Bescription The invention relates to a new material capable of being
i-mplanted into a living tissue, in particular osseous 5 tissue. It is

i ntended to provide a material having a rate of biodegradati on adapted to
the regeneration of the tissue and capabl e of being associated, if
required, with an active substance so as gt o produce a prol onged therapeutic
effect. Materials or matrices for inplantation into the living 10 tissues,
in parti culsasigsionti ssues, are known, by neans of which it is possible
to make good a tissue "defect” and to rel ease an active substance if this
Is required. The inplantation matrices can currently be classified in four
categories. 15 The inventsidn rslafies da Rermewiateriont tapakfadabl e

matrices s Gerit-al y rs 1 | hy: Jacy g%gg whi ch
are used w%r%svlﬁ@v%%ﬂéﬁﬁeﬁné 1a§{1ignvgeg§'u%és{$édncieﬁ ocal%%lﬁdgt us -

avoi di ng>t Heifsugtnith st amfcﬁndﬁfg (REAELGR fhdnatareidl ha¥ines? HEd%eSt he 20

Sli sad;/a.nt ?gfthfidaﬁfgqs&fdt 'hattaitdr?ga&apta;gﬂitﬂd Gméh xsét_{)élié?ﬂti:.dﬂ eV edie ?Es;[éljlz%r gir
o extrac m on e gctjve substance, has_been rel eased .(paten

1930)  NoARY GAPEP IR F HRATS FERATAT S e AHRH AT 0l bt MUARGIS | s
rel eased (auhgtandd .sd2fms to pradiete @ gerolmiged achextapdewtsi arefifiedsts. based
on cal ci um sul ph ' | Q b t. t.nejr i '

fixed and cannot agzegzr&gapbée(qugﬁ%a%gére:st te]%o 1P"§5glear{{e$atte%°§£1 %%igﬁ%ﬁ n
quest i oh? dilmsmeasheiin dwptddatliaon qrseaus (bigsess Hre&mawn kit anedngh is

too high fQr QASRANS d 1155 YRse 31 &% fn{a‘?@ﬁgg&’_aﬁrﬁﬁéué hege¥edti efig of

"defects" in said tissues.” They al so have . di sadvant age of not pronoting
Yegener at i & Felepse iads fet iNfostapse 4t ithdisdsaesiikad Ihe

consti t ut ednpyl arite iy Itz iced Yl icurdah IRd assilficdd igleEdy 35

rel ative dosing of, the two conponents, have the advantage of enabling sone
nDduIationQﬂtéﬁﬁﬁﬁe%%ue of degradation so as to adapt the latter to the
rate ofl%egeneratlinorchef fiimst place there exist non-biodegradable

matrices such as certain polymers (e.g.
polymethylmethacrylate PMMA), which are used with a view to
_ releasing active substances locally and thus avoiding their

-/ administration by systemic means. These matrices have the

20 disadvantage of necessitating an additional surgical
intervention in order to extract them once the active
substance has been released (patent FR 74 13342). Moreover,
a very small fraction of the initial active substance is
released (about 6 %).

25 Other older matrices such as matrices based on calcium
sulphate are biodegradable but their rate of degradation is
fixed and cannot be adapted to the rate of regeneration of
the tissue in question; since their degradation generally
takes place at a rate which is too high for osseous tissues

30 they frequently entail the occurrence of "defects" in said
tissues. They also have the disadvantage of not promoting
regeneration of the tissue.

Another type of implantation matrix is constituted by
the polylactic-glycolic PLGA matrices, which, due to

35 relative dosing of the two components, have the advantage of
enabling some modulation of their rate of degradation so as
to adapt the latter to the rate of regeneration of the |



2 tissue in question. However, these matrices do not have any favourable

ef ffect on regeneration of the tissues and a nore serious drawback is that
they bring about inflamuatory reactions due to depolynerisation in the
‘course of 5 degradation (formation of acids). Cther polymers have been used
for sealing the fenoral canal or the botpomof the cotyle in order to avoid
| eakage of the osseous cenent present in the nedullary canal when
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di sadvarkt agéth the afbiremestlishadc®LZA matrices, this type of material
does not permit any modulation of the rate of degradation
where a lengthy biodegradation time is required and does not
have any favourable effect on regeneration of the tissues.
~/ The latter category of implantation matrices is
20 constituted by matrices on the basis of tricalcic or
apatitic phosphate, the cochesion of which is ensured either
_ by sintering (porous ceramic as provided in patent
— DE 2 807 132) or by a binding agent such as collagen or
elastin (patent DE 3 206 726). These matrices promote
25 osseous regeneration but their rate of biodegradability is
very slow and cannot be modulated. This being the case, they
inhibit normal reconstitution of the tissues in spite of
their positive effect on osteogenesis. Moreover, when they
are associated with an active substance of soluble type such
30 as gentamycine sulphate, they cause excessively rapid
release of said substance, which is a major disadvantage as
regards highly toxic substances and/or in cases in which a
treatment necessitates prolonged application. In order to
alleviate these disadvantages, the active substance is in
35 some cases converted into a salt of low solubility (such as
hesperidin phosphate as cited in patent DE 3 206 706): owing
to the fact that the product is made to some extent
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~ 85 some cases converted into a salt of low solubility (such as hesperidin

" phosphate as cited in patent DE 3 206 706): owing to the fact that the

. product is made to sone extent 3 hydrophobic, its release in situis

~ thus retarded but at the start of inplantation said release remins very
| ow and becones effective only after a3considerable tinme, which is a
serious. di sadvantage when treating an ail nent. Furt hernore, the
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time.
The present invention is intended to provide a new
implantable material of the type based on calcium phosphate,
(% having perfect biocompatibility and capable of promoting
20 osteogenesis without any detrimental reaction such as an
inflammatory reaction; the principal object of the invention
o is to provide an implantable material possessing mechanical
s characteristics which enable it to substitute itself
temporarily for the defective tissue while having a rate of
25 biodegradation adjusted to the rate of regeneration of said
tissue.

Another object of the invention consists in
associating the aforementioned material with an active
substance endowed with groups that are appropriate to ensure

30 progressive release of said substance so as to give rise to
a prolonged therapeutic effect.

Another object consists in providing an implantation
material which can be readily manufactured without heat by
compaction of its various constituents.

35 To this end the process according to the invention for
manufacturing the aforementioned implantable material



a prolonged therapeutic effect. Another object consists in providing an
i.npl antation nmaterial which can be readily manufactured w thout heat by

conmpaction of its various constituents. 35 To this end the process
according to the invention for manufacturing the aforenentioned inplantable
mat eri al 4 consists in mxing a cal ci yn phosphate with a bi odegradabl e

osi de or polyoside, and is characterised in that: a cal cium phosphat e of
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af orenenti oned typé and the osjde qor polyoside are _preferﬁbl y. mxed_in the

form of 20 powdePEZARPEHAR RFANE P tIRLIH e bt ghar desiked npl ant s
thus produced carrdie igBidideiadidh roff thd ingieiadspeci al |y osseous
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correspond'to the formula:
.15 ca8+y (HPO4) 2+xy (PO4) 4-x+yOHx+y

where 0 s y s 2 and 0 = x < 1.
The calcium phosphate of the aforementioned type and
/ the oside or polyoside are preferably mixed in the form of
20 powder and then compacted to a predetermined shape. The
implants thus produced can be installed within the tissue,
especially osseous tissue, after producing a receptacle
~ adapted to the location of the "defect", or effectively
immobilised within an existing cavity'of the tissue with the
25 aid of a biodegradable cement such as calcium sulphate or a
phosphate-based cement.

In the light of the tests it has been possible to
establish that the time in which the implantable material
according to the invention is degraded varies between

30 several days (3 to 4 days) and a much longer time of the
order of several months (10 to 12 months) depending on the
proportion of oside or polyoside admixed to the phosphate.
Use may be made of different osides or polyosides, with the
degradation times increasing in proportion to the molecular

35 weight of this compound; it is thus possible to modulate the
rate of biodegradation by appropriate selection of the oside
or polyoside and by adjusting its proportion in relation to



30 several days (3 to 4 days) and a nuch longer tinme of the order of
several -nonths (10 to 12 nonths) depending on the proportion of oside or
pol yosi de adm xed to the phosphate. Use nay- be nade of different osides or
pol yosi des, with the degradation tinmes increasing in proportion to the
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15 Hence the three constituents of the material according

to the invention cooperate so as to bring about progressive
release of the active substance. It has been possible to
) show that the attachment of the active substance to the
L/ phosphate is linked to the simultaneous presence of HPO, and
20 PO, groups, probably by adsorption owing to the amine groups
of said substance, said attachment being such as to then
result in a progressive release of said substance at the
~ site of implantation. Surprisingly, the tests have made it
possible to show that the presence of osides or polyosides
25 has the property of regularising said release, thus making
it possible to achieve immediately effective rates and to
prolong the release for several weeks at a substantially
constant rate. (A contrary effect might have been expected,
seeing that osides and polyosides are highly soluble
30 compounds) .

It should be stressed, moreover, that in the process
of compacting the material the osides or polyosides act as
plastifiers considerably improving its cohesion; this seems
to be due to the fact that the presence of said compound

35 entails a considerable increase in the size of the phosphate
granules, which promotes cohesion; this phenomenon of
granule-size enlargement.makes it possible to explain, at



i & possible to achieve i mediately effective rates and to prolong the
rel'ease for several weeks at a substantially constant rate. (A contrary
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15 positive influence on the strength of said bonds or

interactions. (On the other hand, according to the
aforementioned patent DE 3 206 726, the matrix is inert with
) respect to the active substance and the retarded action of
N~/ : the medicament is due to the insoluble form imparted to the
20 active substance). .
The calcium phosphate, the active substance and the
oside or polyoside are preferably mixed in the form of
~ powder and compacted; at the usual compacting pressures this
readily applicable compacting process confers upon the
25 material a high degree of cohesion; the material can
therefore be manufactured without heat and without modifying
the active substance (which is generally sensitive to heat).
According to one preférred form of the material the
phosphate selected is an apatitic octacalcic phosphate with
30 the formula: _

Cag (HPOy) 544 (PO4) 44 (OH),, wWhere 0O < X < 1. This phosphate is
the one having the highest number of HPO, groups per
formulary unit; within the scope of the invention, it
provides the optimal characteristics (improved attachment of

35 the active substance per unit mass of material, improved
galenic properties). Good results are obtained by selecting
for the parameter x a value of the order of 0.5 (within



oside or polyoside are preferably mxed in the form of powder and
conpacted; at the usual conpacting pressures this readily applicable
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15 By way of non-restrictive example the material
according to the invention may consist of a mixture of
apatitic octacalcic phosphate with the above formula
(parameter x close to 0.5), dextran, netilmycine and/or

S/ gentamycine in the form of a sulphate, in the following
20 proportions: |
the proportion by weight of dextran amounts to between
1 % and 30 % in relation to the mixture (as a function
of the desired rate of biodegradation).
the proportion by weight of active substance amounts
25 ' to between 0.1 % and 30 % in relation to the mixture
(as a function of the activity of the substance and
its desired effects).
The following description presents examples of
implantation materials according to the invention and
30 illustrates their galenic, pharmacokinetic and physiological
properties as well as the evolution of the latter as a
function of the composition.

35



20. proportions: the proportion by weight of dextran anbunts to between 1 %
and 30 %in relation to the mxture (as a function of the desired rate of
bi odegradation). the proportion by weight of active substance anmounts 25
to between 0.1 % and 30 %in relation to the mxture (as a function of the
activity of the substance and its desiredgeffects). The foll ow ng
description presents exanples of inplantation nmaterials according to the

i nvention EXRAMPLE|lustrates their gal enic, pharnacokinetic and
physi ol ogi cal properties as well as the evolution of the latter as a
function of the conposition. 35 8 EXAMPLE 1 Preparation of OCPa
phosphat e & Yy of Oc¥achhesphat@sphate of apatitic structure with
the formula [err] are prepared by precipitation in a nedi um obtai ned by
addi ng the sane volunmes_of ethano| and agueous solution, starting froma

sol ution®(A) of cHI% upf seFtacmicis 22| o5 ARAE B € B HUC LSRR ai ni ng
or t hophosphat h i €1 . £Jheu T nbay (HP0, GAl(20p), (OB F, L areaprepairedt by sol ution

(A) is equal_to, the nunber of phosphate 1pons. in the solution (B). The
Sol ut  on ( ATILRHREOT aph df YRG0 HRE SRS (196 THJLBY TR 1928 cubj ect
to stirringroXames idf hetshdoeeh dmd neguedine sohct porh Atecastiitg ffrdmrad with
the aid of r I u 1t 4S ' ' o] I on
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time of flQudediad®%isdEndedyst fon Olayt £ (FGNR & ShEaBED -of _
;Exam nation of the conpression of this powler™brought about &&;k&éhe aid of

t
Mh al ternatﬂh%gphéﬁ'%&f)rﬁ/p’é‘ the solution (B). The solution
poured rapidly into the solution (B) at 37°C and subject to

stirring. Once it has been formed, the precipitate is

15 filtered with the aid of a Blchner funnel, whereupon it is
washed with a basic solution and dried in the oven at 80°C.
This results in a powder with a quasi-homogenous
granulometric distribution between 0.5 and 0.08 mm and a

N/ time of flow (rheological analysis) of 4 s (AFNOR

20 standards). Examination of the compression of this powder
brought about with the aid of an alternative "Korsch type
EKO" compressing machine equipped with strain gauges so that

A the compression parameters can be measured has shown that
the aggregation work amounts to 50 % and the transmission to
25 84 %

Production of a material without therapeutic effect

Dextran (supplied by "SIGMA" and of "Clinical Grade")

30 was added in variable proportion to the octacalcic phosphate
prepared as above; the proportion of dextran in the mixture
was caused to vary between 1 % and 30 % (a comparative test
was carried out without any dextran). The two components are
mixed thoroughly and compressed subject to a pressure of

35 approximately 2,000 DaN/cm?, at the normal temperature. In
the presence of dextran the Stockes hardness of the tablets
produced, with a diameter of 6 mm and a thickness of 2 mm,



EKQ'< .conpr essi ng machi ne equipped with strain gauges so that the
conpressi on paraneters can be neasured has shown that the aggregation work
amounts to 50 % and the transm ssion to 25 84 % Production of a materi al

wi tthout therapeutic effect Dextran (supplied by "SIGW" and of "d i nical

G ade") 30 was added in variable proportionsto the octacal ci c phosphate
prepared as above; the proportion of dextran in the mxture was caused to
vary between amtuates 30 %5 andorighedat ifrd abd dti tya s oc @erioe d whetreaist Haut:hany

dextran). The n e M xed RO I r.essed . ject to
a pressure ofagggg%%?gﬁi?%?%F%52fg%§%bgﬁ?§%2?%%t%Fﬁggﬁ%%ggf éﬁ%@ agﬁ}e. In
the presence &hagelfr and: fbedmwodrdakidigyeamountehgot dbket s produced, with
a dianeter of 6 nmmand a thickness of 2 mm 9 amounts to 15 and their
friability to_zero, whereas in the absence of dextran (pure OCPa) the

har dness | > nEXAMBLE: 2 han 10 and their friability amounts to 1 % 5
EXAMPLE 2 80 g octacal ci c phosphate such as prepared in Exanple 1 are m xed

t horoughly with 20 of glucose and _co essed under the_af or.enenti one
condi ti ons. The Stongg %&gaﬁ@§§15fp%ﬁgghéiﬁaﬁpggsaﬁrBEﬁggaegnﬁﬁn#§aW8qf4
and their fri abaket pikedz¢horobyhVRl iBhl20Pyodtcgilanost andatempakswetin

t herapeutic e g Is 0 P h p i l el
5'q of netilmias EApoaRPraRELEBHUI SEHAE SHEY PRTLEBRIER haxihany B
conpkessed -Gt ther kablessppraduceds apount st boal20apdetbeis Sriapplakiyntvel y
2,000 DaN cn?gz-FRe Stockes hardness of the tablets produced, with a

dianéter of 6 mMmand a thickness of 2 nm anounts to 15 and their
frivability to zero. 25 EXAVPLE 4

EXAMPLE 3

15 Production of a material with therapeutic effect

90 g octacalcic phosphate such as prepared in Example
1, 5 g of netilmycine sulphate and 5 g of dextran are mixed
- thoroughly and compressed at normal temperature subject to a
20 pressure of approximately 2,000 DaN/cm’. The Stockes hardness
of the tablets produced, with a diameter of 6 mm and a
thickness of 2 mm, amounts to 15 and their friability to

N\ zZero.

i 25 EXAMPIE 4

85 g of octacalcic phosphate prepared as in Example 1,
5 g of netilmycine sulphate and 10 g of dextran are mixed
thoroughly and compressed at normal temperature subject to a
30 pressure of 2,000 DaN/cm? so as to form tablets with a
; diameter of 6 mm and a thickness of 2 mm. The measured
é Stockes hardness amounts to 18 and the friability to zero.

35



85, g of octacal cic phosphate prepared as in Exanple 1, 5 g of netil nycine
sul-phate and 10 g of dextran are m xed thoroughly and conpressed at nor mal
tenperature subject to a 30 pressure of 2,000 DaN cn2 so as to formtablets
Wth a diameter of 6 mmand a thickness of 2 mm The neasured Stockes

har dness anmounts to 18 and the friabilitypto zero. 35 10 EXAMPLE 5 80 ¢
of octacal cic phosphate prepared as in Exanple 1, 5 g of netil nycine

sul phat e aBXAMPIE & dextran are m xed 5 thoroughly and conpressed at

normal tenperature subject to a pressure of 2,000 DaN cn2 so as to form
tablets with a diameter of 6 nmand a thickness of 2 mm The neasured

St ockes har dness &hmmumifs gakaksalarnicc tleodphiats Iptepared as.in Ex@WMMRE 6 75

g of octacy Qz%ﬁgf}%%&g%ﬂ{ee%ﬂa&% ia{}ﬁp& %fl’deéctgrzﬁf a[le‘éidi%’éd ne

sul phate and an are m xed thoroughly and conpressed at norna

t enper at or &hangushly and wonpressad alf POOEG] LEvReTABT SIS e @l et s
wth a di appidysude &M AUD DINYGRNEESa8f t4 FBYm [BgLIBES UK EEhShockes

har dness ampunts to 17 and the_friability to zero. EXAMPLE 7 20 |n this
exanpl e botHAMFESH Gork iWh B9 Fetihifkiess afd 2 M0 pRBoMeEEFE phosphat e
wer e cause@ticrked Yhadrirfdsd anovitd g ey friedild wond iddiit s
remai ned constant and equal to 95 % while the proportion of dextran

remai ned 25 constant and equal to 5 % The octacal ci c phosphate was
pkoducetio aEXAMEDEA®pl e 1. Four nedi canents with the follow ng proportions

‘were produced successively: . 85 %of octacal cic phosphate, 10 % of
“netil mycine 30 : sul phate and 5 % of dextran, .
N 75 g of octacalcic phosphate prepared as in Example 1,

5 g of netilmycine sulphate and 20 g of dextran are mixed
thoroughly and compressed at normal temperature subject to a
15 pressure of 2,000 DaN/cm? so as to form tablets with a
diameter of 6 mm and a thickness of 2 mm. The measured
Stockes hardness amounts to 17 and the friability to zero.

~/ EXAMPLE 7
20
In this example both the proportion of netilmycine and
the proportion of phosphate were caused to vary in such a
~ way that the sum of the two constituents remained constant
and equal to 95 %, while the proportion of dextran remained
25 constant and equal to 5 %.
The octacalcic phosphate was produced as in Example 1.
Four medicaments with the following proportions were
produced successively:
85 % of octacalcic phosphate, 10 % of netilmycine
30 sulphate and 5 % of dextran,
. respectively 80 %, 15 % and 5 %,
. respectively 75 %, 20 % and 5 %,
. respectively 70 %, 25 % and 5 %.
The compaction was similar to that in the preceding
35 examples and resulted in a substantially identical Stockes
hardness amounting to 17 and in zero friability.



.- respectively 80 % 15 %and 5 % . respectively 75 % 20 %and 5 %
respectitvely 70 % 25 % and 5 % The conpaction was simlar to that in the
precedi ng 35 exanples and resulted in a substantially identical Stockes
‘har dness ampunting to 17 and in=zero friability. EXAMPLE 8 90 g of
trical cic phosphate of apatitic structurgiand with the fornula [err] were
prepared according to 5 a protocol analogous to that in Exanple 1, the
difference B¥AMRLE I8t in this case the ratio between the nunber of cal cium
ions in solution (A) to the nunber of phosphorus ions in solution (B) no

| onger amounted to 1 but to 1.6; 5 of netilnycine sul phate and 5 g of

dextran were mi xé&f B ahdimigplicicvinhraphaie 3§ gratiticAtgucpsspiide and

conpr essed gl NUHR! £ ,AHPR] HAL(RPOYDI RS GIP vt PYEffred il a?.
The neasured St ockes hardness "anmounts to 13 and the friability to 0.5% by

wei ght . 25 EpRdhacd @ralegus thddmtatial Fxamals ilni tha Aidig%ensr with

the forml adigld JthattSidd iy eshaC et it il S tRg mtobethich consi sts
in slow hydral ysis ,of brushite 20 [ﬁ{r] ig’_lha soluytion of .0.5 .M sodi um
acetate ai FICEAWGRENTEEAIUEIPn B (5 FhasinbRy Of PHOSBRGFUS o57) g5
g of said pflasphat esolutgicad (Bt idanicnmyers Whphattedrtd 10 mtoftadaxtaarb bei ng
t horoughly g . r t r IO c 114 ons. The
har dness ofOrEt ﬁ%ﬁl&%ﬁ%ﬁ%ﬁ%ﬂ%%ﬂd %ega?dé)t%?r}[ r?ﬁeg:ﬁ ?r[igéeido zero.
EXAMPLELQ0 tpnpusghlat widdl dihegsh@pleataf proimalad caphoppbadifland, 30 5 g of
~ gent anyci Nechgriialed 3 ot St W SuBRE o0 yalgsand of

conpressed as descripeq above. The hardness of “the tablets amounts_ to 15
afnd their 2099 DaN/qm;.,Ehg mgasured Stockes hardness amounts to 13

and the friability to 0.5% by weight.
15 EXAMPLE 9

Octacalcic phosphate of triclinic structure and with
the formula Cag(HPO,),(PO,), was prepared according to BROWN's
4 method, which consists in slow hydrolysis of brushite
20 Ca(HPQ,)2H,0 in a solution of 0.5 M sodium acetate at 40°C
(W. BROWN et al, J. Am. Chem. Soc. 79 - p. 5318-9. 1957),
85 g of said phosphate, 5 g of netilmycine sulphate and 10 g
A of dextran being thoroughly mixed and compressed under the
aforementioned conditions. The hardness of the tablets
25 amounts to 15 and their friability to zero.

EXAMPLE 10
90 g of octacalcic phosphate prepared as in Example 1,
30 5 g of gentamycine sulphate and 5 g of dextran were mixed

thoroughly and compressed as described above. The hardness
of the tablets amounts to 15 and their friability to zero.

35
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12 EXAMPLE 11 85 g of octacal ci c phosphate of apatitic structure prepared
as in Exanple 1, 5 g of netilnycine sulphate and 5 10 g of glucose were

m xed t horoughly and conpressed. The hardness of the tablets anpunts to 16
and their friability to 0.5 % EXAWPLE 12 10 The effect of the proportion
of dextran on the degradation of materials produced in Exanple 1 was

exam ned by inplantation after drilling a cavity in the bones of dogs, in
the proxi mal nEXABMBLE|Rl region of the ulna as well 15 as in the distal

met aphysi al region of the radi us. Radi ographic and anat onopat hol ogi cal
exam nations have shown that after_two nonths the inplanted materials are
degraded only at the8pediphepgtacalaic phpphate of W3EHaIC | StePITe est )

and that the d;?ﬁé a08si DET 1410 §he 2P ROPnfye e BulEdtaandV th
a proportion o extran between. and 30 % the inplant had dlsaggeared and
been repl ac@d WP 1% ShoFLYCRIRCTRITHEES HRIF Y B AT IMPLRFRGY The

radi ogr aphi es Kafdness SGPVEh abylétel andeitdhetyer die thelantriasth 1 ey
bone. 25 EXANB%E 3 I?e i nfluence of the type of oside or polyoside on the
degradati on of Phe faterial s produced in Exanples 1 and 2 30 was exam ned
as in Exanple 12 by inplantation in dogs. It was found that with 20 %

gl ucose the ig;kéﬁ%Lﬁafbbeen totally degraded after two nonths and that an

osseous "defe d, whereas with dextran the inplant had been
degraded b&® replaced by bone. At the proportion examined 35 (20 % the

mat eri al's produced UphdGe £f&COSEF o Ie 4SRN &P b AHSK pard Un e 0SSeous
tl%iges ‘N quﬁi&ééghéégé}?<§quaterials produced in Example 1 was examined
by implantation after drilling a cavity in the bones of
dogs, in the proximal metaphysial region of the ulna as well
15 as in the distal metaphysial region of the radius.
Radiographic and anatomopathological examinations have shown
that after two months the implanted materials are degraded
only at the periphery if the proportion of dextran is zero
(test) and that the degradation increases with the
20 proportion of dextran. With a proportion of dextran between
20 and 30 % the implant had disappeared and been replaced
with spongy bone. During these two months the control
N radiographies did not show up any "defects" between the
implant and the bone.
25
EXAMPLE 13

'd

The influence of the type of oside or polyoside on the
degradation of the materials produced in Examples 1 and 2
30 was examined as in Example 12 by implantation in dogs. It
was found that with 20 % glucose the implant had been
totally degraded after two months and that an osseous
*defect" remained, whereas with dextran the implant had been
degraded but replaced by bone. At the proportion examined
35 (20 %) the materials produced using glucose are degraded too
quickly for the osseous tissues in question (ulna and
radius) and do not enable a fresh growth of bone, whereas



radi us) and do not enable a fresh growth of bone, whereas 13 this is the
case with dextran, where the rate of degradation is adapted to the rate of
osseous regeneration. EXAVMPLE 14 5 The influence of the proportion of
dextran on the kinetics of netilnycine rel ease was exanined in vitro using
a dissolution apparatus. This study was xaarried out with the aid of tablets
produced in Exanples 3 to 6. The release 10 protocol was as follows: for
each nedi caimet iwthEO@are wdltlheidexvaas , muderieo tdies 3altee ofs dejgaeidata on

conti nuous&%tsitalrd][a#)g%d( fti_% rth@ ’rait{éhtorfe ots%%%u%f rte %n%%%r-qﬁtnus whi ch cont ai ned

500 m of water at “a thernostatically controlled tenperature of .
[err] Sanples were taken 15 periodically. The netilnycine was dosed in
accor dance gyiabpr @0 1ismMuno- enzynol ogi cal nethod. It is found that contrary
to what m ght have Deen expected the anpunt of antibiotic released after 50
h of dis3olution at 370C di mi ni shes as the proportion of dextran 20

i ncreases, even trheudhfienicet ofr the PrdpeRit)onC ofHawxtean o £heydrophylic
character exerts an inflgﬁ ce at the.start of the kinﬁiLcs .gpen i t.

i ntensi fi e§1PREIFE Ofs BE5 NG IRE FEHTEPRe VPR SFHdVAR: 48e SdETRaMTRY t hus
maki ng it posdiseodutdoachpparatugh dThicestudy enas escedeédngutheiklhl tBe 25
("M ni mum I Dt C ration’ i.ckly. E I nfl uence
of the typéggfggnkggﬁgggc%%%d$%§%3&%kﬁﬁéﬁpg§soﬁ %8|§§§§B%a§%§§§%%ned in
vty o k@ hprhsogsied whsaagi £odlowison foppeashuvedigamenitytwgbl80s magr oduced in

_Exanpl e 3 agg) by WRYeOha 8RR 1220140 ghbjRLeducedmrdaiohBe same
.conditions byt substituting for the netil mycine an active substance devoid

> t
of anine gP&&EFingpdE0f KRy Iy 19k &&E tARk 95 Thes aPPagdtyfoWsiCRat with
oxacillin achekihedngoveml bEPddstilled water at a thermostatically

controlled temperature of 37°C. Samples were taken

15 periodically. The netilmycine was dosed in accordance with
an immuno-enzymological method.

It is found that contrary to what might have been
expected the amount of antibiotic released after 50 h of
“/ dissolution at 37°C diminishes as the proportion of dextran

20 increases, even though the latter is hydrophylic. However,
this hydrophylic character exerts an influence at the start
of the kinetics, when it intensifies the release of the

A netilmycine in an advantageous manner, thus making it

possible to achieve high concentrations exceeding the M.I.C.

25 ("Minimum Inhibiting Concentration®") very quickly.

EXAMPLE 15

The influence of the type of antibiotic on its

30 kinetics of release was examined in vitro with the aid of a
dissolution apparatus and using tablets produced in Example
3 and, by way of comparison, tablets produced under the same
conditions but substituting for the netilmycine an active
substance devoid of amine groups, specifically oxacillin.

35 This study shows that with oxacillin a total and very rapid
release (1 h) is observed, whereas under the same '

o,

experimental conditions this release amounts to only 30 %



‘rel dase (1 h) is observed, whereas under the same experinental conditions
this rel ease anounts to only 30 % 14 after 50 h if netilnycine is used.
The presence of amine groups in the am nosides exerts a determning
“influence on the nechani sns governing the rel ease of active substance. 5
EXAMPLE 16 The influence of the chem caliaLonposition of the phosphate on
the kinetics of am noside rel ease was exanmined in vitro using a dissolution
appar at us afittewi bR bhéfanetdfimycinebliet sspdodTFbedpirrsExngrplds agine 8 and,

by way of 98?% iﬂgthEthﬁﬁﬁsRH%QUEQQrEFdSrdEQ%r&%a e&g?ﬁ%&h@ﬂ%eb%h

substituti octacalcic or tricalcic Eatltlc
structure ﬁgﬁrEQQHB&FFEE ﬂﬁvéﬁn&BGStHGtr@éﬁﬁ&?nofhécFéVﬁ]S@ §&A0Cror nul a
[err]. The latter conpound was 15 prepared according to TROMBE s nethod,

whi ch C%p8|2ég E ilomdy pouring a solution of diamoni um phosphate into a
solutio acetate, the ratio of the nunber of calciumions to the

nunber of phosphorus ions in these solutions being equal to 1.66 (J.C.

TROMBE, Ann. Chl@% Qn 1Pégégx§%7§£8 gﬁsma ¥C¥P§g§ Eigﬁtokh hélnetlcs of

rel ease with the phoSpha e proportion
of hydr ogephpépbphat eni bhe, kiineticbeafeamhinositieareleasehwagnenanived s

al nost Im@fi'@ierbnuyﬂﬁg aleéopw&eﬁyaggﬁfaeu%paﬂa%&tﬁnta% hear bgzero),

retarded in the 25 case™of tricalcic ate (proportion of [err] equa
tQ/l)\hqrﬁ%bbﬁt§6P§9€u6PdréPe§§émﬁi?§r35 oh8 aR€. eRYr¥A¥l Pfretarded in the

case of OCé@tﬁpéﬁiéoﬂhOEQB@é@soﬁréaa&éal ﬁn&éfuﬁhérQamé'h@bﬁd&f:i@hs58uh t he
\Eate annuné&béglggt%%&p%g éogcggcgf 8éoggléglglg)phospﬁate of
apatitic structure hydroxyapatite which does not contain the
HPO, group (formula Ca(PO,)(OH),). The latter compound was

15 prepared according to TROMBE’s method, which consists in
slowly pouring a solution of diammonium phosphate into a
solution of calcium acetate, the ratio of the number of
calcium ions to the number of phosphorus ions in these

~ solutions being equal to 1.66 (J.C. TROMBE, Ann. Chim.

20 8, 251, 1973). This study shows that the kinetics of release
with the phosphates examined are directly linked to the
proportion of hydrogen phosphate ions, HPO,. Hence the

N release of the aminoside is almost immediate in the case of
hydroxyapatite (proportion of HPO, zero), retarded in the

25 case of tricalcic phosphate (proportion of HPO, equal to 1)
with a 60 % rate of release after 50 h, and extremely
retarded in the case of octacalcic phosphate of apatitic
‘structure, where after 50 h the rate amounts to 30 %
(proportion of HPO, close to 2.5).

30

35



+45 EXAMPLE 17 The influence of the type of oside used on the kinetics of
1el ease of the active substance was examned in 5 vitro under the sane
conditions as those in Exanple 15 using tablets produced in Exanples 4 to
11. This conparative study showed that the osides used exert a
'substantially conparable effect on the Kkisnetics. of rel ease, there being,
however, a preference for the dextran, which brings about a slower 10

rel ease. EBAMRPEE187The influence of the fornulation of the tablets on 15
their behaviour in vivo was studied by inplanting them at osseous sites in
animals, i.e. rabbits and dogs, and exam ning their bioconpatibility and
their rates of dEheatmfivencghpf thadyypasofarsidd uvaedwbnhth@e aid of

tablets prpgycedesnoExaapb f8e ofotﬁé aEEiv&hEuBﬁEQHéé QESZQxSHﬂHé&'iﬂn

nedi canment s have noreover een uced under e sane cond |t|ons i n which
the profor7i®FR wrderxthansameg ﬁ@?ﬂ%ﬁ?@ﬂﬁeaﬂeroéﬁth@rE¥6BP16mP§tB§aP9

proporti Onté.BEété hpﬁoau%domt Eﬁahpgas(aO%aI 1P OPRi i @?mbaﬁﬁeivé hggudy %9 .
ne S 0

I f the tot f dext
ol ant | <ShPeRorhrtoERe a85ReHoHsaR: SRest O rEYES LRI BT k. SPTBATEPL Rough
it is perfeffégttohetheeM1nén1tb|efexeheheepfthepéabetngpnhaWeaerosaeous

e e LEDEaMBScR0r AICHCLP0 AU LUy L1 fiEa" ok Bke PLORLLEEN of

dextran a i ne-was t an 0ss ef ec rémai ned. 30
Gn/theI@thé¢1ﬁ%ﬁ@ when the total proportion of dextran and netil nycine
anounted to between 4 % and 35 % the perfectly bioconpatible inplant was
. l.argely degraded after three nonths and recol oni sed by spongy bone; the
“best reSLnézéM£kﬁh%%talned wi th the nedi canents according to Exanples 3 and
6. 35 Hence the fornulation of the tablets is such that it is possible to

adj ust the rate fﬁ dggéfggﬁégnogstﬁgqyéégglation of the tablets on

15 their behaviour in vivo was studied by implanting them at
osseous sites in animals, i.e. rabbits and dogs, and
examining their biocompatibility and their rates of

- degradation. This study was carried out with the aid of
o tablets produced in Examples 3 to 11; for the purpose of

20 comparison, medicaments have moreover been produced under
the same conditions, in which the proportions of dextran and
netilmycine were either too low (total proportion less than

~ 1 %) or too high (total proportion higher than 35 %). If the
total proportion of dextran and netilmycine is too low, the

25 implant is not completely degraded after 3 months of
implantation although it is perfectly tolerated. In this
example of implantation at an osseous site, the implant was
degraded too quickly if the total proportion of dextran and
netilmycine was too high, and an osseous "defect" remained.

30 On the other hand, when the total proportion of dextran and
netilmycine amounted to between 4 % and 35 %, the perfectly
biocompatible implant was largely degraded after three
months and recolonised by spongy bone; the best results were
obtained with the medicaments according to Examples 3 and 6.

35 Hence the formulation of the tablets is such that it is
possible to adjust the rate of degradation as required.



'26- Clainms 1 / - Process for manufacturing a material capable of be._L__rlg__*__

-nplanted in a living tissue and nmaking it possible to prod terial -
‘having a rate of biodegradation which 5 can be adjusted as gﬁ" J’ Ufl jlll,
the rate of regeneration of the tissue concerned, said proc :

i'n mi xing a cal ci um phosphate with a bi otlegradabl e osi de or pol yosi de, and
characterised in that: . a cal cium phosphate of apatitic or triclinic 10
structure is selected which contains bGtaim#04and P04 groups. . a

proportion of oside ar pal )@g%i | ] ':g:h}:_i' ; Fq{gﬂ; he
desired rate of .degr_gldaé)i on o %éesfr%%gﬁ}lﬂg lﬁu%?%%gstsexta?@ogl ny ltéo
Caimil, cledr kaiag saplemted timta dicsing drhgsvss Eng é‘al]%lf&lléctMFﬁig?A%

the fornmul o Hddudthes Sdtdraldl nawisld la 28R dF [Biddegiadakich /whidh ocess
according to one of_d aleﬁa%)oa:)cﬁz’ characteriised in that the calcjium

phosphat? S Bfe SHURF RS IRR gfe thedd®tish PhFSBTRTFITWRE and
in that thehd tHigstid camgaddd.caid prddedresormaicaridingt eioniegpfa C ai s

1, 2 or 3, with. a view to manufacturi.ng a i al  _capabl e of,.] ol ant ation
and havi ng cglﬁr"é’lmo r?é"eotfﬁthﬁetreaﬁveltﬁ & 8’?@&9?%% earoas’c]’[a&[e%ar P’sr eé)%llﬁ} cﬁia an
active subsinghchagmsdier assfd prodisiteg t he desired therapeutic effect is
added to the mxture, sai 19 1.&“93;& c 110 AMU1E AHQURS

enabl i nf) its attachngn%at%l?ﬁ'téi“}é% Cl magc%o?[{ﬁ% etelz:d'owe wi.th HPO4 and P04
graups.1@ostructure iss seleghest sduicde condiaiga datiha R angh £Pa FEPER8d i n

that the cal cium phoﬁp%atﬁ*oﬁd}%iﬁﬁi igfe cHikRt RCPARDLiIR Y @l g pol yosi de
are mxed in . the form of ‘powder a,n& in that. the m xture i s co ted. 6 / -

%t erial cHpdshe 1§ LakgeHnt &Sty &hes desginggl madsu@ ¥ by
i npl ement | o the mateadal.

2 / - Process according to Claim 1, characterised

15 in that a calcium phosphate is selected having the formula:

Cagyy (HPOg) 545y (PO4) 4x4yOHysy
where 0 <= y = 2 and 0 s x < 1. _
- 3 / - Process according to one of Claims 1 or 2,
o characterised in that the calcium phosphate and the oside or

20 polyoside are mixed in the form of powder and in that the
mixture is compacted.

4 / - Process according to one of Claims 1, 2 or
~ 3, with a view to manufacturing a material capable of
implantation and having a prolonged therapeutic effect,

25 characterised in that an active substance capable of
producing the desired therapeutic effect is added to the
mixture, said active substance comprising amine groups
enabling its attachment to the calcium phosphate endowed
with HPO, and PO, groups.

30 5 / - Process according to Claim 4, characterised
in that the calcium phosphate, the active substance and the
oside or polyoside are mixed in the form of powder and in
that the mixture is compacted.

6 / - Material capable of implantation into a

35 living tissue, manufactured by implementing the process

according to one of Claims 1, 2 or 3, with a view to



raceording to one of Cains 1, 2 or 3, with a viewto +7-achieving a
kate of- bi odegradation adapted to the ti-ssue, conprising
.phosphate of apatitic or triclinic structure containing b({iﬂ?ﬂ w] m"ﬂ,jﬁm
‘and P04 groups. 5 (b) a biodegradabl e oside or

Material according to Claim6, in which ithe cal cium phosphate is a
phosphate with the fornula: [err] where O [err] y [err] 2 and O [err] x <

1. 10 achle\&rig -a Mter icf bmrﬁgmdﬁtlmpladammd)rto rithe didaieng tissue
exhi bi ting &, eg_ d therapeutic effect and nmanufactured by inplenenting
t he process a cor r}% to one of Clainms 4 or 5, conprising: (a), a calcium

phosphate of apatiticl®r & rqalgiue piosphake wfe apatidiis RF doiirliaig

groups and 3P oo thidindy SR afRd) §ropkdanar peQIgrsigle, (c) at
| east one active subs{@nce co r| Si n% am ne, rou s and capabl e of producing
the desiPed therapeut fe'osid il\)ﬁ?%’r‘i according to

Caim8 in which the Talcl matrémahacﬁzdﬁmgom@mamw t h.ri whife rehen:
[err] mhere err] ﬁ% r] 2 and er&hgg < terial capabl e of
irrplantatio cot & g‘Jp‘jg“ eo’dgheaé? & qu‘WW (a) the cal cium
phosphate |s constltut ed by an agzasu;ﬁmmm;eﬂ’mbaxmmate with the

forml a: < - Material capable of
i mpl antatlon accor(fer?pstoi(a%a%lnq 1%x|n whi ch (a) the phosphate is the

aparititOoctacal cic &dspha‘laé‘-enm anahdeeofk igplantation dndse g o

- living tissue exhibiting a prolonged therapeutic effect and

~ manufactured by implementing the process according to one of
Claims 4 or 5, comprising:

(a) a calcium phosphate of apatitic or triclinic

15 structure containing both HPQ.groups'and PO, groups,

(b) a biodegradable oside or polyoside,
(c) at least one active substance comprising amine
groups and capable of producing the desired therapeutic

N effect.

20 9 / - Material according to Claim 8 in which the
ca1c1um phosphate is a phosphate with the formula:

Cagyy (HPO,) 2,45y (PO4) 4x4yOHy oy
where 0 s y s 2 and 0 s x < 1.
10 / - Material capable of implantation according

25 to one of Claims 6 to 9, in which (a) the calcium phosphate
is constituted by an apatitic octacalcic phosphate with the
formula:

Cag (HPO,) 5, (PO,) 4, (OH) ,
where 0 < x < 1.

30 11 / - Material capable of implantation according
to Claim 10, in which (a) the phosphate is the apatitic
octacalcic phosphate, the parameter x of which is close to
0.5 (within about + 20%), the formula of said octacalcic
phosphate being approximately:

35 Cag (HPO,) 55 (PO4) 35 (OH) o5



‘0.5 '('withi n about 209, the fornula of said octacal ci c phesphate- bei ng

approximately: 35 [err] 18 12 1
capabl e of inplantation according to one of Jains 6 to EL]I "m m"lmml'
the polyoside is constituted by dextran. 13 / - Material; capall moos  ow

I'npl antation according 5 to Caim112, in which the proportlon by vvei ght of

dextran amounts to between 1% and 30%in relation to the mxture. 14 / -

Mat eri al capabl e of iaplthaMameniaﬂnuﬁpgpha)dﬁaﬁhbhﬁndatiﬂﬁ(acqqﬁdIM@
active substangg i §ePIR3Ms I6n 18 1f O Qi3 ahsr 3l %1%0%}& D

15 / - Material capablé o |rrplatat|on according to C I n which the
active substenséitsteet bympextaaand/ or gentanyC|ne in the formof a

sul phate. 16 / - Mat ephaly Qa@@.Qle%l(&]cl 'dgﬂaf’llﬁfeafdforln@%@{t@tﬂ%r{ Qldtdiy
conpri si % proportion by wei ht of ]\HSWX %et ween Tt
and 30t FE?I SLedm ot A& mf%ﬁhlr &he %erﬁ XHdave

subst ance bamsaan sO tb%barehe3@201i3N and &toixoAnt Qeﬂhﬂ:ﬂﬁrﬂdﬁ &he mixture.
14 / - Material capable of implantation according
to Claim 8, in which (c¢) the active substance is present in
the form of a water-soluble salt.
o 10 15 / - Material capable of implantation according
; to Claim 14, in which the active substance is netilmycine
- and/or gentamycine in the form of a sulphate.
16 / - Material capable of implantation according
to Claim 8, comprising :
15 . a proportion by weight of dextran
between 1% and 30% in relation to the mixture:
. a proportion by weight of active substance
between 0.1% and 30% in relation to the mixture.



