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Medicaments

This invention relates to a new veterinary use for compounds having

neuraminidase inhibitor activity, and to medicaments containing them.

Enzymes with the ability to cleave N-acetyl neuraminic acid (NANA), also
known as sialic acid, from other sugars are present in many

microorganisms.  These include bacteria such as Vibrio cholerae,

Clostridium perfringens, Streptococcus pneumoniae, and Arthrobacter

sialophilus, and viruses such as influenza virus, parainfluenza virus,
mumps virus, Newcastle disease virus, fowl plague virus, and Sendai virus.
Most of these viruses are of the orthomyxovirus or paramyxovirus groups,

and carry neuraminidase activity on the surface of the virus particles.

Many of the neuraminidase-possessing organisms are major pathogens of
man and/or animals, and some, such as influenza virus, Newcastle disease
virus, and fowl plague virus, cause diseases of enormous economic

importance.

It has long been thought that inhibitors of neuraminidase activity might
prevent infection by neuraminidase-bearing viruses. Many of the known
neuraminidase inhibitors are analogues of neuraminic acid, such as 2-
deoxy-2,3-didehydro-N-acetylneuraminic acid (DANA) and its derivatives.
See, e.g., Meindl et al., Virology 1974 58 457-63. The most active of these
is 2-deoxy-2,3-dehydro-N-trifluoroacetyl-neuraminic acid (FANA), which
inhibits multi-cycle replication of influenza and parainfluenza viruses in vitro.
See Palese et al., Virology 1974 59 490-498.

A variety of compounds which act as neuraminidase inhibitors are known in
the art. These include 4-substituted-2-deoxy-2,3-didehydro derivatives of

a-D-neuraminic acid such as those disclosed inter alia in published
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International patent application No. WO 91/16320, incorporated herein by

reference.

The compounds disclosed in the aforementioned patent specification have
been described for use as antiviral agents, for example in the treatment of

influenza virus infections.

Other compounds which act as neuraminidase inhibitors include those
disclosed inter alia in published International patent application Nos. WO
96/26933 and WO 99/33781, incorporated herein by reference.

We now find that neuraminidase inhibitors are also of use in the treatment
of equine influenza virus infections. The use of neuraminidase inhibitors in
the treatment of equine influenza virus infections has not been disclosed in
any of the aforementioned patent specifications. Equine influenza virus
infection is one of the most important diseases of members of the genus
Equus, including horses, donkeys and mules, throughout the world, and is
one of the most common disorders requiring veterinary attention (see, e.g.,
Timoney, Comparative Immunology, Microbiology and Infectious Diseases
1996, 19: 205-11). Outbreaks of equine influenza virus infection have been
reported frequently in horses, including epidemics in race horses, with high

rates of morbidity and mortality.

Two types of equine influenza viruses have been identified on the basis of
the difference between haemaglutinin (H) and neuraminidase (N), A/equine-
1 (H7N7) and A/equine-2 (H3N8); they do not cross-react immunologically.
Current equine influenza vaccines such as inactiviated alum-activated
vaccine (see Nelson, K. M. et al.) offer only limited protection. Local and
systemic isotype-specific antibody responses to natural equine influenza
virus infection generate a protective immunity associated with mucosal 1gA

and humoral IgGa and IgGb sub-isotype reponses, a pattern of reponse not
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generated by conventional vaccines. Therefore, effective antiviral agents

are needed for the treatment of equine influenza virus infections.

Surprisingly, we have found that neuraminidase inhibitors which are
effective in the treatment of human influenza virus infections are also
effective in the treatment of equine influenza virus infections. Human
influenza viruses differ from equine influenza viruses in that human
influenza viruses have N1, N2 and N3 neuraminidase, whereas equine
influenza viruses have N7 and N8 neuraminidase. It might be expected that
the difference in the neuraminidase activity of human and equine influenza
viruses would lead to a difference in the effectiveness of neuraminidase
inhibitors in the treatment of human and equine influenza virus infections.
Therefore, it is surprising and unexpected that neuraminidase inhibitors
which are effective in the treatment of human influenza virus infections have
now been found to be effective in the treatment of equine influenza virus
infections. Suitable neuraminidase inhibitors include those described in
published International patent Nos. WO 91/16320, WO 96/26933 and WO
99/33781. Zanamivir is particularly preferred.

5-acetamido-2,6-anhydro-3,4,5-trideoxy-4-guanidino-D-glycero-D-galacto-

non-2-enoic acid which may be represented by the formula (I)

OH
HO
o O COOH
HO |
N
T
o HN NH2 (I

NH
and its pharmaceutically acceptable derivatives thereof, are disclosed in

published International patent application No. WO 91/16320, which is

incorporated herein by reference. The compound of formula (I) is also
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known as zanamivir, GG167 or RELENZA™. “Zanamivir’ when used
hereinafter means the compound 5-acetamido-2,6—anhydro-3,4,5-tridéoxy-
4-guanidino-D-glycero-D-galacto-non-2-enoic  acid. Zanamivir exhibits
neuraminidase inhibitor activity and is useful in the treatment of viral

infections, in particular, human influenza virus infections. It has not

- previously been disclosed for use in the treatment of equine influenza virus

10

15

infections.

Ethyl (3R,4R,5S)-4-acetamido-5-amino-3-(1-ethylpropoxy)-1-cyclohexene-
1-carboxylate, which may be represented by the formula (ll)

0 :©/COZE’[
CH,CONH

| an

and its pharmaceutically acceptable derivatives thereof, are disclosed in
published International patent application No. WQ96/26933 which is
incorporated herein by reference. The compound of formula (Il) is also

known as oseltamivir or TAMIFLU™. “Oseltamivir’ when used hereinafter

20

means the compound ethyl (3R4R,58S)-4-acetamido-5-amino-3-(1-
ethylpropoxy)-1-cyclohexene-1-carboxylate. Oseltamivir  exhibits
neuraminidase inhibitor activity and is useful in the treatment of viral
infections, in particular, human influenza virus infections. It has not
previously been disclosed for use in the treatment of equine influenza virus

infections.
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(18,25,3R,4R)-3-[(1R)-1-(acetylamino)-2-ethylbutyl]-4-
{{amino(imino)methyl]amino}-2-hydroxycyclopentanecarboxylic acid, which

may be represented by the formula (l1f)

H,N.__NH

HN, _COOH

- ()

NHAc
and its pharmaceutically acceptable derivatives thereof, are disclosed in

published International patent application No. WQ99/33781 which is
incorporated herein by reference. The compound of formula (lll) is also
known as RWJ-270201 or BCX-1812. “RWJ-270201” when used
hereinafter means the compound (1S,2S,3R,4R)-3-[(1R)-1-(acetylamino)-2-
ethylbutyl}-4-{[amino(imino)methylJamino}-2-hydroxycyclopentanecarboxylic

. acid.. RWJ-270201 exhibits neuraminidase inhibitor activity and is useful in

15
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25

the treatment of viral infections, in particular, human influenza virus
infections. It has not previously been disclosed for use in the treatment of

equine influenza virus infections.

Accordingly, one aspect of the invention provides a neuraminidase inhibitor
or a pharmaceutically acceptable derivative thereof for use in the treatment
of equine influenza virus infection whersin the neuraminidase inhibitor is not
oseltamivir or a pharmaceutically acceptable derivative thereof or RWJ-

270201 or a pharmaceutically acceptable derivative thereof.

In a further aspect of the invention there is provided the use of a
neuraminidase inhibitor or a pharmaceutically acceptable derivative thereof
for the freatment of equine influenza virus infection wherein the

neuraminidase inhibitor is not is not oseltamivir or a pharmaceutically
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acceptable derivative thereof or RWJ-270201 or a pharmaceutically

acceptable derivative thereof.

In a further aspect of the invention there is provided the use of a
neuraminidase inhibitor or a pharmaceutically acceptable derivative thereof
in the manufacture of a medicament for the treatment of equine influenza
virus infection wherein the neuraminidase inhibitor is not oseltamivir or a
pharmaceutically acceptable derivative thereof or RWJ-270201 or a

pharmaceutically acceptable derivative thereof.

In a further aspect, the invention provides a medicament for the treatment
of equine influenza virus infection in an animal, such as a horse, a donkey
or a mule, comprising as active ingredient a neuraminidase inhibitor or a
pharmaceutically acceptable derivative thereof wherein the neuraminidase
inhibitor is not oseltamivir or a pharmaceutically acceptable derivative

thereof or RWJ-270201 or a pharmaceutically acceptable derivative thereof.

A further aspect of the invention provides a method of treating an animal,
such as a horse, a donkey or a mule, suffering from or susceptible to
equine influenza virus infection which comprises administering to said
animal an effective amount of a neuraminidase inhibitor or a
pharmaceutically acceptable derivative thereof wherein the neuraminidase
inhibitor is not oseltamivir or a pharmaceutically acceptable derivative

thereof or RWJ-270201 or a pharmaceutically acceptable derivative thereof.

Preferably the neuraminidase inhibitor is zanamivir or a pharmaceutically

acceptable derivative thereof.

The term ‘"pharmaceutically acceptable derivative" means any
pharmaceutically acceptable salt, solvate, ester, or salt or solvate of such
ester of a neuraminidase inhibitor specifically oseltamivir, RWJ-270201 or

zanamivir or any other compound which upon administration to the animal
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is capable of providing (directly or indirectly) a neuraminidase inhibitor
specifically oseltamivir, RWJ-270201 or zanamivir or an antivirally active

metabolite or residue thereof.

It will be appreciated by those skilled in the art that zanamivir may be
modified to provide pharmaceutically acceptable derivatives thereof at any
of the functional groups in the compounds. Compounds of interest include

ester, ether and amino derivatives of zanamivir.

It will be appreciated by those skilled in the art that zanamivir may be

derivatised at more than one position.

Pharmaceutically acceptable salts of zanamivir include those derived from
pharmmaceutically acceptable inorganic and organic acids and bases.
Examples of suitable acids include hydrochloric, hydrobromic, sulphuric,
nitric, perchloric, fumaric, maleic, phosphoric, glycollic, lactic, salicylic,
succinic, toluene-p-sulphonic, tartaric, acetic, citric, methanesulphonic,
formic, benzoic, ‘malonic, naphthalene-2-sulphonic and benzenesulphonic
acids. Other acids such as oxalic, while not in themselves pharmaceutically
acceptable, may be useful in the preparation 6f salts useful as
intermediates in obtaining compounds of the invention and their

pharmaceutically acceptable acid addition salts.

Suitable pharmaceutically acceptable salts of zanamivir are described in
published International patent No. WO 91/16320.

It will be appreciated that reference to treatment is intended to include

prophylaxis.

Conveniently, the medicament according to the invention may be
formulated in a conventional manner using one or more pharmaceutically

acceptable carriers or excipients. Thus, the medicament according to the
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invention may for example be formulated for oral, parenteral or rectal
administration, or in a form suitable topical for administration to the
respiratory tract, for instance, intranasally or by inhalation or insufflation
(either through the mouth or nose).

For oral administration, the medicament may take the form of, for example,
tablets or capsules prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (e.g. pregelatinised maize
starch, polyvinylpyrrolidone or hydroxypropyl methylceliulose); fillers (e.g.
lactose, microcrystalline cellulose or calcium phosphate); lubricants (e.g.
magnesium stearate, talc or silica); disintegrants (e.g. potato starch or
sodium starch glycollate); or wetting agents (e.g. sodium lauryl sulphate).
The tablets may be coated by methods well known in the art. Liquid
preparations for oral administration may take the form of, for example,
solutions, syrups or suspensions, or they may be presented as a dry
product for constitution with water or other suitable vehicle before use.
Such liquid preparations may be prepared by conventional means with
pharmaceutically acceptable additives such as suspending agents (e.g.
sorbitol syrup, methyl cellulose or hydrogenated edible fats); emulsifying
agents (e.g. lecithin or acacia); non-aqueous vehicles (e.g. almond oil, oily
esters or ethyl alcohol); and preservatives (e.g. methyl or propyl-p-
hydroxybenzoates or sorbic acid).

The medicament according to the invention may be formulated for
parenteral administration by injection, conveniently intravenous,
intramuscular or subcutaneous injection, for example by bolus injection or
continuous intravenous infusion.  Formulations for injection may be
presented in unit dosage form e.g. in ampoules or in multi-dose containers,

optionally with an added preservative.

The medicaments for parenteral administration may take such forms as

suspensions, solutions or emulsions in oily or aqueous vehicles, and may
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contain formulatory agents such as suspending, stabilising and/or
dispersing agents. Alternatively, the active ingredient may be in dry form
such as a powder, crystalline or freeze-dried solid for constitution with a
suitable vehicle, e.g. sterile pyrogen-free water or isotonic saline before

use. They may be presented, for example, in sterile ampoules or vials.

The medicament for use according to the invention may also be formulated
in rectal compositions such as suppositories or retention enemas, e.g.
containing conventional suppository bases such as cocoa butter or other

glyceride.

For intranasal administration the medicament according to the invention
may be used, for example, as a liquid in the form of, for example, a solution,
suspension or emulsion, presented in the form of a spray or drops, or as a
powder. Preferably the preparation for intranasal administration is delivered
in the form of a spray or aerosol from an insufflator or from a pressurised

pack or nebuliser with the use of a suitable propellant.

For administration by inhalation the medicament according to the invention
is conveniently delivered in the form of a dry powder or an aerosol spray

presentation from pressurised packs or a nebuliser, with the use of a

. suitable propellant, e.g. dichlorodifluoromethane, trichlorofluoromethane,

dichlorotetrafluoroethane, 1,1,1,2-tetrafluorcethane, 1,1,1,2,3,3,3-
heptafluoropropane, carbon dioxide or other suitable gas. In the case of a
pressurised aerosol the dosage unit may be determined by providing a
valve to deliver a metered amount. Capsules and cartridges of e.g. gelatin,
or blisters of e.g. laminated aluminium foil, for use in a dry powder
intranasal device, inhaler or insufflator may contain the active ingredient in
powder form or formulated to contain a powder mix of a compound of the

invention and a suitable powder base such as lactose or starch.
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Suitable formulations of zanamivir are described in published International
patent No. WO 91/16320.

In a preferred embodiment of the invention, there is provided a medicament

for the treatment of equine influenza virus infection adapted for topical

- administration to the respiratory tract, for instance intranasally, by inhalation

10

15

20

25

30

or insufflation (either through the mouth or nose) wherein the active

ingredient is zanamivir.

It will be appreciated that the precise dose administered will depend on the
size and condition of the animal, and the frequency and route of
administration and will be at the ultimate discretion of the attendant
veterinarian. The compound may be administered in single or divided
doses and may be administered one or more times, for example 1 to 4
times per day.

A proposed dose of the active ingredient for use according to the invention
for oral, parenteral, rectal or topical administration to the respiratory tract for
the treatment of equine influenza virus infection may be 0.1 to 30 mg of the
active ingredient per unit dose per kg bodyweight of the animal which could
be administered, for example, 1 to 4 times per day.

In a preferred embodiment of the invention, the medicament may be
administered as the raw chemical comprising the active ingredient of from

0.1 to 30 mg per kg bodyweight of the animal.

The new use according to the present invention has been demonstrated in

the following studies.

The neuraminidase inhibitors were examined for their inhibitory effects on
the replication of four equine influenza virus strains in Madin—Darby canine

kidney (MDCK) cells. One human influenza virus strain was also tested as
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a control. MDCK cells were grown and maintained in Eagle’s modified
minimal essential medium supplemented with 8 % heat-inactivated foetal
calf serum, 100 units/ml penicillin G and 100 ug/ml streptomycin. The four
strains of equine influenza A virus used were Prague/1/56 (H7N7),
Newmarket/1/77 (H7N7), Miami/1/63 (H3N8) and Tokyo/2/71 (H3N8); the

“strain 'of human influenza A virus was Puerto Rico/8/34 (H1N1). The virus

10

strains were propagated in MDCK cells. Titres of the virus stocks to show
their viral infectivity were determined by the 50 % Tissue Culture Infectivity
Dose (TCIDsg) method in MDCK cells, and the stocks were stored at —80 °C

until use.

Antiviral activity was assayed by cytopathic effect (CPE) inhibition test and
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)

~method. For CPE test, MDCK .cells were seeded into a 96-well tissue

15

20

25

30

culture plate at 5.0 x 10* cells/well and incubated at 37 °C in 5 % CO, for
two days. When the cell cultures were confluent, the growth medium was
withdrawn. The wells were then filled with 50 ul of different concentrations
of test compounds in Dulbecco’s modified minimum essential medium
supplemented with 0.1 % bovine serum albumin and antibiotics. 50 ul of
virus solution (100TCIDsy) was added to each well and the plates were
incubated for 4 to 5 days and virus-induced CPE was observed by
microscopy. The 50 % antiviral effective concentration (ECso) values were
expressed as the concentration that achieved 50 % protection of virus-
infected cells from the virus-induced destruction (CPE). Cytotoxicity of the
compounds was evaluated in parallel with their antiviral activity by the MTT
method, based on the viability of mock-infected cells at the 50 % cytotoxic
concentration (CCsp). Selectivity index (Sl) values were estimated from 50

% cytotoxic concentration (CCs0)/50 % effective concentration (ECso).

Results
Table 1 shows that zanamivir and oseltamivir have an inhibitory effect on

the replication of the viruses. The ECs values of zanamivir to A/equine-1
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(H7N7) and A/equine-2 (H3N8) were 0.002 - 0.006 and 0.006 pg/ml,
respectively. These values are approximately 83300 to 250000-fold lower
than the corresponding CCsg values, indicating the specificity of zanamivir

to viral specific neuramindase. ECs, values of zanamivir against the four

- equine influenza virus strains were similar. In contrast, the antiviral activity

of zanamivir against equine influenza virus showed increased potency in

comparison with human influenza virus.

Similarly, the ECso values of oseltamivir to A/equine-1 (H7N7) and
Alequine-2 (H3N8) were 0.003 - 0.016 and 0.006 pg/ml, réspectively.
These values are approximately 6250 to 166700-fold lower than the
corresponding CCsp values, indicating the specificity of oseltamivir to viral
specific neuraminidase. EGCso values of oseltamivir against the four equine
influenza virus strains were similar. In contrast, the antiviral activity of
oseltamivir against equine influenza virus showed increased potency in

comparison with human influenza virus.
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Table 1
Antiviral activity of zanamivir and oseltamivir

virus strain zanamivir oseltamivir

ECso" SI** ECso" SI**

(ug/mi) (ug/ml)
Puerto Rico/8/34 (H1N1) 0.032 >15600 0.4 >1250
Eq/Prague/1/63 (H7N7) 0.006 >83300 0.003 >166700
Ea/Newmarket/1/77 (H7N7) | 0.002 >250000 | 0.016 >31250
Eg/Miami/1/63 (H3NS) 0.006 >83300 0.016 >31250
Eq/Tokyo/2/71 (H3N8) 0.008 >83300 0.006 >83300

10

15

20

* Effective concentration (ECso) values were obtained by virus-induced cytopathic effect

inhibition test

** Selectivity index (Sl) values were estimated from cytotoxic concentration (CCsgp)/ECso

values; CCs, values were obtained using MDCK cells

Throughout the specification and the claims which follow, unless the

context requires otherwise, the word ‘comprise’, and variations such as

‘comprises’ and ‘comprising’, will be understood to imply the inclusion of a

stated integer or step or group of integers but not to the exclusion of any

other integer or step or group of integers or steps.

The application of which this description and claims form part may be used

as a basis for a claim for priority in respect of any subsequent application.

The claims of such subsequent application may be directed to any feature

or combination of features described herein. They may take the form of

product, composition, process or use claims and may include, by way of

example and without limitation, one or more of the following claims:
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Claims

5
2.
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3.

15
4.
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25

A neuraminidase inhibitor or a pharmaceutically acceptable
derivative thereof for use in the treatment of equine influenza virus
infection wherein the neuraminidase inhibitor is not oseltamivir or a
pharmaceutically acceptable derivative thereof or RWJ-270201 or a

pharmaceutically acceptable derivative thereof.

Use of a neuraminidase inhibitor or a pharmaceutically acceptable
derivative thereof for the treatment of equine influenza virus infection
wherein the neuraminidase inhibitor is not oseltamivir or a
pharmaceutically acceptable derivative thereof or RWJ-270201 or a

pharmaceutically acceptable derivative thereof.

Use of a neuraminidase inhibitor or a pharmaceutically acceptable
derivative thereof in the manufacture of a medicament for the
treatment of equine influenza virus infection wherein the
neuraminidase inhibitor is not oseltamivir or a pharmaceutically
acceptable derivative thereof or RWJ-270201 or a pharmaceutically

acceptable derivative thereof.

A method of treating an animal, such as a horse, a donkey or a
mule, suffering from or susceptible to equine influenza virus infection
which comprises administering to said animal an effective amount of
a neuraminidase inhibitor or a pharmaceutically acceptable
derivative thereof wherein the neuraminidase inhibitor is not
oseltamivir or a pharmaceutically acceptable derivative thereof or

RWJ-270201 or a pharmaceutically acceptable derivative thereof.
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The use or method as claimed in any of Claims 1 to 4 wherein the

neuraminidase inhibitor is zanamivir or a pharmaceutically
acceptable derivative thereof.

A medicament for the treatment of equine influenza virus infection in
an animal, such as a horse, a donkey or a mule, comprising as
active ingredient a neuraminidase inhibitor or a pharmaceutically
acceptable derivative thereof wherein the neuraminidase inhibitor is
not oseltamivir or a pharmaceutically acceptable derivative thereof or

RWJ-270201 or a pharmaceutically acceptable derivative thereof.

A medicament as claimed in claim 6 wherein the neuraminidase
inhibitor is zanamivir or a pharmaceutically acceptable derivative
thereof.
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