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Description

[0001] Hepatic encephalopathy (HE), also known as
portosystemic encephalopathy, is a severe complication
of acute or chronic liver failure.
[0002] Patients suffer from various neurologic and
neuropsychiatric abnormalities (asterixis, confusion, al-
tered level of consciousness, coma as a result of liver
failure).
[0003] During cirrhosis, hepatic encephalopathy neg-
atively impacts patient survival. About 30% of patients
dying of end-stage liver disease experience significant
encephalopathy, approaching coma.
[0004] Consequently, the economic burden of hepatic
encephalopathy is substantial, as it is the second most
common reason for hospitalization of cirrhotic patients in
the United States.
[0005] Hepatic encephalopathies can be subdivided in
type A, B and C depending on the underlying cause.

Type A (=acute) describes hepatic encephalopathy
associated with acute liver failure, typically associ-
ated with cerebral oedema. Acute liver failure is a
rapid deterioration (within days and weeks) of liver
function in a person who had no pre-existing liver
disease. Acute liver failure is commonly caused by
paracetamol (acetaminophen) overdose, idiosyn-
cratic reaction to medication (e.g. tetracycline, trogl-
itazone), autoimmune causes, viral hepatitis (hepa-
titis A or B), acute fatty liver of pregnancy, or can be
idiopathic.
Type B (=bypass) is caused by portal-systemic
shunting without associated intrinsic liver disease.
The blood thus by-passes the liver, which therefore
cannot metabolize and clear blood substances
which can be toxic like ammonium. Type B usually
occurs as a result of congenital abnormalities and/or
as a result of an invasive procedure or trauma.
Type C (=cirrhosis) occurs in patients with cirrho-
sis.Cirrhosis is a late stage of chronic liver disease
when scarring (fibrosis) develops. The major causes
of cirrhosis are:

- chronic alcoholism
- viral infections caused by chronic viral hepatitis

(types B, C and D)
- metabolic diseases such as NASH (Non Alco-

holic Steato Hepatitis)
- alpha-1-antitrypsin deficiency, galactosemia

and glycogen storage disorders
- inherited diseases such as Wilson disease and

hemochromatosis
- biliary cirrhosis resulting from diseases such as

primary biliary cholangitis (PBC) and primary
sclerosing cholangitis (PSC)

- toxic hepatitis caused by severe reactions to
prescribed drugs or prolonged exposure to en-
vironmental toxins

- repeated bouts of heart failure with liver conges-
tion.

[0006] Type-C HE can be subdivided in episodic (re-
turn to normal neural state between episodes), persistent
(no return to normal neural state) and minimal enceph-
alopathy (Bajaj, Aliment Pharmacol Ther. 2010
Mar;31(5):537-47).
[0007] Minimal encephalopathy is an encephalopathy
that does not lead to clinically overt cognitive dysfunction,
but can be evidenced using neuropsychological tests,
and has been demonstrated to impair quality of life and
to increase the risk of involvement in road traffic acci-
dents.
[0008] Minimal HE may affect 30-70% of patients with
cirrrhosis ; overt HE (either episodic or persistent) is ob-
served in 30-45% of patients with cirrhosis during their
lifetime.
[0009] It is to be noted that HE, even minimal, is an
independant risk of mortality.
[0010] The physiopathology of hepatic encephalopa-
thy is still debated but many hypothesis are studied. Am-
monia may have a central key role, together with systemic
inflammation and changes in specific carriers on the
blood-brain barrier. Hepatic encephalopathy could be a
consequence of accumulation in the bloodstream of toxic
substances, in particular ammonia, that are normally
cleared by the liver. Ammonemia is not sufficient to in-
duce HE. It is hypothetized that a combination of both
increased blood ammonia and inflammation is necessary
for HE to occur, in particular by a modification of the
blood-brain barrier leading to intracerebral accumulation
of toxic substances and modulation of neurotransmis-
sion.

Treatments of hepatic encephalopathy

[0011] Most specific current therapies are designed to
decrease intestinal ammonia production and the result-
ing hyperammonemia.
[0012] During acute hepatic encephalopathy, lactu-
lose (beta-galactosidofructose) or lactilol (beta-galactos-
idosorbitol) are given to patients to accelerate the transit
and to inhibit intestinal ammonia production. These are
nonabsorbable disaccharides that are degraded by in-
testinal bacteria to lactic acid and other organic acids.
Lactulose is administered to patients at a dose of 30 mL
orally, daily or twice daily, and the dose may be in-
creased, or reduced, depending on the tolerance or ad-
verse effect observed in the patients.
[0013] Higher doses of lactulose (60 mL every eight
hours) may be administered to patients with severe he-
patic encephalopathy. Lactulose is given after the first
episode of hepatic encephalopathy to prevent recur-
rence.
[0014] Various antibiotics are also used, in order to de-
crease the ammoniagenic bacterial load. Antiobiotics are
generally used if treatment with lactulose is not effective
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enough and in secondary prevention.
[0015] One can use neomycin, metronidazole, rifax-
imin, oral vancomycin, paromomycin, and oral quinolo-
nes. Rifaximin a nonabsorbable derivative of rifampin
with a broad spectrum antibacterial activity. It can reduce
endotoxemia, including hyperammonemia, by reducing
the intestinal translocation of bacteria. Used in a number
of trials, rifaximin effect was equivalent or superior to the
compared agents with good tolerability. The recommend-
ed posology is 550 mg twice a day. Recently, therapies
used for the treatment of inborn errors of urea metabolism
begin to be used in patients with hepathic encephalopa-
thy, but are not yet formally recommended. These in-
clude:

• A stable salt of 2 constituent amino acids, L-ornithine
and L-aspartate (LOLA), can also be used to in-
crease ammonia clearance. It may be combined with
lactulose and/or rifaximin.

• Sodium benzoate, sodium phenylbutyrate, sodium
phenylacetate, and glycerol phenylbutyrate may al-
so be used for the treatment of hepatic encephalop-
athy. The oral doses of sodium benzoate are about
5 g twice a day, although lower doses (2.5 g three
times a week) may also help patients recover from
symptoms of hepatic encephalopathy. Glycerol phe-
nylbutyrate may be used at an oral dose of 6 ml twice-
daily.

[0016] Nutritional intervention is necessary in case of
malnutrition or insufficient dietary intake. Eating vegeta-
bles proteins rather than proteins derived from red meat,
and chicken and fish proteins may be favourable. It is
also advised to supplement the diet with branched-chain
amino acids. Zinc administration can also be used, with
the potential to improve hyperammonemia, with zinc sul-
fate and zinc acetate that can be administered at a dose
of 600 mg orally every day. L-carnitine is also used to
improve hepatic encephalopathy symptoms, in particular
in patients with cirrhosis.
[0017] WO 2011/124571 describes the use of biotin at
a high dose (in the range of 100 to 600 mg/day) for the
treatment of visual impairments, in particular related to
optic atrophy. It should be noted that the visual impair-
ments actually described in this application are symp-
toms related to a particular leukoencephalopathy, i.e. an
involvement of the white matter of the brain. This docu-
ment neither describes nor suggests that biotin could be
used for the treatment of HE.
[0018] WO 2014/016003 describes the use of biotin at
a high dose (of the order of 100 to 600 mg/day) for the
treatment of multiple sclerosis (MS), stroke and X-linked
adrenoleukodystrophy (X-ALD), in particular adrenomy-
eloneuropathy (AMN). WO 2014/177286 provides evi-
dence that biotin is useful for treatment of AMN.
[0019] WO2016151132 provides evidence that biotin
is useful for treating amyotrophic lateral sclerosis (ALS).

[0020] Nagamine et al (J Gastroenterol. 1995
Jun;30(3):351-5; and Nihon Shokakibyo Gakkai Zasshi.
1989 Jul;86(7):1519-24) and in JPH01226814A have in-
duced acute hyperammonemia in rats by administering
urease or ammonium acetate. In another model, acute
liver failure was induced by injecting a single high dose
of CCl4. The authors observed an ability of biotin to de-
crease the serum ammonium level in this animal acute
liver failure model. The amount of biotin when adminis-
tered was not controlled when given orally and was 0.5
mg/kg BW (body weight) when a single dosed was in-
jected intraperitoneally (Nagamine, 1989). In Nagamine
(1995), the dose of biotin (provided as a single intraperi-
toneal shoot) is also very low.
[0021] In JPH01226814A, the biotin is provided as a
signle intraperitoneal shoot of 1mg of biotin. Results are
reported for human, with doses used therein in the range
of a few mg (about 5-10mg) per day. The results reported
for the patients are, however, not conclusive. Indeed,
there is a high natural variability of the general state and
of the ammonia level in the serum of patients with HE.
Tables 7 and 8 only report data obtained during 10 days,
without any control or information about other treatments
that the patients received. From patient 2, it can be seen
that there is a high variability in the ammonia level (rising
and decreasing) for the first 5 days, even tough this pa-
tient did not receive any biotin during this timespan. It is
also true for patient 3, where ammonia level had well
decreased between days 48 and 96 although no biotin
had been administered to the patient in this timespan.
There is thus no possibility to reach a conclusion on the
actual role of biotin on ammonia levels and for controlling
HE in these patients.
[0022] It is further to be noted that despite the results
reported therein more than 20 years ago, no drug based
on biotin was developed or proposed to the market to
treat or prevent hepatic encephalopathy.
[0023] In particular, a review by Bajaj (2010, Aliment
Pharmacol Ther 31, 537-547) does not mention biotin as
a product that is or can be used for the treatment of type
C hepatic encephalopathy.
[0024] In the context of the present invention, it is pro-
posed to use biotin, at a much higher dose (daily amount
of at least 200 mg), in order to improve the condition of
patients suffering from type C hepatic encephalopathy.
[0025] The fact that biotin at a high dose (a higher dose
than the one presented in the prior art) can be useful for
type C hepatic encephalopathy treatment and could ul-
timately limit the evolution of the disease, and even revert
some symptoms thereof is particularly novel and surpris-
ing.
[0026] The invention therefore relates to biotin for use
thereof in the treatment or prevention of type C hepatic
encephalopathy, wherein the biotin is used a a high dose,
i.e. at least 200 mg per day.
[0027] Also subjects of the invention are compositions
containing biotin for the use thereof in the treatment of
type C hepatic encephalopathy, and also the use of biotin
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for the production or manufacture of a drug intended for
the treatment of type C hepatic encephalopathy. In par-
ticular, the drug shall contain more than 20 mg, more
preferably more than 40 mg, more preferably more than
50 mg, more preferably more than 70mg, more preferably
about or exactly 100 mg of biotin, in particular when used
by oral administration.
[0028] The teachings of the invention thus make it pos-
sible to implement treatment methods comprising the ad-
ministration of biotin to patients suffering from type C
hepatic encephalopathy. The present specification dis-
closes a method for treating a patient suffering from type
C hepatic encephalopathy, comprising the step of admin-
istering biotin to said patient. Examples of dosage of bi-
otin, and treatment regimen are disclosed below.
[0029] Biotin can be used alone or in combination with
another compound used for treating type C hepatic en-
cephalopathy (or symptoms thereof).
[0030] The invention therefore covers a composition
containing biotin and also another medicament, as listed
above, against type C hepatic encephalopathy, for simul-
taneous, separate or sequential (spread out over time)
use in the treatment of a type C hepatic encephalopathy.
[0031] The specification also describes a method of
treating a patient suffering from type C hepatic enceph-
alopathy, comprising the steps of providing biotin to said
patient, and optionally (but preferably) another drug use-
ful for providing relief to said patients with regards to the
symptoms of type C hepatic encephalopathy.
[0032] Biotin can, in particular, be used to improve cog-
nitive and psychomotor processing speed, memory and
motor control and coordination.
[0033] Treatment with biotin can also lead to increase
of the weight of the patient.
[0034] The biotin is thus used for treating type C he-
patic encephalopathy, whether persistent, episodic or
minimal. However, the application also discloses, but
doesn’t claim the use of biotin in patient with type A or
type B hepatic encephalopathy to decrease the symp-
toms before the situation comes back to normal. Admin-
istration of biotin to type A patients would allow these
patients to wait for a longer time before receiving a liver
graft and/or to be in a better condition when receiving it.
[0035] Biotin can also be used for preventing episodes
of type C hepatic encephalopathy. In particular such pre-
vention is useful in patients with diagnosed cirrhosis,
whether they have already presented an episode of HE
(i.e. whether they have episodic or persistent HE) or
whether they have not been diagnosed with HE (they
have not presented any episode of HE symptoms, or no
clinical sign of HE), and thus have minimal HE or no HE
at all.
[0036] Biotin at a high dose is particularly interesting
to prevent secondary episodes of HE, in patients that
have already presented an episode of HE.
[0037] For treatment of type C hepatic encephalopa-
thy, or preparation of a drug intended for the treatment
of type C hepatic encephalopathy, biotin may be used

as follows. The biotin is preferentially administered at a
therapeutically effective amount, which is generally a
high dose, i.e. at a dose of at least or about or exactly
200 mg per day. Even if a maximum dose is not really
envisaged, the latter should not generally exceed 500
mg, 600 mg or 700 mg per day. This makes it possible
to observe improvement in the condition of the patient,
and/or stop or decrease of the worsening of the condition
of the patient.
[0038] In that way, the physician may determine the
dose according to the weight of the patient. In particular,
a dose at least equal to 3 mg/kg/day, preferably 5
mg/kg/day, or at least equal to 7.5 mg/kg/day, or even
around 10 mg/kg/day, is administered to the patient.
[0039] Between 200 and 700 mg of biotin per day are
thus preferably administered to the patients, generally
between 200 and 500 mg per day, or between 200 and
600 mg per day, more preferably between 200 and 300
mg per day, generally around or exactly 300 mg per day.
One can thus administered at least or about or exactly
200 mg per day, or at least or about or exactly 250 mg
per day, or at least or about or exactly 300 mg per day.
[0040] In one particular embodiment which is preferred
(in particular for problems of ease of use by the patient),
the biotin is in a form suitable for oral administration. This
therefore involves a composition for oral administration,
which will contain at least or about or exactly 20 mg,
preferably at least or about or exactly 40 mg of biotin, or
even at least or about or exactly 50 mg, at least or about
or exactly 75 mg, at least or about or exactly 100 mg, at
least or about or exactly 150 mg or at least or about or
exactly 250 mg of biotin, or at least or about or exactly
300 mg of biotin. This composition is preferentially for
pharmaceutical use, and is therefore a medicine. It is
understood that each unit dose of this composition con-
tains at least or about or exactly 20 mg, preferably at
least or about or exactly 40 mg, or even at least or about
or exactly 50 mg, at least or about or exactly 100 mg, at
least or about or exactly 150 mg or at least or about or
exactly 250 mg of biotin or about or exactly 300 mg of
biotin, as active ingredient.
[0041] The total dose of biotin may be administered
once a day, or through multiple intakes. In particular, bi-
otin may be taken through two or three intakes a day. It
is preferred when biotin is taken around meal times, and
when the amount of biotin is substantially the same for
each intake.
[0042] It is to be noted that the disease herein de-
scribed is a chronic disease, with worsening over time.
It is thus preferable that treatment with biotin is performed
in the long run, in order to be the most effective, to prevent
the occurrence of new HE episodes and to stabilize any
improvement that it will bring. Consequently, it is pre-
ferred when said treatment with biotin has a duration of
at least 3 months. It is even preferred when said treatment
with biotin has a duration of at least 6 months. As indi-
cated, such treatment may be extended as long as pos-
sible in order to prevent the occurrence of new HE epi-
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sodes, increase the improvement that could bring biotin,
and stabilize the therapeutic effects. In particular, said
treatment with biotin has a duration of at least one year.
There is no envisioned end for the treatment and it is
expected that the patient will take biotin as long as it is
needed and will stabilize or improve the condition of the
patient.
[0043] In one particular embodiment, this composition
for oral administration contains biotin as sole active in-
gredient, and also excipients, without any other active
ingredient.
[0044] An excipient should be understood to mean any
compound being part of the formulation which is intended
to act as a simple support, i.e. which is not intended to
have a biological activity.
[0045] This composition can be in any form known in
the art. In particular, it is in the form of gel capsules, tab-
lets (optionally film-coated), pills or lozenges. In another
embodiment, it is in the form of a syrup. Said syrup con-
tains an amount such that it contains at least or about or
exactly 20 mg, preferably at least or about or exactly 40
mg, or even at least or about or exactly 50 mg, at least
or about or exactly 75 mg or at least or about or exactly
100 mg of biotin per unit dose. The concentration of biotin
in this syrup depends on the unit dose that it is desired
to give to the patient.
[0046] Excipients which can be used by those skilled
in the art are well known in the art. Talc (E553b), micro-
crystalline cellulose, lactose, mannose, starch (in partic-
ular corn starch), magnesium stearate (E572) and stearic
acid (E570) can thus be chosen. This list is not exhaus-
tive.
[0047] When this composition is prepared in the form
of gel capsules, a preferred excipient is microcrystalline
cellulose.
[0048] When the composition is in the form of a film-
coated tablet, said film-coating may be formed from any
substance known in the art, such as hypromellose
(E464), ethylcellulose, macrogol, talc (E553b) titanium
dioxide (E171) or iron oxide (E172).
[0049] The active ingredient may also be colored (by
any acceptable coloring, such as cochineal), thereby
making it possible to verify that the biotin is well dispersed
in the excipient.
[0050] A slow release (or slow sustained) form may
also be envisaged given the fact that plasma half life of
biotin is short (about 2 hours).
[0051] Said slow release compositions are known in
the art and described in particular in WO 2011/077239.
In particular, said slow release compositions may com-
prise a slow release matrix comprising biotin alone or
with one or more active ingredient(s).
[0052] In a specific embodiment, the slow release com-
position comprises a matrix allowing immediate release,
wherein said matrix comprises biotin alone or with one
or more other active ingredient(s) and the slow release
is achieved by a release modifying matrix or coating.
[0053] Thus, the slow release composition may pro-

vide immediate release and differed (slow) release of bi-
otin.
[0054] In a specific embodiment slow release may be
achieved through an osmotically driven release system.
[0055] In another embodiment, the slow release com-
position comprises a core comprising biotin, optionally
one or more active ingredient(s), and optionally pharma-
ceutical excipient(s) and one or more outer layers, where-
in the outer layers comprises one or more slow release
agent(s).
[0056] In another aspect, the biotin may be in the form
which allows administration by injection: this then in-
volves an injectable composition containing at least or
about or exactly 20 mg, preferably at least or about or
exactly 40 mg, or even at least or about or exactly 50 mg,
at least or about or exactly 75 mg, at least or about or
exactly 100 mg, at least or about or exactly 150 mg or at
least or about or exactly 250 mg of biotin per unit dose.
[0057] This injectable composition may be in the form
of a vial containing the biotin, and also acceptable excip-
ients. The concentration of biotin is adjusted according
to the envisaged volume of the vial. Certain excipients
which improve biotin solubility can be used.
[0058] The excipients that can be used for the produc-
tion of injectable compositions are well known in the art.
Mention may in particular be made of sodium dihydrogen
phosphate, sodium bicarbonate (E550i), methyl para-hy-
droxybenzoate (E218) and propyl para-hydroxyben-
zoate (E216), which can be used together in proportions
that those skilled in the art are capable of determining.
The water used is water for injection. The injection is
preferably carried out intramuscularly. It can also be car-
ried out intravenously.

Description of the Figures

[0059]

Figure 1: levels of ASAT (A), ALAT (B), bilirubin (C)
and albumin (D) in the serum of control (sham) or
bile duct ligated (BDL) rats.
Figure 2: 6 minutes comportmental analysis of con-
trol and BDL rats without or with a water enriched in
NH3. A. Total distance; B. mean speed; C. activity
duration (time during which the animal is active rath-
er than passive); D. number of zone changes; E.
number of rearing; F. total duration of rearing.
Figure 3: blood ammoniemia in control (sham) or
BDL rats (A) or in rats injected with oil (control rats)
or CCl4 (B).
Figure 4: levels of ASAT (A), ALAT (B), bilirubin (C)
and albumin (D) in the serum of control (oil) or rats
injected with CCl4.
Figure 5: 6 minutes comportmental analysis of con-
trol (oil) and rats injected with CCl4. A. Total distance;
B. mean speed; C. activity duration (time during
which the animal is active rather than passive); D.
number of zone changes; E. number of rearing; F.
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total duration of rearing.
Figure 6: blood ammoniemia in control or BDL rats
fed wih placebo or with biotin (300 mg/kg in food,
corresponding to a daily dose of 30mg/kg BW/day
in rats or 300mg/day in humans).
Figure 7: 6 minutes comportmental analysis of con-
trol (sham) or BDL rats, with a diet without or with
biotin (dose corresponding to 300 mg in human). A.
Total distance; B. mean speed; C. activity duration
(time during which the animal is active rather than
passive); D. number of zone changes; E. number of
rearing.
Figure 8: 6 minutes comportmental analysis of con-
trol and BDL rats without or with a diet enriched biotin
(2 dosages corresponding to daily dose of 50 mg or
300 mg in human). A. Total distance; B. mean speed;
C. activity duration (time during which the animal is
active rather than passive); D. number of zone
changes; E. number of rearing.
Figure 9: blood-brain barrier permeability observed
by penetration into the CNS of Texas red coupled
todextran. A. control and BDL rats without or with
water enriched in NH3. B. control (oil) and rats in-
jected with CCl4 rats without or with a diet enriched
in NH3.
Figure 10: blood-brain barrier permeability observed
by penetration into the CNS of Texas red coupled to
dextran. A. control and BDL rats without or with a
diet enriched in biotin (300 mg/kg of food). B. control
(oil) and rats injected with CCl4 rats without or with
a diet enriched in biotin (50 mg/kg of food).
Figure 11: Mesure of serum IFN gamma (A) or TNF
alpha (B) in control animals, BDL animals and CCl4
animals with or without NH3-enriched water. HE+:
animals showing comportmental signs of hepatic en-
cephalopathy; HE-: animals not showing signs of he-
patic encephalopathy.
Figure 12: Mesure of serum IFN gamma (A), TNF
alpha (B) or IL 6 (C) in control animals, BDL animals
with or without NH3-enriched water and/or biotin
(300 mg/kg food) enriched diet.

Examples

Example 1 - Study in the rat bile duct ligation model plus 
hyperammonemic (NH3-enriched) water

[0060]

- Rats with bile duct ligation (BDL) is a model of chole-
static liver injury with associated oxidative stress and
fibrogenesis.

- These rats develop progressive hepatic injury with
the onset of fibrosis within 2 weeks and the devel-
opment of biliary cirrhosis within 4-6 weeks.

- When given hyperammonemic supplements, more
bile duct ligated rats develop encephalopathy.

[0061] The effect of biotin is evaluated in bile duct ligat-
ed rats treated with hyperammonemic water regarding
clinical efficacy in terms of orientation in open-field and
body weight gain.

"Clinical" evaluation:

[0062]

- 4 groups of 5 rats: sham-operated rats treated with
either 1) control diet and control water; 2) control diet
and hyperammonemic (NH3-enriched) water; 3) bi-
otin-supplemented diet and control water; and 4) bi-
otin-supplemented diet and hyperammonemic wa-
ter.

- 4 groups of 10 rats: bile duct-ligated rats treated with
either 1) control diet and water; 2) control diet and
hyperammonemic water; 3) biotin-supplemented di-
et and control water; and 4) biotin-supplemented diet
and hyperammonemic water.

- The dose of biotin used is 30 mg/kgBW/day which
is equivalent to a human dose of 300 mg/day.

- Biotin is delivered mixed in dry food
- "Clinical" examination:

+ Weight
+ Open-field (orientation)

- Treatment start: at day 3 post-surgery
- Treatment is continued for 6 weeks, when rats are

cirrhotic.
- Blood-brain barrier permeability is evaluated at the

end of the study.

[0063] This experiment makes it possible to evaluate
the effect of high-dose biotin treatment in terms of clinical
improvement, blood-brain barrier reduction and metabol-
ic normalization, in a model of chronic HE.

Example 2 - Another model of hepatic encephalopathy 
in rats is the model of liver fibrosis induced CCl4 plus 
hyperammonemic water

[0064]

- Rats administered with CCl4 have hepatotoxicity me-
diated by free radical production.

- These rats develop progressive hepatic injury with
development of cirrhosis within 8 weeks.

- When given hyperammonemic supplements, more
CCl4-treated rats develop encephalopathy.

[0065] The same clinical protocol as described in Ex-
ample 1 is applied to these animals.
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Example 3 - Detailed material and methods

Animals

[0066] Adult male Wistar rats (weight 175-200g at the
initiation of the surgical procedure) were obtained from
the Janvier labs (Le Gesnest-Saint-Isle) and were used
for the whole experiments.

Bile duct ligation

[0067] Bile duct ligation (BDL) was used as a biliary
cirrhosis model. All rats oh this group were operated on.
They were randomly separated in two groups : BDL or
simple laparotomy (SHAM, control-group). The BDL pro-
cedure was conducted as described previously (Koun-
touras J, Prolonged bile duct obstruction : a new exper-
imental model for cirrhosis in the rat ; Br J Exp Pathol
1984) and as controlled in our lab.
[0068] Surgery was done under total anesthesia with
inhalated isofluran (Aerrane, Baxter Maurepas) 3%
mixed with air. Analgesia was done by sub-cutaneous
injection of buprenorphin 2% (Buprécare 0,3 mg/ml, Ax-
ience) immediately before and after surgery.
[0069] Animals were examined twice a week and
weighted weekly. All animals were maintained for 6
weeks following surgery.

CC/4

[0070] In order to obtain a control of the results, another
cirrhosis model was used, consisting in a chronic poison-
ing by carbon tetrachloride (CCl4); Wistar rats received
CCl4 1 ml/kg body weight twice weekly for 8 weeks in
mineral oil. Controls received mineral oil without CCl4.
Treatments were administred intragastrically by gavage
using a polyethylene catheter, without sedation.
[0071] The dose of CCl4 used in this experiment is be-
low the dose used in Nagamine, which is more a model
of acute liver injury (type A HE).
[0072] In the present model, use of a lower dose over
a longer time makes it possible to better mimic pregres-
sive liver injury and thus type C HE.

Hepatic encephalopathy

[0073] An intervention was used (Wright et al, Hepa-
tology 2007, Jun;45(6):1517-26) with the aim to increase
hepatic encephalopathy incidence and consisted of ad-
dition of high protein/ ammoniagenic food supplements
(NH3-enriched supplements) for 6 or 8 weeks (depend-
ing on the cirrhosis model). The NH3 treatment began 3
days after the surgery or CCl4 procedure. It consisted of
a tailor-made mixture mimicking the amino-acid compo-
sition of the hemoglobin molecule (4g/kg/g ; EF Rat Hy-
perammonemia AA mixture Crude protein 88,9%, SS-
NIFF) mixed with water. Rats were given 2 bottles, one
with water only and one with the treatment.

[0074] The aim of this regimen was to produce chronic
hyperammonemia.
[0075] Four groups of rats recieved this NH3-enriched
treatment among BDL, SHAM, CCl4 and oil.

Treatment against hepatic encephalopathy

[0076] Rifaximin is an oral non-absorbable antibiotic
validated in human to prevent recurrence of HE in asso-
ciation with lactulose. The exact mechanism of action is
not well known but it supposed to decrease hyperam-
monemia and bacterial translocation because of its role
on gut microbiota.
[0077] Thereby, it could play a role on the two main
actors of HE, hyperammonemia and systemic inflamma-
tion.
[0078] Rifaximin (Sigma Aldrich) was mixed with water
at the dose of 50 mg/kg/d and began 3 days after the
surgery.
[0079] Four groups of rats received rifaximin (RFX) :
BDL, SHAM, BDL + RFX, SHAM + RFX.
[0080] Sodium benzoate, validated in genetic disorder
of urea cycle, was also mixed with water at the dose of
200 mg/kg/d and began 3 days after the surgery.
[0081] Biotin was given mixed in animal food at a dose
of 50mg/kg or 300mg/kg of food, corresponding to an
ingested dose of 5mg/kg of animal/day or 30mg/kg of
animal/day and a daily dose of 50mg or 300 mg in human.
[0082] It it to be noted that biotin is provided to the
animals prior to inducement of HE, as the animals only
experience one HE episod and quickly die after the de-
velopment of HE following Bile Duct Ligation. Therefore,
in this animal model, biotin can’t be provided after surgery
to study the ability of biotin to prevent a second HE epi-
sod. Survival of the animals was not studied as the ani-
mals were sacrified to study the Blood-Brain Barrier per-
meability.

Behavioral Test

[0083] To assess the hepatic encephalopathy, the
Open Field Test (BioSeb) was used, a behavioral test
validated in BDL rats to explore neurological impairments
(Leke, Plos One 2012;7(5)). The test was done the day
of sacrifice, in standardized experimental conditions
(hour, place, light, noise). Each rat was placed in a square
1m2 box and was free to explore the arena during 6 min-
utes. Two areas were defined in the square, center and
periphery. Mobility parameters were registered by a
three-dimensional camera. The data analyzed after 6
minutes of experiments were : total distance travelled
(cm), time of mobility (s), speed (cm/s), number of zone
changes, distance travelled in the center and periphery
zone, time spent in the center and periphery zone,
number of rearing, total duration of rearing.
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Determination of BBB permeability with the use of dex-
tran Texas Red

[0084] The integrity of BBB was investigated by meas-
uring the extravasation from intravascular compartment
of dextran-Texas Red (Life Technologies) conjugated.
[0085] Six weeks after the surgery, all rats were anes-
thetized with inhaleted isofluran 3%. 0,75ml of fluoro-
chrome was injected in the femoral vein (Texas Red
10kDa 10mg/ml) and circulated during 6 minutes. Then,
we took a blood sample (2ml) in the inferior vena cava
by a median laparotomy. To remove the intravascular
localized dye, we did a large thoracotomy to perfuse 300
ml of cold PBS (40 ml/min with a peristaltic pump) through
the left cardiac ventricle.
[0086] After decapitation, the brain was rapidly re-
moved and the olfactory bulbs and brain stem eliminated
with the cerebellum.
[0087] After grinding the right hemisphere by vigorous-
ly shaking and centrifugation, the amount of fluorescent
dextran (mg/g) in supernatants was measured by fluor-
imetry (Tecan Infinite M200) at 620 nm upon excitation
at 588 nm. The content of dye was valued by interpolation
in standard curve.

Biochemical and histological analysis

[0088] The blood sample taken during the sacrifice was
centrifuged and the plasma was used to determine the
levels of hepatic transaminases, total and conjugated bi-
lirubin and ammonia. Plasmatic cytokines (IL6, TNFa,
IFNg) were determined by a multiplex commercial kit.
[0089] After the sacrifice, livers were extracted and
weighted ; then we did a biopsy of the organ to determine
the fibrosis status, confirm cirrhosis by a Sirius red color-
ing after fixing in 10% formalin.
[0090] If the METAVIR score was not F4 for the BDL
rats, these animals were excluded of the analysis.

Statistical analysis

[0091] All data were presented as mean +/- standard
derivation and analyzed with Prism (Graphpad, v5.0c).
Differences between groups were compared by using a
one-way analysis of variance (ANOVA). When the ANO-
VA identified significant between-group differences,
Dunnett’s test was used for integroup comparisons.
[0092] The difference was considered to be statistically
significant if p was inferior to 0,05.

Example 4 - Results

[0093]

- BDL and CCl4 rat models both have cirrhosis. Ex-
tensive fibrosis and a destroyed architecture of the
liver parenchyma can be observed, classified F4 with
the METAVIR score. Consistently, the plasma he-

patic markers are changed in the two models and
differences between the two models reflects the orig-
ine of the liver disease. In BDL, the preponderant
alteration is hyperbilirubinemia, whereas in CCl4 it is
transaminase (ASAT and ALAT) elevation (Figure 1
and 4). Both BDL and CCl4 rat models develop hy-
perammonemia (Figure 3).

- The OpenField test shows that BDL rats develop
neurological impairements: a significant shorter total
distance travelled, a shorter duration of activity, a
slower velocity, and less and shorter rearings, were
observed, compared to Sham rats. These abnormal-
ities were not found in CCl4 rats. This suggests that
BDL rats displayed HE in the OpenField test but not
CCl4 rats (Figures 2 and 5).

- Biotin treatment (300 mg/kg of food) was able to re-
duce hyperammonemia in BDL rats (Figure 6; ANO-
VA, p=0.01).

- When biotin is given at a high dose (300 mg/kg of
food) to BDL rats, the neurological impairements ob-
served in the OpenField test are reduced compared
to BDL rats without biotin. Some of the analysed pa-
rameters (total distance travelled, mean speed and
duration of activity) are almost normalized in BDL
rats treated with biotin as compared to Sham rats.
Biotin would therefore prevent HE occurrence if giv-
en to BDL rats at a high dose (Figures 7 and 8 show-
ing that a 50 mg/kg of food dose is not high enough
to have an effect). The results are similar to those
observed with rifaximin or sodium benzoate (not
shown).

- BDL rats have a significant increase in the intra-cer-
ebral quantity of dextran-TexasRed compared to
Sham even when not fed with a NH3-enriched water;
this result was not confirmed in CCl4 rats compared
to those who received only mineral oil (Figure 9 and
10). This suggests that BDL rats would have an in-
creased blood-brain barrier permeability to solutes.

- Treatment with biotin (300 mg/kg of food) was able
to normalize intra-cerebral quantity of dextran com-
pared to BDL rats treated with control diet (Figure
11), while the dose of 50 mg/kg of food did not reach
normalization. This suggests that high-dose biotin is
able prevent alterations of BBB permeability during
HE in cirrhosis

- Our results show that both BDL and CCl4 rats devel-
op cirrhosis, and both develop hyperammonemia.
However, BDL rats displayed HE and had an in-
creased permeability of BBB to solutes, whereas
CCl4 rats did not. Differences observed between
BDL and CCl4 groups could be due to inflammatory
cytokines (Figures 12 and 13). A higher rate of IFNγ
and TNFα was observed in BDL rats with HE com-
pared to all the other groups of rats (BDL without HE,
Sham, CCl4 and Oil). In BDL rats treated with biotin,
IFNγ levels in plasma were decreased. These results
seem to confirm that hyperammonemia alone is not
sufficient to develop HE during cirrhosis and that in-
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flammation together with hyperammonemia would
be required to trigger HE. Biotin would prevent HE
both by reducing hyperammonemia and by reducing
directly or indirectly inflammatory cytokine produc-
tion.

[0094] To summarize, in BDL rats one can observe a
small increase of transaminases (ALAT and ASAT), a
large increase of bilirunin and a low decrease of albumin
(Figure 1).
[0095] The CCl4 model herein disclosed is different
from the CCl4 model disclosed in Nagamine et al or
JPH01226814A which is a model of acute hyperammon-
emia with a single high dose shot. In the present model,
small doses of CCl4 are administered to the animals over
a few days to more closely mimick a chronic disease.
One can observe a very high increase of transaminases,
a low increase of bilirubin and no modification of albumin
(Figure 4).
[0096] Both animals in the models have increased am-
moniemia, but only BDL animals displayed HE, in view
of the comportmental alterations, whereas such altera-
tions were not oserved observed in CCl4 animals.
[0097] One can further observe that BDL rats have in-
creased BBB permeability, but not CCl4 rats.
[0098] Biotin, provided at 30 mg/kg of animal /day (cor-
responding to a daily dosage of 300 mg in humans), but
not biotin provided at 5 mg/kg of animal /day (correspond-
ing to a daily dosage of 50 mg in humans) improves the
animal’s condition in terms of comportmental improve-
ment and normalization of BBB permeability and would
thus prevent development of HE.
[0099] From the date reported herein and the figures,
it is postulated that biotin acts by decreasing ammonemia
and modulating inflammatory profile.

Claims

1. Biotin for use thereof in the treatment or prevention
of hepatic encephalopathy wherein the daily amount
of biotin administered to the patient is at least 200
mg, and wherein the hepatic encephalopathy is a
type C hepatic encephalopathy.

2. Biotin for use according to claim 1, wherein the he-
patic encephalopathy is a persistent type C hepatic
encephalopathy.

3. Biotin for use according to claim 1, wherein the he-
patic encephalopathy is a episodic type C hepatic
encephalopathy.

4. Biotin for use according to claim 1, wherein the he-
patic encephalopathy is a minimal type C hepatic
encephalopathy.

5. Biotin for use thereof for the prevention of hepatic

encephalopathy in a patient with cirrhosis, wherein
the daily amount of biotin administered to the patient
is at least 200 mg, wherein the hepatic encephalop-
athy is a type C hepatic encephalopathy.

6. Biotin for use according to any one of claims 1 to 5,
in which the daily amount of biotin administered to
the patient is at least 250 mg.

7. Biotin for use according to any one of Claims 1 to 5,
in which the daily amount of biotin administered to
the patient is at least 300 mg.

8. Biotin for use according to any one of claims 1 to 7,
characterized in that it is a form suitable for oral
administration.

9. Biotin for use according to any one of claims 1 to 8,
characterized in that it is in the form of gel capsules,
tablets (optionally film-coated), lozenges or pills.

10. Biotin for use according to any one of claims 1 to 9,
characterized in that it is in the form of a composi-
tion containing biotin and excipients, without any oth-
er active ingredient.

11. Biotin for use according to claim 10, characterized
in that the excipients are chosen from the group con-
sisting of talc, microcrystalline cellulose, lactose and
mannose.

12. Biotin for use according to any one of claims 1 to 7,
characterized in that it is a form suitable for inject-
able administration.

13. Biotin for use according to any one of claims 1 to 12,
characterized in that it is in the form of a slow re-
lease composition.

14. Biotin for use according to any one of claims 1 to 13,
wherein said treatment with biotin has a duration of
at least 3 months.

15. Biotin for use according to any one of claims 1 to 14,
wherein said treatment with biotin has a duration of
at least 6 months.

16. Biotin for use according to any one of claims 1 to 15,
wherein said treatment with biotin has a duration of
at least one year.

17. Composition of biotin and at least another drug
against Hepatic encephalopathy for simultaneous,
separate or sequential (spread out over time) use in
the treatment of type C hepatic encephalopathy,
wherein the daily amount of biotin administered to
the patient is at least 200 mg.
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18. Composition for use according to claim 17, wherein
said other drug is chosen in the group consisting of
Lactulose, lactitol, neomycin, metronidazole, rifax-
imin, and a combination of L-ornithine and L-aspar-
tate (LOLA).

Patentansprüche

1. Biotin zur Verwendung bei der Behandlung oder Prä-
vention von hepatischer Enzephalopathie, wobei die
dem Patienten verabreichte Tagesmenge an Biotin
mindestens 200 mg beträgt und wobei es sich bei
der hepatischen Enzephalopathie um hepatische
Enzephalopathie vom Typ C handelt.

2. Biotin zur Verwendung nach Anspruch 1, wobei es
sich bei der hepatischen Enzephalopathie um eine
persistierende hepatische Enzephalopathie vom
Typ C handelt.

3. Biotin zur Verwendung nach Anspruch 1, wobei es
sich bei der hepatischen Enzephalopathie um eine
episodische hepatische Enzephalopathie vom Typ
C handelt.

4. Biotin zur Verwendung nach Anspruch 1, wobei es
sich bei der hepatischen Enzephalopathie um eine
minimale hepatische Enzephalopathie vom Typ C
handelt.

5. Biotin zur Verwendung bei der Prävention von he-
patischer Enzephalopathie bei einem Patienten mit
Zirrhose, wobei die dem Patienten verabreichte Ta-
gesmenge an Biotin mindestens 200 mg beträgt und
wobei es sich bei der hepatischen Enzephalopathie
um eine hepatische Enzephalopathie vom Typ C
handelt.

6. Biotin zur Verwendung nach einem der Ansprüche
1 bis 5, wobei die dem Patienten verabreichte Ta-
gesmenge an Biotin mindestens 250 mg beträgt.

7. Biotin zur Verwendung nach einem der Ansprüche
1 bis 5, wobei die dem Patienten verabreichte Ta-
gesmenge an Biotin mindestens 300 mg beträgt.

8. Biotin zur Verwendung nach einem der Ansprüche
1 bis 7, dadurch gekennzeichnet, dass es sich um
eine für die orale Verabreichung geeignete Form
handelt.

9. Biotin zur Verwendung nach einem der Ansprüche
1 bis 8, dadurch gekennzeichnet, dass es in der
Form von Gelkapseln, Tabletten (gegebenenfalls
filmbeschichtet), Lutschtabletten oder Pillen vorliegt.

10. Biotin zur Verwendung nach einem der Ansprüche

1 bis 9, dadurch gekennzeichnet, dass es in der
Form einer Biotin und Exzipienten ohne einen ande-
ren Wirkstoff enthaltenden Zusammensetzung vor-
liegt.

11. Biotin zur Verwendung nach Anspruch 10, dadurch
gekennzeichnet, dass die Exzipienten aus der aus
Talk, mikrokristalliner Cellulose, Lactose und Man-
nose bestehenden Gruppe ausgewählt sind.

12. Biotin zur Verwendung nach einem der Ansprüche
1 bis 7, dadurch gekennzeichnet, dass es in einer
für die Verabreichung durch Injektion geeigneten
Form vorliegt.

13. Biotin zur Verwendung nach einem der Ansprüche
1 bis 12, dadurch gekennzeichnet, dass es in Form
einer Zusammensetzung mit langsamer Freisetzung
vorliegt.

14. Biotin zur Verwendung nach einem der Ansprüche
1 bis 13, wobei die Behandlung mit Biotin eine Dauer
von mindestens 3 Monaten hat.

15. Biotin zur Verwendung nach einem der Ansprüche
1 bis 14, wobei die Behandlung mit Biotin eine Dauer
von mindestens 6 Monaten hat.

16. Biotin zur Verwendung nach einem der Ansprüche
1 bis 15, wobei die Behandlung mit Biotin eine Dauer
von mindestens einem Jahr hat.

17. Zusammensetzung von Biotin und mindestens ei-
nem weiteren Arzneimittel gegen hepatische Enze-
phalopathie zur gleichzeitigen, getrennten oder auf-
einanderfolgenden (zeitlich auseinandergezoge-
nen) Anwendung bei der Behandlung von hepati-
scher Enzephalopathie vom Typ C, wobei die dem
Patienten verabreichte Tagesmenge an Biotin min-
destens 200 mg beträgt.

18. Zusammensetzung zur Verwendung nach Anspruch
17, wobei das andere Arzneimittel aus der aus Lac-
tulose, Lactitol, Neomycin, Metronidazol, Rifaximin
und einer Kombination von L-Ornithin und L-Aspar-
tat (LOLA) bestehenden Gruppe ausgewählt ist.

Revendications

1. Biotine pour son utilisation dans le traitement ou la
prévention de l’encéphalopathie hépatique, dans la-
quelle la quantité quotidienne de biotine administrée
au patient est d’au moins 200 mg, et dans laquelle
l’encéphalopathie hépatique est une encéphalopa-
thie hépatique de type C.

2. Biotine destinée à être utilisée selon la revendication
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1, dans laquelle l’encéphalopathie hépatique est une
encéphalopathie hépatique de type C persistante.

3. Biotine destinée à être utilisée selon la revendication
1, dans laquelle l’encéphalopathie hépatique est une
encéphalopathie hépatique de type C épisodique.

4. Biotine destinée à être utilisée selon la revendication
1, dans laquelle l’encéphalopathie hépatique est une
encéphalopathie hépatique de type C minimale.

5. Biotine pour son utilisation pour la prévention de
l’encéphalopathie hépatique chez un patient atteint
de cirrhose, dans laquelle la quantité quotidienne de
biotine administrée au patient est d’au moins 200
mg, l’encéphalopathie hépatique étant une
encéphalopathie hépatique de type C.

6. Biotine destinée à être utilisée selon l’une quelcon-
que des revendications 1 à 5, dans laquelle la quan-
tité quotidienne de biotine administrée au patient est
d’au moins 250 mg.

7. Biotine destinée à être utilisée selon l’une quelcon-
que des revendications 1 à 5, dans laquelle la quan-
tité quotidienne de biotine administrée au patient est
d’au moins 300 mg.

8. Biotine destinée à être utilisée selon l’une quelcon-
que des revendications 1 à 7, caractérisée en ce
qu’il s’agit d’une forme appropriée pour une admi-
nistration orale.

9. Biotine pour son utilisation selon l’une quelconque
des revendications 1 à 8, caractérisée en ce qu’elle
se présente sous forme de gélules, de comprimés
(éventuellement pelliculés), de pilules ou de compri-
més.

10. Biotine destinée à être utilisée selon l’une quelcon-
que des revendications 1 à 9, caractérisée en ce
qu’elle se présente sous la forme d’une composition
contenant de la biotine et des excipients, sans aucun
autre principe actif.

11. Biotine destinée à être utilisée selon la revendication
10, caractérisée en ce que les excipients sont choi-
sis dans le groupe consistant en talc, cellulose mi-
crocristalline, lactose et mannose.

12. Biotine destinée à être utilisée selon l’une quelcon-
que des revendications 1 à 7, caractérisée en ce
qu’il s’agit d’une forme appropriée pour une admi-
nistration injectable.

13. Biotine destinée à être utilisée selon l’une quelcon-
que des revendications 1 à 12, caractérisée en ce
qu’elle se présente sous la forme d’une composition

à libération lente.

14. Biotine destinée à être utilisée selon l’une quelcon-
que des revendications 1 à 13, dans laquelle ledit
traitement à la biotine a une durée d’au moins 3 mois.

15. Biotine destinée à être utilisée selon l’une quelcon-
que des revendications 1 à 14, dans laquelle ledit
traitement à la biotine a une durée d’au moins 6 mois.

16. Biotine destinée à être utilisée selon l’une quelcon-
que des revendications 1 à 15, dans laquelle ledit
traitement à la biotine a une durée d’au moins un an.

17. Composition de biotine et d’au moins un autre mé-
dicament contre l’encéphalopathie hépatique pour
une utilisation simultanée, séparée ou séquentielle
(étalée dans le temps) dans le traitement de
l’encéphalopathie hépatique de type C, dans laquel-
le la quantité quotidienne de biotine administrée au
patient est au moins 200 mg.

18. Composition destinée à être utilisée selon la reven-
dication 17, dans laquelle ledit autre médicament est
choisi dans le groupe consistant en le lactulose, le
lactitol, la néomycine, la métronidazole, la rifaximine,
et une combinaison de L-ornithine et L-aspartate
(LOLA).
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