NOVEL POLYESTERS, THEI R PREPARATI ON AND PHARMACEUTI CAL USE The invention
relates to novel esters, especially polyol esters, with polyneric ~._
hydr oxycar boxylic ester residues, their preparation and qgg\tkdEJHFF?m
production of depot forms of pharnaéol ogically active agents. A droad cl ass
of polyol esters having polyneric hydroxycarboxylic ester residues are

di scl osed fromthe Gernman Patent No. 1,020,034 in which glycerol esters
havi ng pol yl acti de ester residue of 30 lactic acid residues or '
pentaerythritol ester with polylactic acid residue of 16 lactic acid
residues are specifically described. The patent does not specifically

di scl ose any | onger chain polyner esters of polyols having at |east three
hydr oxyl groups. These products are used as solvents, e.g. for .
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phar maceuti cal depot matrix conpositions. Esters'fr0nlsugar al cohol s, e.g.
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esterificatiqn of the roxyl groups of the polyol ‘esters and on'the
length of ¥HAVBAIENERs ] - hydr oxycapronic acid residues.

LN

A broad class of polyol esters having polymeric hydrokycarboxylic (?x
ester residues are disclosed from the German Patent No. 1,020,034 :
in which glycerol esters having polylactide ester residue of

30 lactic acid residues or pentaerythritol ester with polylactic._

acid residue of 16 lactic acid residues are specifically described.

The patent does not specifically disclose any longer chain polymer _ ¢
esters of polyols having at least three hydroxyl groups. )

These products are used as solvents, e.g. for pharmaceutical pur-
poses, as emulgators or as additives for synthetic materials

and plastics. There is no disclosure of their use for pharmaceutical
depot matrix compositions.

e Esters from sugar alcohols, e.g. from erythritol, xylitol, {
ribitol and sorbitol with po1y-€i-hydroxycapronic acid are
described in Journal of Polymer Science, Polymer Chemistry
Edition, Vol1.20, 319-326, especially at 323-326 (1982).

The molecular weight of these esters depends on the extent of
esterification of the hydroxyl groups of the polyol esters and
-on the length of the poly-é{-hydroxycapronic acid residues.
Its order of magnitude is from about 26000 to 65000.



fts order of nmgnitude is from about 26000 to 65000. -2- The esters

exhi bit a star polyner structure, their single polyol residue as the
central part being surrounded by acid residue chains. No use of the polyol
esters is mentioned in the publication. 5 The diffusion velocity of

phar macol ogi cal 'y active agents fromthe ester and the degradation velocity
LOf the ester as a matrix material for active agents are too small for
practical use as an inplant or mcrocapsule. Due to the hydrophobic
properties of the poly-[err]-hydroxycapronic acid residues the esters are
-not 10 suitable as matrix materials for depot forms of .
‘pharnmacol ogi cal |y active agents. Several depot forns of pharnacologlcally
active agents have been proposed in theéfiterature. In the European
application No 92918, are disclosed polypeptides in a matrix of an ester of
15 e.g. polyvinyl alcohol (M W214000) or polyethyl ene glycol (M W 6000
or 20, 000) containing polyner hydroxycarboxylic ester residues, e.g. from
lactic acid (NNM 26,000 to 114 000) and soneti nmes addltlonally glycolic
acid (MW 10, 000).
] The esters exhibit a star polymer structure. their single

polyol residue as the central part beting surrounded by acid
residue chains. No use of the ' polyol esters is mentioned
in the publication.

The diffusion velocity of pharmacologically active agents from
the ester and the degradation velocity of the ester as a matrix
~material for active agents are too small for practical use

as an implant or microcapsule. Due to the hydrophobic properties
of the poly- E-hydroxycapronic acid residues the esters are not
suitable as matrix materials for depot forms of pharmacologically
active agents.

Several depot forms of pharmacologically active agents have been
proposed in the literature. In the European appiication No.
92918, are disclosed polypeptides in a matrix of an ester of

15 e.g. polyvinyl alcohol (M.W. 14000) or polyethylene glycol
(M.N. 6000 or 20,000) containing polymer hydroxycarboxylic
ester resfdues, e.g. from lactic acid (M.N. 26,000 to 114,000)
and sometimes additionally glycolic acid (M.W. 10,000).

_ However, matrix materials having high molecular proportions of
20 such polyol radicals have too hydrophilic properties and
become degraded under use conditions too quickly.
ARt B
" Additionally, the strong hydrophilic properties and softness of
- the matrix materials hinder their production, the further
processing and the use of depot forms, especially microcapsules.



| However, matrix materials having high nol ecul ar proportions of 20 such
" polyol radicals have too hydrophilic properties and becone degraded under-

' use conditions too quickly. Additionally, the strong hydrophilic properties
' and softness of the matrix materials hinder their production, the further
_pr:ocessing and the use of depot formnms, especially mcrocapsules. «As .
esters are additionally nentioned, e.g. dextrane as a polyol, but due to
the high nol ecul ar weights of the dextranes such ester formation is '
practically inpossible. Depot forng af= phar macol ogi cal |y active agents |ﬁ%§
matrix of 5 a pol ymer of polyols and hydroxy carboxylic acids are
proposed as part of a very broad class of products in the International

|* application WO 78/ 00011 (PCT). Fbmeverpolyners of polyol and hy- droxy
lified are depot forns from

nonocar boxylic a ds ar e "not %ﬂgl E i ed. Exe
a pol yol ester c teéF?ﬁ'%Qchﬂ‘@( ally Rentionedyi ecg.ndaxtnape2s @ pekyodues,
e.g. of tartaributdue. toTItheeh'lrghl m@lec&tiﬁmiﬁmeoﬁ the! doitrafied!ishERr ent from

t he products desc | bed above.. E%Hg f‘a | 1 near_chain and contain alter-
nativel y pol yol €3%&¥; formation is p £9 -Vci%‘?sé‘%%-l dues. The formed esters

have such a |OM/SO|UbI|Ity, and sol ubl e :
_ Depot forms of pharmacologically active agents in a matrix of

| - 5 a polymer of polyols and hydroxy carboxylic acids are proposed
as part of a very broad class of products in the International
application WO 78/00011 (PCT). However,polymers of polyol and hy- ,
droxy monocarboxylic acids are not exemplified. s
Exemplified are depot forms from a polyol ester containing poly-

10 Wer1C' dicarboxylic acid residues, e.g. of tartaric acid.

These polyol esters have a structure different from the products
described above. They have a linear chain and contain alter-
natively polyol residues and dicarboxylic acid residues.

The formed esters have such a low solubility, and soluble

15 precondensates must be formed in- order to incorporate the
pharmacologically active agents. Only then can the precondensa- -
ted active agent containing matrix materials be condensed further.

If saturated dicarboxylic acids, such as tartaric acid are
used, it is stated that the final total condensation must be

20 carried out at an elevated temperature (about 170-200°C) which
is not suitable for heat-sensitive active agents.

Using pentaerythritol as a polyol. strongly cross-1inked

products are formed, which are not suitable for incorporating

pharmacologically active agents and which do not degrade in
25 vivo sufficiently fast. .



16 precondensates nust be fornmed in order to incorporate the

phar macol ogically active agents. Only then can the precondensa- ted active
agent containing mafrix materials be condensed further. If saturated

di carbexylic acids, such as tartaric acid are used, it is stated that the
final total ‘condensation nust be 20 carried out at an el evated
ténperature (about 170-[err]) which is not-suitable for heat-sensitive
actilve agents. Using pentaerythritol_gs_a polyol, strongly cross-1linked
products are forned, which are not suitable for incorporating

phar macol ogi cal ly active agents and which do not degrade in 25 Vi Vo
sufficiently fast. - 4 - The nmass degradation rate for depot
formul ati ons made fromthese materials is too sl ow. The nmanufacturing

process disclosed to praduce e mcrocapsul es_or other depot for is al so
Pedi ous. 5 Tribexeta SRaradarI o Py ER Tor FeRoR of e 8108 Mads Fras these
di sadvan- tageoumasérialsots [toooslbwgr adati on period under conditions of use,

e.g. in the body, conpared with the required rel easeperiod of the
phar macol ogi cal | yThacmanufactyning pracessgistiosadttos prodizet thee imi teocapsules

or other depot forms is also tedious.

5 The known matrix polymers of the art generally have a disadvan-
tageous short or long degradation period under conditions of use,
U e.g. in the body, compared with the required releaseperiod of
~ the pharmacologically active agent, causing the active agents either
to disappear prematurely with the matrix material or to be dis-
10 appeared completely from the still present polymer matrix. Accor-
dingly an additional dosage of the depot form cannot be ad4
O ministered subsequently, since an undesired accumulation of
" the polymeric matrix material may occur.

The present invention sets out to overcome the above disadvantages
15 and to provide a useful pharmaceutical depot form for clinical
use. -

Furthermore the depot forms made from the polyol esters accorQing

to the invention may have the advantage of a drug release time

which is satisfactorily long, e.g. 1 month, and a short degradation
20 peried of the mass thereafter. They are suitable for the in-

corporation of a large variety of e.g. water soluble or hydro-
phobic active agents.

Additionally, the polyol esters of the invention may be easy handled
and be easily worked up to incorporate the active agents and to

25 produce pharmaceutical compdsition forms, e.g. microcapsules and
imp]ants.' These microcapsules are not soft} consequently, they
are easy to administer through an injection needle.



to di sappear prematurely with the matrix material or to be dis- 10

appeared conpletely fromthe still present polynmer matrix. Accor- dingly an
addi ti onal dosage of the depot form cannot be ad- mnistered subsequently, = .
since an undesired accunul ati on of the polyneric matrix material may occur.
The present invention sets out to overcone the above di sadvant ages “15

dnd to provide a useful pharnmaceutical depot formfor clinical use. .
Furthernore the depot forns nmade fr8mthe polyol esters according to the\_)

i nventi on may have the advantage of a drug release tine which is
satisfactorily long, e.g. 1 nonth, and a short degradation 20 period of
the mass thereafter. They are suitable for the in- corporation of a |large
variety of e.g. water soluble or hydro- phobic active agents. Additionally,

the pol yoThepiresentofinvdntion\provides amyestereafa pelydil ¢ aiddpdiyodasir-y wor ked
Cormosi 1 EHTBRAE 1885E 3 hidrsRgf drbul S o fiing. p MIEHTRDNEIGRRCGELEC ) o
are not soptto 20;008qatrieagt k hydrexyd geowp iw saddipalyotrbeihgoingithen
i nj ectiongngedleCan estér; with a poly- or co-poly-lactic acid residue each
having a molecular weight of.from 5,000 e.q. to 85,000. In another
aspect the present invention provides a reaction product of a polyol
containing at least 3 hydroxyl groups and having a molecular weight of
up to 20,000 or a réactive'derivatiVe thereof and lactic acid or a- _
reactive derivative thereof and if desired at least a second hydroxy- = ‘o
carﬁoky]ic acid or a funttional derivative thereof, the product
having a poly- or co-poly-lactic acid chain each of molecular weight
of at least 5,000, These products are indicated as polyol esters of

the invention.

The polyol residues are particularly of a polyol containing a chain of

carbon atoms., .

A special polyol form is such having a linear structure and containing
3 to6, particularly 6 hydroxy1 groups. Suitable polyols having a linear
structure include e.g. mannitol, pentaerythritol, sorbitol ribitol'and
xylitOI; Another preferred polyol form is one having a cyclic structure

and_containing 4 to 30 hydroxyl groups.

The polyols of a cyclic structure contain particularly one or more
saccharide units and with at least 3 hydroxyl groups per unit.

Examples of such polyols are those with a fructose structure, e.g.
fructose :itself,

Particular polyols with cyclic structure are those having glucose
structure, e.g. glucose itself, or having 2 to 8 glucose units.
These units are préferably connected in 1;4 and/or 1,6-position,

" especially in'1;4-positi6n. A polyol containing more glucose units,
connected in 1,4-position, is e.g. B-cyclodextrine,

The preferred polyo]lis'g1ucose.



The present invention provides an ester of a polyol, said polyol con-
taining at least 3 hydroxyl groups and having a nDIecuIar wei ght of up to
20,000 at | east. 1 hydroxyl group in said polyol being in the formof an
ester, with a poly- or co-poly-lactic acid residue each having a nol ecul ar
menght of from5,000 e.g. to 85,000. In another aspect the present

I nvention provides a reaction product_of a polyol containing at |east 3
hydgoxyl groups and having a mol ecul 5P- wei ght of up to 20,000 or a reactive
derivative thereof and lactic acid or a reactive derivatjve thereof and if
desired at | east a second hydroxy- carboxylic acid or a functional :
derivative thereof, the product having a poly- or co-poly-lactic acid chain
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groups. The polyols of a cyclic structure contain particularly one or nore

sacchari de it u es of
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contain add1t1ona11y. e.g. one, two, three or more specific ‘hydroxycar-
_ boxy11c acid residues, e. g. up to 70 Mol%, e.g. 30-70%.
\_/.
Preferred extra residues are glycolic acid residues. Pfefefably up to
70 Mol%, e.g. 30-70%, especially 50 Mol% glycolic acid units are pre-
sent. Ihstead of or in addition to the glycolic acid units other

different units may be present, e.g. &-hydroxycapronic acid units,
_ preferably up to 20 Mol¥%.

The lactic acid units may be present in optical .pure form (D- or L-
lactide form) or as their mixtures, e.g. their racemic form (D,L-lac-
tide form).

The present invention also provides a process for the product1on of 2
product of the invention characterised in that a polyol of a molecular
weight of up. to 20,000 and having at least 3 hydroxyl groups or reactive
derivative thereof is esterified with lactic acid or a reactive deriva-
tive thereof or additionally with at least a second hydroxycarboxylic
acid or a functional derivative thereof, under such conditions that the
acid(s) undergo(es) polymerisation.

Preferably the process is characterised in that a polyol of a molecular

weight of up to 20,000 and having at least 3 hydroxyl groups, is reacted
with lactic acid or additionally with at least a second hydroxycarboxy-

lic acid in lactone- or dimeric cyclic ester form, in the presence of a

cata]yst, whjch makes a ring opening polymerisation feasible.

The catalyst is preferably Sn-octoate.



fructose itself. Particular polyols with cyclic structure are those having
gl ucose structure, e.g. glucose itself, or having 2 to 8 glucose units.
These units are preferably connected in 1,4 and/or 1,6-position, especially

1, 4-position,

in 1,4-position. A polyol containing nore glucose units, conhected im

is e.g. [err]-cyclodextrine. The preferred polyol -is gl ucase.
The polyol esters may have e.g. a polyol residue with at-least 2 or 3

“hydroxyl groups In the form of esters,_yhich contain poly-lactide or

co-pol y-lactide chains. Their structures' may be thus branched, 1.e. star
shaped. Preferably each such chain has the sane hydroxycarboxylic acid

resi due.. The chains may contain | actide residues al one.

‘J_

Alternatively they

may contain-additionally, e.g. one, two, three or nore specific hydroxycar-

boxylic acid r
residues are g

30-70% Preferred extra

especial ly 50 and veactedoat amelevated: tempepafre-, sent. Instead of or in

‘addition to the glycolic acid units other different units may be -present,

e.g. [err]-hydkbRyselventi is presentyi esq. todiene3bhe coipsrients adY 1o reacted
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25

at the reflux temperature of the solvent. Without a solvent the reac-

tfpn_temperatyre can be higher,_e.g.if glucose 1is used as a polyol,
up to about 170° ;nd if f-cyclodextrine is used, up to'180°. Pre-
ferably the reaction is effected in the absence of water.

The formed polyol ester of the invention may Be purified and isolated

in a conventional manner.

The determination of the molecular weight of the puriffed'product may

be effected using conventional methods,preferably by gelpermeation-
chromatography (GPC) using polystyrene as standard (Mw) Dupont
Ultrastyragel R.500 Angstrom and 10000 Angstfom as the column and
tetrahydrofuran as a solvent at room temperature. -
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The molecular weights Mw of the polyol esters according to the invention
are preferably between 20,000 and 200,000,e.g9. between 20,000 and 80,000.

The moTecuTar 'weights of the polyol esters of the invention are
dependent on the weight ratio of the components in the reaction
and on the reaction conditions, e.9. the reaction temperature (see

| Example 8). A lower reaction temperature'may lead to shorter poly-

mer chains and thus to lower molecular weight polyol esters.

The isolation and purification may influencé the molecular ﬁeight
of the purified polyol ester. Changing the isolation and purifica-
tion conditions leads to a change of the molecular weight (see
Example 2). Since the polyol ester may exist generally in fact as
a mixture of molecules with chains of a_different Tength the compo-
sition of this mixture may be influenced by isolation and puri-
fication methods, such as extraction, filtration and the isolation
and purification liquids and their amounts and the isolation and
purification temperature,

o
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-The lactic acid units may be present in optical-pure fornmi(D or L- lactide
form or as-their mxtures, e.g. their recemc form (DL-lac- tide form.
The present invention also provides a process for the production of a
product of the invention characterised in that a polyol of a nolecul ar

wei ght . of wup. to 20,000 and having at |east 3 hydroxyl groups or reactive
derivative thereof is esterified with lactic acid or a reactive deriva-
tive thereof or additionally with af®teast a second hydroxycarboxylic acid
or e’functional derivative thereof, under such conditions that the acid(s)
undergo(es) polynerisation. Preferably the process is characterised in that
‘a polyol of a nolecular weight of up to 20,000 and havi ng at Ieast 3
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conmponent s er wth the catalyst and reacted at an
el evated tenperature. If a solvent is present, e.g. toluenethe conponents

may be reagi&dmount of components having lower molecular weights may be reduced
by membrane filtration to such an extent, that in the molecular weight
spectrum; determined by gel permeation chrométography. the total
height of all separate low molecular weight peaks have a height of
10% or less, preferably up to 7% of the height of the peak Mw of the
polymer.

The invention thus also provides a product, wherein according to gel
permeation chromatography the total height of all separate low molecu-
lar weight peaks in the resultant chromatogram comprises 10% or less
of the height of the peak Mw of the polyester.

The polyol esters 6f the invention are particularly suitable to incor-
porate active agents and produce sustained release effects of the active
agents in the body,

‘The balance of hydrophobic and hydrophilic factors - the polyol residue

\_/ represents the hydrophilic and the poly lactide or co-poly-lactide
residue the hydrophobic factor - can be regulated'by changing the poly-
ols, the extent of esterification of the hydroxyl groups, the chain
length of the polymeric chains and the identity and the relative amounts
of the specific hydroxycarboxylic acid units in the chain.



at the reflux tenperature of the solvent.

tion tenperature can be higher, e.g.if glucose is used as a polyol,
about 170 and if [err]-cyclodextrine is used, up to 1800. Pre- ferably the

reaction is effected in the absence aof water. The forned pol'yol ester of
the invention may be purified and isolated in a conventional nmanner:
The determ nation of the nol ecul ar weight of the purified product may be

ef fected using conventional netkois preferably by gel perneati on-
chromat ography (GPC) using pol ystyrene as standard [err] Dupont

U trastyrage
tetrahydrofuran as a sol vent at
wei ghts Mwv of the pol yol

wei ghts of the
ratio of the ¢

R 500 Angstrom and 10000 Angstrom as the colum and
roomtenperature. 15 The nol ecul ar
esters according to the invention are preferably
bet ween 20, 000 and 200, 000, e.g. between 20,000 and 80, 000. The nol ecul ar
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i solation §nd kel ctdve dgemt. cRreferratdepot
wei ght (see 25
in fact as a m

conpo-
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Wt hout a solvent the reac-
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up to
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particularIy for parenteral, e.g intramuscular administrat on)

The present invention therefore also_prdvides a pharmaceutically

depot form, having a matrix of the ester of the invention,
. containing a pharmacologically active agent.

.The depot forms are novel and form part of'the invention.

The depot forms may be made in conventionei_manner, the polyol
esters according to the invention being easy to handle and

‘often incorporating a high concentration of active agent.

In order to produce microcapsules, the active agent may be
dissolved in a volatile solvent, such as methylene dichloride.

A solution of the polyol ester, e.g. in the same solvent, may
then be added and the resulting mixture may bé sprayed into

air while carefully regulating the temperature and then dried

“to fbrm microcapsules

Alternatively the active agent may be dissolved or suspended,
e.g. in methylene dichloride, and the polyol ester may be
dissolved in a volatile, water immiscible solvent, e.g. .
methylene dichloride, after which the organic phase may then
be mixed vigorously with a stirred aquebus solution, e.g.
buffered to pH 7, optionally containing e.g. gelatine as an
empIsifier. The organic solvent may then be removed from the
resultant emulsion and the resultant microcapsules be filtered
off or separated by centrifuging, washed, e.g. in a buffer)
and dried.

[,



.Sition of this mixture may be influenced by isolation and puri- fication
nmet hods, such as extraction, filtration and the isolation and purification

liquids and their anounts and t he i solati on and 30 purification

t enper at ur e. The nol ecul ar wei ght of the purified polymer nay be

I ncreased by renoving | ow nol ecul ar wei ght conpounds, e.g. by a suitable
Ppreci pi- tation of the polynere.g | nmet hanol , or by.a nenbrane filtration.

The amount of components havi ng IoweP ol ecul ar wei ghts may be reduced by
menbrane filtration to such an extent, that in the nol ecul ar wei ght
spectrum determ ned by gel perneatlon chromat ography, the total height of
all separate | ow nol ecul ar wei ght peaks have a height of 10% or | ess,
preferably up to 7% of the hei ght of the peak Mw of the pol ymer. The

i nvention thus also ov'des rod ct rel accor per neati on
chr omat ogr aphy t HB ?(5'5’5I &g eof'“%‘l"%%r%‘f Ve I %u%g @6‘ efei ght
peaks in the reswuitirthecolyohtexternambdpssoleed invaovolatite sbivent.hei ght of
the peak Mw of t I T e tiPnagr e
particularly sui ?EBIOS g‘ﬁ ﬁ'@&%&?&“ﬁé‘%fﬁ?{? flie g‘%#&% mé{ragd Ce @ust ai ned
rel ease effects ektrusdonowayybe fprmed mnconnnbtm;ﬂ manner, which is then
5 pressed e.g. as implant tablets of 5 to 15, especially 7 mm,
and of 20-80 mg, e.g. 20-25 mg matrix material at_75°c and
80 bar during 10 to 20 min.

— Depending on the active agent, the microcapsules may take
up an average of up to 60 % by weight of the active agent.
10 The implants are preferably prepared in such a manner that they
‘contain up to 60,e.g9. 1 to 20 %, by weight of the active agent.

For the active'agent Bromocriptine, microcapsules may be
prepared containing at most 25 %, especially up to 18 % and
implants containing up to 18 % by weight of the active agent.

15 The microcapsules may have a diameter from a few submicron to a
few millimeters. For pharmaceutical microcapsules diameters
of at most about 250 microns, e.g. 10 to 60 microns,are strived
. for, in order to facilitate passage through an injection needle.

The depot_fbrmu1ation according to the invention may be used to
20 administer a wide variety of classes of active agents, e.g.

' pharmacologically active agents such as contracéptives,sedatives,
steroids, sulphonamides,vaccines, vitamines,anti-migraine drugs,
enzymes, bronchodiIators,cardiovéscular drugs, analgesics,anti-
biotics, antigens, anti-convulsive drugs, anti-inflammatory drugs,

25 anti-parkinson drugs,prolactin secretion inhibitors,anti-asthmatic
~ drugs, geriatics and anti-malarial drugs.



The bal ance of hydrophobi c and hydrophilic factors - the polyol residue
represents the hydrophilic and the poly lactide or co-poly-lactide residue
t he hydrophobic factor - can be regul ated by changing the poly-. ols, the

. extent of esterification of the hydroxyl groups, the chain |ength of the
pol ymeri c chains and the identity and the relative anounts of the $pecific -
hydr oxycar boxylic acid units in the chain. - 9 - The polyol esters _
- according to the invention are there;gre particularly suitable for the
preparati on of pharmaceutical depotf” fbrihul ations containing

phar macol ogi cal |y active agents. Such depot formnulations nmay exist as a

pol yol ester matrix containing 5 the -active agent. Preferred depot forns
are inplants (e.g. for subcutaneous adm nistration) and m crocapsul es (e.g.
for oral or particularly for parenteral, e.g. intranuscul ar

adm ni stration). The present invention therefore al so provi des a

phar maceut i cal | yTheedepot ciomulations; maynbe used ofort the koown iodicatsonsiafnthen,

10 cont ai ni gg,.ﬁcpfﬁr @egwé)q Eﬁlmcﬂﬁ;‘*‘epot g;.einThe depot forns are-

novel and form part of the invenfion orns nmay be made in -
conventional manner, the polyol esters according to the invention being

easy to handle amThe exact amounts of active agent and of the depot formulation
to be administefed depends on a number of factors, e.g. the
5 condition to be treated, the desired duration of treatment,
the rate of release of active agent and the degradability of ,
the polymer matrix. o/

The desired formulations may be produced in known manner. The
“amount of the pharmacologically active agent required and the

10 release rate thereof may be determined on the basis of known
in vitro or in vivo techniques, described e.g. in Examples 26-29,
e.g. how lqng a particular active agent concentration in the blood
plasma remains at an acceptable level. The degradability of the
matrix may also be obtained by in vitro or especially in vivo

15 techniques, for example wherein the amount of matrix materials
in the muscle is weighed after particular time periods,

u

The depot formulations of the invention may be administered in the W/
form of e.g. microcapsules, e.g. orally preferably subcutaneously
or intramuscularly, preferably in the form of or in a suspension
20 4in a suitable Viquid carrier or in the form of 1mp1ants, e.g.
| sub-cutaneously.

'Rehéited ¢dministration_of the.depot'formuIations of the invention
may be effected when the polyol ester matrix has sufficiently
degraded, e.g. after 1 month. :



-often incorporating a high concentration of active agent. 15 In order to
produce m crocapsul es, the active agent nay be dissolved in a volatile
solvent, such as nethylene dichloride. A solution of the polyol ester, e.g.
In the sane solvent, may then be added and the resulting mixture may be
sprayed into airr while carefully regulating the tenperature and then dried
-20 to form m crocapsul es. Alternati,vely the active agent may be

di ssol ved or suspended, e.g. in nethylene dichloride, and the polyol ester
may~be dissolved in a volatile, water inmiscible solvent, e.g. methyl ene

di chloride, after which the organic phase may then 25 be m xed
~vigorously with a stirred aqueous solution, e.g. buffered to pH 7,
optionally containing e.g. gelatine as an enulsifier. The organi c sol vent
may then be renoved fromthe resultant enul sion and the resultant

m crocapsul es be ghi e r C ' ' washed, e.g. in
a buffer 30 E(gh@ﬁ?;si gg.cl{oge?_fo}'gﬂ?é I%tr?eger'g'ég ?dgbg?%ﬁgggﬁ npl ants the

active agent ma e mxed with th o) ester and di ssolved in a volatilé
sol vent . J Y H%r pr&ﬁact¥% secretion 43“3L1tion with bromocnypé%ne. for

example an i.m. depot formulation may be produced which daily
provides 2.5 to 7.5 mg bromocryptine over about 30 days and
5 contains for example 70 to 230 mg bromocryptine mesylate.

For the treatment of bronchial asthma with ketotifen, for example
an i.m. depot formulation may be pfoduced which daily provides
0.5 to 0.8 mg ketotifen over about 30 days and contains for

~ example 15 to 25 mg ketotifen. '

10 For the reactivation of cerebral metabolism with codergocrine,
for example an i.m. depot formulation may be produced which
daily provides 0.1 to 0.4 mg co-dergocrine in about 30 days
and contains about 3 to 12 mg.

Depot formulations for other active agents may be formulated
15 in analogous manner, e.g. to provide the known appropriate,
e.g. therapeutic, concentration of active agent for parenteral
U/ use over an extended period of time, e.g. 30 days.

. As indicated above the polymer degradation may be followed in
in vivo and in vitro exberiments.described in Examp]es 24 and 25.
20 It may be seen that the polyol esters of the invention degrade
- faster than corresponding known polylactide and poly-lactide/gly-
colide acids and especially a faster degrédation may be seen in
the early stage, e.g. up to 30 days, especially in the case of
poly-lactide/glycolide polymer chains.



The sol vent may be evaporated and the residue ground up. An extrusion nmay
.be formed in conventional manner, which i's then 5 pressed e.g. as

inplant tablets of 5 to 15, especially 7 nm and of 20-80 ng, e.g. 20-25 ny
matrix material at [err] and 80 bar during.10 to 20 min. Dependi ng on the

- active agent, the mcrocapsul es may take up an average of up to’ 60 % by-

wei ght of the active agent. 10 The-¥33pl ants are preferably prepared in
such a manner that they contain.up to 60,e.g. 1 to 20 % by wei ght of the \_;
active agent. For the active agent Bronocriptine, mcrocapsules may be
prepared containing at nost 25 % especially up to 18 Wband I npl ant s
containing up to 18 % by wei ght of the active agent. The

m crocapsul es

1 reters. - FoHBPEE £41 EnatTEh q‘nﬁsi‘?ﬁinﬁsﬁfé”’dﬁﬁp?‘ﬁw woduceS having,
250 nicrons, e. Y 9e0enad &n thecedyrly, sﬁ?@osﬁﬂeﬁééﬂbbﬂp t 30rdrys,td smadlen tate
Pz;\s/zz;?:aoh h:rg;gggﬂs deyradativh B@ﬁjlaenil:lfttgcr:ﬂeﬂ@t céﬁsgydﬁlhgmﬁﬁ?gggggﬂm'f o the
active agents, g‘népnéteo%ﬁ c?? resigdup) \fp\v&gﬁrﬂﬁe%@% E'Qe 1nvention, |
contraceptibves, theddegmdat'lmt maplbtspvemlspﬁal]:altbdwdiysplandsin the case of

fr ugs. nes. A1 HeOE Rt 4 dn AR Yerbl KSR ok f AR R 8

anti - i nf | ammt dlaysditigey bes practice Jx)anomplﬁm drugs , prol actin secretion
Inhibitors ,anti-asthmatic

»

~In in vitro and in vivo release rate tests the polyol esters of
the invention may release the active agent at the same rate order

10 as for corresponding known polymeric poly- or co-poly-lactides,
e. g. in 30 days. x 3

o

The active agents may be released mainly by diffusion from the
matrix and only to a sma11 extent by degradation of the matrix
-material.

15 This results in a more regular rate of release of active agent.

~ An advantage of the polyester matrices of the invention in that
after a practically complete release of active agent they may be
quickly degraded to an accpetable size, which may be transported
by the body fluids from the site of administration. _ . v

20  Accordingly the present invention provides a parenteral pharma-
ceutical depot formulation for use as an implant or m1crocapsu1es
containing a pharmacolog1cally active agent embedded or encap-
sulated in a polymer matrix, sa1d ‘formulation being adapted to re-
lease all or substantially all the active material over an extended

25 period of time and the polymer being adapted to degrade sufficiently
to be transported from the site of administration within 20 days
after release of all or substantially all the active agent.



~drugs, geriatics and anti-malarial drugs. The depot formul ati ons may be
used for the known indications of the particular active agent incorporated
therein. The exact anounts of active agent and of the depot fornmulation to
be .admi ni stered depends on a number of factors, e.g.. the 5 condition to
be treated; the desired duration of treatnent, the rate of rel ease of
active agent and the degradability of the polyner matrix. The desired
formyl ati ons may be produced in knownguanner.. The ampunt of the

pharfracol ogi cal Iy active agent required and the 10 rel ease rate thereof
may be determi ned on the basis of known in vitro or in vivo techniques,
described e.g. in Exanples 26-29, e.g. how long a particular active agent

. concentration in the blood plasma remains at an acceptable |evel. The
degradability of the matrix nmay al so be obtained by in vitro or especially
in vivo 15In thecifialtawing exampiesanp] demperatunes eeatfbdrgress natrix material s
in the nus i i ghe rticular tinme periods. The depot

formul ati o%ﬁgg?’taﬁg #‘?\,gﬁﬂrgﬁétﬁg? be adm nistered in the formof e.qg.

m crocapsul es, e.g. orally preferably subcutaneously or intranuscul arly,

preferably I-I'YPLGR"QREQ(S%PM Tradd MArk)Sgeanedn filtering aid.



20 in a suitable liquid carrier or in the formof inplants, e.g.

sub-cut aneously. Repeated adm nistration of the depot fornulations of the- - -
i nvention may be effected when the polyol ester matrix has sufficiently
degraded, e.g. after 1 nonth. - 12 - Exanples of doses for the preferred
conpounds are: For prolactin secretion inhibition with bronocryptine, fer
exanple an i.m depot fornulation may_be produced which daily provides 2.5
to 7.5 nmg bronocrypti ne over about 3 5days and 5 contains for exanple 70;
to 230 ng bronocryptine nesylate. For the treatnment of bronchial asthnma o/
with ketotifen, for exanple an i. m depot fornulation nmay be produced which
daily provides 0.5 to 0.8 ng ketotifen over about 30 days and contains for
exanple 15 to.25 ng ketotifen. 10 For the reactivation of cerebral

met abol i siPolydl - estbor diom iDf¢) ~dlocossea Bt di lantideandialiglydddidel ati on nay be
produced whi-ch-dai-ly provides 0.1 to 0.4 ng co-dergocrine in about 30 days
and cont ai'Bxampdéul: 3 to 12 ng. Depot formulations for other active agents
may be formul ated '

79.4 g (0.684 Mol) of diglycolide, 120.6 g (0.838 Mol) of DL-dilactide
and 0.4 g (2.2 mMo1) of D(+)-glucose (0.2%) were placed in a 1.5 1
flask and heated, while stirring to 135° in an argon atmosphere

after which 1 ml of Sn-octoate was added. |

The reaction is exothermic. The temperature increases to 172°, After \o/
" 5 minutes stirring is discontinued and the brown viscous mixture is

reacted further at 130-140° for 17 hours. After cooling 500 ml of

methylene dichloride was added. The mixture was dissolved as much as

possible by boiling and the solvent was separated. This procedure _

was repeated after which the residue was extracted additionally with o/

500 methylene dichloride. The combined dark-brown solutions (in total

1500 m1) were purified with 50 g HyfloR, concentrated to 500 m1 and

treated with 500 ml of a 10% aqueous HCl-solution to remove the cata-

lyst. The solution was washed five times with 500 m} of water to pH

4.5 and diluted 1 1 with methylene dichloride.

The solution was treated with MgSO4 and with Hyflo, concentrated
to 500 m1 and added dropwise within half an hour to 3 1 of methanol
at -60°C, At this temperature the mixture was stirred for 3 hours.
Then the product was filtered off and dried at 40°C in vacuo.

The molecular weight was determined by gel permeation chromatography
(GPC): ' :



-15 i n anal ogous manner, e.g. to provide the known appropriate, e.qg.

t herapeutic, concentration of active agent for parenteral use over an
extended period of time, e.g. 30 days. As indicated above the pol ymer
degradatloh may be followed in in vivo and in vitro experinents, descri bed
i n*Exanpl es 24-and 25. 20 It may be seen that the polyol esters of the
i nvention degrade faster thin correspondi ng known pol yl acti de and
poly-lactide/gly- colide acids and edfeeially a fasteer degradati on nay be
see’in the early stage, e.g. up to 30 days, especially in the case of

pol y-1 acti de/ gl ycol i de pol ynmer chains. -13- Menbrane filtration results
in residual polyner products having in general In the early stage,
especially up to 30 days, a snmaller nass degradation rate as that of the
correspondi ng non-filtered product. In the case of residual polyol esters
of the inventiong,5 egr on & qV 50% up to 30 days, and
in the case of the 34 Q?U;Mg aé'@g?ggrl bWﬁgre?ngter about 70% After 40
to 50 days it naxcﬂgnpmggtlsaaly conplete. Inin vitro and in vivo rel ease
rate tests the polyol esters of the invention nay rel ease the active agent
at the same rateNgh<®acted lactide: 1.7 %

Non-reacted glycolide:<0.4 %
5 Molar ratio glycolide/lactide in the po1ymer1c chains’ 45/55
NMR: 360 MHz; (CDC13)

/ .
5.20 (m, 0.55 H, -CH-lactic acid)
4.82 (m, 0.9 H, -CHZ-glyCOch acid)
1.58 (m, 3 H, —CH3-1actic acid)
IR: (CH,CI

an~! 2950 (w,CHy); 1760 (s,-COOR); 1390 and 1420 (w,CH3); 1160 -
(5,-0-); 1090 (s,-0-). _.



10 as for corresponding known polymeric poly- or co-poly-Ilactides, e.g.
in 30 days. The active agents nmay be rel eased mainly by diffusion fromthe
matrix and only to a small extent by degradation of the matrix material. 15
This results in a nore regular rate of rel ease of active agent. An °

advant age of the polyester natrices of Whe invention in that after a
“practically conplete rel ease of active agent they may be quickly degraded
to an accpetable size, which nay be transported by the body fluids fromthe;
site of adm nistration. 20 Accordi ngly the present invention provides
parenteral pharma- ceutical depot formnulation for use as an inplant or

m crocapsul es contai ning a pharnmacol ogically ,active agent enbedded or
encap- sulated in a polymr matrix, sdid fornul ati on} bei ng adapted to re-
| ease all or substarjtially all the actlive matlerial oyer an extended 25
period of time-grd tjhe polyner bei ng gdapted |to degrpde sufficiently to be
transported frd@ng bd sitejof administration Within 2P days after rel ease of
all or substant@alBy all fhe active adeniaes +dée I the follow ng
exanples all t agﬁtu'res are in degr¢esow <o
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Centi grade and uncorrected. HYFLOR (Regi stered Trade Mark) "is a known
filtering aid. -15- Polyol ester from D(+)-glucose, DL-dilactide and

di gl ycolide Exanple 1 : 79.4 g (0.684 Ml ) of diglycolide, 120.6 g (0.838
Mol) of DL-dilactide and 0.4 g (2.2 mwl) of D(+)-glucose (0.2% were
placed in a 1.5 1 flask and heated, while stirring to [err] in an argon
at nosphere after which 1 m of Sn-octoate was added. The reaction is
exothermc. The tenperature increases-t1g@ ferr]. After 5 minutes stirring is
di sconti nued and the brown viscous mxture is reacted further at 130-140
for 17 hours. After cooling 500 m of nethylene dichloride was added. The
m xture was di ssolved as nmuch as possible by boiling and the sol vent was
separated. This procedure was repeated after which the residue was
extracted additionally with 500 net hyl ene dichloride. The conbi ned

dar k- brown sol ut} | n.tetal 41500 mM) were purified wwth 50 g Hyfl oR
concentrated to gﬁgﬁﬂiiembgiﬂkﬂéeg'mﬁth 500 mM of a 10% aqueous

HCl -solution to renove the cata- |yst. The sol ution was washed five tines
with 500 m of werepared toHshows bynanadysis dbat thevglucoseiwas| incorpocatedri de.

into the polymer and that indeed a polyolester was formed.

Measures were taken]to intensify the NMR-signal of the glucose.
8 The glucose was a C ~-uniform marked glucose with 98.3 atom percent

c'3 (LOT No.2358-4 MSD ISOTOPES, Merck, Canada).

-/
The NMR-signal of the C13-glucose starting material was compared
with the signal of the c]3-glucose ester: '
~ C]3-Glucose
10 R '3 ppm 97.13 (d,C-18); 93.32 (d,C-la); 77.63 (t,C-58); 76.92
(t,0-38); 75.57 (t,C-2B);73 .84 (t,C-3a); 72.92 (tiC-2a);
72.24 (t,C-5a); 71.07 (t,C-4a), 70.63 (t,C-4B);
61.95 (dxd, C-6ap).
U ¢!3-glucose ester of Example 2:

15 ar ¢'3 ppm 91.80 (m, C-1B); 89.84 (m, C-la); 72.51 - 66.73 (m,
- - c-_z,3.4.5d.ﬂ); 62.90 (mg C'S)_-

Since the glucose signals all are broad mu1tiplet§. it is asshmed,
that the glucose was practically completely incorporated.
Mol ratio lactide/glycolide/glucose = 32.3/66.7/0.2.



The solution was treated with [err] and wth Hyflo,
m and added dropwi se within half an hour to 3 1 of nethanol
this tenperature the m xture was stirred for 3 hours.
I n vacuo.
per neati on chromat ogr aphy (GPC): -
1.77 Actd nunber:

fijtered off and dried at [err]
det ermi ned by gel
- 19 600 MV Mh =
Non-reacted glycolide:< 0.4 %5
pol ymeri ¢ chai ns:
acid) 4.82 (m 0.9 H,
acid) 10 IR [err]

[err]
- (w, CH3) 1160 (s,-0);

45/ 55 NVMR 360 MHz;
-[err]-glyceltx=-acid) 1.58 (m 3 H,
r] 2950 (w, CH3);
1090 (s,-0O).

at [err].

The nol ecul ar wei ght was
16 - Mwv
6.8 Non-reacted lactide: 1.7 %
Mol ar ratio glycolide/lactide in the
[err] 5.20 (m 0.55 H, -CHlactic
-[err]-lactic

1760 (s,-COOR); 1390 and 1420

concentrated to 500

At

Then the product- was

34 800 M

5  proportionally distributed over the whole range of molecular
weights and that both the retention times in the UV and the \J
radioactivity determinations are equal. '
The radioactivity bf the tes"t sémp'le is about 30_'% of the
predicted value, indicated that about 0.06 % of the glucose
10 was incorporated (it was started with 0.2 %). "
Example 6:
' The product of Example 4 was dissol-ved_ in methylene dichloride
and purified by a membrane filtration under a pressure of
2 atm.
15  Amicon apparatus u
Membrane: DDS 6000 MwCO
Type FS 81 PP
Flow velocity: 2,2 ml/min
The end volume was 2000 ml.
20  Residue: From NMR:
Me = 42 200 M- 1.35 __‘lactide __a_é (Mol ratio)
Mn = 31 300 M * glycolide 47 |
Acid number 3.4 |
non reacted ' lactide <0.2 %
25

Comments on Example 3:

GPC-determination with simultapeous UV and radioactfvii:y
determination was used for the analysis of these products.

It is observed that the radioactivity of the test sample is

non reacted glycolide<0.4 %




-- 17 - [ERR] -18- Comments on Exanple 2: Prepared to show by anal ysis
that the glucose was incorporated into the polyner and th&t indeed a

pol yol ester was fornmed. Measures were taken to intensify the NVR-signal of
the glucose. 5 The gl ucose was a [err]-uniform marked glucose with 98.3
atom percent C13 (LOT No.2358-4 MsSD | SOTOPES, Merck, Canada). The

NVR-si gnal of the [err]-glucose starting material was conpared with the
signal of the [err]-glucose ester: [E@Q']-G ucose 10 NVR [err] ppm 97.13
(d,€1[err]); 93.32 (d,Cl[err]); 77.63 (t,C-5[err]); 76.92 (t,C3[err]);
75.57 (t,C2[err]);73 .84 (t,C3[err]); 72.92 (tC2[err]); 72.24
(t,C5[err]); 71.07 (t,C4[err]); 70.63 (t,C4[err]); 61.95 (dxd,

C-6[err]). [err]-d ucose ester of Exanple 2: 15 NVR [err] ppm 91.80 (m
C-1lerr]); BOtsatem C1ilerr]); 72.51 - 66.73 (nj_EremNMR:
 MW=21600 M 1.58 “lactide _ ‘53 (mol ratio)

Mn = 13 600 Mno ~ glycolide 46

Acid number 10.1

non reacted lactide 1.2 %
non reacted glycolide {0.4 %

"Example 7:

39.7 g (0.342 Mol) of diglycolide, 60.3 g (0.419 Mol) dilactide and
0.2 g (1.1 mMol) D(+)-glucose (0.2%) and 40 m1 of toluene are heated

W, in a 750 m1 flask, while stirring to boiling temperature (108°) after
which 0.5 ml Sn-octoate are added. The reaction is slightly exothermic.
The temperature was raised to 112°C, After 3 hours stirring was dis-
continued and the brown viscous mixture was reacted further three days
at 110°C. After cooling 500 ml of methylene dichloride were added and
the mixture was solved at boiling temperature, purified with Hyf"loR
and filtered.

The solution was evaporated to dryness, the residue dissolved in
methylene dichloride and shaked with 400 ml of a 5% aqueous HC1 solu-
tion. The solution was washed four times with 400 ml of water to pH 5
and diluted to 1 1 with methylene dichloride.

The solution was dried with MgSO, and evaporated to dryness in vacuo
at 40°C., The residue was dried in vacuo at 40°C.

Molecular weight: Mw = 32 200; Mn = 18 400; M/Mn = 1.75.
NMR and IR: As in Example 1.



C2,3,4,5[err],[err]); 62.90 (m C6). Since the glucose signals all are
broad multiplets, it is assuned, that the glucose was practically

- - conpletely incorporated. Mol ratio |actide/glycolidelglucose =

32. 3/ 66. 710. 2. - 19 - Comments on Exanple 3: GPC-determination ‘with
siful taneous WV and radioactivity determ nation was used for the analysks

~ of “these products. It is observed th& the radi oactivity of the test sanple
is 5 proportionally distributed over the whol e range of nol ecul ar

wei ghts and that both the retention tinmes in the UV and the radloact|V|ty\"
determ nations are equal. The radioactivity of the test sanple is about 30
% of the predicted value, indicated that about 0.06 % of the glucose 10
was incorporated (it was started with 0.2 % . Exanple 6: The product of
Exanpl e 4 was dissolved in thyl ene dichloride and purified by a nenbrane

filtration under a pressure fof 2 atm 15 Am con appar at us
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I\}Enbrane: DDS 6000 MMCO Type FS 81 PP Flow velocity: 2.2 m/mn The end

vol ume was 2000 m. 20 Resi due: From NVR. Mv =
42 200 Mwv. 1.35 | acti de = 63 (Ml ratio) M1 = 31 300

vh gl ycol i de 47 Acid nunber 3.4 non:reacted | actide <0.2 %
25 ° non reacted glycolide<0.4 % -20- Filtrate :

Fromp NVR My = 21 600 Mv  1.58 |l actide = 53 (nol
rat{o) M .= 13 600 Vvh -22 - . glycolide 46 Acid
nunber 10.1 non reacted | acti de 1.2 % non reacted gl ycolide <0.4 %

Example 7: 39.7 g (0.342 Ml) of diglycolide, 60.3 g (0.419 M) dilactide
and 0.2 g (1.1 mwl) D(+)-glucose (0.2% and 40 m of toluene are heated

Example 9:

In an analogous manner as described in Example 6 the folloﬁing
product was prepared by membrane filtration from the
product of Example 8:

5 Flow velocity: 1 ml/min

U The end volume was 2200 ml
Residue . - From NMR:
My = 26 200 W q.85 ¢ lactide _ 62 (mol ratio)
Mn = 18 000 M . ° glycolide 37

10 Acid number 4.0

non reacted  lactide < 0.2 %
non reacted glycolide <0.4 %

Filtrate: From NMR:
| Wo=12200 M55 lactide _ 60 (mol ratio)
15 Mn = 3 300 Mn glycolide 40

Acia number 9.7

non reacted  lactide <0.2 %
non reacted glycolide<0.4 %



ina 750 mM flask, while stirring to boiling tenperature ferr] after which
0.5 mM Sn-octoate are added. The reaction is slightly exothermc. The
tenperature was raised to [err]. After 3 hours stirring was dis- continued
and the brown viscous mixture was reacted further three days at [err].

Aft er cooliing 500 m of nethylene dichloride were added and the m xture.was
solved at boiling tenperature, purified with [err] and filtered. The
solution was. evaporated to dryness, /23 kesidue dissolved in nethyl ene i~
di chl ori de and shaked with 400 m of a 5% aqueous HC solu- tion. The o
sol ution was washed four times with 400 mM of water to pH 5 and diluted to

1 1 with nethylene dichloride. The solution was dried with [err] and
evaporated to dryness in vacuo.at [err]. The residue was dried in vacuo at
[err]. Mol ecul ar weight: = 32 200; Mh = 18 400 Mv Mh = 1. 75 NMR and

IR As in Exanple 1. [ ERR]
Polyol ester from;b-qyclodextrine. DL-dilactide and dig]xcol1de

Example 10:

26.1 g of diglycolide, 39.6 g of DL-dilactide and 0.635 g
ﬂ—qyclodextrine'were heated in a 500 m1 flask, while stirring
5 to 140°% in a nitrogene atmosphere after which 0.125 ml of
Sn-octoate was added. The reaction is distinctly exothermic. The
temperature was raised to 180°. After 10 minutes stirring was
~ discontinued and the brown viscous mixture was reacted further
at 140° for 17 hours.

o

10 The purification and isolation were carried out in an analogous
manner as described in Example 1.

Molecular we1ght (GPC): Mw = 75 7005 Mn = 72 300; Mw/Mn = 1.05.
Non reacted lactide. 2%
Non reacted glycolide: {0.4 %
15 Mpi ratio glycolide/lactide in the polymeric chains: 47/53 |
NMR and IR: As in Exaﬁpie 1. _ | | . o/



--22- Exanple 9: In an anal ogous manner as described in Exanple 6 the
foll ow ng product was prepared by nenbrane filtration fromthe product of
. Exanple 8: 5 Flowvelocity: 1 m/mn The end volunme was 2200 m Residue

From NVR ‘Mv = 26 200 Mv = 1.45 | acti de = 62
(nbl ratio) M- = 18 000 Vvh gl ycol i de 37 10
Aci d nunber 4.0 non reacted Iact“ie_- < 0.2 %non reacted
glytolide < 0.4 %Filtrate: - From NVR Mwv
= 12/ 200 Mv = 3.75 | acti de 60 (mol ratio) 15 M1 =
3 300 Mh glycolide 40 Acid nunber 9.7 non .
react ed lactide < 0.2 %non reacted glycolide <0.4 % - 23-
<
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Pol yol ester from[err]-cycl odextrtne,

10: 26.1 g of diglycolide, 39.6 g of DL-dilactide and 0.635 g

1800. After

glycolide/lactide in the polymneric chains:

1. - 24-

10

15

20

' [err]-cyclodextrine were heated in a 500 ml flask, while stirring 5
[grr], in a nitrogene atnosphere after which 0.125 m of Sn-octoate ‘was
added. The reaction is distinctly exothermc.

10 minutes stirring was gikscontinued and the brown viscous )
m xture was reacted further at 140 f 17 hours. 10 The purification and " -
i sol ation were carried out in an anal ogous manner as described in Exanpl e ™
1. Mol ecul ar weight: (GPC): Mv = 75 700; M1 - 72 300; Mw Mh = 1.05. Non
reacted | actide: 2 % Non reacted glycolide: <0.4 % 15 Mol ratio

[ E

kyample 13:

The product of Example 10 was treated in an analogous manner as
described in Example 6. The filtration pressure was however
raised to 3 atm.

Flow velocity 0.2 mi/min.

to

47/53 NMR and IR As in Exanple

Residue: | ~ From NMR:

Mi=72200 Me_ o  lactide _ 53 (mol ratio)
Mn = 59 800 Mn glycolide . 47

Acid number 1.0

Filtrate: : From NMR:

Mv=27100 - MW . 71.75 lactide = 52 (mol ratio) ~

Mn = 15 500 Mn _ : glycolide 48
Aciy number 21.2 .

Example 14:

Th: product of Example 10 was treated in an analogous manner as
described in Example 6. The filtration pressure was however raised
to 2 atm, '

Flow §e10city 0.3 ml[miq

Residue: .
Mn = 72 300 Mn -
Filtrate: |
MW = 67 900 My 1.43

Mn = 47 600 Mn

DL-dil actide and di gl ycolide Exanple

The tenperature was raised to

o/



2 25 - Exanple 13; The product of Exanple 10 was treated in an anal ogous
manner as described in Exanple 6. The filtration pressure was however

raised-to 3 itm 5 Fl ow velocity 0.2 m/mn. Residue:

From NVR: NM/— 72 200 ‘Nw = 1.20 . | acti de 53 (nol

rati o) Mh =-59 800 Vvh gl ycol i-de 47 Aci d nunber

1.0 10 FiItrate: _ From NVMR Mw = 27

10Q\/ Mv 1.75 lactide = 52 (mol ratio) Ma = 15 500
glycolide ~4% Acid nunmber 21.2 Exanple 14: 15

The product of Exanple 10 was treated i n an anal ogous manner as descri bed
in Exanple 6. The filtration pressure was however raised to 2 atm Fl ow
velocity 0.3 m/mn Residue: 20 Mv = 76 700 Mv = 1.06 Mh = 72

300 Mh

Examp]e 15:

Equal amounts of the residues of the Examples 13 and 14 lead,
after intermediate dissolution in methylene dichloride, to a
mixture of the following formation:
5  Mw
-/ Mn

70000  Me_ 1.36
51 600 Mn



- 26-

= 47 600 Vh

1.43 M

Mv

67 900

Mv

Filtrate:
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-29- Comments on Exanple 17: NMR (in [err]) [err] (ppm 5.23 (m, -CH of

| acttc acid, 1H); 4.83 (m [err] of glycolic acid, 1.73 H); 4.46 - 4.17 (m
-CH and - - of mannitol 5 and of the termmnal lactic- or glycolic acid
units. Mol ‘ratio: lactide/glycolide/mannitol = 1:0.86 : 0.08. This
corresponds to'a Mv of 1530 (however in the signal 4.46-4.17 are al so
included the term nal lactic- or gl yc9I62' _acid units). Used anount mannitol
673x[.err] Ml % incorporated anount 52 §ferr] 10 Ml % Comments on -
Exampl e 19: NVR (in [err]) [err] (ppm 5.23 (m -CH of lactic acid, 1H)
4.9-4.65 (m [err] of glycolic acid, 1,5H); 4.45-4.10 (m [err] of
pentaerythritol and 15 -CH and [err] of the termnal lactic acid or
glycolic acid-units, 1H); 1.58 (m [err] of lactic acid, 3H),. Ml ratio

_Iactide/glycoliﬂe/pentaerythritol:'1:0.75:(;15 (1omev%r i n tthe si gnal
4.45-4.10 are al§o I ncljuded the termjnal |4dctic-|or gllycolidq acid units).
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20 Used amount pentaerythritol 960x[err] Ml % incorporated anmount (from
NVR) = 1000x[err] Mol % (the signals at 4.45-4.10 ppm do not exclusively
relate to pentaerythritol). -30- Determination of the degradation of

pol yol ester in vitro Exanple 24: 30 to 80 [err] thick filnms" are noul ded
ftom 5% sol uti ons of the polyol ester of Exanple 6 in nethyl ene-dichloride.
The filnms are dried 5 for 50 hours at [err] in vacuo, thereafter several
days in an desiccator containing P205. 300 ng of the film divided into
little pieces were added to 30 nm- p§ distilled water and shaken at [err]
(50 rpm. The amount of polynmer was determ ned periodically by filtration
.10 and wei ghing. Exanple 25: Inplants in the formof tablets of 7 mm

di aneter and of 23 - 25 ng, pressed froma pol yol ester granul ate of
Exanple 6 at 80 bar and [err] for 10 min., were inplanted i.p. in rats.
After a certain 15 period they were extracted fromthe tissue with

met hyl ene dlchlorl t her separated fromorganic tissue materi al

MR (in COC1,)

'S (ppm) 5.23 (m, ~CH- of Tactic acid, 1H); 4.83 (m, -CHy- of
glycolic acid, 1.73 H); 4.46 - 4.17 (m, -CH- and -CH,- of mannitol
5 and of the terminal lactic- or glycolic acid units.

= ),
Mol ratio: lactide/glycolide/mannitol = 1:0.86 : 0.08.
This corresponds to a Mw of\]530 (however in the signal 4.46-4.17
are also included the terminal lactic- or glycolic acid units).
Used amount mannitol 672x10™% Mo1%; incorporated amount 526::"!_.0'4 '\;;‘

10 Mol%k.

Commehts on Example 19:

NMR (in CDC13)

d? (ppm) 5.23 (m, -CH- of 1act1c acid, 1H); 4.9-4.65 (m, -ggz of
glycolic acid, 1,5H); 4.45-4.10 (m, ngz- of pentaerythritol and

15 -CH- and -CH,- of the terminal lactic acid or glycolic acid units. N
1H); 1.58 (m, CHy of lactic acid, 3H).

Mol ratio lactideIQcholide/pentaenythritoI 1:0.75:0.15
(however in the signa1 4.45-4.10 are also included the terminal
Jactic- or glycolic acid units). '

20  Used amount pentaerythritol 960!!10'4 Mol%, 1ncorporéted amount
: (from NMR) = 1000x10”% Mol% (the signals at 4.45-4.10 ppm do not
exclusively relate to pentaerythrito1).



to dryness and wei ghed. -31- Rel ease of active agents from pol yol ester
matrices in vitro Exanple 26: Rel ease tests were carried out with
nd crocapsul es, .whi ch contai ned bronocriptine as active agent. The

.m crocapsul es were prepared 5 according to the above described spray
drying method with the followi ng paraneters: Bronocriptine nesylate

2.6 g Matri xpol yner of Exanple 9 (residue) 10.0 g 10
-thhx}ene di chl ori de 100 m Spray conditions (N RO

equi pnent) Tenperature of t he I nput -30- [err] Tenperature of the
ouput - [err] 15 Air pressure 2 atm | nfl ux

32 mM/mn After their preparation the m crocapsules were dried for 48
hours. at [err] in a | ow vacuum sieved ( <180 [err]) and washed with
citrate

Determination of the degradation 6f polyol ester in vitro

Example 24:

30 to 80 ym thick films are moulded from 5% solutions of the polyol
ester of Example 6 in methy1ene dichloride. The films are dried

~ 5 for 50 hours at 40° in vacuo, thereafter several days in an desiccator
containing ons.
300 ﬁ§ of the film, divided into little pieces_were added to 30 ml of
%ii) distilled water and shaken at 37° (50 rpm).

The amount of polymer was determined periodically by filtration
10 and weighing.

Example 25:

implants in the form of tablets of 7 mm diameter and of 23 - 25 mg,
U/ pressed from a polon'éster granulate of Example 6 at 80 bar and
75° for 10 min., were implanted i.p. in rats. After a certain
15 period they were extracted from the tissue with methylene dichloride,
: and thereby separated from organic tissue material, evaporated
to dryness and weighed.



buffer at pH 3. The m crocapsul es contained 17.9 % of the active 20
agent. After repeated drying in | ow vacuum (48 hours, [err], 0.1 bar) and
sieving (< 180 [err]) the mcrocapsul es were ganmasterilized at 2.5 M ad.
-32- The rel ease was neasured photonetrically at 301 nmat 25Cin citrate
puffer pH 4 as an extraction nedium poured freshly through the " ’
 mcrocapsules with a flow velocity of 2.5 m/mn. Over a period of 24 hours
about 62 % of the active agent was 5 regularly released. N. B. The
release in vitro was neasured at pH34 because of better solubility of A
bronocryptine at this pH Exanple 27: Release tests were carried out with
m crocapsul es, which contained 10 codergocrine as a active agents. The
m crocapsul es were prepared according to the above descri bed emul sion
process with the follow ng paraneters: Codergocrine base 79
Mat ri x pol yner of
: Release of active agents from polyol ester matrices in vitro

Example - 26:

Release tests were carried out with microcapsules, which contained
bromocriptine as active agent. The microcapsules were prepared
5 according to the above described spray drying method with the

following arameters: : T
| ? o | “
Bromocriptine mesylate 2,6 g
Matrixpolymer of Examp'le

- 9 (residue) 10,0 g -

10  Methylene dichloride 100 ml . | I,T'I'_
Spray conditions (NIRO ° ' TN
equipment) '

-Temperature of the input 50°C
' Temperature of the ouput . . 40°C ,
15  ‘Air pressure 2 atm.
" .“glnf’lux 32 ml/min
j )
After their preparation the microcapsules were dried for 48 hours. u

at 30° in a low vacuum, sieved (< 180 um) and washed with citrate
~ buffer at pH 3. The microcapsules contained 17.9 % of the active
20 agent. .

After repeated drying in low vacuum (48 hours, 35°, 0.1 bar)
and sieving (<180 um) the microcapsules were gammasterilized
at 2.5 Mrad.



15 exanple 5

13 g Methyl ene dichloride - 40 m

Et hanol 94% - 30 mM Emul sifying conditions: Volune ratio
qQrgani c phase/ aqueous phase: 1:65 20 Rot ati on speed of the turbine
© 3100 rpanhe rel ease was neastred as described in Exanple 26. - 33-

..p .

Exanpl e 28:" The process. of Exanple 27 was carried out with the follomnng
par anet ers:

15 g Met hyl ene dichl oride
or gani ¢ phase/ aqueous phase:

hours The m crocapsul es contained 16.5 % Ketoti fen.

10

15

20

Ket oti fen base 595 Matri x pol ynmer of exanple 5
80 m Emul sifying conditions:
3:130-13% = "p = 2000 rpm Stirring time: 2

Vol unme ratio

The release was measured photometrically at 301 nm at 25°C
in citrate buffer pH 4 as an extraction medium, poured freshly
through the microcapsules with a flow velocity of 2,5 ml/min.

Over a period of 24 hours about 62 % of the active agent was

regularly released.

N.B. The release in vitro was measured at pH 4 because of better

solubility of bromocryptine at this pH.

Example 27:

Release tests were carr1ed out with m1crocapsu1es. which contained

codergocrine as a active agents.

The microcapsules were prepared according to the above described

emulsion process with the following parameters:

Codergocrine base 74
Matrix polymer of

example 5 13 g
Methylene di;h!oride 40 ml
Ethanol 94% : 30 mi

Emulsifying conditions:
Volume ratio organic phase/aqueous phase: 1 :65
Rotation speed of the turbine p = 3100 rpm

The release was measured as described in Example 26.



Exanpl e 29: Rel ease of active agents from polyol ester matrices in vivo 15
Rel ease.tests were carried out with mcrocapsul es, which contained

. bronocriptine as active agent The m crocapsul es were prepared according to
t he above described spray drying process in the NIRO-spray drying
apparatus, equipped with a centrifugal spray gun. The matrix pol yner >
consi sted of the 20 product of Exanple 4 and contained 17.8 %

br enocri pti ne. - 34 - An anount of 33hese nicrocapsul es, correspondi ng R.d
5.0 ng bronocriptine-nesylate, in a vehicle of 0.2 m of sodium

car boxymet hyl cel  ul ose, :was injected in the right thigh nuscle of a rabbit.
"Periodically blood was taken fromthe rabbit 5 during 21 days. The bl ood
| evel s of the medicine were neasured by a specific radi oi nmunoassay and had
a nean value of 1.6 ng/mM (A U C. = 33.0). The blood | evels were

- practically all Bgdmpier2g: 20 and 1.80 ng/m .

The process of Example 27 was carried out with the foIlowing

parameters.
] l :
Ketotifen base 5g¢
5  Matrix polymer of
: example 5 15 3 ’
Methylene dichloride 80 ml S-)

Emulsifying conditions:
o

" Volume ratio organic phase/aqueous phase: 3:139
10 p = 2000 rpm™

Stirring time: 2 hours
~ The microcapsules contained 16.5 % Ketotifen.
Example 29: Release of active agents from pglxpl ester
matrices in vivo .
o/

15 Release tests were carried out with microcapeules, which contained
bromocriptine as active agent .

The microcapsules were prepared according to the above described

spray drying process in the NIRO-spray drying apparatus, equipped

_with a centrifugal spray gun. The matrix polymer consisted of the
20  product of Example 4 and contained 17.8 % bromocriptine.

3 .



~35- CLAIM5S 1. An ester of a polyol, said polyol containing at |east 3
hydr oxyl groups and having a nDIecuIar wei ght of up 20,000 at |eastyla
‘hydr oxyl group, in said polyol being in the formof an ester, with a poly-
or co-poly-lactic acid residue each having a nol ecul ar melght of at |east
5, 300. 2. A reaction product of a polyol containing at |east 3 hydroxyl
‘groups and havi ng a nol ecul ar wei ght of up to 20,000 or a reactive
derivative thereof and | actic acid or3ga-reactive derivative thereof and if
destfed at | east a second hydroxycarboxylic acid or a functional derivative’
t hereof, the product having a poly- or co-poly-lactic acid chain each of
nol ecul ar wei ght of at |east 5,000. 3. A product according to claiml or 2,
in which the polyol is the linear polyol mannitol, pentaerythritol,
sorbitol, ribitol or xylitol. 4. A product according to claiml or 2, in

whi ch t he pol y0| Aﬁ ahollft \oF! tH!sEhmﬁ:M%QN!k %&H@ﬁonﬁmg“t@r?@ﬁé accordi ng
to claiim1 or n mhligkthe

t t
and wWith 4 to 30 Wﬂoﬁf 3 X? A"par d&ﬁg‘eaejé& &'Hb o ZQI%mSSru::nure
whi ch the pol yol csrhbxmwﬂce\‘imnomewas iliiﬁeeteﬂ)mnsaecmhtdﬂ\ighl musclet h at

least 3 hydroxyl geqURZhiiY. Piiibdically blood was taken from the rabbit
5 during 21 days.

The blood levels of the medicine were measured by a specific

\_ radioimmunoassay and had a mean value of 1.6 ng/ml (A.U.C. =
33.0). The blood levels were practically all between 1.20
and 1.80 ng/ml.



7. A producCt accordimg to-ctlaim6, in which the polyol ig a polyol with. |, .-
fructos -36- 8. A product according to claim7, in which the
pol yol ﬂmmmg’mﬂu”ﬂ! h conprises one fructose unit. 9. A product 3
acgcordi ng to alm 2, in which the polyol is a polyol with glucase
tructure.. 10. A product according to claim9, in which the pdlyol is-a -
§olyol, whi ch conprises one gl ucose WA, 11. A product according to clainm

9, in which the polyol is a polyol, which conprises 2 to 8 gl ucose units.\‘y
12. A product. according to claim11. in which the polyol is a polyol, in

whi ch the glucose units are.connected in 1,4 and/or 1,6-position. 13. A
product according to claim12, in which the polyol is a polyol, in which

t he gl ucose unitscgégmgonnected in the 1,4-position. 14. A product

according to claim13, in which the polyol is a polyol, which conprises one

[err]-cycl odexsrd Ud¥ ta. A dakitva® C | t r ! claim
w th hydr o%cyr' bé(:s;}grw.gc?%@?ééi Jgswygﬁpﬁgﬁﬁgﬁo% ?gﬁenﬁ's/?ﬁl?’% colic
acid uni ts.9reups ANGr kANIRE havdeenlny weidhtyohuRcEbA0AR18a%E Tuhydrox¥] d
resi dues cQjfoup in said polyol being in the form of an ester, with a poly- or
co-poly-lactic-acid residue each having a molecular weight of at

least 5,000,

2. A reaction product of a polyol containing at least 3 hydroxyl groups '
and having a molecular weight of up to 20,000 or a reactive derivative ;,)
thereof and lactic acid or a reactive derivative thereof and if desired

at least a second hydroxycarboxylic acid or a functional derivative

thereof, the product having a poly- or co-poly-lactic acid chain each

of molecular weight of at least 5,000. '

“
3. A product according to claim 1 or 2, in which the polyol is the
linear .polyol mannitol, pentaerythritol, sorbitol, ribitol or xylitol.
4; A product accokding to claim 1 or 2, in which the polyol is a
polyol with 6 hydroxyl groups.
5. A product according to claim 1 or 2, in which the polyol is a poly- ,
o/

ol with a cyclic structure and with 4 to 30 hydroxyl groups.

6. A product according to claim 5, in which the polyol is a polyol
with one or more monosaccharide units with at least 3 hydroxyl groups
per unit, '

7. A product aécording to claim 6, in which the polyol is a ponol
with fructose structure.



prising up to 20 Mol % of [err] - hydroxycapronlc acid units. -—=37- 17. A
product according to any preceeding claim wher ei-n—havi avi ng at st 2 ester
chains, each of the chains conprise the sanme hydr ‘““ *@am d

T esi dues "18. ‘A product according to any pr eceedlmﬁ “ﬁ

according to gel perneation chromatography, the t heéi ght of al

separate | ow nol ecul ar wei ght peaks in the resultant chromatogram conpri ses
18% or | ess of . the height of the peak36vv of the polyester. 19. A process
for<the production of the product of any preceeding claim characterised in
that a polyol of a nolecular weight of up to 20,000 and having at |east 3
hydr oxyl groups or a reactive derivative thereof is esterified wth lactic

acid or a reactive derivative thereof and if desired with at | east a second
hydr oxycar b®xp product caccording toatladmal, derehighithe pewodois aupekolsuch

condi tions, v{rh%ﬁ ?&'@% proéé)fﬂdggg{ﬁg%p@ pol ynmeri sation. 20. A process for

t he product act o characterised in that a polyol of
a nol ecul ar melght of up to 20,000 and having at |east 3 hydroxyl groups,

i s reacted gii WholGHiickCackor@iny t8dialinOn@rl 7, Wint ihith tRAPbIYoISEsnd
hydroxycarboxy Pc acid 1n lactone- or dineric
polyol with glucose structure.

10, A product according to claim 9, in which the polyol is a polyol,
which comprises one glucose unit,

11. A product according to claim 9, in which the polyol is a polyol,
which comprises 2 to 8 glucose units.

) o 12. A product according to claim 11, in which the polyol is a polyol,
.<;~) in which the glucose units are connected in 1,4 and/or 1,6-position.

13. A product according to claim 12, in which the polyol is a polyol,
in which the glucose units are connected in the 1,4-position.

14. A product according to claim 13, in which the polyol is a polyol,
which comprises one Bp-cyclodextrine unit.

-/ 15. A product according to any preceeding claim, with hydroxycarbcxylic
~ acid residues, comprising 30 to 70 Mol% of glycolic acid units. '

16. A product according to any preceeding claim, with acid residues com-
prising up to 20 Mol% of E_ hydroxycapronic acid units.



\ - - - -
cyclic ester form in the presence of a catalyst, for fagilitating a ring,

openi ngr ﬂiuam”,ﬂim . A process according to claim19 or 20,
characte ﬂ”'ul east some of the |ow nolecular weight parts are
removed from'thé p¥oducts.” 22. A process according to claim 21,

gharacterised in that the product is subjected to nenbrane filtration. 23.
A product according to claim1, subsigmtially as herei nbefore descri bed

%

with reference to any one of the Exanples 1 to 23. -38- 24. A product »

_produced by any one of clains 19 to 22. 25. A product according to any Ead
claims 1 to 18 and 24 for use as a depot matrix material. 26. A depot

matrix material of a product according to any clains 1 to 18 and 24,
cont ai ni ng a pharmacol ogically active conpound. 27. A depot matrix material
of a pr odudt? ak qroducly at:oomdmgrrtcﬂanyopmtaedmnlggcmmvdterpmné\,avm ati fen, or

co-der - 909 ;.96 zazs@erp%ﬂs P&erf%lf' theCha i % Com e/sd ngﬂg&.ﬁo@scord' ng

to claim?2 useé as m Crocap
phar macol ofarboiyl 1gc4m\deres1dues.

18. A product according to any preceeding claim, wherein according to
gel permeation chromatography, the total height of all separate low
molecular weight peaks in the resultant chromatogkam comprises 10% or
less of the height of the peak Mw of the polyester. .

19. A process for the production of the product of any preceeding .
claim, characterised in that a polyol of a molecular weight of up to
20,000 and having at least 3 hydroxyl groups or a reactive derivative

~ thereof is_esterifiéd with lactic acid or a reactive derivative thereof -
and if desired with at least a second hydroxycarboxylic acid, or a -
functional derivative thereof, under such conditions, that the acid(S)
undergo(es) polymerisation.

20. A process for the production of the product of claim 1, characterised
in that a polyol of a molecular weight of up to 20,000 and having at
Teast 3 hydrokyl groups, is reacted with lactic acid or additionally
with at least a second hydroxycarboxylic acid in lactone- or dimeric
cyclic ester form. in the presence of a catalyst, for facilitating a

ring opening polymerisation.

-

- . 21. A process according to claim 19 or 20, characterised in that at
least some of the low molecular weight parts are removed from the product.

22, A process according to claim 21, characterised in that the prﬁduct
is subjected to membrane filtration.

23, A product according to claim 1, substantially as hereinbefore
described with reference to any one of the Examples 1 to 23.



agent enbedded or encapsul ated therein, said fornmulation being adapted to
rel ease al,l or substantially all the active material over an extended -

‘period of time.and the pol yner being adapted to degrade sufficiently to be
trans- ported fromthe site of administration within 20 days after rel ease

of dll or substantially all the active agents. 29 __Conposition—according to

cl airm 28, conta+ﬁrﬁg—br0nn“‘6FT”?Tne ket%tlfen or co- derﬂocrlne as a

Phar paceuti cal |y active agent . LA O AR A

24, A product produced by any one of claims 19 to 22.

25, A product according to any claims 1 to 18 and 24 for
use as a depot matrix material.

26. A depot matrix material of a product according to any
claims 1 to 18 and 24, containing a pharmaco]og1ca11y
active compound.

-/ 27. A depot matrix material of a product according to
claim 26, containing bromocriptine, ketotifen, or co-der-
gocrine as a pharmaceutically active agent.

28. A product according to claim 25 for use as an implant
or microcapsules containing a pharmacologically active
agent embedded or encapsulated therein, said formulation
being adapted to release all or substantialTy all the
active material over an extended period of time and the
polymer being adapted to degrade sufficiently to be trans-
ported from the site of administration within 20 days after
release of all or substantially all the active agents.

\./ . 29. Composition according to claim 28, containing bromo-
criptine, ketotifen or co-dergocrine as a pharmaceutically
active agent.




