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(57) ABSTRACT 

The invention concerns liquid pharmaceutical formulations, 
for oral delivery, with modified release of amoxicillin and 
consisting of Suspensions of coated particles of amoxicillin 
(microcapsules). The microcapsules constituting the dis 
persed phase of the Suspension are designed, according to the 
invention, to enable modified release of amoxicillin, in accor 
dance with a profile which remains unaltered during the shelf 
life of the liquid suspension. Therefor, the invention consists 
in selecting a coating composition specific to the microcap 
Sules consisting of at least four components enabling preser 
Vation of said microcapsules in water without altering their 
properties of modified release of amoxicillin, said liquid 
phase being furthermore saturated with amoxicillin. 
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ORAL PHARMACEUTICAL FORMULATION 
IN THE FORM OF AN AQUEOUS 

SUSPENSION OF MICROCAPSULES FOR 
MODIFIED RELEASE OF AMOXCILLIN 

0001. The invention relates to the field of the modified 
release of pharmaceutical active principles. In the present 
disclosure, the expression “modified release” arbitrarily 
denotes release of the active principle(s) which starts as soon 
as the galenical form is brought into contact with its dissolu 
tion medium (in vivo or in vitro) or release of the active 
principle(s) which does not start until after a predetermined 
period ranging e.g. from 0.5 to several hours. In terms of the 
invention, the time taken to release 50% of the active principle 
(s) is typically several hours and can extend e.g. from 0.5 to 30 
hours. 
0002 More precisely, the invention relates to liquid phar 
maceutical formulations for oral administration with the 
modified release of amoxicillin (an antibiotic of the B-lactam 
family). These formulations consist of Suspensions or disper 
sions of microcapsules, each of which is formed of a core 
comprising amoxicillin and of a coating enveloping said core. 
According to the invention, the microcapsules constituting 
the disperse phase of the Suspension are designed to allow the 
modified release of the amoxicillin. 
0003. The invention further relates to dry pharmaceutical 
formulations for use in aqueous Suspensions reconstituted at 
the beginning of the treatment. These reconstituted aqueous 
Suspensions are stable throughout the treatment and allow the 
modified release of the amoxicillin. 
0004. These suspensions are of particular value for 
0005 increasing the interval between two dosage units, 
for example every 12 hours instead of every 8 hours: 

0006 and facilitating the oral administration of an 
amoxicillin-based drug. In fact, a large number of 
patients would rather drink a liquid medicinal Suspen 
sion than Swallow one or more tablets. Compliance is 
thereby improved. This is of most particular value to 
populations incapable of Swallowing tablets that are 
often large, namely infants, children and the elderly; 

0007 while at the same time improving the taste of the 
Suspension. 

0008. The invention further relates to a specific process for 
the preparation of microcapsules of amoxicillin to be sus 
pended in water. 
0009 Numerous types of microcapsules in dry form are 
known. In particular, patent EP-B-0 709 087 describes a 
(pharmaceutical or dietetic) galenical system, preferably in 
the form of a tablet, advantageously a disintegrating tablet, or 
in the form of a powder or gelatin capsule, characterized in 
that it comprises microcapsules of the reservoir type contain 
ing at least one medicinal and/or nutritional active principle 
(AP) selected especially from antibiotics, and intended for 
oral administration, characterized in that: 

0010 they consist of particles of AP each covered with 
a film coating of the following composition: 

0011 1—at least one film-forming polymer (P1) 
insoluble in the tract fluids, present in an amount of 50 to 
90% by dry weight, based on the total weight of the 
coating composition, and consisting of at least one 
water-insoluble cellulose derivative, ethyl cellulose and/ 
or cellulose acetate being particularly preferred; 
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0012 2–at least one nitrogen-containing polymer (P2) 
present in an amount of 2 to 25% by dry weight, based on 
the total weight of the coating composition, and consist 
ing of at least one polyacrylamide and/or poly-N-viny 
lamide and/or poly-N-vinylactam, polyacrylamide and/ 
or polyvinylpyrrolidone being particularly preferred; 

0013 3–at least one plasticizer present in an amount of 
2 to 20% by dry weight, based on the total weight of the 
coating composition, and consisting of at least one of the 
following compounds: glycerol esters, phthalates, cit 
rates, sebacates, cetyl alcohol esters, castor oil, salicylic 
acid and cutin, castor oil being particularly preferred; 

0014. 4 and at least one surfactant and/or lubricant 
present in an amount of 2 to 20% by dry weight, based on 
the total weight of the coating composition, and selected 
from anionic Surfactants, preferably alkali metal oralka 
line earth metal salts of fatty acids, Stearic and/or oleic 
acid being preferred, and/or from non-ionic Surfactants, 
preferably polyethoxylated sorbitan esters and/or poly 
ethoxylated castor oil derivatives, and/or from lubricants 
Such as Stearates, preferably calcium, magnesium, alu 
minium or Zinc Stearate, or Stearylfumarate, preferably 
Sodium Stearylfumarate, and/or glycerol behenate, it 
being possible for said agent to comprise only one or a 
mixture of the above-mentioned products; 

(0.015 they have a particle size of between 50 and 1000 
microns; 

0016 and they are designed so as to be able to reside in 
the small intestine for a period of at least about 5 hours, 
thereby allowing the absorption of the AP during at least 
part of their residence time in the small intestine. 

0017 Said document relates only to dry pharmaceutical 
forms based on microcapsules and makes no mention of oral 
liquid pharmaceutical forms based on microcapsules. 
0018 Oral pharmaceutical formulations for the modified 
release of amoxicillin currently exist only in the form of 
tablets. Patents WO-A-94/27557, WO-A-95/20946, WO-A- 
95/28148, WO-A-96/04908, WO-A-00/61115, WO-A-00/ 
61116, WO-A-01/47499 and WO-A-02/30392 describe dif 
ferent formulations of such tablets. These tablets are large, 
such as the tablet of Example 1 of patent WO 02/30392, 
which has a total weight of 1600 mg for a dose of 1000 g. 
These tablets cannot be administered to patients with Swal 
lowing difficulties, and even less to children or infants, who in 
any case are incapable of Swallowing them and for whom, in 
addition, the dose administered has to be adapted according to 
their weight. 
0019 For such applications, multidose suspensions or 
Solutions are preferable to tablets as pharmaceutical forms. 
0020 Pharmaceutical suspensions or solutions of amox 
icillin exist to meet this need. Examples of these are the 
formulations described by patent application WO-A-98/ 
35672 or WO-A-98/35672. Efforts to improve these suspen 
sions have been directed towards Suspension stability (patent 
application WO-A-00/50036), gastrointestinal tolerance 
(patent applications WO-A-97/06798& WO-A-00/03695) or 
taste improvement (patent application WO-A-98/36732). 
0021 However, none of these known suspensions allows 
the modified release of amoxicillin, which is necessary to 
increase the duration of action of the amoxicillin and treat 
certain indications such as pneumonia caused by resistant 
streptococci. To meet this need, a formulation containing 
more than the customary amount of amoxicillin is described 
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in patent application WO-A-97/09042, in which the amox 
icillin is in an immediate-release form. 

0022. Liquid suspensions for the modified release of 
amoxicillin are difficult to produce. The main difficulty to be 
overcome is that of avoiding the release of the amoxicillin 
into the liquid phase during storage of the Suspension, while 
allowing modified release as soon as it enters the gastrointes 
tinal tract. This objective is particularly difficult to achieve 
because the amoxicillin is stored in a liquid for a very long 
time (the duration of the treatment, i.e. about ten days) com 
pared with the desired release time in the gastrointestinal tract 
fluids (a few hours, at most 12). Furthermore, its prolonged 
residence in the liquid phase during storage must not perturb 
the modified-release system to the point of degrading the 
release profile and release time of the amoxicillin. 
0023. Furthermore, for these liquid formulations to be 
fully effective, it is known to be important that: 

0024 the microcapsules are very small (<1000 
microns), 

0025 and the weight fraction of coating excipients is 
limited, this modality being all the more difficult to 
achieve because, due to their small size, the microcap 
Sules have a large specific Surface area, accelerating the 
release. 

0026 AS regards the prior art concerning oral liquid phar 
maceutical forms for the modified release of active principles, 
PCT patent application WO-A-87/07833 and patent U.S. Pat. 
No. 4,902,513 should be mentioned first of all; ... disclose 
aqueous Suspensions of microcapsules of active principle 
(e.g. theophylline) with modified release of the active prin 
ciple (e.g. 12h). These Suspensions are prepared by Saturating 
the aqueous phase with the active principle before incorpo 
rating the microcapsules of active principle into this aqueous 
phase. The composition of the coating agent for the micro 
capsules that allows the modified release of the active prin 
ciple is not described in said documents. Now, this coating 
composition is a decisive factor in guaranteeing the mainte 
nance of the modified-release profile of the microcapsules 
after storage in the aqueous phase. The technical proposal 
described appears not to disclose the means of Solving the 
dual problem of producing a liquid Suspension of a modified 
release microcapsular form without interfering with the sta 
bility of the modified-release profile of the active principle 
after the microcapsules have been stored in the liquid phase. 
0027 European patent application EP-A-0601 508 relates 
to an aqueous Suspension for the oral administration of naxo 
pren according to a modified-release profile. This suspension 
comprises coated microgranules of naxopren Suspended in a 
syrupy aqueous liquid phase. The technical problem under 
lying this invention is to provide a modified-release form of 
naxopren containing a 1000 mg dose and capable of admin 
istration in a single daily dosage unit. 
0028. The microgranules consist of naxopren, polyvi 
nylpyrrolidone and lactose (90-300 um). Their coating is 
made up of 4 layers. The first comprises diethyl cellulose/ 
diethyl phthalate/polyethylene glycol. The second is based on 
EUDRAGITR) (meth)acrylate/(meth)acrylic copolymers. 
The third comprises glycerol stearate?wax/fatty alcohols and 
the fourth consists of an enteric covering based on cellulose 
acetate/phthalate. The naxopren undergoes modified release 
over 24 hours. 

Jun. 2, 2011 

0029. Example 22 of said European patent application 
EP-A-0 601 508 contains a demonstration of the stability of 
the release profile after 30 days storage of the liquid suspen 
Sion. 
0030. One of the disadvantages of this suspension derives 
from the enteric layer, which prohibits the use of a suspension 
of neutral pH because this layer is designed to disintegrate 
and become liquid at neutral pH. Another disadvantage of this 
enteric layer is that it blocks the release of the active principle 
in the stomach at acidic pH. Now, amoxicillin, whose absorp 
tion window is situated in the upper parts of the gastrointes 
tinal tract, must be released as soon as it reaches the stomach 
in order to be effectively absorbed. Furthermore, this multi 
layer Solution to the problem is very complex and in addition 
specific to naproxen. 
0031 PCT patent application WO-A-96/01628 discloses a 
liquid pharmaceutical formulation for the oral administra 
tion, according to a modified-release profile (12 hours), of an 
active principle consisting of moguisteine. The object is to 
propose a modified-release liquid formulation of moguisteine 
which is easy to measure outandingest, has a release time that 
makes it possible to avoid multiple dosage units, is stable over 
time in aqueous Suspension and is pleasantly flavoured in 
order to favour compliance, and whose manufacture does not 
involve the use of toxic substances like solvents. To achieve 
this object, the invention according to PCT patent application 
WO-A-96/01628 proposes a suspension, in a weakly 
hydrated liquid phase (essentially based on Sorbitol and glyc 
erol), of microgranules (90-300 um) of moguisteine coated 
with a first, hydrophilic layer consisting of cellulose acetate/ 
phthalate and diethyl phthalate, a second, hydrophobic layer 
containing glycerol Stearate?wax/fatty alcohols, and a third, 
hydrophilic layer identical to the first. 
0032. This multilayer form is very complex to prepare and 
in addition is specific to moguisteine. 
0033. In this state of the art, the essential objective of the 
present invention is to propose an aqueous Suspension, or a 
preparation for an aqueous Suspension, of microcapsules of 
amoxicillin for the oral administration of amoxicillin accord 
ing to a modified-release profile, in which the coating of the 
microcapsules is designed in Such a way that the release 
profile is not perturbed and does not depend on the maceration 
time of the microcapsules in the liquid (preferably aqueous) 
phase. Thus the amoxicillin contained in the microcapsules 
would be prevented from escaping into the liquid phase 
throughout the storage of the Suspension, but a modified 
release of the amoxicillin would be allowed as soon as it 
entered an environment Suitable for triggering the release, 
namely in vivo in the gastrointestinal tract and in vitro under 
the conditions of a dissolution test performed just after Sus 
pension of the microcapsules in the solvent (preferably aque 
ous) phase, using a type II apparatus according to the Euro 
pean Pharmacopoeia 3rd edition, in a phosphate buffer 
medium of pH 6.8, for a volume of 900 ml, at a temperature of 
370 C. 

0034. Another objective of the present invention is to pro 
vide an aqueous liquid Suspension of microcapsules of amox 
icillin comprising a film coating formed of a single layer. 
0035 Another objective of the present invention is to pro 
vide an aqueous liquid Suspension of microcapsules of amox 
icillin in which the dissolved fraction originating from the 
microcapsules is less than or equal to 15% and preferably 5% 
of the total weight of amoxicillin present in the microcap 
Sules. 
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0036) Another objective of the present invention is to pro 
vide an aqueous liquid Suspension of microcapsules of amox 
icillin in which one part of the amoxicillin is in an immediate 
release form and the other part of the amoxicillin is in a 
modified-release form (microcapsules). 
0037 Another essential objective of the present invention 

is to provide an aqueous Suspension of microcapsules for the 
modified release of amoxicillin which makes it possible to 
release the amoxicillin according to a release profile that is 
not degraded by the ageing of the Suspension. 
0038 Another essential objective of the present invention 

is to provide an aqueous Suspension of microcapsules which 
is made up of individually coated particles of amoxicillin and 
makes it possible to release the latter according to a prolonged 
and/or optionally delayed profile such that the release half 
life t is between 0.5 and 30 hours. 
0039. Another objective of the present invention is to pro 
pose an oral galenical form which is liquid and consists of a 
large number (for example in the order of several thousands) 
of microcapsules, this multiplicity statistically ensuring a 
good reproducibility of the transit kinetics of the AP through 
out the gastrointestinal tract, thereby improving control of the 
bioavailability and hence improving efficacy. 
0040. One essential objective of the present invention is to 
propose an oral liquid galenical form made up of a plurality of 
coated microcapsules which avoids the use of large amounts 
of coating agent, the weight fraction of coating agent being 
comparable to that of the monolithic forms. 
0041 Another essential objective of the present invention 

is to provide a modified-release aqueous Suspension in which 
the amoxicillin is in the form of a plurality of particles indi 
vidually coated to form microcapsules and allowing mixing 
with other active principles having different respective 
release times. 
0042 Another essential objective of the present invention 

is to propose the use, as a means of treating human or veteri 
nary diseases, of a (preferably aqueous) suspension of micro 
capsules consisting of particles of amoxicillin individually 
coated so as to determine the modified release of the amox 
icillin without the modified-release profile being affected by 
storage of the microcapsules in this liquid form in Suspension. 
0043. Another essential objective of the present invention 

is to propose a drug based on a preferably aqueous Suspension 
of microcapsules consisting of particles of amoxicillin indi 
vidually coated so as to determine the modified release of the 
amoxicillin without the modified-release profile being 
affected by storage of the microcapsules in this liquid form in 
Suspension. 
0044 Having set themselves all the above objectives, 
among others, the inventors have succeeded in developing a 
multimicrocapsular galenical system in the form of a prefer 
ably aqueous Suspension for the modified release of amox 
icillin which: 

0045 does not degrade the optionally retarded, modi 
fied-release profile, 

0046) and is stable, easy to prepare, economic and effec 
tive. 

0047. To do this the inventors have proposed to: 
0048 select a totally specific coating composition for 
the microcapsules, 

0049 and suspend the microcapsules in a (preferably 
aqueous) liquid phase Saturated with amoxicillin or 
capable of being Saturated with amoxicillin on contact 
with the microcapsules, using an amount of Solvent 
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(preferably water) that is limited but nevertheless suffi 
cient for the Suspension to be easy to Swallow. 

0050 Thus the invention which meets the objectives 
described above, among others, relates to a suspension of 
microcapsules in an aqueous liquid phase, said Suspension 
being intended for oral administration and allowing the modi 
fied release of amoxicillin, characterized in that: 

0051 it comprises a plurality of microcapsules each 
consisting of a core containing amoxicillin and of a film 
coating that: 
0.052 is applied to the core, 
0053 controls the modified release of the amoxicil 

lin, 
0054 and has a composition corresponding to one of 
the following three families A, B and C: 

0.055 Family A 
0056 1A—at least one film-forming polymer (P1) 
insoluble in the tract fluids, present in an amount of 
50 to 90 and preferably of 50 to 80% by dry weight, 
based on the total weight of the coating composi 
tion, and consisting of at least one water-insoluble 
cellulose derivative; 

0057 2A—at least one nitrogen-containing poly 
mer (P2) present in an amount of 2 to 25 and pref 
erably of 5 to 15% by dry weight, based on the total 
weight of the coating composition, and consisting 
of at least one polyacrylamide and/or poly-N-viny 
lamide and/or poly-N-vinyllactam; 

0058 3A at least one plasticizer present in an 
amount of 2 to 20 and preferably of 4 to 15% by dry 
weight, based on the total weight of the coating 
composition, and consisting of at least one of the 
following compounds: glycerol esters, phthalates, 
citrates, sebacates, cetyl alcohol esters and castor 
oil; 

0059 4A at least one surfactant and/or lubricant 
present in an amount of 2 to 20 and preferably of 4 
to 15% by dry weight, based on the total weight of 
the coating composition, and selected from anionic 
Surfactants and/or non-ionic Surfactants and/or 
lubricants, it being possible for said agent to com 
prise only one or a mixture of the above-mentioned 
products; 

0060 - Family B 
0061 1B at least one hydrophilic polymer carry 
ing groups ionized at neutral pH and preferably 
selected from cellulose derivatives; 

0062 2B at least one hydrophobic compound 
different from A; 

0063 - Family C 
0064. 1C at least one film-forming polymer 
insoluble in the gastrointestinal tract fluids; 

0065 2C at least one water-soluble polymer; 
0066 3C at least one plasticizer; 
0067 4C optionally at least one surfactant/lubri 
cant preferably selected from the following group 
of products: 
0068 anionic surfactants: 
0069 and/or non-ionic surfactants, 

0070 and the liquid phase is saturated or becomes satu 
rated with amoxicillin on contact with the microcap 
Sules. 

0071. In terms of the present disclosure, the expression 
“microcapsules of amoxicillin' denotes microcapsules 
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whose core comprises amoxicillin and optionally at least one 
other active principle and/or at least one excipient. 
0072 This suspension according to the invention makes it 
possible to overcome the two main obstacles to the produc 
tion of an aqueous Suspension of microcapsules consisting of 
individually coated microparticles of amoxicillin and allow 
ing the modified release of the latter, these two obstacles 
being as follows: 
0073 a) limiting the fraction of amoxicillin immediately 
releasable from the microcapsules to a value of less than 
15% and preferably 5% of the total weight of amoxicillin 
used in the microcapsules; 

0074 b) obtaining a modified-release system that is suffi 
ciently robust to avoid any change or degradation of the 
release profile of the amoxicillin during storage of the 
aqueous suspension. 

0075. In one preferred embodiment of the invention, the 
families A, B and C from which the constituents of the coating 
composition are selected are as follows: 

(0076 c) Family A 
0077 1A—ethyl cellulose and/or cellulose acetate; 
0078 2A polyacrylamide and/or polyvinylpyrroli 
done; 

0079) 3A castor oil; 
0080 4A analkali metal or alkaline earth metal salt 
of fatty acids, Stearic and/or oleic acid being pre 
ferred, a polyethoxylated Sorbitan ester, a poly 
ethoxylated castor oil derivative, a stearate, prefer 
ably calcium, magnesium, aluminium or Zinc 
Stearate, a Stearylfumarate, preferably sodium 
Stearylfumarate, or glycerol behenate, taken individu 
ally or in a mixture with one another, 

I0081 X Family B 
0082) 1B 
I0083 cellulose acetate-phthalate: 
I0084 hydroxypropyl methyl cellulose phthalate: 
I0085 hydroxypropyl methyl cellulose acetate-succi 

nate; 
I0086 meth)acrylic acid/(meth)acrylic acid alkyl 

(methyl) ester copolymer (EUDRAGITR) S or L): 
0087 and mixtures thereof; 
0088. 2B 
I0089 hydrogenated vegetable waxes (Dynasan R. 
P60, Dynasan R. 116); 

0090 triglycerides (tristearin, tripalmitin, Lubri 
tab(R), Cutina HR, etc.); 

0091 animal and vegetable fats (beeswax, carnauba 
wax, etc.); 

0092 and mixtures thereof. 
0093 - Family C 

0094) 1C 
(0095 water-insoluble cellulose derivatives, ethyl 

cellulose and/or cellulose acetate being particularly 
preferred; 

(0096 acrylic derivatives; 
(0097 polyvinyl acetates: 
0098 and mixtures thereof; 
0099] 2C 
0.100 water-soluble cellulose derivatives: 
0101 polyacrylamides; 
0102 poly-N-vinylamides: 
0103 poly-N-vinylactams; 
0104 polyvinyl alcohols (PVA): 
0105 polyoxyethylenes (POE): 
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0106 polyvinylpyrrolidones (PVP) (the latter being 
preferred); 

01.07 and mixtures thereof; 
0108 3C 
0109 glycerol and its esters, preferably from the fol 
lowing Subgroup: acetylated glycerides, glycerol 
monostearate, glyceryl triacetate and glycerol tribu 
tyrate; 

0110 phthalates, preferably from the following sub 
group: dibutyl phthalate, diethyl phthalate, dimethyl 
phthalate and dioctyl phthalate: 

0111 citrates, preferably from the following sub 
group: acetyltributyl citrate, acetyltriethyl citrate, 
tributyl citrate and triethylcitrate; 

0112 sebacates, preferably from the following sub 
group: diethyl sebacate and dibutyl sebacate; 

0113 adipates: 
0114 azelates: 
0115 benzoates: 
0116 vegetable oils; 
0117 fumarates, preferably diethyl fumarate; 
0118 malates, preferably diethyl malate: 
0119 oxalates, preferably diethyl oxalate: 
I0120 succinates, preferably dibutyl succinate; 
I0121 butyrates: 
0.122 cetyl alcohol esters: 
I0123 salicylic acid; 
0.124 triacetin: 
0.125 malonates, preferably diethyl malonate; 
0.126 cutin: 
I0127 castor oil (this being particularly preferred); 
0.128 and mixtures thereof; 
0129 4C 
0.130 alkali metal oralkaline earth metal salts offatty 
acids, Stearic and/or oleic acid being preferred; 

I0131 polyethoxylated oils, preferably polyethoxy 
lated hydrogenated castor oil; 

I0132 polyoxyethylene/polyoxypropylene copoly 
mers; 

0.133 polyethoxylated sorbitan esters: 
0.134 polyethoxylated castor oil derivatives: 
0.135 Stearates, preferably calcium, magnesium, alu 
minium or Zinc Stearate; 

0.136 stearylfumarates, preferably sodium stearylfu 
marate; 

I0137 glycerol behenate: 
0.138 and mixtures thereof. 

0.139. According to one advantageous modality of the 
invention in the case where the coating contains wax, the 
latter is selected from compounds whose melting point T, is 
240° C. and preferably 250° C. 
0140 Preferably, the film coating consists of a single layer 
whose weight represents from 1 to 50% and preferably from 
5 to 40% of the total weight of the microcapsules. 
0.141. According to one preferred characteristic of the 
invention, the liquid phase is aqueous; even more preferably, 
it contains at least 20% of water and preferably at least 50% 
by weight of water. 
0142. This Suspension according to the invention advan 
tageously contains: 

0143 to 95% by weight and preferably 60 to 85% by 
weight of liquid phase (advantageously water); 

0144) and 5 to 70% by weight and preferably 15 to 40% 
by weight of microcapsules. 
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0145 Advantageously, the amount of solvent liquid phase 
(preferably water) for the amoxicillin is such that the propor 
tion of dissolved amoxicillin originating from the microcap 
sules is less than or equal to 15% and preferably less than or 
equal to 5% by weight, based on the total weight of amox 
icillin contained in the microcapsules. 
0146 In a first embodiment of the invention, the liquid 
phase is at least partially and preferably totally saturated with 
amoxicillin following the incorporation of the microcapsules 
into this liquid phase. 
0147 In this embodiment, it is the amoxicillin contained 
in the microcapsules that Saturates the liquid phase. 
0148. In a second embodiment of the invention, the liquid 
phase is at least partially and preferably totally saturated with 
amoxicillin by means of non-encapsulated amoxicillin prior 
to the incorporation of the microcapsules into this liquid 
phase. This embodiment is of particular value for the admin 
istration of amoxicillin in that it makes it possible to combine 
an immediate-release fraction with a modified-release frac 
tion. 
0149. In practice, this amounts to saturating the liquid 
phase with amoxicillin before the introduction of the micro 
capsules into the Suspension, so that the amoxicillin con 
tained in the microcapsules plays no part, or virtually no part, 
in the saturation of the liquid phase. The diffusion of the 
amoxicillin contained in the microcapsules is therefore Sup 
pressed or virtually suppressed. 
0150. According to one preferred characteristic of the 
invention enabling this liquid oral formulation to be fully 
effective, the microcapsules have a particle size less than or 
equal to 1000 microns, preferably of between 200 and 800 
microns and particularly preferably of between 200 and 600 
microns. 
0151. “Particle size' is understood in terms of the inven 
tion as meaning that a proportion of at least 75% by weight of 
microcapsules have a diameter between the screen size limits 
in question. 
0152 Again with the aim of improving efficacy, the 
amount of coating agent for the microcapsules advanta 
geously represents from 1 to 50% and preferably 5 to 40% of 
the weight of the coated microcapsules. This advantageous 
characteristic is all the . . . to acquire because, due to their 
Small size, the microcapsules have a large specific Surface 
area, accelerating the release. 
0153. To control the in vivo in vitro release of the amox 

icillin, it is preferable according to the invention to use a film 
coating for the microcapsules which has a composition 
belonging to family A or C. 
0154 For more detailed qualitative and quantitative infor 
mation on this coating composition of family A, reference 
may be made to European patent EP-B-0709087, the content 
of which forms part of the present disclosure by way of 
reference. 
0155 Another possible way of defining the liquid suspen 
sion according to the invention consists in considering an in 
vitro release profile obtained using a type II apparatus accord 
ing to the European Pharmacopoeia 3rd edition, in a phos 
phate buffer medium of pH 6.8 and at a temperature of 37°C., 
such that: 
0156 D the proportion PI of amoxicillin released from 
the microcapsules during the first 15 minutes of the disso 
lution test is such that: 

PIs 15 

preferably PIs.5; 
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0157 D the amoxicillin remaining in the microcapsules 
is released over a period such that the release time of 50% 
by weight of the amoxicillin (t) is defined as follows (in 
hours): 

0.5 st-s30 

preferably 0.5s te20. 

0158 Still with regard to its in vitro dissolution properties, 
the Suspension according to the invention is characterized in 
that: 

0159) the initial in vitro release profile Pfi obtained just 
after Suspension of the microcapsules in the solvent 
(preferably aqueous) phase, using a type II apparatus 
according to the European Pharmacopoeia 3rd edition, 
in a phosphate buffer medium of pH 6.8, for a volume of 
900 ml, at a temperature of 37°C., 

0.160 and the in vitro release profile Pfo obtained 10 
days after Suspension of the microcapsules in the solvent 
(preferably aqueous) phase, using a type II apparatus 
according to the European Pharmacopoeia 3rd edition, 
in a phosphate buffer medium of pH 6.8, at a temperature 
of 37° C., 

are similar. 
0.161 The release profiles compared according to the rec 
ommendations of The European Agency for the Evaluation of 
Medicinal Products (EMEA)—Human Medicines Evalua 
tion Unit—/Committee for proprietary medicinal products 
(CPMP) London, 29 Jul. 1999, CPMP/QWP/604/96: note 
for guidance on quality of modified release products: A: oral 
dosage forms, B: transdermal dosage forms—section I (qual 
ity)—Annex 3: Similarity factorf, produce a value of>50 for 
the similarity factors f, and can therefore be declared similar. 
0162 These advantageous characteristics of the suspen 
sion according to the invention enable amoxicillin to be 
administered orally without difficulty and without detracting 
from the modified and optionally delayed release mode. 
0163 According to another of its advantageous physico 
chemical characteristics, the pH of the liquid Suspension 
according to the invention can arbitrarily be acidic or neutral. 
0164. It may be quite valuable to add at least one rheology 
modifier to the Suspension. In particular, this can be one or 
more “viscosifiers' selected... those commonly employed in 
the pharmaceutical industry and especially those disclosed in 
Handbook of pharmaceutical excipients—3rd edition, Am. 
Pharmaceutical Association, Arthur H KIBBE, 2000, ISBN 
0917330-96-X Europe. 0-85369-381-1. Examples which 
may be mentioned are: 

0.165 water-soluble cellulose derivatives (hydroxy 
ethyl cellulose, hydroxypropyl cellulose, carboxym 
ethyl cellulose, hydroxypropyl methyl cellulose, etc.); 

0166 polyethylene glycols; 
0.167 alginates and derivatives thereof; 
0168 carrageenans; 
0.169 agar-agar; 
(0170 gelatin: 
(0171 maltodextrins: 
(0172 polydextrose; 
0173 guar, carob, acacia, Xanthan, gellan and other 
guns, 

0.174 polyvinyl alcohol: 
(0175 povidone: 
(0176 pectins: 
(0177 silica gel; 
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0.178 native and modified starches and derivatives 
thereof; 

0179 dextrans; 
0180 etc. 

0181. It can also be advisable to introduce into the suspen 
sion at least one agent for modifying the Solubility of the 
amoxicillin in the solvent (preferably aqueous) liquid phase, 
for example salts, Sugars, glycerol, etc. 
0182 For the suspension to have all the qualities of an oral 
galenical form that is easy to Swallow, stable and palatable, it 
advantageously contains at least one other additive selected 
from the group comprising Surfactants, colourants, dispers 
ants, preservatives, taste improvers, flavourings, Sweeteners, 
antioxidants and mixtures thereof. 
0183 Examples of these additives which may be men 
tioned are those commonly employed in the pharmaceutical 
industry and especially those disclosed in Handbook of phar 
maceutical excipients—3rd edition, Am. Pharmaceutical 
Association, Arthur H. KIBBE, 2000, ISBN 0917330-96-X 
Europe. 0-85369-381-1, or, in the case of emulsifiers, those 
described on page 5, lines 14 to 29, of EP-A-0 273 890, or 
again, in the case of thickeners, those indicated on page 5. 
lines 19 and 20, of EP-A-0 601 508. 
0184. According to another of its features, the present 
invention relates to a drug, characterized in that it comprises 
a Suspension of modified-release microcapsules of amoxicil 
lin, as defined above. 
0185. In more concrete terms, the invention further relates 
to a drug, or more exactly a galenical pack, characterized in 
that it comprises a kit for preparing the Suspension as defined 
above, said kit containing: 

0186 microcapsules in substantially dry form contain 
ing amoxicillin for Saturating the liquid phase with 
amoxicillin once the two solid and liquid phases have 
been brought into contact; 

0187 and/or a mixture of microcapsules in substan 
tially dry form containing amoxicillin in the dose that is 
just necessary for modified release, together with imme 
diate-release uncoated amoxicillin in a necessary and 
Sufficient amount to saturate the liquid phase with amox 
icillin once the Saturation dose of amoxicillin and the 
liquid phase have been brought into contact; 

0188 and the liquid phase and/or at least part of the 
ingredients useful for its preparation, and/or the protocol 
for preparation of the Suspension. 

0189 This type of presentation of the drug according to 
the invention enables patients easily to prepare the modified 
release Suspension in a form that is stable, particularly in 
terms of modified release, for at least several days. The patient 
is thus guaranteed to have a drug that is easy to administer 
orally and perfectly effective from the therapeutic point of 
V1eW. 

0190. The microcapsules constituting the solid phase of 
the Suspension according to the invention can be prepared by 
microencapsulation techniques available to those skilled in 
the art, the main techniques being Summarized in the article 
by C. DUVERNEY and J. P. BENOIT in “Lactualité 
chimique', December 1986. More precisely, the technique in 
question is microencapsulation by film coating, which yields 
individualized “reservoir” systems as opposed to matrix sys 
temS. 

0191 For further details, reference may be made to patent 
EP-B-0953 359 cited above. 

Jun. 2, 2011 

0.192 To produce the core based on amoxicillin of the 
microcapsules according to the invention, it is advantageous 
to use, as starting materials, particles of amoxicillin of the 
desired size. Said particles can be crystals of amoxicillin 
which are pure and/or have undergone a pretreatment by one 
of the techniques conventionally employed in the art, for 
example granulation, in the presence of a small amount of at 
least one conventional binder and/or an agent for modifying 
the intrinsic solubility characteristics of the amoxicillin. 
0193 The invention will be understood more clearly from 
the point of view of its composition, properties and prepara 
tion with the aid of the Examples below, given solely by way 
of illustration, which demonstrate the variants and the advan 
tages of the invention. 

DESCRIPTION OF THE FIGURES 

0194 FIG. 1 shows the initial dissolution profile and the 
dissolution profile after 12 days storage of the Suspension 
according to Example 1, in % dissolved as a function of the 
time in hours. 

(0195 FIG. 2 shows the initial dissolution profile and the 
dissolution profile after 12 days storage of the Suspension 
according to Example 2, in % dissolved as a function of the 
time in hours. 

Example 1 

Preparation of Microcapsules of Amoxicillin 

0.196 970g of amoxicillin trihydrate and 30 g of povidone 
(Plasdone.R. K29/32) are first mixed dry in the bowl of a 
high-shear granulator (Lödige(R) M5MRK) for 5 minutes. 
This pulverulent mixture is then granulated with water (200 
g). The granules are dried at 40°C. in a ventilated oven and 
then graded on a 500 um screen. The 200-500 um fraction is 
selected by sieving. 
0.197 700 g of granules obtained above are coated in a 
GLATT GPCG1 fluidized air bed apparatus with 107.6 g of 
ethyl cellulose (Ethocel 7 Premium), 35.3 g of povidone 
(Plasdone(R) K29/32) and 10.8g of castor oil dissolved in an 
acetone/isopropanol mixture (60/40 w/w). 

Preparation of the Suspension: 

0198 12.2 g of microcapsules obtained above are mixed 
dry with 0.3 g of xanthan gum in a 100 ml glass flask. 87.5 g. 
of purified water are then added to the powder mixture. After 
manual stirring, a suspension is obtained which produces a 
sediment very slowly. The amoxicillin titre in the suspension 
is 0.1 g/ml. 

Stability Test: 

0199 The suspension prepared above is stored for 12 days 
at room temperature. After 12 days the Suspension is analysed 
for dissolution using a type II apparatus according to the 
European Pharmacopoeia 3rd edition, phosphate buffer 
medium of pH 6.8, volume of 900 ml, temperature of 37°C., 
blade stirring at 100 rpm, UV detection at 272 nm. 
0200. The result is shown in FIG. 1 attached. 
0201 The profiles are apparently identical: similarity fac 
torf greater than 50. The microcapsules remain highly effec 
tive in aqueous Suspension. 
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Homogeneity Test: 
0202 The above suspension is stirred manually and then 
six 5 ml samples are taken with a graduated Syringe. The 
amoxicillin content of each sample is determined by HPLC 
and is shown below: 

Amoxicillin content for 
Sample no. 5 ml of Suspension (ing) 

0203. It is seen that the samples are very homogeneous and 
that the dosage corresponds to the expected value of 0.5g for 
5 ml. 
0204. This formulation can therefore be administered 
without risk of overdosing or underdosing. 

Example 2 

Preparation of Microcapsules of Amoxicillin 

0205 970g of amoxicillin trihydrate and 30 g of povidone 
(Plasdone.R. K29/32) are first mixed dry in the bowl of a 
high-shear granulator (Lódige(R) M5MRK) for 5 minutes. 
This pulverulent mixture is then granulated with water (200 
g). The granules are dried at 40°C. in a ventilated oven and 
then graded on a 500 uM screen. The 200-500 um fraction is 
selected by sieving. 
0206 920 g of granules obtained above are coated in a 
GLATT GPCG1 fluidized air bed apparatus with 61 g of 
Aquacoat ECD30, 2.6 g of povidone (Plasdone.R. K29/32) 
and 16.4 g of triethyl citrate dispersed in water. 

Preparation of the Suspension: 

0207 10.9 g of microcapsules obtained above are mixed 
dry with 0.3 g of Xanthan gum in a 100 ml glass flask. 88.8 g. 
of purified water are then added to the powder mixture. After 
manual stirring, a suspension is obtained which produces a 
sediment very slowly. The amoxicillin titre in the suspension 
is 0.1 g/ml. 

Stability Test: 
0208. The suspension prepared above is stored for 12 days 
at room temperature. After 12 days the Suspension is analysed 
for dissolution using a type II apparatus according to the 
European Pharmacopoeia 3rd edition, phosphate buffer 
medium of pH 6.8, volume of 900 ml, temperature of 37°C., 
blade stirring at 100 rpm, UV detection at 272 nm. 
0209. The result is shown in FIG. 2 attached. 
0210. The profiles are apparently identical: similarity fac 
torf greater than 50. The microcapsules remain highly effec 
tive in aqueous Suspension. 

1. A Suspension of microcapsules in an aqueous liquid 
phase, said Suspension being intended for oral administration 
and allowing the modified release of amoxicillin, wherein 
said Suspension comprises a plurality of microcapsules and 
an aqueous liquid phase, wherein the aqueous liquid phase is 
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saturated or becomes Saturated with active principle(s) on 
contact with the microcapsules, and wherein each microcap 
Sule comprises 

(a) a core comprising amoxicillin and 
(b) a film coating that: (i) is applied to the core, (ii) controls 

the modified release of the amoxicillin in gastrointesti 
nal tract fluids, and (iii) comprises: 

(1) at least one film-forming polymer insoluble in gas 
trointestinal tract fluids selected from the group consist 
ing of 

water-insoluble cellulose derivatives, 
water-insoluble acrylic polymers, 
polyvinyl acetates, 
and mixtures thereof 
(2) at least one water-soluble polymer selected from the 

group consisting of: 
water-soluble cellulose derivatives, 
polyacrylamides, 
poly-N-vinylamides, 
poly-N-vinylactams, 
polyvinyl alcohols (PVA), 
polyoxyethylenes (POE), 
polyvinylpyrrolidones (PVP), 
and mixtures thereof 
(3) at least one plasticizer; 
and wherein the in vitro release profile of the suspension of 

microcapsules in an aqueous liquid phase on day ten is 
similar to the release profile on day Zero, as measured 
using a type II apparatus according to the European 
Pharmacopoeia 3rd edition, in a phosphate buffer 
medium of pH 6.8, at a temperature of 37° C. 

2. The Suspension according to claim 1, wherein 
the at least one plasticizer is selected from the group con 

sisting of 
glycerol, glycerol esters, 
phthalates, 
citrates, 
sebacates, 
adipates, 
aZelates, 
benzoates, 
vegetable oils, 
fumarates, 
malates, 
oxalates, 
Succinates, 
butyrates, 
cetyl alcohol esters, 
salicylic acid, 
triacetin, 
malonates, 
cutin, 
castor oil, 
and mixtures thereof. 
3. The Suspension according to claim 1, wherein the film 

coating consists of a single layer. 
4. The Suspension according to claim 1, wherein said Sus 

pension comprises 30 to 95% by weight of liquid phase; and 
5 to 70% by weight of microcapsules. 

5–7. (canceled) 
8. The Suspension according to claim 1, wherein prior to 

the incorporation of the microcapsules into the aqueous liquid 
phase, the aqueous liquid phase is saturated with amoxicillin. 
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9. The Suspension according to claim 1, wherein the micro 
capsules have a particle size less than or equal to 1000 
microns. 

10. The suspension according to claim 1, wherein the from 
1 to 50% of the total weight of the coated microcapsules is 
film coating. 

11. The Suspension according to claim 1, having an in vitro 
release profile obtained using a type II apparatus according to 
the European Pharmacopoeia 3rd edition, in a phosphate 
buffer medium of pH 6.8 and at a temperature of 37°C., such 
that: the proportion PI of amoxicillin released during the first 
15 minutes of the dissolution test is such that: PIs 15; and the 
remaining amoxicillin is released over a period such that the 
release time of 50% by weight of amoxicillin (t) is defined 
as follows (in hours): 0.5sts30. 

12. The Suspension according to claim 1, wherein the initial 
in vitro release profile Pfi obtained just after suspension of the 
microcapsules in the solvent (preferably aqueous liquid 
phase, measured using a type II apparatus according to the 
European Pharmacopoeia 3rd edition, in a phosphate buffer 
medium of pH 6.8, at a temperature of 37°C., and the in vitro 
release profile Pfo obtained 10 days after suspension of the 
microcapsules in the aqueous liquid phase, measured using a 
type II apparatus according to the European Pharmacopoeia 
3rd edition, in a phosphate buffer medium of pH 6.8, at a 
temperature of 37°C., are similar. 

13. The suspension according to claim 1, wherein the pH of 
the Suspension is acidic or neutral. 

14. The suspension according to claim 1, wherein the sus 
pension comprises at least one rheology modifier. 

15. The Suspension according to claim 1 wherein the Sus 
pension further comprises at least one agent for modifying the 
solubility of the amoxicillin in the aqueous liquid phase. 
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16. The Suspension according to claim 1, wherein the Sus 
pension further comprises at least one additive selected from 
the group consisting of Surfactants, colourants, dispersants, 
preservatives, taste improvers, flavourings, Sweeteners, anti 
oxidants, and mixtures thereof. 

17. (canceled) 
18. Akit for preparing the Suspension according to claim 1, 

wherein said kit comprises: 
microcapsules for modified release in Substantially dry 

form containing amoxicillin, 
immediate-release uncoated amoxicillin in a necessary and 

Sufficient dose to Saturate the liquid phase with amox 
icillin once the Saturation dose of amoxicillin and the 
liquid phase have been brought into contact; 

at least part of the ingredients useful for its preparation; 
the protocol for preparation of the Suspension. 
19. The suspension according to claim 9 wherein the 

microcapsules have a particle size of between 200 and 800 
microns. 

20. The suspension according to claim 9 wherein the 
microcapsules have a particle size of between 200 and 600 
microns. 

21. The suspension according to claim 10, wherein from 5 
to 40% of the total weight of the coated microcapsules is film 
coating. 

22. The Suspension according to claim 11, wherein the 
proportion PI of amoxicillin released during the first 15 min 
utes of the dissolution test is such that: PIs5 and the remain 
ing amoxicillin is released over a period Such that the release 
time of 50% by weight of AP (t) is defined as follows (in 
hours): 0.5sts20. 

23. The kit according to claim 18, wherein said kit further 
comprises the liquids useful for preparing the Suspension. 

c c c c c 


