrate, there was a
substanti al reduction of amoni a. The postprandi al increase in anmoni a was
reduced in the OP treated animals in addition to the reduction in amonia
concentrations. Both patients in the OP group had inproved their

encephal opat hy score by 2 grades by day ich was not. obse gg in any of
t he ot her Exampled2: cThee Q1 QPN 1 ate and isolencine Ji undn | -~

remai ned | argely un%g{}g%" { fepitiCerR@phalgpMhyt reat nent in the OP group
despite a reductionTn ammoni a. There was a reduction in glutamne in the

Phenyl butyrate group, which may well be deleterious. In the L-Ornithine and
pl acebg groups there was an increase in 3 utam ne concentrations which was
mar kedl5y dAEMHYated in the postprandi al state. Figure 13 shows the changes

in mental ﬁtﬁb@p§@ﬁaﬂ®tgﬁ%§uﬂ.m@d with Placebo, O P and OP. Exanple 12:
The effect of ornithine, phenyl butyrate and isol eucine in human patients

wi th hepatic encephal opathy Patients 1. G oups- 2 patients per group. Total
6 2. Incl ior] critetri.a - Adult patients aged 18-80 years, liver cirrhosis
document e By §SHE or clinical criteria, Child B or C recent

Gast r oi nt eshdnlppatitheded 1 8rB0vREIsCIer Citfhobis dosuméited bp histwdogyadrictinical i nf or med
consent/assent. 3. Exclusion criteria,- g{ hgr concon‘it t neut ol ogi cal

di sor dér , ariteriaChaldd? prt, ey iGasEoiniesnal Bleed fiom wajicss %thc?%% ifat ory

failure fe&‘é;eﬁlita@f%nﬁﬁéaﬁﬂé&@Ans&%fséehati on and sedation, uncontrolled

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

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

the study drugs, pregnancy/lactation.

20  Methods

In an open labelled study, we included 6 patients with cirthosis 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  (t=0; 24, 48hr); Phenylbutyrate:10g twice daily, orally (t=0, 12, 24, 36, 48 hr).
Patients were fasted overnight between 0000 midnight and 0800 am. They were
fed intragastrically with a diet of 25KCal/Kg that included 1g/Kg protein diet starting at
0800 and finishing at midnight. Blood was sampled at 0730 am and then at 1800 hr for



gastroi ntestinal bl eeding, hypotension requiring inotropes, overt renal
failure (creatinine >2 ng/dl), henodial ysis, extracorporeal |iver support,
known hypwoesaistiowity to any of the study drugs, pregnaoTtydsactmisson.

Met hods I n an open | abelled study, wed ncluded 6 patients with cirrhosis
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mat ched for the severity of liver disease (see Table 4). They were treated
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starting agunggg(p and finishing at mdnight. Blood was sanpled at 0730 am
and then at 1800 hr forthe nmeasurenent of ammonia and gl utam ne. Patients
were nonitored closely for side effects. The drug was tolerated well in

each of the%lgl;aoups and no adverse events were observed. Because the

patients rb #ed sedation for their initial endoscopy, the nental state
assessnenf” Was 1 mpoSSI bl Epfagedont er pr et . | (Rfeupiiciabiile eagiDIPn the Pl aceho and
the |soel pgipe—groups dregyffom muitiorgan. sAiTure in fipg. hospital. The
rest of thégpati ents sur /L,y:e Tabl e 4 $BR: 4Spont aneous pegagseri al
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needed, HRSFX hepat or enal Tgi onme Resul §g Flgure 14 shc%jﬁfat no
significapht changes in aphénMa concentr ag“g{{g in the :
Aetiology of Liver | P1: ALD P3: HBV P5: HBV
Disease P2: HCV P4. ALD P6: NASH
Severity of Liver P1:13 P3:13 P5: 14
Disease (Pugh P2: 14 P4:11 P6: 10
Score)
Severity of HE 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.
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Frencht owng dmpléS4) TRe effect of ornithine and phenylbutyrate in the bile duct ligated

rat

15 Methods
Induction 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 recover in
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 Ilibitum.

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 haemoglobin
(2.8g/Kg/day, Nutricia Cuijk, The Netherlands,Product No. 24143). At six weeks, under
anaesthesia a right carotid arterial catheter was inserted and used to collect repeated
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 + ornithine (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.



whi ch was added an am no acid m xture m m cking the conposition of
haenogl obi n (2.8g/ Kg/day, Nutricia Cuijk, The Netherl ands, ProdUct No.
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there was no change in the arterial ammonia | evels over three hours in the
saline treated placebo group. Figure 19 shows the change in arterial plasna
amoni a | P8%in BDL cirrhotic rats following I P injections of saline (BDL

control, n=5), Aty éhote bil¥ duct Bg2ed 4 modathkre iphevlydtdntialinateese(iPBie 0. 3g/ Kg,
n=7) and ornithine phenylbutyrate (OP, 0,229/ Kg + [ Kg, nz7 signifies
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was det ect'¥d, ¥ﬁdlg S no to be different from placebo. In

t he phenyliatéRmsnbeatesh ignhiyrtaiabigmohiadaves over thras bours irpthg salneanmoni a
was found after 1 hour (p<0.01 vs all other groups), though this difference
was found trested placebo group.

Figure 19 shows the change in arterial plasma ammonia levels in BDL cirrhotic
15  rats following IP injections of saline (BDL control, n=5), ornithine (Orn, 0.22g/Kg,
n=6), phenylbutyrate (PB, 0.3g/Kg, n=7) and ornithine 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 treated animals a slight decrease in
ammonia concentration was detected, though this was not found to be different from
20  placebo. In the phenylbutyrate treated group a significant increase in plasma ammonia
was found after 1 hour (p<0.01 vs all other groups), though this difference was found to
be smaller at the three hour time point. This finding fits with the hypothesis that
phenylbutyrate (phenylacetafe) is only effective in subjects with raised glutamine
concentrations. In the animals without 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 ornithine only group at the end of the study
30  (p<0.05).
This clearly demonstrates that the combination of OP has greater efficacy in
reducing plasma ammonia than either O or P alone. Furthermore, the increased plasma

levels of ammonia may be detrimental in the P alone treated animals.
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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 chow to a
complete liquid diet (Liquidiet, Bio-Serv, Frenchtown NJ, USA) to which was added an

70  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
saline (n=>5 in each group). Three hours prior to sacrifice animals were treated with
cither 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
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Methods

15 Five pigs were randomised into four groups: acute liver failure
(ALF)+placebotplacebo (n=2); ALF+Ornithinet+placebo; ALF+ Phenylbutyrate
+placebo; ALF+Omnithine 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. Omnithine alone: 0.3g/Kg, 5% dexirose 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 (devasculariéation) 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 hr for the measurement of regional
ammonia and amino acid changes. At the end of the experiment a section of frontal

30 cortex was removed for brain water measurements.
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i nfusions were started. 1. Pl acebo: 5% Dextrose over 3 hours, oral water
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shows a nodést nuscle glutam ne rel ease (Figure 25) and appreciabl e gut
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conpar abl e amount of gl utam ne being released fro cle. - ar to the
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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 glutamine (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 ornithine 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 ornithine

treated animals is shown in Figure 27.
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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
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deconpensat arring. The 1tnventors have al so found that
L- ornit hi Ngphrtagpartate (LOLA), which is used to reduce ammonia in patients

wi th hepati C encephal opat hy, does_not_reyer the effect of . Fa on
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15  as a consequence, increases glutamine levels. However, glutamine is only a temporary

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 phehylacetate and/or phenylbutyrate allows for the removal 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 muscle, converting ammonia to glutamine, a reaction in which glutamate is utilised.
In liver failure, the enzyme responsible for this reaction, glutamine synthetase is

induced and the provision of glutamate would increase ammonia detoxification.
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The established wisdom that phenylacetate reduces ammonia in the

=0

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  importantly, 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 ornithine 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 ammonia
and ameliorates the increase in glutamine seen with ornithine alone. Glycine, 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

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



recircul ates and regenerates anmmoni a. Qur invention provides a novel nethod
of not only detoxifying anmmonia into glutam ne but also elimnating the
excess glwopamaensetohat i s generated. Thus, OP reduces anmomiGB20@0&3IHr ati on
in patients with cirrhosis and hyperasnonem a significantly nore nmarkedly
than either alone. The effect is clearly synergistic rather than additive.
In addition, postprandial increase in ammonia is abolished by

adm nistration of OP. This nmay allow for feeding of patients with
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phenyl acet at e reduces ammonia in the hyperammonaem c i nfant presenting with
urea cycle disorders is that the ammonia is trapped into glutam ne and t hat
the glutamne is shuttled to the kidneys for excretion as the

phenyl acet at egl ut am ne adduct. These infants present with high anmoni a and,
importantly, high glutam ne. Conversely the cirrhotic patient presents with
hi gh ammoni a and normal to | ow gl utam ne. The pig nodel described above
does not have a raised glutam ne and the ammoni a | evel s i ncrease
dramatically after the liver is isolated. Treatnent with ornithine al one

i ncreases bl ood gl utam ne whereas ammoni a | evel s are unaffected.

Phenyl butyrate al one marginally increases gl utam ne and agai n has
insignificant effects on amonia levels. In dramatic contrast, in this

cat astrophi c nodel of escal ati ng hyperamobnaem a t he conbi nati on of both
orni thine and phenyl butyrate (OP) brings about an appreciable reduction in
the circulating anmmoni a and aneliorates the increase in glutamne seen with
ornithine alone. dycine, an amonia generating amno acid increased in al
the animals, however, the rise in this




am no acid was substantially blunted only in the OP treated ani mal,
suggesting additional benefit for this formof intervention. An established
consequernweo 20d6/8bmyat ed anmonia i s brain swelling as watrer/ardsnisof the
brain increases. The brain from ornitd ne alone treated pig shows

consi derabl e increase in water content while theornithine and

phenyl but yrate conbi ned reduces brain water content. Hi stologically, there
is less apparent injury in the mcrostructure of the brain of the ornithine
and phenyl butyrate conbi ned treat nrenCLAIM®I| conpared to the placebo
treated animal . CLAIM5S 1. Use of ornithine in the manufacture of a

medi canent for use in conbination with at | east one of phenyl acetate and
phenyl but yr at e %Eﬁ Nt j bYieim &R TEMRRNA @bmBihatén hepati c
encephal opleit hy.Uge.ro eﬂg'?ég{mfggag%fagﬁ%ég%%ﬁglﬁé?acet agerignd bhenyl butyrate
in the manwitiaetlesst oné ofpherstiacetaterand pbenyllsusyiate foopisiverittigmr twaghg BY44i t hi ne
for preventing or treatjing.liver %ec ensation or hepatic encephal opat hy.
3. Use of Q?PHWW%%EO%%}‘%P%“FS%W AR*B¥ phenyl acet ate and phenyl butyrate in
t he manufacture of a nedi canent for preventing or treating |iver
deconpensati on or hepatic encephal opathy. 4. Use according tqQ any gne of
the preced2.ng cUss ofiatidaet @ierpfphbnlyladotase anfbphenpbrtyste dhtheqnanfactggof ant wit h

h ic li . di . 5. Use. i . redi | ai
Gherei n sPedigiBgRD: i ToFoRpEARTE i A e Y P Eufle drtfeaBEREH 00 1 5T
deCOWDensa&QCBH?eﬁsaéiH%@rHﬁﬁﬁ&@h&&hhl@p@cﬁy, one of the preceding clains wherein

as had or

the patient h IS suspected of having had a precipitating event. 7.
Use acibrding to claim®6, wherein said precipitating event is

astrointestin bl gedi i hf i i B{Wﬁﬁ*ﬁ
gehydr ati oiz 8%&%{3‘5@]&@%&%@ at?l%gsct?g? %P@{e%?iasé,‘[ge\%h%g?glhn t he rr;ta I (;[%errent IS
adm ni st er gan¥atiid oG Medtamett fohgressnting onfredtingfliver dedothpensmtiopior epatiy event

or suspected precipitating event having been detected. 9. Use according to
any one of endeghglepstlaydi ng cl ai ms wherein hepatic

15 4. Use according to any one of the preceding claims wherein said liver

decompensation 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.

20
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

25  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.

30

9. Use according to any one of the preceding claims wherein hepatic

encephalopathy is treated in a patient with chronic liver disease or acute liver failure.



encephal opathy is treated in a patient with chronic |liver disease or acute
liver failure.10. Use according to any one of the preceding clainms wherein
sai d or niwbi2n&/ise79pr esent as a free nononeric am no aci @CorGRehysAI0es30gi cal |y
acceptable salt. 11. Use according totany one of the preceding clains
wherein the at | east one of phenyl acetate and phenyl butyrate is present as
sodi um phenyl acet ate or sodi um phenyl butyrate. 12. Use according to any one
of the preceding clainms wherein said nmedi canent further conprises

i sol euci ngo. 13 Usdsecadingtte amgonaoofithaprecddingibleines whergindsajdsoneligp ife i s

present as a free pononeric, am.no agid or .physiol ogi cally acceptable salt.
14. Use a®ESFR 3G Te5 MAROIRGTE Fpne ﬁ%‘ﬁﬁf 8@%%&8%10 ﬁ%?‘%ﬁp\aﬂhlgrsgﬁn sai d
medi canment contains substantially no other amino acid. 15. Use according to

any one of the preceding clainms wherein the nedicanment is fornul ated for
i ntravenoud, i Mfseeeondingrieahy onsefithgnreceding claims whersintha pt lsast opg P

dm nistration. 16. Prad I ni f
phanyl Ace i s AE SR aRe ‘AR st AR o B 07 ©

si mul t aneqysy,1p@RAdiat © or sequential use for preventing or treating liver
deconpensati on or hepatic encephal opathy. 17. Products according to claim
16 which further conprise isoleucine. 18. Products according to claim16 or

17 which i tanti al . anj L ] tical
comosi 11 o corr e Hieb Yo fa B e ElatAs BAkiin el R R

phenyl but yg,ah& #fpridePReki@seut i cal conposition according to claim 19 which
further conprises isoleucine. 21. A pharnmaceutical conposition according to
cl ai mi09 or 20 which conprises substantially no other amno acid. 22. A

phar maceutjcal Gonmposidtion f i s Rfr&b@ids R to 2 1 for
use in a nethod Befng)cﬁ%d\tll%ttoic?agmgl?‘!tvgeg%tnisﬁlgdqlr:?d\e/er dig%érrpensati on or hepatic
encephal opgbhdmeric amino acid or physiologically acceptable salt.

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

15  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.

20

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

for preventing or reating liver decompensation or hepatic encephalopathy.
25 17.  Products according to claim 16 which further comprise isoleucine.

18.  Products according to claim 16 or 17 which comprises substantially no other

amino acid.

30 19. A pharmaceutical composition comprising ornithine and at least one of

phenylacetate and phenylbutyrate.



23. An agent for preventing or treating |liver deconpensation or hepatic
encephal opat hy, conprising ornithine and at | east one of phenyl acetate and
phenyl butwoabe/s&h4 An agent according to claim23 whi clrCgHR2b@v00e30Pr i Ses
i sol eucine. 25. A nethod of treating € patient having or at risk of having
| i ver deconpensation or hepatic encephal opat hy, which nethod conprises

adm ni stering an effective anount of ornithine and at | east one of '
phenyl acet ate and phenyl butyrate to said patient. 26. A nmethod according to
cl ai m 25 vafl ch Aphatmacewtinabednspositinpraceerdingtp shpimd Sovhiele furtheT eORBRIHES of

I sol euci ne e said patient. 27. A nethod according to claim26 wherein said
pati ent hd@'SH" %ol euci ne deficiency attributable to gastrointestinal

bl eedi ng.

21. A pharmaceutical composition according to claim 19 or 20 which comprises

5  substantially no other amino acid.

22. A pharmaceutical composition as defined in any one of claims 19 to 21 for use

in a method of preventing or treating liver decompensation or hepatic encephalopathy.

10 23.  An agent for preventing or treating liver decompensation or hepatic
encephalopathy, comprising ornithine and at least one of phenylacetate and

phenylbutyrate.

24.  An agent according to claim 23 which further comprises isoleucine.

15

25. A method of treating a patient having or at risk of having liver decompensation
or hepatic encephalopathy, which method comprises administering an effective amount

of ornithine and at least one of phenylacetate and phenylbutyrate to said patient.

20 26. A method according to claim 25 which further comprises administering an

effective amount of isoleucine to said patient.

27. A method according to claim 26 wherein said patient has an isoleucine

deficiency attributable to gastrointestinal bleeding.



