;e3eD. DN6T[b | ~m OM AIMWIINVE ~ n m- ppn Suture material for wounds based
-on net hyl i dene present i nvVention relates to a new ey ?MU[ Qmﬂe
"mal onat e-basedl'ﬁ’@"@ﬂ@ﬂﬂwmglﬁ the suture of wounds. Wthin the present
description, t re material" refers to a 5 biconpatible materi al
‘that, by adhesion, *¢%®¥% the sides of wounds be brought together, stops

bl eedi ng (henostasis) and favours the cicatrisation of injured tissue. The
invention mainly applies to the treatnment of epiderm s, dernpo epiderm s or
hypo- der NnD-RRLEE ik 6r IM1UBEE woutld ) Ba Eéd Winade thyd Adengtenaipnapé der ni s 10 wounds.

There are now four nmain ways for doctors to treat_ derno-epiderm s wounds,
suture by resorbablTheopresesh inventon aelpes tthracBeW (mBethylideas malppatehasedof

staples, t atl':’x?ﬁf@xfth@‘g{i'ﬁ% yewsidgkps or the use of cutaneous glues. Suture
with thread 1's generally used to _bring together the superficial 15 dermc

and epi denni ¢ | ayerWthinnthe jpsesepisdesgriphiRih the ampaBiuee Mmalad, reéers 9 ar i ng

t oget hes t hecARRIBbISEWRI 1RAd bhYRRE86m etd Biéesiged Bf MRINEAIR Boubsor babl e
thread. This II? t he mi‘%h%g of . treat m;nt rr?st corﬁm)nl%/ .used. ﬁowev%r, it is
rel ativel y [08FHR§Tc §1aps jesiing {herpestasts) g faVQursathe S SaoNs PhEPEEd steril e
associ at ed tisesd.runents (forceps, scissors, needle holder...), 20 nursing
care after the treatnent _as well .as the .r al_of the stitches several
days fater. A thoughmveties Rl SeeR Pk YRRy g erbipble B ca

peri od, t hiepidesmivotr ype-dease-egidermiy whundsy imaramenvlarafeapakrmbepidermicc wounds
in the doctor i y0ffice or emergency ward. 25 In addition, this type of
treatnment is nore or |ess psychologically traumatic for the patient,
especial ly if the pHiereate pawv Jownmpia wWays {onideptoratietreaidermagpiigimicesss

treat ment iowmls! smued byl RsbA8E | Genod-RorkaBleOfhréddaptiecheR), @hé YusBUsH

i nvol ves the am%probl eggs as the suture th thread. 30 The use of

adhesi ve stsll‘?PE‘is,’t (HSR 05adhestve SYIPSOF Eheryse Op FYARRONS BSSin under the trade name
Steri-Strip is usedSutoretwiglhathrb&hisggenaralindsedtorbrihg wodetimy tthp auperfriiwever, its
use i s {dm . 1 . t Of I nnQ- epl der m bout one
centi rreltsr e)&eglg‘fcm elgglfd%énﬁg lgge% lgrtgg%?%igfi;ﬁo?ge%gb agﬁcmmég%&f\?)gqggor{ hani cal
stress. no-legethinthe deep ravssular hed hypodefnew 1gyas in thei¢dst of msorbableakiced

bi oconpati bl e mat ertigl & HaURIRAIT EMRINPRRL: {Pimbil§ ysed ure of wounds. These
adhesive materials are generally called _"glues”™ and can be, divided into two
sy, digads

categories: 5 - bi o'8YFA Mathh P | 4pe syPen dsregues rolacal asna
proteins; -arfydihdiRy isterielnBsdcyaed ingufertsTpfdecepd, &yRBBAGkYdatdIdand, i n
D O SRR Bl g By R YRORAT LR s shderies v
chosen to rleproduce the | ast phase of 10 coagul ati on and anchor the clot to
tcihiai 'r iszgt?i g% glr f‘e’isﬂitﬂ&nghiti?fs%‘ﬁ&ttbé'liﬁiidiﬂrg‘&n}rix%rihpﬁé’stt-%h&iéal BEidd) his is
not the case during the treatment of post-traumatic wounds in the doctor's office
or emergency ward.
25 In addition, this type of treatment is more or less psychologically
traumatic for the patient, especially if the patient is a child, in which case fast and
painless treatment 1s warranted.
In practice, the use of staples pretty much involves the same problems
as the suture with thread.
30 The use of adhesive strip_s, such as for example the product known
under the trade name Stéri-Strip® is used to treat benign wounds almost without
pain.
However. its use is limited to the treatment of small dermo-epidermic
wounds (about one centimetre) outside of any body area likely to be subject to

35 mechanical stress.
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These bi ol ogi cal adhesives are particularly advantageous since they are
-used to again interlock the injured tidsue and allow for the grow hl bills 608)
cicatrisation tissue. 15 However, the nmin disadvantage is the underlying
rjsk of viral transm ssion. Synt hetic adhesives are particularly

advant ageous since: - they generally cone in ready-to-use form - they can
be used’to suture varying sizes of wounds (fromabout 1 to 20 10 cm) ; and
17 JUL Z003 - the aesthetic quality of the scars after suture appears as
good as or better t S :

stapl es. However, (29& ﬁlpqﬁﬁ% %ggstegc!l@%gn%&rﬁr%ﬁf Isl% ngp%?%glt mage%%tlaﬁe mar ket
have a greahavné)ngn dﬁ\@h@@émrag@wm@@fﬁqusds t he adheS| ves are generally

i quid and, appli edrpal YRRl S AGH: LRSI aid PoREYOR (! be ZONe Of
application. Second, ese adhesives are~-general y po enti y al er genic
and decorrpd@éld\ﬂﬂﬂfﬁo@r"@ﬁﬁeﬁﬁffeﬁl culty in the organism generally forning

product g consi dered Blelolareatm'egvésogeﬁemlﬁyamas@éa fra_ﬁl'pi'fas%rp?bféﬁ{sam y limts
their value. 30 In th eshe condi tions, ﬂgeu ose resent |nvent| on

is to solve a techni ¥l eﬁ?aﬁweémemepb/tm fCy cafleeaei JR PaFudoy el

materi al f o2-otfyRrysndadiygatef \BodiRgSyanbiaylates e3-venldyahdacrgmet hahd c, 2t hat has
t he sane adva}£ es as he af orenenti oned synthetic adhesives, that is easy
to use, can OATY &%t i vel y easy in the organi smw thout producing
t oxi ¢ products and Biokigiczhmdhesiegspiesed cB&sennwi degprodvee whenkdsti phasel obf t he

| ayers r sol vi ng
t he af ofrqament one t%g%%§+‘{§5‘he aogﬁen}%{%ltﬁégpm)}a;]gﬁ%?q{bb%e%gﬂa(ﬁlt%ustr|aI
scale. It mgtm’éee\ﬁbt?edatrlaﬁwntsnts is the basis of the present invention,
that certain WDHOWBThe%E%&B%i%l' m&e@aw grm@\ﬂhﬂﬁ%vﬂﬁ%é irgPSphepde of S5

met hyl i dene nal onate have a ties Tequired, In particular in
terms of bi %Tea‘éPﬁésIPcﬁga%i‘nH“‘?;‘l%de? tl’gdui?éf gs(sge é’ﬁé/%ﬁo“ﬁifqreﬁheﬁﬁwﬂbﬁf ithér, for
t he creati ogicatisiipw tiggieri al s for the suture of wounds conpl y| ng with this

goal . Therefore, or di ng a .first, aspect, the rpose 0 esent
Poventibh s a fat cRPREYFohe KBS, SR REPERGAnS WHIDER AG ot L7
~ bi oconpat i btrensniossad) adhesi ve mi xture containing at (east 50% by wei ght,

and preferably 80% §%rb%§)c%ﬁxe§?$esaa{@&}rﬁéllh er i lﬁgé]%(f%cpased conmposi tion

containing: - 40t to 100% by wei ght of
one or nore net hylld@ﬁégﬁ%r@%@@%@ lafrwddrtmnsa qrmy; A CH2 C~ (1) 15 in which:

- A and B I ndependenitey ch®BE @5&IND sAndé QY irdpdsize@rof Mbuinds GréARabblit 1 to
-C O ( }gﬁﬁ%é ) OO020 in which R "and RZ i ndependently represent a
e

| i near | kyl group with 1 to 6 carbon atons, and n is an
integer from1l to 5; thenabsthetioqealoy offvhe saued hfydri sane appdaamas goad agomers wth

2 moF ecul ar pli Al eSSkl ih oS8R b} BubuLUBE, consisting of

recurrent units
However, the synthetic adhesives currently available on the market

have a great many disadvantages.

25 First, the adhesives are generally liquid and, applied only on the
surface, tend to drip beyond their zone of application.

Second, these adhesives are generally potentially allergenic and
decompose with great difficulty in the organism, generally forming products
considered to be toxic for the organism. This considerably limits their value.

30 In these conditions, the pl:u'pose of the present invention is to solve a
technical problem consisting of the provision of a novel material for the suture of
wounds, that is essentially synthetic, that has the same advantages as the
aforementioned synthetic adhesives, that is easy to use, can decompose relatively
easy in the organism without producing toxic products and that can be applied

35 inside the wound in al] of the layers of the damaged skin.



A-CH2-~ (Il1) B1 T JUL 2003 in which A and B are as defined above, ; ﬁmjl
2 JUL 20@B - 0 to 60% by wei ght, and p}ef erably 0 to 50% b~~ wei ght'| Todllo

or nore nethylidene mal onate polynmers with a nol ecul ar wei ght greater than
6,000 and consisting of recurrent units of formula (11). According to a
Specific feature of the invention. in aforenentioned 5 fornmulae (1) and
(I'r): -"Arepresents a group (a) in which R~ represents an al kyl group with
1 to 6 carbon atons, preferably an ethyl group, - B represents a group (b)
in which RZ repres S I Wi t . garho : eferably
an et hyl group, anﬁwrel P%Q%{Rn%%t?&gaé%gl aﬁ_’ﬂs ]1?1_ %8@1% g%%@%@?@%%&bodi ment
of the i nvéerhnisal prohlsmaing: wapanpligatdel onean iydusdiahecabl onat e conposi ti on
contains: - 50 to 30UOUiSEIAOE Ah B8Gs Me BRILOMBEMYELAPIREARIR LS
oligonmers with a nol ecular werght |ess than or equ to 6,000, preferably

| ess than 6ertaiguanronoges, awbioramlizemssi a1d/org ROlYymEC GPMPAsitions twadst ¢lor nul a

(! 1), 1§ - ﬂ&h&lﬂieﬁg%a%ha\/@lhe@@talmf tH@ﬁr@Eﬁ@&&u%B.M'}iaﬁt‘i‘&ﬂarfrﬁ't&ﬂﬁt&” pol ynmers

with a nol culg?r%y\el%gt .greater the}]ﬁ 6, ?00, ﬁmd,thg aforenenti Qqned materi al

has a gl as®Q-PAISIAN P HERpEr Befareandipt s applicaton. Jpr g sEatep op@ew

pr ef er abl y ngénsefortldsaing of 3hndaduinsiyink lwith fsefoahl y bet ween -20 and - 30C.
i |ication g%so ains at

20 Thi iti | ' h d thi
pr ot elctS i ﬁgnm) SIasI g%{sfép&%\r{rgf‘éo?&ﬁga%l ﬁafg{skﬂf‘ﬁr%h?@g IHRGSS PP RESE ent  of

t he i nvent iinventibhés amateeiabfol ithersmthireef wphindbaroasisth ooz Bobaspalibigippesi t i on

containg: - : 9 i f r t.oul i ) e 25
o1 gords i PRtE pERIAC EolErAN o lesBl 3007 bPNLALE N pERERPR ALY

pr ef er abl y waighied s raobylidete mapyoteabpged evmspesitioneoptainisgurrent units of
formula (1), - 35 tQ%ﬁ%M%y%ng AR Brefirablprsd @eidty} byangenmbonat e
polymers with a nol ecul'licygr wei gh grefgft er hﬁn 6, 000, preferably greater

t han 9, 000,°75/98 "Mremstbdsneyapipaaiss pfommbladRd 25, 000. 30 Thereby, the
material for the suture of wounds that conplies with the present invention
is essentially characterised by the fggt that it mainly consists of a

met hyl i dene mnal onat e- based C@Fpo_;s_i_-t(i;{n that i ts?jf mai nly consi sts of
_nmononers) and/or ol igomner(s) Wfose nwl ecul ar welght is |ess than or equal
to 6,008, preferably less than or equBl to 3,000. 5 17 JUL 2003 The
viscosity and bio-aghggipn (or bonding) properties of such a conposition
enables its use in the treatnment of derno-epiderm c wounds, alone or in a
m xture with other bh8edRpadenspdenglyaprsessasa rowpparari(Blil ar, it has been
observed that such a conposition mal~ be 5 applied within the wound.

W t hout any persistent bl eeding npted during adigsi on, and w thout any
inflammatory reaction noted aftler 10 days of adhesion. In addition, the
nmet hyl i dene nal onat e- based conpositions that can be used in the invention,
are degradabl e by bi o-erosion-cregj-s ﬁi)ng_ceicl;panol(b)and glycolic acid that are
general ly not considered to belitoxic for It he organism 10 Gycolic acid
even seems to act like a stimfator of céfl growm h. These net hyli dene

mal onat2®- based conpositions may be easily prepared by the skilled man,

optionally by the sinple.m. x ng of t ely
(rmononer (s), oligoner s‘?l,“mﬁﬁ'y%gr%%Wb%?ﬁn%ﬁnggﬁr}g%ﬁé?@%éﬁp{/gﬁﬁ“?ﬁ%d t he
subsequent evapor at i cdlkyfgrove With| L én b . can®nmaiemaeanidyn iideh énteger St d nononer s
can be prepared accorgigig to the nethod described in patent EP 0,283, 346
correspondi ng,,to patents US}HQ, 931, 584 aan_ US 5, 14 ,09% hel\rei n jéq[%orporat ed
by ref er enc¥d/rqNEOr\BIE (At 6‘5%%1“&@’“8&? 1021 eV D AiPO e P o AN hei ght i n
order t25 r efifan er edual poé,90®anSanEeing ofveburran uhits-a) forR@alg) hyl i dene nal onat e
ol i goners and pol yners can be synthesized by anionic or radical

pol ynmeri sation fromthe aforenent);\oned nononers. In the case of preferred
met hyl i dene mal onat e- based corrpos1ti ons, that are fornmed froma m xture of
ol i gomer (s) and pol yner (s)}—g¢heseceonpositions may ghso be obtained in one
single step. The rel ative proport:[;ons of constituents

in which A and B are as defined above ;



25 can be adjusted by varying the concentration in anionic or radical
‘i-nitiator in the polynerisation nedi unf The skilled man can easil y ZgUH%m
t he af orementi oned physi cochem cal characteristics of the nethyli de

mal onat e- based conpositions, to obtain a material for the suture of wounds
that has the required characteristics of 30 bio-adhesion and vi scosity.

As under stood, the physico-chem cal characteristics have to be adjusted
according to the nature of all of the conponents in the suture material.
The goal is to obtai bV, j tdmo

viscosity. _ In ene@}ﬁw% ey’j1 %ﬁ%laﬁg{p{:g% Pﬁ% Srrer)a/g ggl\ﬁﬁ??@gﬁf? egrsuture of
wounds 35 cioafs mﬁtﬁglldﬂmﬁnaln@atc Rolymersowith etheleculeraweighiegrapter Bige i §Uhed

met hyl i deney,q c@ng‘@nﬁé-’&fx%%nﬁﬁhx%@fﬁnﬁﬁoﬁ ).conposi tion, may account for up

to 50% of the welght his materi al cour se, these constituents wll
be chosen so as to Pergdingitep W?élf&ff??@ﬁ%ﬁfl‘}@fnéﬁeﬁﬁ@myplﬁ@’ﬁ’é‘eﬁﬁP’éﬁate based
conposi ty ongrmufkiTahe (M. xt ures 5 vm t h the desired characteristics of

onl'y aceount Tor aboRtSEEBIAB UG Brishar AP SeE s ot B By HGIG of the
total wei ghto éoéarbdreatsmisipreferabliear ehyl gfngse constituents may be varied, from
rent 1 on i 11 be madeBoreelinamrd oY i B T RSP RAl s
dextrans t h@t6 earbomapmsppreferably an ¢thyldeewp. iahé d is anpmberagsalFR In 2, 555, 589 and

FR n 2,461, 724: - r refera Y JoVe Tl | ates; -
pol yal kyl met hyl acry at egl%ﬁg%gﬁQl th?%(gg]ﬁggto?b g %Ig%(f%éttﬂglr(\éeﬂs); - Hefied

pol yoxyal kymeHyldene rﬁﬁpyﬁﬁﬁ@ma@ﬁl‘é@ contaies:y| act at es; -

pol yl act at e- co- glycol@@% 9@@ by Rdi¥M 'BY'cﬁﬂ'eCQthﬁ&e RethiytibaRamapigier r ed
constituents ar e,

eth Iene rophilic additive
bel ongi ng t BligqRers ME‘IV"S]EP‘HSW vgﬁb %rh%rse tJbQ)OOpP%-eréblg’g?sé than
pl asti ci ser omédual 10 3,060 and>doumet,mgx|$f rmnp@ﬁlﬂdfdcmde(ld:p glycolide), a

bi odegr adabl e addi tjx(etb (prﬂ) ! lb%FE)hg O%n%%%el i eqllan] ?*ﬁ,a%gr,@ e?i ycol at es

able to 25 inprove t ure. t hese
consti tuent ®i aImOIlgelllpIr‘éSléhftgmtcl‘rthan6ﬁ@0,suture materl al in the f or m of

mxtures with the aﬁﬁﬁ%ﬂrbﬁ&ﬁ%n%hmériaﬂﬁ&ea gaisq%gﬁoh@éﬁser%fmmtl ons.
It shoul d bqunOt ed t hat | eayi ng the context o

esent 30
i nventi on, %@%@P?&‘G&& PW&VaQV%W}%’nf éQlﬁHdV\P?W r?nflﬁé‘”sﬁi?ﬁﬁfag’]ht eri al
in the fornmbefves®Bonaid ABOPCS i N copol ymers i ncl udi ng net hyl i dene nal onat e

it f I I def d
omits okl oTml 2 (1 b SsSlioH BRLE oRoRg, B BYDHIGACoRR  PREE
wel | - known potedting pleassorovekingtesd. i n the art. 35 Anong them nention is nade

of ani oni ¢ pol ymer | gt bRyl CalerRRhY EIAEHARN of T 7@%{#%@ even
the techni qg& of coupl |nga,é}§e precursor sequences of e copoly t hese

sequences h&ATFYEIBCBRd A 20 ‘?aPﬁﬁE‘tbPﬁﬁiaﬂf’@@él“%F@?télﬁénd on the chain

end. - 55 to 65% by weight of one or more methylidene malonate

25  oligomers with a molecular weight less than or equal to 3,000, and pteferably
between 300 and 1,000 and consisting of recurrent units of formula (II),

- 35 to 45% by weight of one or more methylidene malonate polymers
with a molecular weight greater than 6,000, preferably greater than 9,000, and
preferably between 12,000 and 25,000.

30 Thereby. the material for the suture of wounds that complies with the
present invention is essentially characterised by the fact that it mainly consists of a
methylidene malonate-based composition that itself mainly consists of
monomer(s) and/or oligomer(s) whose molecular weight is less than or equal to
6,000, preferably less than or equal to 3,000.



In general, the nononer units formng the aforenentioned constituents wll
‘be chosen from anong the constituent nonmer units of 5 polyacrylat]esjl”_z[m3
pol ysacchari des, pol yoxyal kyl enes, polyl actates and

pol yl act at e-cogl ycol at es. Anong the constituent nononer units of

pol ysaccharides able to be used in the context of the invention, nention
can in particular be made of the constituent nononmer units of soluble or

i nsol ubl e substituted functionalised 10 dextrans that are in particular
described in patentspFRid,g 5§n:q e@ﬁ')n': r b;?rgé RR%uERE;
constituent nonomer units o acr ates ab e tﬁ in the context
of the i nvecmmmsmo(mbl@wtwﬁq ing etfaaj@eato wp&psd@@a@rwmdésaloat RY/|

met hacryl atgs, anQure \ﬂ&f)&ﬁ&ﬁﬁoc&@ahﬁle%ﬂﬁ{o%ds at | east 50% of the nononer
units of the methyljdene mal gnat'e-based ‘copol ynmers used in . the present

i nvention will consiisparbgulgfeth{as BesReORRANGEALDE HHENta COMRRKEOR: G| %rs may

be randgm o ]:ﬂh"eGSﬂﬂﬁn meO\QKurer vwithaht £ ;ferrstst@rttlm@eamgl%tafdt@uﬁﬁﬂ amesirmt eri al
conpl yi ng er&{t i nventi on mai/ E@éess i ncl ude

bi oconpat i bf %‘E}ﬁ@f‘%l Pentteyata?%lgt np eéa\ﬁieé PEPLAYTY ™ he constit uents,
li ke, for exarrpl e, I aklitic, stermenhylu&\nenndiomebmﬂ|cbtnpopnoﬁhmtas<:ama¢ i nprove
t he adhesi o Q I tack i S Al g t he

pl asti ci ser & egukr\ ﬁeﬁ\/‘eg]ﬁg?hgre dg%j %L:i g’enltol%(r’t l&¥ ?a(%lrrtl%vm&?‘? (55 e made,
for exanpl eglyedlia heidedaers geteraﬂedncﬁtr oonsaltrasi o ézcndxlcaﬁel thie corgaiigm. citri c
acid, ojeeic [ yl ene glycol. Anpng

t he su?ltozbl gﬂﬁggﬁaéaﬁ%d %gg{gﬁgaﬁ&g%%gﬁe@égﬁfa&Pgm hin the context of the
present invention, i giethyhidens dnalpagiebasedt eppPaEtions 18| bfe 98y ns,

hydr ocar bonpiepsried by tﬁ@ﬂnﬂkd(hﬁﬁ esptidhalfy By el smpRUnRKingddbthbse dodgionads 30 The
suture materi all, in 00@ iance with tlhel_‘%&%gentl i nv tJ on, % al so include
one or nor eP%EREEQ eSSHATAIRY JMenomcHRYy e t Pe M’é‘ﬁf W SPREHSES fr om
anong t he | siledntzamaahbée hétseqent swapbradsn bf thecalvent, bacteri ostatic agents and
ant i bi of4 ¢ agents, ﬂ;t&l}x ?@gd&% m&lgﬁ‘at@lrfunoﬁte&ed% glf;?és&redadl@{&?r&' e | 1 ke,

for exanpl e, _ketoprofen a secon ose of
the present Mcthpd qsmqusma)atméat’rﬁ#m hﬁmsp@tdumoamtmts UStep g‘bl dernis,
hypo- der mo- gii ther 41i £ YeiRdein ln&r?oﬁtearacte%rt&%daﬁé} Val@im ide g8 i s of
applying a Lﬁfl cient quantit @5 for the suture o mtblpgds W t hin
the af or emeREHS RYRRMLFRPS1ARE Weight e @rdgsdo dempye ﬁleceglgaeysaéwévtne 1y

pr eheat ed tcS(az)terrperature above the softeni ng tenperature. In the case of
t he pre% rred mater dmsu nlt/ congl St i ng ge th I|d|bne | ona (Lg based
conposi fi ons forned tﬂyrlr’n SRS 'fgogtef Rd BBV PEPTRETNh 4 gl ass
transition eseperatadiel lpebweelﬁatﬁmafm;tnxl&mfpren‘rwnalﬁadrremmarened pr eheati ng
tenperature is in tt}?ﬂﬁé 9%% & piRRal ﬁ%&zh&n@&aloﬁﬁte%g‘&r éﬁxﬂggsméxtge suture

mat eri al conplyln resent i nvehtl on ,|n a form
enabl i ng it $1348¥5 formed Ham 3 ‘i“k’@ureforOhéSt@ﬁﬁ?)@ndmlbim@ Séleéhasescéﬂ’fpoﬁ’é‘&t“i; ng

syringe. Thm raesietsa obtaivedtn et Whhle S&%b W Tie ﬂet{a'tlUStpf(%ioﬂﬁbri@)bﬂd@ﬁstftgéﬁtﬁwlt Rg
r.eviatl.ons av Sse n ese
f‘h

nonllméé Ies he foll %

a2 "sf R BiEsisd BV anos fifatc Rt it o B o RG R AR bt e o
/| G- OCH2CH3 h&yﬁle@s@cﬁ-ﬂe@x@ OCH2CH3 al so cal | ed:

1-et hoxycarbonyl - 1- gf,hoxygar hogy!ld Hﬁt@éhf ﬁ@gtoﬂcﬁu‘oﬁ’é}mﬂmﬁ&é‘ O%SPW 2.1.2:

ol i gonmer or pol yner consi sting of nononer unit ying with
t he for nul acgen@atz@ ppactexipies - of. the prtotidendcrpl aptePasefpcqumgsitions, 10

pol y(et hyl epgghy & Mhakertll G t'he Rtuyd bia%mdﬁ-tﬁa 1k Xlﬁ‘@tdﬁdﬁéd Bdeacteristics of
pol y(ox%:t h¥)l ene) PsCL (E caprol actone) 17 L 2003
10-adHesion and v1scos1t\§
As understood, the physico-chemical characteristics have to be
adjusted according to the nature of all of the components in the suture material.
The goal is to obtain a bio-adhesive material with the appropriate viscosity.
In general, the constituents of the material for the suture of wounds

35 complying with the invention, other than the aforementioned methylidene



9 DCC : dicycl ohexylcarbodiimde In addition. in these exanples az V\ﬁlh,il ﬁi
-in the description. "'nolecular weight® refers to the average nol fl sH y
wei ght, referred to as M ~, expressed 5 in g/nole of polystyrene (PS)

equi val ent, and measured by Gel Perneation Chromatography (GPC) with
“chromat ogr aphy equi pnent standardi sed with pol ystyrene reference pol ynmers.
In addition, the glass transition tenperature (Tg) was determ ned by
differential enthal pic analysis with a scanni ng speed of 10C per m nute. 10

EXAMPLE 1 rﬁﬁgﬁ?{t@g&grw rTEl?Ot gFJ'heHa acE?Jn(lthP u@%%% Qf tﬁpt&mt rnmfsvin~ with

the invention rotoco arious nethylidene
mal onat e- bem@drl@lorrpom tions for med fromm xtures of oligonmers and pol yners

were prepared by anhOphGsd hokBROhSALANWID b2 NodRAD) ad B &AMV &AL fRAI UM
(acetone) fromthe mononer,. i n accordance wth the follow ng procedure: -

in a 250 miafersneAURAG Ghrd idens unalgnaierhatedt 9°IHPQ§F“9?6ndH%‘?‘aI£O“’(‘éB'<’;5‘? essed in
grams), 5mal\mﬁlatﬁaeués1lﬂétﬂwarmdrr§ﬁésyof\&ﬁ@-udm5mfncyndEvlsta@uf}s in order to elininate

the pol ynerisation itor vol une V
(expressed in mll |}5rf3{]err63’§¥ ‘?Sl?e {%BHéh?Sg Cﬁﬁgﬁ{“%ﬂt%88”&%8%“}“\{229%%%?8 stirring
for 10 m nubex%,1oddpre?@oidy-1 tchébaby oleight 0F thd eotplr weigbd of thavksuithid i t r es)

of 0.1 N nghlém25 hydr oxi de solution is added all at once, still under
magnetic stirring. The stirring is nmaintained for about 15 m nutes, then

t he pol yneri sati on Thesetopspagntsirhay be vausd, frominatiaalyor sentheticarigiy. by t he

addi ti o of decimlg By@?%&lg hte gfs@ﬁ'cgngtn éfmvmeuﬂ@n WA gladk denti cal to

t he vol une of sodlu hydr o ut1on e acetone i s evaporated off
under vacuum and t hesobeble 1 inselublsisubstivagd funcligasised ﬁF’EtF\a“alﬂéac‘ iarq ®@%at er and

then dried gygéuisly H6RriB& in pAleh/FRR? !,6'55(589Emd BRROSHAN| R4t 0 prepare these

conpositions by adding the oner lon in acetone to a solution of
sodi um hydr oxi de al SB‘% ‘&5{)@?{85_: ragliyd)oga RAPAMECIIPES cs of the

prepared conposi ti onsolydikylmefyiacrgaitgl conditions used in the preparation
of fi ve, Jret hyl i dene_ I%L %]%)&ﬁﬁﬂet%%@om tions as well as the glass

transition tenperature ese cohpositions are indicated in Table |
bel ow. 5 TABLE | ConpdgexyatiyleNes;m (g) MVR. 1.2V (nm) of acetoneV (nl)
NaOHTg (C) 115010- 223&@,§Q§,gacig§?31502. 6- 1341502.6- | 1531503- 10

- polylactates;
- polylactate-co-glycolates;
20 - polyvinylalcohols.

Additional preferred constituents are, for example, polyethylene
glycol, a hydrophilic additive belonging to the family of polyoxyalkylenes able to
play a role as plasticiser within the mixture, or even poly(lactide-co-glycolide), a
biodegradable additive belonging to the family of polylactate-co-glycolates able to

25  improve the biodegradability of the mixture.

In general, these constituents will be present within the suture material
in the form of mixtures with the aforementioned methylidene malonate-based
compositions.

It should be noted that, without leaving the context of the present

30 invention, these constituents may also be found within the suture material in the
form of monomer units in copolymers including methylidene malonate units of
formula (II), as defined above.

These methylidene malonate copolymers can be prepared by the
classic polymerisation techniques well-known to the person skilled in the art.

35 Among them, mention is made of anionic polymerisation, radical polymerisation



~ ~ ~u~ zoo3 ( About 80% of the weight_of conposition 1 consists 0{7 2003
-el i gonmers with a nol ecul ar wei ght | ess’ t han 3, 000 (Mv = about 600), Awd
about 20% of the IO wei ght consists of polyners where the najor conmponent
~of which represents a nol ecul ar wei ght of 10.500. About 78% of the wei ght
of conposition 2 consists of oligoners with a nol ecul ar weight | ess than
3.100, and about 22% of the wei ght consists of polynmers the major conponent
of which represents a nol ecul ar wei ght of 13,000. 15 About 78% of the

wei ght of ght | ess
than 5, 100 e opeur a3uE O Sblimedhe picc A0S I§I°‘8$°P“I5%n§§lé‘“??; 43
conponent cseqlmr:@smarvmgrt@g@ﬁd@uatehbﬁue@tmrahsqﬁeb mh@rd af-‘halls eo@o A study

carried out on flapg QEné‘rIa'l”H@hékITan&H&a' nad ffoﬁmﬁurﬂkc%koé&eméﬁe%s on
abdoni nopl asti es has énab confirmng that a hese conposi t| ons have

all of t he cquditpentesvitlegai ¢hogen fFonpAmensulthe cPRSIHEGHEMEROBElo MatHedfi on and

viscosi sy, pb@ab@ldiése?o@%ac%ﬁéﬁﬁe@ ﬁ@&&(y‘aﬁdylen@ tHBac@deNEndPpolyacRESOE! at i on
with ot her\Eg,o co bl e constituents, defined above. In parti cul ar,

t he adhesi of the aforenenti oned f| ve 25 net hylidene nal onat e- based
conposi tions was f Among mebconsmabxhtemaﬁcﬁrﬁﬂ ﬂﬂtsfmﬂpscﬂysabctﬁmdés absly tditef er ence

noted. bet waghs OB SoEHNGSH 2, AONd TR0 BRCT WAMAGA: e e 2003 |1

addition, a St I"oNn was . |C|ent for a
sat i sf act orcgnsithessi menqm)mmnmmﬁ s;rbmbie s@rdmolorblet lebsttied! fancéld@absrgiht

toget hgp ”%Hﬁ‘%ﬁs\’ tﬁétt &fe qughﬁ@mapndégtznﬁéae lﬁ\a/‘\hgteﬁtgmﬁ\ ot O4Y sedne, fest

results were obtained onmposi tion en such conpositions are
i nt ended t &'HB” 34647 &‘Ione the glass transition tenperature has to be | ess

than OC, in or der tMnBﬁ@t’rﬁrbbn&th@éiﬁn?dﬂGBﬁ%ﬁﬁQ&Spcfl)FaQ@lﬂéi Q@@'td‘ge h%@i qui ckly
before the .applicati o nsi d he wound, @dvant afgeggﬂg %] 435 glg
transition'P %‘Iné&’%ro ﬂ'ﬁ IPI'CIIS’@nb‘é‘F’II\‘rH%‘nwml RAde © Recylats e KK

bet ween - 2f€hadrdlates AACitaddhatesepar ati on of other materials for the suture

of wounds comml vin h Q erinentale pro Different
met hyl |rl gene mal onataI gmé)eé)gre% agofﬁ%%gﬂlb%)f oﬁstﬁé @Egriglefrr‘gﬂgsl ’%’gﬁﬁhd%ﬂ
ol i goners andopykpatads capalymrsompat doi Hy (Pmscmnamveyltlonewaii ¢rmsist aefdi t i onal

conponents rh@ﬂﬁ?llcbﬁl@'?nef?éﬁi?@ﬁﬁg by the sinple mxing of these conponents in
an appropriate’ sol ﬁ’eﬁ% More specifically, methylidene nmal onate ol j gomers,
I

met hyl i dene mal onat Sﬂ?@%ﬂeéhdn@btheoﬁ%dpy’ SePadtt Plogk ot dEpfditent are
wei ghed outstiuotugék. pr e- det ermi ned ampunts and sol ubilized in a comon

sol vent (generally n acet one net.j,c .stirri ng, en the splvent is
evapor &%ed usi ng a T}bet EV VAR e&ag 8?113&? Q‘ Hex PiFse? il§v?f{}I°élanaH é.]ppl‘l mary
vacuum dessneceassary, iBludehbipeanpatibét progucs abhaomdﬁpauted/is;:osmosmbng)mlx 25 The
main char acgLkBEESIR, hPExBARRAPEGICARPES 0D PBReah adw@h&f&gg h Tabl e | A

bel ow. Conposi tions are constituted sole ene mal onat e
2.1.2 ol i gofRAFeVeathg a%ﬁtsm likfe fra envainBlgatecaled | @cbérlpgrerﬁgmsc(mpos. tions 8 and
9 further conprise Ambyigtigopladticiernddithbly €orhé phsstrﬁ ideen@ibn, théntf¥aGvily pe and

h I I t
1o oA S o 1) UREL A BE ET Rl BAL) SlaRs,lR Ll v
PLGA type witidlwlaancibestemmchcid s¢hapicavil; pblyethyledegiyaclabi | ity of the nixture.

45T28 CPI(_AGIA d:'J;sgﬂ 225‘85[%%% LRt ta{c‘ﬁ%fﬁr e2sins WHCH anP sA8B1e’ QifdP the T9 =

context of the presem invention, mention the modified polyterpine or terpine
resins, hydrocarbon resins, and mixtures of aromatic and aliphatic resins.

30 The suture material, in cc;mpliance with the present invention, may
also include one or more active principles among the constituents, mainly chosen
from among the local anaesthetics, such as lidocaine; bacteriostatic agents and
antibiotic agents, such as, for example, streptomycin; analgesics, like, for
example, ketoprofen.

35 According to a second aspect, the purpose of the present invention is a
treatment method for epidermic, dermo-epidermic, hypo-dermo-epidermic wounds



12 Conposition 11 further conprises a gart whi ch is made of nethylidene

-mal onate 2. 1.2 nononers, this nononer Being added in the cold to a 'ﬁﬂg?@
in acetone consisting of the three other conponents. Conpositions 1 %
further conprise an anphiphilic additive S which is based on nethylidene
mal onate 2. 1.2 and which has a vey good affinity with other conponents and
can be used to i nprove the adhesive resistance on the wound. This
anphiphilic additive is a bl ock copol ynmer having 250 et hyl ene oxyde units
and 43 MW %h%ra%tefrgea {rSthatft omﬁsgﬁ lﬁﬁ%&%ﬁﬁ’f& &yqﬁyﬁw§§m\4@r@ﬁfo€>%& 10

p0| yrrerl sation o he et | ene oxy OSI tion
14 conpri seSItiE o NMundHWHE mﬂh%f@ngangi wawd, .as/éefiméiee@%@] lf\mczssw whi ch

i's a copol ygeyicafly gMﬂegteé‘rtc?a %r%ﬁ'e%@ob@ﬁxe%oﬂ&ﬁfkﬁ: JePdrhé, Wi th the mxture
and has a bi odegradabl e sequence ch enabl es rm dul atj ng the aqver al |

degradabi lity ki netindge e%se§£.ﬂa= R¥E frﬁii gaterlsrpjainly gensisipg af neghyjddes

copol yney h@dloﬂ@te%aﬁ’é\d\@mﬁp&xt&ﬁﬁ%ﬁﬁ@i ﬁ6m5a ﬁf?ﬂu&/ el @vo@ﬁ‘éﬂs anPpblynfeegiuence of
2,000 g/ ol e, whi heen re ar ed che éﬁgél %Bbe Ween J)oth

c
hormpol yrer ¥hA g ?6‘3’6’95’{‘1%6 78 aﬁurezea uone
functi onal |mﬂedﬂa@1emp\erhﬂuﬁ: ﬁﬁmﬂemﬁer(mffaﬁlﬁ&?%m@b ¢TiCor orret hane 20 TABLE I A

(g mol) “Nature of he SRsrRdhes STt n Gy i Bia g e 1 >
addi tives Tgwomnqmwmbctmbaged:)l@agaﬁaz@n&m@ms/ gpphi6atdin7 (ide 500 @8G0PKO-

%gg;ggg%ogggﬁ@;g/s@gﬁqﬁg%ﬂg GA951 0/ 5- 34, 211145060

500MMVR. 1. 2./ PLGAGO/ Bhg gresentiinyention owillpmpy pronlugtrasedy By dhes fdlpwing nopa5060
500MVR. 1. 2. \ilR§ihg SMMRIck, 2601 30/ 5/ 5- 44. 4141450PeCL- PMVR. 1. 29119~ -22.7 * PS

equi val ent .
9 The following abbreviations have been used in these examples:

15 MM 2.1.2 : methylidene malonate complying with the formula:
[
_C—OCH,CH,
N O0—CH— c<
y) OCH,CH,
also called: 1-ethoxycarbonyl-1-ethoxycarbonylmethylene-

20  oxycarbonyl ethene

PMM 2.1.2: oligomer or polymer consisting of recurrent
monomer units complying with the formula

COOCH,CH,
—CH, _T_ )

25 CO—O—CH,—COOCH,CH,

PEG : poly(ethyleneglycol)
PLGA : poly(lactide-co-glycolide)
POE : poly(oxyethylene)

PeCL : poly(e caprolactone)



13 17 JUL 2003 EXAMPLE 2 Denonstration of the value of nethvlidene

‘mal onat e- based conpositions as an esséntial constituent in a materildl JU o003
suture wounds 5 The adhesive power of nethylidene nal onate-based
conpositions was confirmed in an i vivo study on dernp-epiderm c scars in
the guinea pig. This study was carried out with aforenenti oned conposition
1 that has a glass transition-tenperature of -22C, and in parallel versus a
ref erence system (suture with non-resorbable thread). 10 The fol |l ow ng

prot ocol was used. canimal s used were male Hartley guinea pigs (n = 10)
wei ghi ng 250- 300 gD@a&F%‘g&ﬁx\yg .Od&?]é ece) free of all viral, bacterial,
fungal and parasitic disease. Al of the guinea pigs were first shaved
after a three-day ! of. it i i i : k. i ages

(1 FFA CREDO. Fr anc@ﬁdcﬁﬁc\}né i s ST 43001 Ao e festiblith, “BRBchEa00S |
- di si nf eceightrafers flo slrei avgrage maalammassory weight oefdrreh dves M pepressedse

shave),zb = a tseyf Q.. 14N Sy a wth a

fl ow 205 of ‘%%’32{? g %%?}%%Irrnaﬁ '({S)( %@ég\afl&ga\}b\%;&% %ééﬁh&\ld glggn 4 ggr-n(%%%gcond
suppl ement &NOHEERIRPRE t (GHOWIWIR yiromstogaphyi smipraent sapdardised pViBr ni ¢

par aver t ebipglystyRGleStRnd®pslmbrscm l ong, with a No. 15 sterile surgical

knife (Swarm Mrto ngl and). . The pl.atysma was u as ref.erence for the

anatom c | ayout . ZEﬂ ﬁgdlgpﬁﬁgai%ﬁsét f}F‘P%é?‘FB‘Ha%‘fe ffl-'g ‘f’%ssget%‘?fﬁ i%¥i on

i nsi de t he dvfferatiaMehthakpicsamatylss eitloassmugspeed ofd@P Oper mit@f t he wound to

t he ot rllgr The conposition was preheated in a glass dish on a heating plate
7C.

set at The tenperature was taken in a control round-bottoned-fl ask
cont ai ni ng BXAMPLE dnedi ately after the incision, an anount of test

conposi t i Oh@%;\g@aggh Lg aamqiﬁgn%ume“ggaré io@‘?_»%&.nag %&ﬁﬁ_lﬁﬁ,@twﬁ g% mm wi de
and 1 mmt = wer e

br ought toé&!ﬁdﬁ.@w’th the fingers fE)r 30 seconds. The superficial excess

test conposition was ExpaRmesialbhibibedl conpress, g - placing of 3 adhesive
strips Steri-strin..%S The r.enmai ni fiye quinea pi.gs selected at random
form tHeé control grdGi9us Tﬁ‘é&y&ﬁ?ﬂ?r \}%ﬂgnaé‘?f%iasﬁgi §?’6‘H°$‘6‘%Tsoa;8’a“ tgorgut ure.
.14 17 JUL 20i@8ires of oligomers and polymers were prepared by anionic polymerisation (0.1

N NaOH) in solvent medium (acetone) from the monomer, in accordance with the
following procedure:

- in a 250 ml round-bottomed-flask, a quantity m of monomer

20  (expressed in grams), maintained under primary vacuum, for 5 hours in order to
eliminate the polymerisation inhibitor (sulphur dioxide) and dissolved in a volume
V (expressed in millilitres) of acetone is maintained under magnetic stirring for 10
minutes.

- then a volume V' (expressed in millilitres) of 0.1 N sodium

25  hydroxide solution is added all at once, still under magnetic stirring.

The stirring is maintained for about 15 minutes, then the
polymerisation is stopped (if it hasn’t already terminated) by the addition of
decimolar hydrochloric acid in a volume roughly identical to the volume of
sodium hydroxide solution. The acetone is evaporated off under vacuum and the

30  polymer obtained is washed with distilled water and then dried over silica gel.

Altematively, it is possible to prepare these compositions by adding
the monomer solution in acetone to a solution of sodium hydroxide also in
acetone.

35



after step , each guinea pig is sutl@red with single thread Prol ene

4/ 0 equi pped mnth a P3 curved needle, with a cross-section of 13 nm The
suture of the incision was carried out as follows: 5 - guinea-pig 6: 2
stitches,- - guinea-pig 7: 2 stitches. - guinea pig 8: 3 stitches, -
guinea-pig 9: 2 stitches, - guinea-pig 10: 3 stitches. 10 After the
operation, each guinea pig was put back in its cage, woke up less than 5

m nutes after the O@%I%Héé?éhsn@?gf%@%&p‘éﬁ% Cfon%gﬂg %Egmve about. The wounds
were | ocally disinfecte ey Ve di ne. The mounds wer e
phot ogr aphed at T =The dexper[mentgl dCC@dHIOnS usey dn Afe eprepartianayef fivee
stitohes vehenlRIREC hOMK HASICEANARIRR! fagtweu 22 hoe e thgldiorgual i ty
of the scars s assessed I n in %on tions an ene gency physician
used to t heempareture €1 ard thasp rempesidonsiare indifates, ln\ﬁablﬁ IgVel p of a vi sual
anal ogug scale. The results between the two groups were conpared using a
Mann and Wi tney non-parametric on -Qé tion test at T = 10 d (the
significance threshold is set at 53&——£g—The gui nea pigs were sacrificed by
i ntra-peritoneal injection of a solution of Phenobarbital after eleven days
in the "adhesive' T group..and [aft 3 ays[4,n "Sutyre' " group. Two
exci si on- bi opsi es &g gﬁP?le zg)pe 1%@? H?d g Eggﬁbhﬁ skin control
and one gl obal |y i|Neol udi ng t heVisRal.2 ﬁBfﬁh&msaﬂﬁMbH were puff in 10% f or nol
solution while wailting for the a ton;-qupology naIy§b§. The foll ow ng

The surgi cal prot ocol was identical to that described above, eXCEpt”mQ}g]

results were obtai - a—duratH-er—ef—t Tpmﬁ%i ersqwas 1 hour
bet ween the first |and |&st guji nea pig |n lé@ch rdt(ip 3028eveér al
observati ons were notedé a-p@at ;=1 $ﬂ“ nep pj g 6 sqentdneously | ost
its three threads ara—gu-hrea—prgs—S—ane—to—spot

anpckaryfFCft one thread at
T =5 d. The adhegive sd¢rips in alll gui néd pi gs 26t he -ddhesgi ve group
(conposition 1 ) gpontaneously cajre off . afdper 43hour . 1%5 b - no local or
gener al infecti ons—were—oted; +5—e-—FFom-abH-re-—tacte point of view,
the scars on pol ymeAbouigd0de pHthedveightied compositionl 1 ronsistoofhligemerspyiised t o

. the scars "‘ﬁ%l&&ﬂﬁ‘a@elggt Tes§ '?l?ana§§bdj‘?fviv9 =qh’@é\h'[6()05”(an%aé“cﬁ)u‘(‘@@‘%jo?ttheT =10 d

was assessed i&?‘ Itl ons Wth a visual anal og %shcal e (0-200) and
the restH ts%s hicﬂ%%s‘%uo syeTéeﬁowhemﬁ mpaRT gomnponepnafl Bhigh ERSERSH g n =
5Conposi t i omolec(ie Oreiphtof N&&OPI g N = SThread suture

112561412190 8 4168990517910 0
a2t o mioia ééﬁé@g?ﬁﬁf IR eatageTeonaN e doRdRA PP sfeomers it
aest heti c qaaholegularf Wteméat desartban ild0aknd @beutal BGud the ab@phiadansistsy efioval of
the stitchepogmefae hior8HBRha b Shithishiesahd ¥ mbiedil! WeRht offi @y ence (p =

0. 0476) avour §1 dene | ‘onat nposi t over 'that of the
suture Jcfhread No |ﬁﬁ’8€‘t7% of theweight OirFBﬁﬁ’o’@’H@nt5v&9n§iﬁté@§§1‘8?m?rﬁg“f}he st udy.

The same i navhylecsatdieidhtdedaedion GI00 & @bdutVRI%h ToRposdightofshshits 8f 9, 15

10, 11, 12, po l%/m%Psdthe major component of which represents a molecular weight of about

18,000.

INJTV)

A study carried out on flaps of human skin obtained from surgical
20  wastes on abdominoplasties has enabled confirming that all of these compositions
have all of the qualities required, in particular in terms of bio-adhesion and
viscosity, to be used as suture material, either alone or in association with other
bio-compatible constituents, as defined above.
In particular, the adhesive power of the aforementioned five
25  methylidene malonate-based compositions was found to be stable after 24 hours
without any difference noted between bonded wounds and bonded-stripped
wounds. -



The experinental protocol used in this study was the sane as descri bed
-above, the suture of the incision was ldarried out with three stitchédUl di0)
each guinea pig of the control group. The results reported in Table |11
relate to the aesthetic quality of the 20 wounds at T=21 d, as assessed in
blind conditions with the help of a visual anal ogue scale (0-200). The
statistical analysis of these results reveals a statistically significant
di fference (p=0.0005) in favour of the nethylidene nal onate-based

conposi tions over t cars
with threads are all\aggg%mé’na %Eélb%ﬁ& gf‘%%%ﬂjd) SM)P #\ggs"f%grgost@c &FXQE 111

JUL 2003 (f@Vlanrfa@om@dh@yﬁ—rEGwa @bmmﬁrm CHReT I t@tumndwmorought

Eggg; Ef 3883 %@%@%&é@%ﬁﬁéﬁﬁﬁ%}W& 78I 551318316914169160 5

An anat ony- pat hol ogbheshegipsulissvese pbiagd gith compgsitioRd . one hand, to verify

any inflsammatory riwksn dys tc@mb@ﬁtx&%c%rép&%nhb@ﬁopdeogééat 8lofé, ﬂq'@eglass
pol ynet hyl i dene, mal onate, - on the other hand, to control the bjioresorbent

nature of tHRRSHONSMREFIHENBATEP oPratlessci#poi%i Hh W10 MHeVbsHIFtSs

obt ai ned d&rmrm)tsrt@hgfrbhﬂﬁarde‘m@moa hlc&ly%df@lecﬂﬁ’é amlcﬁlﬁorprfnsMh%w@hﬁi behavi our

of the methylidene onate‘bs?o\r}@ ns IS {ullgaésatlﬁtact? g wm CLAI M5

1. Material for th Oy férléi?%fbe&me B VE R gifsi st s of

a bi oconpatandl-e35°k, anca;ire@ablyebemvetmr-éoecorapd FS0AQ. at | east 50% by wei ght,

and pr elfoer ably at | east 80% by wei ght, of a nethylidene nmal onat e- based

conposition cont ai ni n'g - 40 to _10(}% by vvetl ght , and pref erably _50 to (10;)% by
I @ f Bl othieny ks t ' 1 % ] sl | B

in which - v@,mlo,B |ndependently represent a group (a) or (b) C— O?S O

-G O (CHz) ~——~Rz O Oin which R and RZ independently represent a

| i near or branched A&%@%Ml to 6 carbon atons, and n is an

i nteger between 1 aDiffdpenti fneﬂ@'llﬂ@lesmméﬁdt@ﬂaﬁ“eﬂaéorﬁﬁoshmtfd?ﬂﬁdofroﬁq and B

repr eselrgt S r%ix(tll?x)es %rfOoLH?gorners and polymers and incorporating optionally one or more

additional components have been prepared by the simple mixing of these
components in an appropriate solvent.
More specifically, methylidene malonate oligomers, methylidene
malonate polymers and optionally one additional component are weighed out in
20 pre-determined amounts and solubilized in a common solvent (generally in
acetone) under magnetic stirring, then the solvent is evaporated using a rotary
evaporator and the mixture is dried in a primary vacuum dessicator.

B/ Characteristics of the prepared compositions

25 The main characteristics of the prepared compositions are indicated in
Table 1A below.
Compositions 6 and 7 are constituted solely of methylidene malonate
2.1.2 oligomers and methylidene malonate 2.1.2 polymers.
Compositions 8 and 9 further comprise a hydrophilic additive which is
30 of the PEG type and has a low molecular weight which can be used as plasticizer
in the mixture.
Compositions 10 and 11 further comprise a biodegradable additive of
the PLGA type which can be used to improve the biodegradability of the mixture.
The PLGA used has the following features :
35 Mw = 50,000-70,000 ; Tg = 45-50°C (Aldrich 43,044-7)



and/ or one or nore nethylidene mal onate oligoners with a nol ecul ar wljpptmm
-l ess than or equal to 6,000 and consi std ng of recurrent units of for

(Ir)y A-CH2 -~ (Il) Bin which A and B are as defined above ; and - 0 to
60% by weight, and preferably O to 50% by wei ght of one or nore nethylidene
mal onate polynmers with a nol ecul ar wei ght greater than 6,000 and consi sting
of recurrent units of formula (Il1). 17 JUL 2003 1S 2. The materi al
according to claiml1, characterised in that in the aforenentioned fornul ae
(1) and (I11) - Are a1 gr AR i gh, Ry esen n.al kyl
group with 1 to cgg)@gﬁgg?%rr}sg pre er a%lﬁlé}lsﬁ g %&%}p?? }rgid@ gﬁ
represents @e@wbd@e(lmlomﬁe\?ﬂl %mommmépﬂle%@nn@narrbem&a}ddeérl@dw aldiwd to 6
carbon ato axtafe%gmaheyc&}{a %}Xfthg PotiRPeyhpdiend. nunber equal to 1. 3.
The material accor |ngtoc , aracterised In that,in the

af orement i oned f or rrGP%@@O-‘(m?nSah%I anf| 33 further rqommsise rans 2@phipbilis additive whi ch

R, represenifichns @amlon%@mﬂldene&%lona& vem@ﬂe\mh@h %a%%xﬂf gdod dffinithi ch RZ
represents an nilis a erlal

ma
accor di ng tW’Br?éh%fco Sind( grngbe ‘tsﬁgﬁ%b‘f‘@rovgglf ?‘t?ef’ﬁ?afesisllfaélcﬁpl}r frent i oned
met hyl i denewsahdnat ebased corrp05| tion contains - 50 to 90% by wei ght of one
or nore nethyli dene . t han or
equal to 5,000, pre era ehefs)és ?‘ﬁane (l)srwebt(lq%cé(l C({%ly%?%c%(’ ﬁ?’%ﬂ%@# ﬁ?ng of
recurrent upxyds miﬁtSfaodﬁalMMIIlﬁ ualmsiandh@Sb@naﬂ%abgd e sugieessofe ammenior nor e
et hy! i enepophRnghBrRARER a8 BYRGWrde MR dhia.or eater than 6, 000,
and in that ' the said material presents a glass fransition tenperature |ess
than or equal to OoCCoppesitipnpfyopdrisesan adiiiopahbiodegradable additivesbased 5|

accordi ng tenqliM M ¥2. ¢hrthagt £cbsadn bﬁorfmm ha aPeCEMRRch aRd: Febay! i dene
ht of, one, or nore

mal onat e- bas c si.tion contai by wei
ot hy 11 GenoZ G aRG. Bie SONOrS 4o 1 Frs22 noP AR st inch ouich (RPBF cqua
to 3,000 anechodalzsingthengyveedll degeadabiing kinatidsofgaidfmixmut.a (11), and - 351to

oty 1ELI OF L on e agg T P SRS TR BABE RIS S hldic8 gFD! ocu) 31
17 JUL 20035800 gimolesandra BtClaseqnedécnef 2.60¢ lganote whxdhhaah@arnrsmed hyt hat t he
af or ement i opggn Bt %%W%&a&%%& bASEELH &h9&o§9nhﬁcﬂ§nahz§§ to 65%

by wei ght of_one or re neth dene mal onate ol i gomers Wlt?]S g}) ecul ar
vei ght bet wedM3de? nd &-cetb@xan@netmhm AGC éf iny @&err%sﬁflceuﬁ t Bormul a
(I'1), and 3%jchorém¥ehaye.Wwei ght of one or nore nethylidene nmal onate pol yners
with a g8l ecul ar wei ght between 12, 000 ?‘R%LEIA

Mw* Mw* Mass
Composition | oligomers of | PMM2.1.2. Nature of the composition Tg of the
No. MM2.1.2, (g/mol) additive oligomers/ mixture (°C)
(g/mol) PMM2.1.2./
additives
6 1950 29 300 91/9 -26.9
7 700 15 000 60/40 -15
8 1950 PEG750 95/0/5 -22.3
9 1950 34 700 PEGS550 80/16/4 -31.3
10 2200 PLGA 95/0/5 -34.2
11 1450 60 500 MM2.1.2./PLGA 60/30/5/5 -41.7
12 2200 POE-PMM2.1.2. 95/0/5 -45.1
13 1450 60 500 MM2,1.2/POE- 60/30/5/5 -44.4
PMM2 1.2
14 1450 PeCL-PMM2.1.2 91/9 -22.7

* PS equivalent.




25,000. 7. The material according to one of clains 4 to 6, characterised in
that it consists, for at least 90% and preferably for at |east 9%% My 2003
wei ght, of a nethylidene mal onat e-based conposition as defined in one of
claims 4 to 6. 8. The material according to one of clains 4 to 6,
“characterised in that it conprises up to 50% by wei ght, and preferably up
to 20% by wei ght, of one or nore constituents other than the aforenentioned
nmet hyl i dene mal onat e- based conposition, selected from pol ycyanoacryl ates,

preferably polyal kyl cyanoacryl ates ; - pol yal kyl net hacryl ates ;
bi oconpati bl e pol yuret hanes ; - pol yoxyal kyl enes ; - pol yam noaci ds ;
pol yl act at ewﬁzﬂlyl actate-co-glycol ates ; - polyvinylalcohols. 9. The

material acpemdhfiPation of #hdVBue JTah bR b fhal dhatdlBhdedborhftionNapart, the
af orenenti one constrruents) s (are) DT eéseft 1 n the 1tormot nononer units

associ at ed 2R£3pend rigto.sutre WOURS onate units of fornula

(rry, . i 5 copol ynmer sTh@idhekie I@@Mﬂi @ﬂ&h&hyliidbn'é el bt drbaxkd @ﬂ@ﬂﬁﬁohﬂw@ '
consti tuent of

ol,yacryl at es, 17 JUL 2003.~0 pal ysacchari.des,
ol yoxyal kPR YOS ivasiinty anderporodric SoBnIBLBHEREEE 10, New
mat eri al, charact er Thigdtudy wadabrrietl oaowith af@emémional cbmpsditi&D Vthanihels
preferably for at |east. 95% i ght, of .a nmethylidene | onat e- based
conpositi on? g!)aﬁ? i{f‘ﬁnﬁ%n'ge%r%%%regg%ggyc’v@lddﬂtp legﬁ%rmgra Wg?argn??eﬁyﬁm dene
mal onat e ol (syoremsthwionkresorpailletudad). wei ght | ess than or equal to 6, 000,
preferajfdy | ess tha qg@é nd consisting of recurrent units
of formula (11), angh‘?roig) to g%&cé{/@\%g?seﬁt of one or nore nethylidene
mal onat e pol yrners Whe Rninalppidupere %Pgﬁaﬁl@r 8uine? Pigsan B 1000vEIRlHBR i n t hat
the sai d mapsg-Bed gRCEES BiversIFAase) ffed T iallivinal, (A BB a2 fiHg8] ARBSSarhdign or
equal to 0C,. Er ef erably between -10 and -35C. 11. The material according to
claim 10, cHisF2€terised in that the aforenentioned methylidene
mal onat e- based conpadli of tre pomdaapips werd dirdt shéodd biyerveetigbd-daf peried of nore
met hyl i dene_ad ol igo th e ight | ess than or equal
to 3,000 an é@gﬁagﬁétﬁnﬁa Fg‘?’aﬁde?:at?%8?&6%6@&6#@00%%%5}'(I ), and - 35 to 45%
by wei ght of one or Fingrof thes hytd stleawdmtraosdemengoingersvest:wi t h a ol ecul ar
wei ght great er than,6, §Q0fecREPhRh F0ANing ERRidle foPanRe&idWave &inal BRpsimt eri al
according to claim1l, characterised in that the aforenenti oned nethylidene
mal onat e- baélé"’tYeborrposi tion contains - 55 to 65% by weight of one or nore
met hyl i dene nal onat & -Odeng@airetagsthetidifon 3rMinaky vith M&lbgahe (B3 wih a30bv and

ki ght 8 oRLobechat 3 b RCEERS VEPORIR L mARY < with & mol coul ar wel ght

bet ween 12, 000 and 25,2%00nd supplementary disinfection with yellow Bétadine,
(A ALe A Ay Ae. ANY. 4 démfdFeriferMitYparfer@Brafinc¥ich A0ut Al Abnd)dvitBC3 4XZ

P No. 15 sterile surgical knife (Swann-Morton, England). The platysma was used as

a reference for the anatomic layout.

25 e — immediate application of the test composition inside the wound
with a single slow movement from one end of the wound to the other. The
composition was preheated in a glass dish on a heating plate set at 47°C. The
temperature was taken in a control round-bottomed-flask containing water.
Immediately after the incision, an amount of test composition was put in a dish

30  using a fine chemist's spatula (3 mm wide and 1 mm thick) for the application,

f - the 2 sides of the wound were brought together with the fingers for
30 seconds. The superficial excess test composition was removed with a
compress,

g — placing of 3 adhesive strips (Steri-strip).

35 The remaining five guinea pigs selected at random form the control
group. They underwent an incision followed by a suture.
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..... solution of Phenobarbital after eleven days in the “adhesive™ group and after
twelve days in the “suture™ group.
Two excision-biopsies were carried out per guinea pig: a healthy skin
control and one globally including the scar.
25 The samples were put in 10% formol solution while waiting for the
anatomy-pathology analysis.
The following results were obtained.
The total duration of the operations was 1 hour between the first and
last guinea pig in each group.
30 Several observations were noted:
a-at T=1d, guinea pig 6 spontaneously lost its three threads and
guinea-pigs 8 and 10 spontaneously lost one thread at T = 5 d.
The adhesive strips in all guinea pigs in the adhesive group
(composition 1) spontaneously came off after 24 hours,
35 b —no local or general infections were noted,
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190 7 121
3 196 8 180
4 168 9 90
5 179 10 80
Median 179 p=0.0476 121
minimum 123 80
maximum 196 180

The statistical analysis of the aesthetic quality of the scars (visual

10 analogue scale) after removal of the stitches on day 10, reveals a statistically

significant difference (p=0.0476) in favour of the methylidene malonate
composition over that of the suture thread.

No infection is noted among the two groups during the study.

The same in vivo study has been carried out with compositions 6, 8, 9,

15 10,11,12, 13 and 14.

The experimental protocol used in this study was the same as
described above, the suture of the incision was carried out with three stitches for
each guinea pig of the control group.

The results reported in Table III relate to the aesthetic quality of the

20 wounds at T=21d, as assessed in blind conditions with the help of a visual
analogue scale (0-200).
. The statistical analysis of these results reveals a statistically significant
difference (p=0.0005) in favour of the methylidene malonate-based compositions
over that of the suture thread.
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thlinad aMéy'sA‘penalised by a "ladder rung" aspect.

TABLE III
AESTHETIC QUALITY OF | AESTHETIC QUALITY OF
COMPOSITION No. THE GLUED WOUND THE SUTURED WOUND
(score/200) (score/200)
6 192 175
8 189 168
9 184 155
10 183 162
11 175 172
12 178 155
13 183 169
14 169 160

An anatomy-pathology study was carried out:
-on the one hand, to verify any inflammatory risks due to the
decomposition products of the polymethylidene malonate,
-on the other hand, to control the bioresorbent nature of the
10 methylidene malonate composition used.
The results obtained demonstrate that, from a histological point of
view, the behaviour of the methylidene malonate compositions is fully

satisfactory.
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3. The material according to claim 2, characterised in that in
the aforementioned formulae (1) and (I}) :

- A represents a group (a) in which R, represents an ethyl
group ; and

- B represents a group (b) in which R, represents an ethyl
group and n is a number equal to 1.

4. The material according to one of claims 1 to 3,
characterised in that the aforementioned methylidene malonate-
based composition contains :

-50 to 90% by weight of one or more methylidene
malonate oligomers with a molecular weight less than or equal to
6,000, preferably less than or equal to 3,000 and consisting of
recurrent units of formula (Il), and

-10 to 50% by weight of one or more methylidene
malonate polymers with a molecular weight greater than 6,000,
and in that the said material presents a glass transition temperature
less than or equal to 0°C, preferably between -10 and -35°C.

5. The material according to claim 4, characterised in that
the aforementioned methylidene malonate-based composition
contains :

-55 to 65% by weight of one or more methylidene
malonate oligomers with a molecular weight less than or equal to
3,000 and consisting of recurrent units of formula (1), and

-35 to 45% by weight of one or more methylidene
malonate polymers with a molecular weight greater than 6,000,
preferably greater than 9,000.
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-35 to 45% by weight of one or more methylidene
malonate polymers with a molecular weight between 12,000 and
25,000.

7. The material according to one of claims 4 to 6,
characterised in that it consists, for at least 90%, and preferably for at
least 95% by weight, of a methylidene malonate-based composition
as defined in one of claims 4 to 6.

8. The material according to one of claims 4 to 6,
characterised in that it comprises up to 50% by weight, and preferably
up to 20% by weight, of one or more constituents other than the
aforementioned methylidene malonate-based composition, selected
from :

- polycyanoacrylates, preferably polyalkylcyanoacrylates ;

- polyalkylmethacrylates ;

- biocompatible polyurethanes ;

- polyoxyalkylenes ;

- polyaminoacids ;

- polylactates ;

- polylactate-co-glycolates ;

- polyvinylalcohols.

9. The material according to claim 8, characterised in that,
at least in part, the aforementioned constituent(s) is (are) present in
the form of monomer units associated with the aforementioned
methylidene malonate units of formula (ll), in copolymers, and in
particular in the form of monomer units constituent of polyacrylates,
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least 90%, and preferably for at least 95% by weight, of a
methylidene malonate-based composition containing :

-50 to 90% by weight of one or more methylidene
malonate oligomers with a molecular weight less than or equal to
6,000, preferably less than or equal to 3,000, and consisting of
recurrent units of formula (ll), and

-10 to 50% by weight of one or more methylidene
malonate polymers with a molecular weight greater than 6,000,
and in that the said material presents a glass transition temperature
less than or equal to 0°C, preferably between -10 and -35°C,

11. The material according to claim 10, characterised in that
the aforementioned methylidene malonate-based composition
contains :

-55 to 65% by weight of one or more methylidene
malonate oligomers with a molecular weight less than or equal to
3,000 and consisting of recurrent units of formula (1), and

-35 to 45% by weight of one or more methylidene
malonate polymers with a molecular weight greater than 6,000,
preferably greater than 9,000.

12. The material according to claim 11, characterised in that
the aforementioned methylidene malonate-based composition
contains :

-55 to 65% by weight of one or more methylidene
malonate oligomers with a molecular weight between 300 and 1,000
and consisting of recurrent units of formula (11), and

-35 to 45% by weight of one or more methylidene
malonate polymers with a molecular weight between 12,000 and
25,000. -



