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Resorbable, physiologically safe copolymers and their use

The invention relates to resorbable, physiblogically-safe

copolymers and their use.

It is known that high-polymer hydroxycarboxylic acids such
as polylactide and“pquglycolide are physiologically safe
and have high body tolerance, with the result that they
have already been used for some tlme in surgery as slowly
resorbable stltches or as osteosynthes1s implants. These
high-polymer polycarboxylic acids are decomposed in the
course of weeks to months and decomposed by the human or
animal body in the usual manner via the citric acid cycle
or fat metabolism. For this reason,_polymers of this type
‘can also be safely used as osteosynthe81s 1mplants, for
example, providing the advantage that the secondary
operation of removing the implants is no longer necessary
or necessary_only-for the part offthe-implant not

comprising a polymer.

Furthermore, DE-0S.36 20 685 dlscloses agents on the basis

of flowable to SOlld ollgomerlc ew

rs of lactic acid
and/or glycolic ac1d for covering unwounded and/or wounded

human or animal skin. These prepagations essentially
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as ponIactlde and pol ygl ycolide are physiologically s
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"time in surgery as slowy resorbable stitches or as 0§t eosyhtPesTED
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t he usual nanner via the citric acid cycle or fat netabolism For this

reason, pol ypeis 8brinBkSahiiPeancabdatienhelyatehyaubedkan-eakeosynt hesis
|nplants for exanple, providing the advantage that the secondary

oper ati on of gaBgeshbest, heegepeaatings orodieiafecténgssabgtafteBesgssary
only for the part of the inplant not
substances which stimulate the epithelium. Furthermore,
film-forming polymers of lactic acid and glycolic acid in
solvents such as ethyl ‘acetate are known from FR-OS 21 26
270 and additionally contain pharmacological active a
substances and can be used as a spray dressing, for

example.

Furthermore, US-PS 4;045,418 and 4,148,871 disclose
copolymers of lactide and e-caprolactone which are
physioloéically safe and can be used as subdermally
impiantable receptacles for medicines, for example. The
tolerance and the biological degradability of such
receptacles is reported on in, for example, Journal of
Biomedical Materials Research, volume 13, pages 497 to
507, 1979 éﬁd in Naitrexone: Reéearch Mbnogréph 28,
National Institute on Drug Abuse, 1983 by the working

group Colin G. Pitt et al.

The hithefto known mono- and copolymers of lactic acid and
glycolic acid have the disadvantage that they are |
compounds which are usually applied in solutions and which
are themsélves relatively hard and have little
flexibility, wifh the.result'thaﬁ sprayed-on films of this.
type quickly become brittle and cracked after the solvent
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conprising a pol ymer. Furthernore, DE-OS 36 20 685 gi-scEose5 aue] b
the basis of flowable to solid oligonerixz esters of aﬁMSéﬁﬁ@T&M‘ 3
glycolic acid for covering unmounded and/ or wounded uman_uf BEP oM

These preparations essentially

conpri se theh&é'@@ﬂ@ét&t@étvetHStHerﬁﬁdiéiﬁﬁéiC§¥dbfémcﬁha€'édﬁéé&@@r
can additionally contain skin-care

to the surface.6f the skin or wound 18 not particularly

good. The hitherto used polymers oﬁglactlde and

¢ -caprolactone on'the one hand are as a rule rigid
thermoplastics which are suitable ibr manufacturing
receptacles, for ekample; buﬁ not éﬁited to ﬁopical

application.

There is therefore still a need for physiologically safe
polymers which can be used on the skin and which do not

have the disadvantages described.

According to the invention, the use'of copolymers of
racemic lactide and ¢ -caprolactone, §-valerolactone,
racemic y-decalactone or p-hydroxybutyric acid is now
proposed, wheféin the copolymers are prebared through
conversion of,ﬁhe monomers in the molar ratio lactide to
co-reactant of approximateiy'95-70 to 5-30 with the
addition of metallic carboxylates, known per se, as
initiator at temperatures of approximately.150°c for a

duration of approximately 16 to 48 hours.

The copolymers according to the invention are to be

regarded as poly- and oligomers infaccordance with the

chain length and are present as a rture of mono-, oligo-'
and polymers. This concerns colour ess, transparent

compounds which, according_tofthe ﬁ§lar ratio of the
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subst ances, regenerating or disinfecting substances or 3 Q§§§@9§ﬁHmBBEEN
stinmulate the epithelium Furthernmore, fidmformn ng polgnersﬁgbLheeolc l
acid and glycolic acid in solvents such as ethyl acetat

FR-OS 21 26 270 and additionally contain pharnacol ogi cal active

subst ances anforicie®pdas, ard DIGYudl ' €SSH{@id ! Ofhe CXPAPhEAE
Furt hernore, US-PS 4%645 418 and 4,148, 871 d?%close copolyner%odgoY%%?lde

and [err] - capin gRiapiredi thr®igh @bueeosDen Cot | ¥1S ahénanérs afn benaised as
subdermal 'y inplantable receptacles for nedicines, for exanple. The

molar ratio of lactide to co-reactant of approximately

95-70 to 5-30, wherein the indrease in the lactide
proportion leads to an increase in softening temperature.
-ConVersioﬁ'takes'place"with the addition of metallic
carboxylates, known per se, aé initiator at temperatures
of approximately 150°C for a duration of approximately 16
to 48 hours. The ratio of reaction mixfure to initiator is
approximately 100 to 1 up to 3000 to 1, e.g. 100 to 1 to
500 to 1, wherein increasing this ratio in the reaction
produces an increase in the proportion of relatively long
molecular chains and consequently also raises the
softening point. Tin-II-diethyl hexanoate is preferably
used as initiator since it has emerged that.other
initiators known per se generally give a lower yield or
lead to turbidity/coloration. It has furthermore been

, found that a temperature of 150°C and a conversion time of
16 to 48 hours is not to be exceeded since heating for too
long can cause decomposition of the'polymer to begin. The
reaction is interrupted after the desired conversion
period, either by cooling the conversion mixture or by the
addition of chelation agents, for example. In order to
remove remaining monomers, short-chained oligomers or, if
app;icabie, also excess plasticisers, the reaction mass is.
generélly precipitéted with a 600 £0'800-fold'quantity of

alcohol. If appropriate, the reaction mass can also be
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tQIerance and the biol ogi cal degradability of such
on in, for exanple, Journal of Bionedicak Mterials
" pages 497 to 507, 1979 and in Naltrexone: Research M =Y

Institute on Drug Abuse, 1983 by the working group Co N G. Pltt et al.
The h'thertqm%QH&E WwhER- w&EQﬁCBBohﬁnﬁgﬁeeﬁs'§81h€16£'§1ﬁ8@ ag*gfgélc aci d

have the di sadvantage that they are onpounds wni ch are usually~applied in

sol utions anﬁrd?bfbmn%@ #BRBMELEES shekat bhﬁhﬁedaéﬂlé&ﬁePéVSr' ittle
flexibility, h the result that sprayed-on . hi s

plasticisers can also be removed by these means.

If so de81red plast1c1sers can be added to the reaction
mass in order to modify the softenlng temperature and the
d1ffus1b111ty Excess caprolactone, tributyl citrate or -
phthalic acid esters are preferably used as plasticisers.
The proportion of plasticisers shduid as a rule not exceed

10% to 20% in terms of weight.

The copolymers according to the inﬁention can be dissolved
in suitable organic solvents such as acetic ester,
acetone, methylene chloride or THF. They can be rolled
out, without anything further being added, into films
which can, however, also be produdéd by evaporation, for
example. Other processing methods Suitable forféynthetic

materials can also be.applied.

Both the monomers and the polymers are decomposed by
hydrolysis in vivo and in vitro. Tﬁe copolymers and their
decompositibn products are medical}y safe and
non-allergenic. The monomers are méﬁabolised further in

vivo via the citric acid cycle or via fatty acid

metabolism. It has emerged that the higher the lactide
prdportion, the shorter the.times'fér hydrolytic

decomposition.

T e e
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type qU|ckIy becone brittle and cracked after the solve
evaporated, with the additional problemtéat adhesion 'ﬂi @@gamﬁkﬁﬁﬁﬁﬁ ‘
" the skin or wound is not particularly good. The hlthe\to usgﬁpp@&@ﬂers

| actide and [err]-caprol actone on the one hand are asli
t her nopl astics which are suitable for manufacturing receptacles, for
exanpl e, but not suited to topical

The polymers cléaimed according to the ihvention can be

used for various medical and cosmetic purposes. One of the
main areas of épplication is use aSﬁa surgical incision
film. The compounds which are pregéﬁt in solution in a
suitable solvent such as methylene ¢h1oride, acetone or
acetic ester can be easily mixed with known disinfectants.
Combination with locally acting anqgsthetics is also
possible. When using acetic ester, é disinfecting effect

is already produced on the basis of this solvent.

Copolymers with a molar ratio of between 70 to 30 up to 85
to 15 and a ratio of co-reactant to initiator of
approximately 300 to 1 up to 500 to 1 and a polymerisation
time of 24 hours are the most suitable for topical uses.
This relates to washed copolymers, but unwashed copolymers
with molar ratios of between 80 to 20 up to 90 to 10 and a
ratio of co-reactant to initiatér“ofilbo to 1 up to 400 to
1 with the same polymerisation time can also be used. The
same compounds canlbe used in the sgmé way for incision
films, the great advantage lyihg abéve all else in their

environmentally friendly nature, eééé of application, the

unlimitedness of the surfaces to b covered and the low

production and preparation costs, with the additional

advantage that in relation to';aétigg/ glycolide polymers,

-substantially improved adhesion to;skin and wound surfaces

and a high level of flexibility and mouldability can be
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application. There is therefore still a need for phy5|olog|callv safe
pol ynmers whi ch can be used on-the skin andywhich do no “QQV“SBEEN
di sadvant ages descri bed. EP-A-0509203 di scl oses the us *3 AdEET s of
racem c | actide and various lactones in the preparati

formul ati ons eS
rmdificationOb?that |nvent|on Ect{:éor#érﬁatoﬁﬁ}é mvenuﬁt d;%é% in
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fluids such as blood, lymph, etc. The natural hydrolytic
decomposition of the spray film takes approximately 3-30

weeks in vitro.

Furthermore, the agents according to the invention can be
used particularly favourably as a f£luid glove when
handling allergens. Thus they are also a real alternative
for those who sufferifrom allergies to detergents or
washing agents. On account of their long-lasting quality
and good adhesion, éuch solutions can also be used as
camouflage aids and, particularly when éombined with sun
protection factors, as a long-lasting sun screen which
makes renewed application after swimming, for example,

unnecessary for days.

In a furﬁher:émbodiﬁent, COﬁolymers of thé‘invention can
be formed in which the ratio of racemic lactide and

e -caprolactone is selected in the ratio of 85-80 to
20-15 and the ratio of monomer to initiator lies in the
_region of over 500 up to approximately 3000 to 1,
copolymers being produced which aré distinguished by
particularly good flexibility and adhesion when metallic
carboxylates are used.as initiator;at a polymerisation

temperature of 150°C for a polymerisation time of 16 to 48
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treatnment of human or animal skin, of copolyners of ragefc.]
optionally containing sonme racemc glycdide, and [err
" [err]-val erol actone, racem c y-decal actone or [err]-hyg¢roxybl
now proposed, wherein the copolyners are prepared throug conver si on of
t he mononer hdurd havHen Fracidsed AGitIeE it ,C CHeSRC prllynfraaRiYeoXi mat el y
85-80 to 15-20 with the addition of netallic carboxylates, known per se,
as initiat@isdidanshed Biesgedd apy pemmiatil ity0Eed padtdicudarly

good adhesion to the skin and are so flexible that even in
unfavourable conditions, cracking cannot be detected, even

under great stress.

In place of lactide and caprolactbne, a mixture of racemic
lactide, containing some glycolide, and ¢-caprolactone

in the ratio of 80 to 15 to 5 up to 85 to 10 to 5 can also
be used. Similarly, Yalerolactone can also be used in
place of s-caprolactone without any modification of the

excellent properties.

In order to produce sprays, the cdpolymers are simply
dissolved in a suitable solvent in the required amount and
can then be sprayed as an aerosol. Suitable solvents are,
for example, acetic ester, acetone or other esters or

ketones.

In spray form the copolymers can preferably be used as a
fluid glove or, after the addition of appropriate active

substances, as a sun screen agent or insect repellant.

In order to produce films, the polymers can be heated
until they soften and then rolled out into films or be
'processed into films of a defined thickness in the usual

manner by extrusion. 5 to 15 g of the copolymer are

This Sheet Has Been Rerlaced
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to initiator being from500 to 1 to 3000 tg 1. The copol
‘to the invention are to be regarded as poly- and ol i goners
chain length and are present as a m xture of nono-Ss—ofTgo- _and

Thigene¥a99y ' FiHAYVELSh 1dPMPPH&Mic ester and then

3a duration of approximately 16 to 48 hours, the nolar rat%e_;ot~

with the
pol ymers.

4

OHOFer—
TEHIS QMEDY GARGEEN
n acEEPHARER

e i e sy

 Eorra-vrorrmpaiess

processed furtﬁer, for example by evé%gration of the
solvent after;the solution is poured out onto silanised
glass. Through the addition of plasticisers, which are
phys1ologlcally safe, the softening temperature and also

the d1ffus1b111ty of the films can be modlfled

Through spraying onto a rolling mill and subsequent
pressing, the copolymers can also be processed into a

bonded material.

The copolymers prepared according to this embodiment of
the.invention are, as already mentioned, particularly well
suited as sprays or as films for covering the skin. In
both cases, locally acting antibiotics, sun screen agents,

skin care preparations or insect repellants can be mixed

with the copolymers before being processed into a spray or

film.

In a further advantageous embodiment, the copolymers are
mixed with hydrophilic substances, such as lactide or
glycerin, in a suitable organic sqivent, such as acetic
ester. After evaporation of the sdlvent, the hydrophilic

substances can be washed out with?water or other solvents

for the low molecular constituents, as a result of which a

spongy structure is produced.. The water resorption

capacity 1ncreases considerably as@a result of the spongy

This Sh"e':e_t. Has Been Reﬂlated
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conmpounds which, according to the nolar ratio of the e
viscous to rigid. The claimed conpounds ag@ prepared tj
the nononers in the nolar ratio of |actide, optional |y ftai ni ng sone
;ﬁcen1c glycolide, to co-reactant of approxinmately 85-80 to 15-20,
erein the i Ln . the_lagtl r OROKl h AN Hle€ Neot I n
softfring ten%g%gggﬁgé'C%Evgbsgghqgggésap %gg o&ﬁ?ﬂét%gmgdngP%gﬂg?g
metal | i c carbgxyl ahgs:1KAIMAPBE HRposdtekiNoh &her sEbnbgRat2LW By Of
approxi mat el y %éo?errf% ?or X %ura?ﬁgn of approxingte y 16 to 48§hours.

The ratio of hé\ﬁﬁﬁh@oﬁp@ 4 Wherto tiifiel b3 3h ahoRRRFOkhBWheEnh@R.t0 1 up
to 3000 to 1, erein increasing this ratio in the

The invention is explained in more detail below with the

aid of the examples:
Example 1
Preparation of the cppolymers

In order to prepare the copolymers, D,L-lactide and

¢ -caprolactone are slowly heated to 150°C in a molar
ratio of 85 to 15, corresponding to 70.2 grams to 9.8
grams. 1.16 ml tin-II-diethyl hexanoate (1.5M in benzene)
(ratio reaction mass to initiator = 100 to 1) is then
added as polymerisation initiator. Polymerisation takes
place in an oil Béth over 24 hours at 150°C. Thé mixture
is then cooled and at 70°C made up to 1 litre with ethyl
acetate. This solution then remains on a shaking machine

for 36 hours and can be used as such thereafter.

The copolymers of lactide and the other lactones such as
_valerolactone,'héptalactone, decalactone or also of
B-hydroxy acids such as p-hydrqubutyric acid can also
be prepared in a.corfeséonding.ﬁanner under'donéidefétion

of the molar ratios.




reactioh produces an increase in-'the proportion of relatively |ong
nmol ecul ar chai ns and consequently -al so ragges the soft nmngspgkp&g%ﬁgEN]]

Tin-11-diethyl hexanoate is preferably used as initiatlpr siry
energed that other initiators known per se generally
or lead to turbidity/coloration. It has furthernore been found that a
tenperature of 150[err]C and a conversion tine of 16 to 48 hours is not to
be exceeded sgpsg@pleapi ng for too |ong can cause deconposition of the
polymer to begin. The reaction is interrupted after the desired conversion
period, either by cooling the conversion m xture or by the addition of

chel ati on agents, for exanple. In order to

Preparation of a surgical incision £ilm

D,.L-laCtide.and_élcapfolaétone are slowly heated tq
150°C in a molar ratio of 90 to 10, corresponding to 73.5
grams to 6.5 grams. Polymerisation is initiated by the
addition of 0.6 ml tin-II-diethyl hexanocate (1.5M in
benzene) (ratio of.rgaction mass to initiator = 200 to 1).
The mass is then heated in a o0il bath at 150°C for 24
hours. The mass is ﬁhen cooled and at 70°C can be made up
to 1 litre with acetic ester and treated on a shaking
machine for 36 hours. The finished solution can then be

used directly as a liquid spray.

The appropriateiy prepared solutions can be used in the
" same way as a sun screen spray or as a make-up base. When
used as a sun screen, the usual UVA and UVB filters known

per se are added to the finished solution.

Example 3

Preparation of a f£luid glove

The solution.pfepated-acéording éoiExample'l is decanted

Tlns Sheet Has Bee
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renove s enmai ni ng nononers, short-chained oligoners or,
excess plasticisers, the reaction mass is jgenerally prie
600 to 800-fold quantity of alcohol. If appropriate, t
al so be 6 The polyners “cl ai ned
according to jhe épﬁgné§§h§§nopeaey§§glfgﬁrgﬁglgﬂéwﬁegéfageand cosnetic
pur poses. One of t areas of application is use as a surgica

i nci sion

Example 4

Racemic lactide andia-caprolactone are slowly heated to
2150°c in-a molar ratio of 80 to:20 = 65.49 to 13.0g.
Poiyﬁefisation is initiated by the addition of

0.06 ml tin-II-diethyl hexanoate (1.5M in benzene) (ratio
of reaction mass to initiator = 1900 to 1). The mass is
then heated in an oil bath at 150°C for 16 hours. After
cooling, the mass at 70°C is made up to 11 with acetic
ester and shaken for 36 hours. If so desired, the
copolymers can also undergo a washing operation after
polymerisation in order to liberate them of monomers,
short-chained oligomers and/or plasticisers. To this end,
as described in the main patent, the copolymers are either
precipitated with a 600 to 800-fold quantity of alcchol or
the reaction mass is washed with water or aqueous'alcohol
since a large proportion of the monomers and the

short-chained o1igomers can also be removed by these means.

Sheet Has Been Reilaced
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f|In1 The cor h~a%e~present in solution in a suitable solvent

such as neth cetone or acgjic ester ca _
Wi th known d ﬂm\mﬂ mbi nation with | ocal |y actli nigiSadtaerst a8 BEEN;
al so p035|b ‘etic ester, a disinfecting

ef f eBEPLAGER) r eady
produced on’the-basis” “of - thIS sol vent.
The preparations according to the invention are marked by

Claims

1. Use of copolymers of racemic lactide and

¢ -caprolactone, f-valerolactone, y-decalactone or
ﬁ-hydrokybutyriq acid, prepared through conversion of

the monomers in the molar ratio lactide to co-reactant of
approximately 95-70 to 5-30 with the addition of metallic
carboxylates, known pér se, as initiator at temperatures
of approximately iSOfC for a duration of approximately 16
to 48 hours, for the topical treatment of human or animal

skin.

2. Use of copolymers according to Claim 1, in which the
molar ratio of monomer to initiator is from 100 to 1 to

3000 to 1.

3. Use of copolymers according to Claim 3 in which the
molar ratio of monomer to initiator is from 100 t@ 1 to

500 to 1.

4. Use of copolymers according to Claim 1 in which the
racemic lactide may optionally contain some racemic

glycolide.

- 5. Use of copolymérs according to Claim 4 in which the
ratio of racemic lactide and, if éPPlicable, racemic

Th:s ‘Sheet Has Been Re
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thelr IOM/resolvéﬁ“r“ry*by-aqueous fluids such as bl ood,

nat ural hydy l tion of the spray fllnltakeﬂ app:%&k%ﬁﬁé? i
'3- 30 weeks. ”' Im li")mmwgﬁ herm)re t he Bgent s accor di nq to t RERAY&tion i
can be used*pa?tl marls vourably as a fluid glove wher—frandl T ng

al I ergens. 'Thu*“rhey—are—aJSO a real alternative for those who suffer from
al l'ergi es t gdAdrigRNtSo Of -c M At QYL NGB . § raberolactohet hei r

| ong-lasting quality and good adhesi on, such solutions can al so be used as
Ca”DUf|age4%p¥tdkﬁhaﬁ§uilsﬁﬂeﬂIwbmhﬁﬂzapnﬁh@eﬁquohoﬁumonpmeretolon '

factors, as a long-lasting sun screen which
initiator being from 500 to 1 to 3000 to 1.

6. Use of the copolymers accbrding to Claims 1 to 3 as a

- surgical incision film.

7. Use of the copolymers according to Claims 1 to 3 as a
fluid glove.
8. Use of the copolymers according to Claims 1 to 3 as a

sun screen agent.

9. Use of the copolymers according to Claims 1 to 3 as a

camouflage aid.

10. Use of copolymers according to Claim 5 in-which
locally acting antibiotics are added to the monomers

before formation of the copolymers.

11. Use of copolYmers éccording to Claim 5 as carriers in

insect repellent sprays.

'?Thls heet Has Been RTInaued
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makes ‘renewed application after Smﬁnning, for exanple, U””EGﬁﬁ§%HEEf¢WﬁSBEEN‘
days. Copol ynmers of the invention in whitsh: t he ratio of acemgemlapd de i}
and [err]-caprolactone is selected in the ratio of 85-80t =
nolar ratio of nonomer to initiator lies in the region of over 500 up to
approximately 3000 to 1, are dlstlnQU|ghg@ragtpart|cularly good

flexibility and adheS|on when netallic carboxyl ates are used as initiator

at a polynerisation tenperature of 150[err]C for a polynerisation tinme of
16 to 48

Resorbable,.physiologically safe copolymers and their use

The’inventien';elates to the use of copolymers of racemié
lactide and;ﬁ-eapfolactone, §-valerolactone,

v-decalactone @f B-hydroxybutyric acid, prepared

through conieréion of the monomers in the molar ratio
lactide'to;dﬁ}éeactant of approximately 95-70 to 5-30 with
the addition-ef*metallic carboxylates, known per se, as
1n1t1ator at’ temperatures of approximately 150°C for a
duratlon of - approx1mately 16 to 48 hours, for the topical

treatment.oﬁ;hgman-or animal skin.




‘hour s

When processed into fil ns, Gihese SGIyners are
gas perneability and particularly good adhesion to th

dlstanU|shed by good

. =
flexible that even in unfavourable congitions, crack rﬁgﬁmmmmwgﬁnsﬂgET

det ect ed,

caprol actone, a m xture of racemc |actide, COﬂtaInI‘QEQQMr
-caprolactone in the ratio of 80 to 15 to 5 up te=8

[err]
al so

even under great stress. I'n place of Ia‘tlde and

« LACTIDE COPOLYMERS FOR TOPICAL TREATMENT OF THE SKIN ]

The invention relates to resorbable, physiologically safe

copolymers and their use.

It is known that high-polymer hydroxycarboxylic acids such

~as polylactide and polyglycolide are physiologically safe

and have high body tolerance, with the result that they
have already been used for some time in surgery as slowly
resorbable stitches or as osteosynthesis implants. These'
high-polymer polycarboxylic acids are decomposed in the
course of weeks to months and decomposed by the human or
animal body in the usual manner via the citric acid cycle
or fat metabolism. For this reason, polymers of this type
can also be safely used as osteosynthesis implants, for
example, providing the advantage that the secondary |
operation of removing.the implants is no 1onger_decessary
or necessary only for the part of the implant not

comprising a polymer.

Furthermore, DE-0OS 36 20 685 discloses agents on the basis
of flowable to solid oligomeric esters of lactic acid
and/or glycolic acid for covering unwounded and/or wounded

human or animal skin. These preparations essentially



‘be uséd. Simlarly, valerolactone can also be used in %[?QﬁcEMENTSHEET h
[err]-taprol actone w thout any nodificat ié)n of the exjce nt proi)lfé ésgels
In order to produce sprays, the copolyners are sinply Qk§§9L"§ﬂ ,,,,,,,,,,,,,,,, 1

suitab:e soLver in fhe requi red amount and can then
. Sui

o her “est o SRPAER 'S Ml I MED & AORUGHRNA AL |
used as a  fd;yid ﬂz%(eer Oa{nd A4 addfe AYELT 1PN SEtQﬂPr&P{ﬁaéfré‘C“Ve

substances, regenerating or dlSlnfecting substances or

substances which stlmulate the_ep;ppelium. Furthermore,
film-forming polymers of lactic acid and glycolic acid in
270 and addltlonally contain pharmacolog1cal active
substances and can be used as a spray dressing, for

example.

Furthermore, US-PS 4,045,418 and 4,148,871 disclose
copolymers of lactide and t¢-caprolactone which are
physiologically safe and can be useg as subdermally
implantable receptacles for medicines, for example. The
tolerance and the biological degradability of such
receptacles is reported on in, for example, Journal of
Biomedical Materials Research, voluﬁe 13, pages 497 to
507, 1979 and in Naltrexone:.Reseaigh Monograph 28,
National Institute on Drug Abuse, 1?83 by the working

group Colin G. Pitt et al.

The hitherto known ‘mono- and copolymers of lactic acid and

glycolic acid have the dlsadvantag;.that they are

compounds which are usually appliel:ln solutions and which

are themselves relatively hard and:have little
flexibility, with theztesult that'}:xayed-on films of this

type quickly become_brittle and cracked after the solvent




subst ances, as a sun screen agent or insect repeIIantr”' ,l émgﬁszEETr
produce filnms, the polyners can be heated wuntil they BF%en anﬂ“é?%ﬂ
rolled out into filns or be processed ixto filns of e |de __________ ess |n
the usual nmanner by extrusion. 5 to 15 g of the copol{yMEr aie

9 general |y dissolved in 100 nl acetic ester and then processed further,
for exanpl @by SMFYADON WAfth Wohe additional problem that adhesion

to the surface of the skin or wound is not particularly

good. The hitherto used polymers of lactide and
e~caprolactone on the one hand are as a rule rigid
thermoplastics which are suitable for manufacturing

receptacles, for example, but not suited to topical

application.

There is therefore still a need for physiologically safe
polymers which can be used on the skin and which do not
have the disadvantages described. EP-A-0509203 discloses
the use of copolymers of racemic lactide and various
lactones in the pﬁeparation of topical formulations for
human or animal skin. This invention relates to a

modification of that invention.

According to the invention the use, in the preparation of
a composition for medical or cosmetic use in the topical
treatment of human or animal skin, of copolymers of
racemic lactide, optionally containing some racemic
glycolide, and s¢-caprolactone, s-velerolactone,

racemic y-decalactone or f-hydroxybutyric acid is now
proposed, wherein the copolymers are prepared through
conversion of the monomers in the molar ratio lactide to
co-reactant of approximately 85-80 to 15-20 with the
addition of metallic carboxylates, known per se, as

initiator at temperatures of approximately 150°C for a



“solvent' after the solution is poured out onto silanise ﬂ~ 'abbwkéﬁ he
addition of plasticisers, which are physiologically | fﬁ? tenlng

tenperature and also the diffusibility of the filns cihn be Ergigu !
Through spraying onto a rolling mll and,subsequent plddss nf; ™t e "0 M

copol yners can al so be processed into a bonded materi ar. The copolyners
prepared acaQedition @£ Ripp IMHEY 1 ' %&l}} ' r s alfgady
menti oned, particularly v%l | suite ag stﬁ‘}rtelgesk{(;br qﬂféa xﬁ? $ czo'?/é"r?ng t he

skin. In of monomer to initia;qr being from 500 to 1 to 3000 to 1.

The copolymers according to the invention are to be
regarded as poly- and oligomers in accordance with the

chain length and are present as a mixture of mono-, oligo-

and polymers. This concerns colourless, transparent
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botH cases, locally acting antibiotics, sun screen agem£8%ﬂﬂ%ﬁﬁﬁ“cgg%;27i
preparations or insect repellants can be mxed wth t eﬁéﬁb@#?ﬁ% gé?or
bei ng processed into a spray or film In a further dvaqégggﬂgﬂﬁgi
enbodi ment, the copolyners are m xed mﬁ?h hydr ophi | i ¢ {sbb¥tasrces; SUCH a!
| actide or glycerin, in a suitable organic solvent, s

ol \ —acetrc ester.

out wi ¢ waends pEeRy dRteral F HERR palFE ERETOCRReERE oS, ac &

result of Wi Glh& SPO00Y SELUGLLESuL Se8" 2HYEEY THlCc 18l Rba" 830PBLANAY
are prepared through conversion of ﬁﬁe monomers in the
molar ratio of lactide, optionally cbntainiﬁg some racemic
glycolide, to co-reactant of approximately 85-80 to 15-20,
wherein the increase in the lactide proportion leads to an
increasé in softening temperature. Conversion takes place
with the addition of metallic carboxylates, known per se,
as initiator at temperatures of appréximately 150°C for a
duration of approximately 16 to 48 hours. The ratio of
reaction mixture to initiator is approximately 500 to 1 up
to 3000 to 1, wherein increasing this ratio in the
reaction produces an increase in the proportion of
relatively long molecular chains and conseguently also
raises the softening point. Tin-II-diethyl hexanoate is
preferably used as initiator since i£ has emerged that
other initiators known per se generally give a lower yield
or lead to turbidity/coloration. It has furthermore been
found that a temﬁerature of 150°C and a conversion time of
16 to 48 hours is not to be exceeded:since heating for too
long can cause decomposition of the ?olymer to begin. The
reaction is interrupted after the deéired conversion
reriod, either by cooling the conve:%ion mixture or by the
addition of chelation agents, for éx;mple. In order to
remove remaining monomers, short—cﬁéined oligomers or, if
applicable, also excess plasticisers; the reaction mass is
generally precipitated with a 600 to;BOO—fold quantity of

alcohol. If appropriate, the reaction mass can also be




ctapacity increases considerably as a result of the spongy ===
10 structure. If so desired, a filmof the same cop yﬁgx&bhﬁéﬁTSHE .

additional ly be deposited on t he spongy n@itrix by hea |ng
or in another known nmanner. The invention is expla|
below wth the aid of the exanples

The polymers claimed according to the invention can be

used for various medical and cosmetic purposes.

One of the

main areas of application is use as a surgical incision

film. The compounds which are ﬁresent in solution in a

suitable solvent such as methylene chloride, acetone or

acetic ester can be easily miked with known disinfectants.

Combination with locally acting anaesthetics is also

possible. When using acetic ester, a disinfecting effect

is already produced on the basis of this solvent.




Exanpl € 1 Racenmic lactide and [err]-caprol actone aﬁégéﬁgmwwmiﬁ%@
150[err]Cin a nolar ratio of 80 to 20 = 65.4g to 13.Qg. Poly ﬂ i onj\i s
initiated by the addition of 0.06 ml tip-11-diethyl %ﬁgﬁbﬁeﬁ&i: ~
benzene) (ratio of reaction mass to initiator = 1900
then heated in an oil bath at 150[err]C for 16 hours. After cooling, the
mass at 70[@{d | £+d5a FREEOAP i@c%ﬁd%ﬁéhtéc€ﬁéCin@éﬁQioﬁnﬂréhﬁKQReﬁoby36

hours. If so desired, the ecopolynerS can also undergo a washing operation
after pol Wdi saf bPNrédoDvaBi1i €yl bpeagioti¥erl 9idsDBABHr @5 blood,

s

lymph, etc. The natural hydrolytic decomposition of the

spray film takes approximately 3-30 ﬁeeks in vitro.

Furthermore, the agents accofding to the invention can be
used particularly favourably as a fluid glove when
handling allergeﬁs.-Thus they are also a real alternative
for those who suffer from allergieslﬁo detergents or
washing agents. On account of their long-lasting quality
~and good adhesioﬁ, such solutions can also be used as
camouflage aids and, particularly when combined with sun
protection factors, as a long-lasting sun screen which
makes renewed application after swihming, for example,

unnecessary for days.

Copolymers of the invention in which the ratio of racemic
lactide and c-caprolactone is selected in the ratio of_
85-80 to 20-15 and the molar ratio of monomer to initiator _
lies in the region of over 500 up to approximately 3000 to
1, are distinguished by-particularlz good flexibility and
adhesion when metallic carboxylate#i;re used as initiator

at a polymerisation temperature of .150°C for a

polymerisation time of 16 to 48
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.short.-chai ned oligoners and/or plasticisers. To this eff
the main patent, the copolyners are either precipitat
800-fold quantity of alcohol or the reaCtion nmass is
aqueous al cohol since a |arge proportion of the nono t_- i

shor - chal igg, oL GRIIEbopSa0 2133 15 LTRSS "Lnbie ol5RaEs are

distinguished by good gas permeability and particularly
good adhesion to the skin and are sé'flexible that even in
unfavourable conditions, cracking cannot be detected, even

under great stress.

In place of lactide and caprolactone, a mixture of racemic
lactide, containing some glycélide;_and ¢ -caprolactone

in the ratio of 80 to 15 to 5 up to 85 to 10 to 5§ can also
be used. Similarly, valerolactone cén also be used in
place of e¢-caprolactone without any modification of the

excellent properties.

In order to produce sprays, the copolymers are sSimply
dissolved in a suitable solvent in the required amcunt and
can then be sprayed as an aerosol. Suitable solvents are,
for example, acetic ester, acetone or other esters or

ketones.

In spray form the copolymers can preferably-be used as a
fluid glove or, after the addition of appropriate active

substances, as a sun screen agent or insect repellant.

In order to produce films, the polymers can be heated
until they soften and then rolled quﬁ_into films or be
processed into films of a defined thickness in the usual

manner by extrusion. 5 to 15 g of the copolymer are



dains® 1. Use of copolyners of racem c |actide, opti
sone racem ¢ glycolide, and [err]-caprol agtone, [err]-
[err]-decal actone or [err]-hydroxybutyric® acid, prepar
conver si on of the nmononmers in the nolar ratio |actide
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conposi tion {5/, dRdi SAler the solution is poured out onto silanised

glass. Through the addition of plasticisers, which are
physiologically safe, the softening temperature and also

the diffusibility of the films can be modified.

Through spraying onto a rolling mill and subsequent
pressing, the copolymers can also be processed into a

bonded material.

The copolymers prepared according to this embodiment of
the invention are, as already mentioned, particularly well
suited as sprays or as films for covering the skin. In
both cases, locally acting antibiotics, sun screen agents,
skin care preparations or insect repellants can be mixed

with the copolymers before being processed into a spray or

£ilm.

In a further advantageous embodiment, the copolymers are
mixed with hydrophilic substances, such as lactide or
glycerin, in a sﬁitable organic solvent, such as acetic
ester. After evaporation of the solvent, the hydrophilic
substances can be washed out with water or other solvents
for the low-molecular constituents, as a result of which a
spongy structure is produced. The water resorption

capacity increases considerably as a result of the spongy



or ‘cosnetic use in the topical treatnent of human or
Use of copolyners according to aim1l, in which the
[err]-caprol actone or 6-valerolactone. .493. Use of cg@pol
toclaiml or claim2, in which the ratio of |actide: '
[err]-caprol actone or 6-valerolactone is from80: 15:

Use of the gopalyipes 3ecRidiiiaal 3 Firh ' Tid s ddle RISPAALEN O 2

surgical inclsion
can additionally be deposited on the spongy matrix by

heating for a short time or in another known manner.

The invention is explained in more detail below with the

aid of the examples:
Example g

Racemic lactide and e~caprolactone are slowly heated to
150°C in a molar ratio of 80 to 20 = 65.4g to 13.0gq.
Polymerisation is initiated by the addition of

0.06 ml tin-II-diethyl hexanoate (1.5M in benzene) (ratio
of reaction mass to initiator = 1900 to 1). The mass is
then heated in an oil bath at 150°C for 16 hours. After
cooling, the mass at 70°C is made up to 11 with acetic
ester and shaken for 36 hours. If so desired, the
copolymers can also undergo a washing operation after
polymerisation in oraer to liberate them of monomers,
short-chained oligomers and/or plasticisers. To this end,
as described in the main patent, the copolymers are either
precipitated wiﬁh a 600 to 800-fold quantity of alcohol or
the reaction mass is washed with water or aqueous alcohol
since a large proportion of the monomers and the

short-chained oligomers can also be removed by these means.



5 .Usé of the QQQQL¥HEL§,&QQQId|ng to Cains 1 to 3in the preparatlon of
a f|UId glove L 6. Use of the copolyners accor.di. ,

A 5

Claims

1. Use of copolymers of racemic lqgfide, optionally
containing some racemic glycolide,f#hd c-caprolacténe,
8~valeroclactone, y-decalactone or_ﬁehydroxybutyric

acid, prepared through'conversion 6f the monomers in the
molar ratio lactide to co-reactant_is approximately 85-80
to 15-20 with the addition of metaili; carboxylates, known
per se, as initiator at temperaturés of approximately
150°C for a duratiop of approximately 16 to 48 hours, the
molar ratio of monomer to initiato#,being from 500 to 1 to
3000 to 1, in fhe preparation of a composition for medical
or cosmetic use in the topical treatment of human or

animal skin.

2. Use of copolymers according to Claim 1, in which the

co-reactant is s-caprolactone or §-valerolactone.

3. Use of copolymers according to c¢laim 1 or claim 2, in

which the ratio of lactide: glycolide: c~caprolactone or

§-valerolactone is from 80:15:5 to: 10: 5.

4. Use of the copolymers according to Claims 1 to 3 in

the preparation of a surgical incﬁgsT

ﬁ film.

5. Use of the copolymers accordingapé'Claims 1 to 3 in

the preparation of a fluid glove.



the preparation of a canoufl age ai d. 8. Use of copol

any of C ains ﬂm Lm local ly acting antibioti gcgmmsm—:ﬁfh
mononers befo ﬂ MI'HMHH he copol yngzs. 9. Usello copol yméagg-l
defined in any bf O & m# 15t0~3 as carriers in insect repellénB. Al

10. A conp05|t|on for the topical treatnent of human or animal skin
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racenic glycolide, and
the preparation of a sun screen agent.

7. Use of the copolymers accordiné_to Claims 1 to 3 in

the preparation of a'camouflage aid.

8. Use of copolymers according to any of Claims 1 to 3 in
which locally acting antibiotics a#é added to the monomers

before formation of the copolymers.

9. Use of copolymers defined in any of Claims 1 to 3 as

carriers in insect repellent sprays.

10. A composition for the topical treatment of human or
animal skin comprising a copolymer of racemic lactide,
optionally containing some racemicwglycolide, and
e~caprolactone, §-valerolactone, y-decalactone or
B-hydroxybutyric acid, prepared through conversion of

the monomers in the molar ratio lactide to co-reactant is
approximately 85-80 to 15-20 with #he addition of metallic

carboxylates, known per se, as inﬁﬁ;gtor at temperatures

of approximately 150°C for a durat;on of approximately 16
to 48 hours, the molar ratio of mo#bmer to initiator being

from 500 to 1 to 3000 to 1

11. A composition according to Claﬁmjlo in the form of a

spray formulation or a film.



'[er'r] capr ol actone, [err]-valerolactone, y-decalactone_or

[ err]-hydroxybut 'ﬂﬂ*pfepared through conversi on

the nol ar- ratl o l'acti deitiqecd-react ant i1g approxi mat gl RE%%,,#@P E L
with the a ﬁﬁ@ ‘c. carboxyl ates, known pe S&e - gﬁ
tamaaUHe I ayJENeH]Cfm a durati gn-Qf ~anj mumﬂmy
to 48 hours, *th% nnlar ratio of monomer to initiator bei ng from 500 to 1
to 3000 to 1~ -:11. A conposition according to Claim10 in the formof a

spray fornmhatgoaoﬁpoaﬂﬂﬂdn according to claim 10 in the form of a

surﬁical incision film, a fluid glove composition, a sun
screen agent, a camouflage aid or an insect repellant

spray.




.13~ " ’12. A conposition according te claim10 in th
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incision film a fluid glove conposition, a sun scragﬁE%WME’&T-(?ﬁ fil age

aid or

an insect repellant spray. 14 : i 28 A
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Abstract

LACTIDE COPOLYMERS FOR TOPICAL TREATMENT OF THE SKIN -

The invention relates to the use of copolymers of racemic
lactide, optionally containing some racemic glycolide, and
e-caprolactone, b-valerolactone, y-decalactone or

B-hydroxybutyric acid, prepared through conversion of

the monomers in the molar ratio lactide to co-reactant is

approximately 85-80 to 15-20 with the addition of metallic
carboxylates, known per se, as initiator at temperatures

of approximately 150°C for a duration of approximately 16
to 48 hours, the ratip of monomer to initiator being from

500 to 1 to 3000 to 1, for the topical treatment of human

or animal skin.




