PHARMACEUTI CAL FORMULATI ONS COVPRI SI NG AMOXI CI LLI N AND
CLAVULANATE This invention relates to pharmaceuti cal
wo ovoaulieti ons conprising anmoxicillin and cl avuPemnaPmo4/006551
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of anmoxicillin and clavul anate (co-anoxiclav) is an
effective enpirical treatnent for bacterial infections
and may be adm nistered by oral dosing, for instance
in the formof tablets,
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25  to carefully control product pH to minimise the rate of clavulanate degradation
in the liquid state.

Clavulanate in aqueous solution has a "U-shaped" pH-stability profile,
with optimum stability in the region pH 5.0 to 5.5. It is however difficult to keep
solutions at optimum pH because degradation causes the pH to increase, due

30 to the formation of basic degradation products. If the pH rises too far,
degradation is accelerated, even within the period of 7 or 10 days (as shown
in Figure 1).
Maintenance of good stability of the clavulanate component in the
liquid state by pH control is complicated by the fact that amoxicillin generates
35 acidic degradation products in aqueous solution. In addition, both amoxicillin
and clavulanate contain low levels of degradation products when initially
prepared, arising from the fermentation process by which they are prepared.
These can increase during storage, manufacture of product, and storage of
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clavulanate in amoxicillin/clavulanate suspension.

A dry powder formulation comprises a mixture of different excipients,
included for various reasons, for instance to assist the manufacturing
process, to keep the product dry, to assist formation of a suitable suspension
and to enhance aesthetic attributes such as taste and mouth feel. Itis
necessary to select from within the different classes of generally used
excipients those which do not adversely affect stability. Given the pH
sensitivity of clavulanate, it might be expected that ingredients to buffer
product pH ought be added, to optimise stability. Clavulanate degradation is
however known to be accelerated by buffer salts and other ionic species
(Haginaka.J; Nakagawa.T; Uno.T: Chem Pharm Bull (1981) 29 (11) 3334-
3341 Stability of Clavulanic Acid in Aqueous Solutions). Thus, normally
useful pH modifiers like citrate salts should be avoided. Other pH modifiers
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carboxymethylcellulose sodium have a beneficial effect on the stability of the
clavulanate component when suspensions are constituted as liquids.
Carboxymethylcelluose sodium is a pharmaceutical excipient that is
widely used for a variety of purposes, for instance, as a coating agent, a
disintegrant for tablets and capsules, a tablet binder or, in liquid products, as
a stabilising agent, suspending agent, viscosity-increasing agent, or water
absorbing agent (Handbook of Pharmaceutical Excipients, third edition, 2000,
American Pharmaceutical Association and Pharmaceutical Press, 87). The
use of carboxymethylcellulose sodium in a reconstituted suspension of
amoxicillin and clavulanate comprising 100/12.5 mg/ml and 400/57 mg/5ml is
described in WO 98/35672 and WO 01/13883 (SmithKline Beecham
Laboratoires Pharmaceutique). It would however appear to have been
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In a further aspect, the present invention provides for the use of
carboxymethylcellulose sodium in stabilising the pH of a reconstituted
suspension comprising from about 400 to about 1250 mg amoxicillin and from
about 40 to about 90mg clavulanate per 5 ml of reconstituted suspension,
such that the ratio of amoxicillin to clavulanate is at least 10:1, thereby
reducing the amount of degradation of clavulanate.

In one embodiment, the pH is in the range about 5.0 to about 5.5 on
initial constitution. Preferably, the pH change (increase) during storage is less
than about 1 pH unit, preferably less than 0.9 pH units, more preferably less
than 0.8 pH units, after 10 days at 4 deg C. Preferably, the final pH, after 10
days storage at 4 deg C is from about 5.8 to about 5.9. This can be
contrasted with an initial pH of about 4.1 to 4.6, a subsequent drift in pH of at
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about 90 mg clavulanate per unit amount of formulation, such that the ratio of
amoxicillin to clavulanate is at least 12:1.

In a further aspect of the above mentioned inventions, the suspension
comprises from about 550 to about 1250 mg amoxicillin and from about 40 to
about 90 mg clavulanate per unit amount of formulation, such that the ratio of
amoxicillin to clavulanate is at least 14:1.

In a further aspect of the present invention, amoxicillin is present in the
range from about 700 to about 1250 mg per unit amount of formulation and
from about 40 to about 90 mg clavulanate per unit amount of formulation,
such that the ratio of amoxicillin to clavulanate is at least 14:1.

In a further aspect of the present invention, clavulanate is present in
the range from about 40 to about 60 mg per unit amount of formulation, such
that the ratio of amoxicillin to clavulanate is at least 14:1.
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' Qeddifies 8o SHRREDY HOGuRtthy” layer that hinders further hydration.
Carboxymethylcelluose sodium, in contrast, disperses readily at the levels
used. Furthermore, its effect on pH is not significantly influenced by the level
of its inclusion, varying only over 0.5 pH units, over a concentration range 10
to 50 mg/ per unit amount of formulation.

Various grades of carboxymethylcellulose sodium suitable for use in
formulations of the present invention are available commercially from a
number of different suppliers. These may vary according to particle size,
degree of polymerisation, degree of substitution and purity. Pharmaceutically
acceptable grades are preferred. In addition, the pH of a 1% w/v solution
thereof may vary between 6.5 and 8.5, according to the USP monograph (US
Pharmacopeia 25, 2002). Preferred grades of carboxymethylcellulose
sodium for use in formulations of the present invention are those which have
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clavulanate and silicon dioxide, for instance a 1:1 blend) per unit amount of
formulation.

Typically, the glidant is colloidal silicon dioxide, present in from about
30 to about 50 mg, preferably about 30 to about 40 mg, typically about 35 mg
per unit amount of formulation, for formulations with up to 900 mg of
amoxicillin. For formulations with a higher level of amoxicillin, it is found
useful to incorporate higher levels, to maintain flowability of the product, for
instance from about 60 to about 80mg, preferably from about 65 to about
80mg per unit amount of formulation.

Typically, the sweetener is an artificial sweetener such as aspartame,
present in the range from about 10 to about 15 mg, typically about 12.5 mg
per unit amount of formulation.

Typically, the flavouring agent is a fruit flavour, for instance the creamy
strawberry flavour described in WO 01/13883.
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( pvdvidengtnairof sDepemsioe, USA) for instance the products
Aqual oy § g?e foMruRREnSLRARS RUEMIGA amEREIINKE h MRPRIrm amoxicillin

Functi on
trinydrate. Preferably, the amoxicillin trihydrate is used as a pelletised form,

for instance the form described in WO 02/49618 (SmithKline Beecham).
Preferably, the equilibrium relative humidity (ERH) of the amoxicillin trinydrate
used as raw material is carefully controlled by appropriate drying so that it
does not adversely affect other aspects of the formulation. Preferably the
ERH is less than less than 30%, most preferably from 10 to 20%.

Clavulanate is preferably in the form of potassium clavulanate.
Potassium clavulanate is generally supplied in admixture with silicon dioxide
as diluent, typically as a 1:1 blend. Potassium clavulanate is extremely
moisture-sensitive and should be stored and handled in conditions of 30% RH
or less, ideally as low as possible.
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f t he product, for instance from about 60
tOmBall%t %bg%()f%p

preferably from about 65 to about
Formul ations of the present invention are primarily intended for

administration to paediatric patients and will therefore preferably be
accordingly adapted.

For convenience of dosing, the amount of powder provided in a bottle
and the volume of water used to reconstitute the powder are determined so
that a unit dosage is provided in a convenient volume, for instance from 2.5 to
10ml, typically about 5ml of reconstituted suspension. Typically, the bottle will
comprise the whole course of therapy, so that reconstituted suspension will
be a multiple dose suspension. Such administration may be by a spoon, for
instance a calibrated spoon or a graduated measuring cup, a blunt-ended
syringe or a calibrated dosing pump.

It will be appreciated that when specific amounts of clavulanate have
been mentioned hereinbefore, such as 43 mg, 50 mg, 57 mg, 62.5 mg etc,
these reflect a nominal amount and that, in practice, it may be necessary to
include a overage of up to 10%, preferably up to 8%, more preferably up to
5%, based on the nominal weight of clavulanate, to allow for a controlled and
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formul at | presen

ur t er e nt s
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R DO A A G0 A s B Eb bl of e

dpfdéseatlinvastios ade beited tg thelteeatavemt Ofiupperaraspiratary tract

F Ml iR RhildreRl FSrindtBnt&Btitis media and sinusitis, in particular acute
otitis media, which infections are often caused by S pneumonia, including
penicillin non-susceptible S pneumonia and penicillin resisitant S pneumonia,
H influenzae and M catarrhalis. It will be appreciated that it is usual to treat
such patients with body weight adjusted dosages. Thus, by way of example,
a dosage regimen of 90/6.4 (ratio 14:1) mg/kg/day, in divided doses every
12 h (BID) may be provided by a suspension of the present invention
comprising 600/43 mg/5 ml or 800/57 mg/5m, if a lesser volume of unit dose
is desired. A dosage regimen of 135/6.75 (ratio 20:1) mg/kg/day, in divided
doses every 12h (BID) may be provided by a suspension of the present
invention comprising 800/40 mg/5 ml or 1000/50 mg/5 ml. A dosage regimen
of 150/10 (ratio 15:1) mg/kg/day, in divided doses every 8 or 12h (TID or BID)
may be provided by a suspension of the present invention comprising 750/50
mg/5 ml. A dosage regimen of 160/10 (ratio 16:1) mg/kg/day, in divided
doses every 8 or 12h (TID or BID) may be provided by a suspension of the
present invention comprising 800/50 mg/5 ml or 1000/62.5 mg/5mi.
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amount of formulation in the dry state which is
reconstituted with water to provide 5 m of

waeempansison. I n the formul ati ons of the i nvent POTEP2004/006551
amoxicillinis in the formanoxicillin trihydrate.
Preferably, the anoxicillin trihydrate is used as a
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02/ 49618 (Snit ' B I , the
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in the_form of potassiymclavuyl anate. Potassi ym

ol avul BhaiwentoBavilpamBy desisibed by Wavakexemple wi ( h
silicon dioxide as diluent, typically as a 1: 1 blend.
Pot assi um cl avul anate is extrenely noi sture-sensitive
and shoul d be stored and handled in conditions of 30%
RH or less, ideally as | ow as possi bl e. The wei ght

rati os of amoxicillirrclavul anate expressed herein are
as free acid equivalent. Generally, the active
materials anmoxicillin trihydrate and potassi um

cl avul anate are present in fromabout 70 to about 85%
by weight of the initial fornulation (using the

absol ute weights of amoxicillin trihydrate and

pot assi um cl avul anate). Preferably, excipients are
present in fromabout 15 to about 30% by wei ght of the
initial formulation. Formul ations of the present

i nvention may be manufactured using techni ques which
are generally conventional in the manufacture of dry
powder forrmulations for reconstitution into aqueous
suspensi ons. Typically, the dry, powdered ingredients
are m xed together in a single step, in a blender, to
gi ve a honogeneous blend. This blend is then filled
into suitable containers, such that each has a defi ned
wei ght of product. In another aspect, the process nay
involve a prelimnary step of form ng granules froma

-91 -



subset of ingredients, for instance sonme or all of the
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It will be appreciated that in practice, a fill weight overage per unit amount
may be included, so that a total dry powder fill weight per unit amount may
increase by up to 10%, for instance to a total dry powder fill weight per unit
amount of about 2000 mg

The suspension of Example 1A has an intial pH of about 5.2, compared with
the product Augmentin ES 600 which has an intial pH of about 4.7.
Furthermore, clavulanate declines by about 10% over a ten day period of
storage at 4 deg C, compared with a loss of about 15% for the product
Augmentin ES 600.
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be also be ap})remated that the above formulations of Examples 1A and
1B comprise amoxicillin trihydrate and potassium clavulanate in a ratio which
is equivalent to a ratio of 14:1 (based on the weights of the corresponding

free acids).
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The impact of adding carboxymethylcellulose sodium to a series of typical
formulations comprising amoxicillin and clavulanate on the loss of clavulanate
in a reconstituted suspension over a period of 10 days was examined. The
prototype formulations evaluated corresponded to those of Examples 1A and
2 to 4, with amoxicillin from 600 to 1200 mg/5ml and a constant level of

In addition, a furtherformulation, with similar
amounts of excipients and comprising 400 mg/5 ml, and a reference
formulation comprising 200 mg/5ml, were also included, for comparison.

clavulanate of 43 mg/5ml.

Formulations were constituted with water to the defined concentrations.
Samples were taken at the beginning and after 10 days storage (at 4°C).
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w/CMC - formulation with carboxymethylcellulose sodium

The results above show that over a range of concentrations of amoxicillin
from 200 to 1200 mg/ 5ml the addition of carboxymethylcellulose sodium
reduced the % loss of clavulanate. Whilst the improvement in the loss of
clavulanate over 10 days by adding carboxymethylcellulose sodium is only
slight for the formulation having 200mg/5m! amoxicillin, it is increasingly
substantial for formulations with higher concentrations, in particular for
concentrations of 600, 800, 1000 and 1200 mg/5 ml.

Furthermore it was found that for formulations with carboxymethylcellulose
sodium, the pH starts out in the region of optimum stability (pH 5.0 to 5.5),
falling to a final pH of 5.8 t0 5.9. In comparison, corresponding formulations
without carboxymethylcellulose sodium had an initial pH of 4.1 t0 4.6 and a
final pH of 5.8 to 6.1.
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5. A formulation as claimed in any one of claims 1 to 4 in which clavulanate is
in the range about 40 to about 60 mg per unit amount of formulation.

6. A formulation as claimed in any one of claims 1 to 5 in which the ratio of
amoxicillin to clavulanate is in the range about 12:1 to about 30:1.

7. A formulation as claimed in any one of claims 1 to 6 in which ratio of
amoxicillin and clavulanate is about 14:1 or about 16:1.

8. A formulation as claimed in in any one of claims 1 to 7 in which

carboxymethylcelluose sodium is present in from about 20 to about 60mg per
unit amount of formulation.
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14. A pharmaceutical formulation as claimed in any one of claims 1 to 13 and
in which the excipients consist essentially of silicon dioxide, xanthan gum,
colloidal silicon dioxide, an artificial sweetener and a flavouring agent.

15. A pharmaceutical formulation of amoxicillin and clavulanate provided as a
reconstituted suspension which has a concentration in the range about 400 to
about1250 mg amoxicillin and about 40 to about 90 mg clavulanate per 5 mi
of reconstituted suspension, such that the ratio of amoxicillin to clavulanate is
at least 10:1, and which further comprises a pH stabilising agent which is
carboxymethylcelluose sodium.

16. The use of carboxymethylcellulose sodium in reducing the amount of
degradation of clavulanate in a reconstituted suspension comprising from
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