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"HARD TI SSUEW%I; 11 NG AGENT 5 Technical area The present i ip¢aEso9008s7
rejates to new techniques for stinulating of accelerating regeneration of
hard tissue in connection with so called osSeointegration, for exanple the -
~effect sought in the inplantation of foreign inplants in hard tissue, 10
particularly bone tissue. The invention also relates to a process for
carrying out such osseointegration while applying the new techni ques
.according to the invention. Furthernore, the invention relates to the

- generation ofgfRe ' t A ti ssue defects or otherw se need-
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~of bone tissu the invention I'nplants intended for
anchorage in hard tissue, particularly bone tissue, have enjoyed an ever

i ncreasing use in odontol ogy, orthopedics, neurosurgery, hand 20 surgery
and plastic and reconstructive surgery. Long term anchorage of inplants in
bone has geegigﬁhjefed,mﬁth titanium and it can be assuned that titanium
“based materi tt the future will be used to a large extent as the
mat erial of choice for inplants and prosthesi's. 25 A clinical problemwhen
‘dealing with so called osseointegration is the fact that the inplant cannot
‘be subj ect ed The preberstdnibeniior relatesitc nemt technigues fior stiypuladinghereaccalehatingd,
whi ch may require as much gf 6 to 9 nonths. It is therefore clinicaély of

ut most i npor FeSRAEraEon of bped Hewiq InConBLriIAR Wit e.calles osspeintesTAHOB: 19fuI at ed
rogener at'e. boNEMRE ERE ey sBght bl AR AP TP RIA Bt
resorpti 90 hpartiakeflyMoMeaidsiiel The invention also relates to a process for carrying out
such osseointegration while applying the new techniques according to the
invention. Furthermore, the invention relates to the generation of new bone in

relation to bone tissue defects or otherwise need of bone tissue.

15
Background of the invention

Implants intended for anchorage in hard tissue, particularly bone tissue, have
enjoyed an ever increasing use in odonfology,_ orthopedics, neurosurgery, hand
20 surgery and plastic and reconstructive surgery. Long term anchorage of implants
in bone has been achieved with titanium, and it can be assumed that titanium-
based materials also in the future will be used to a large extent as the material of

choice for implants and prosthesis.

25 A clinical problem when dealing with so called osseointegraﬁoﬁ is the fact that the
implant cannot be subjected to a load before sufficient bone anhorage has been
achieved, which may requlre as much as 6 to 9 months. It is therefore clinically of
utmost importance to accelerate the healing process by providing stimulated bone

- | formation in association with the impiants. There is also a need to regenerate bone

30  in order to bridge defects or sections where bone resorption has taken place in for
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exanpl e_t o ss parts of jaws or where bone tissue has due to
e.g. trgﬁﬁﬁbg#%nnr'or surgery. 5 SunnEry of the inventig§%$ﬁgy§§?% obj ect ¢
of the present invention is to stinulafe growth of cells in hard tissue,

for exanple bone cells, so that the hard tissue volune will increase. 10
Anot her object of the invention is to provide neans resulting in the

for mat i asxaRhpleassiésatpadtsisiigws oy iiterebonetistad hhy bb@Rist dle té @Igpact type,
whereas the extent of ‘formation of scar tissue will be mninized. Yet an
obj ect ofraum@, fumenor srgety.t o provi de a new agent capable of providing.in
15 connection with inplants in hard tissue stinulated regeneration of hard
ti ssue, for exanple bone tissue. Another object of the invention is to
provi de a process for inproved osseointegration in connection with

| npl antation of foreign inplants in hard 20 tissue while stinulating

r egerfer Bummaly dfithsireventiont her obj ect of the invention is to provide

i nplants treated with an agent stinulating regeneration of hard tissue. 25
For these and other objects which will be clear fromthe follow ng

OnaTh 25 e raeh Spledt B e iiEFeriIhOtor B0 SBHE BB S sPhali] | 050
sul phat etviss%@?f&re%ﬁigck bSHe BEIR, 88 tmc&lhé ®4bd BsuevolaMewill MEeaRW Use rel ates

to the manufacture an agent .capabl e of providing stimulated regeneration
of hard tissue. Such stimulated

10  Another object of the invention is to provide means resulting in the formation of
regenerated bone tissue of dominantly lamellar, compact type, whereas the extent -

of formation of scar tissue will be minimi_zed.

Yet an object of the invention is to provide a new agent capable of providing in
15 connection with implants in hard tissue stimulated regeneration of hard tissue, for

example bone tissue.

Another objeét of the invention is to provide a process for improved
 osseointegration in connection with implantation of foreign implants in hard

20 tissue while stimulating regeneration of tissue.

Another object of the invention is to provide implants treated with an agent

stimulating regeneration of hard tissue.

25  For these and other objects which will be clear from the following disclosure there
is prd{'ided th:ough the invention a new use of éhitosa_n and a po.ly_sacéharide_
iminqbilized 'thereto selected from heparin, hepafan sulphate, chondroitin-
.stilp_hates and dextran Sulphate._ This new use relates to the manufacture .of' an
agent capable of providing stimuiated regeneration of hard tissue. Such stimulated

30 fegeneraﬁon may for example be provided in connection with implants in hard

tissue, such as bone tissue.



30 regeneration may for exanple be provided in connection with I nplants in
~hard tissue, such as bone tissue. WD 96/ 02259 ' " PCT/SE95/00857

PCT/ SE95/ OOWQP"B”FHe pol ysaccharide can be_i mmbilized to the chitosan
_ matrix in several ways, for exanple by |on§c bonds, by coval ent bi ndi ng

ei t her nult|p0|nt or endpoi nt " bi nding, or by mechani cal fixation in the
chitosan matrix in connection with 5 precipitation of the chitosan from
sol ution. lonic bonds and coval ent bonds are preferred i nobilization
forms. The hard tissue stinulating.agent according to the |nvent|on may be
present in dThé eobsaceiarideccin Benmmpbﬂmedemathplcbuasaramamrnaﬁevera Wéméﬂr a

gel, beads or a 10  sol ut n the case ere.an i Jant ten

éhat part of exataplehy mlctxm%%w%l%gqﬁm eitheg my ngatqreggcﬁ)éme n be
i pped for a t] of :
course, al sog‘%glégp%r%egl %&tﬁﬁag@%lg%p ?‘gg%gﬁ legrgalég{htt é-rmggarrp ;gnlcﬁﬂg cavity
~providedsgn g f&aw&vsf thbThitbbsn flehe solaltiop!. Mmt beads andtdoealempbandsiateon i s
- titani um but” ot i mplant materials .may as well be used. Chitosan is a
“linear 1,4- bpmfdrrpdllmoblhaatl@éfmﬂt up fromJ[err]-Dglucose am ne units.

The _chltosan I s manufactured by N-deacetylation of chitin, a polynmer 20.
formng the shell of inter alia I nsects and shel | fish. Comrercially chitin

Fom the 1 1SRG S B B e e BFeehl 11 ns.

chitosans of difﬁér}éhﬂphysxcal forms, for example as a membrane, a powder, a gel, beads or a

10  solution. In the case where an implant is intended, that part of the implant which
is to be mtegrated in hard tissue can be dipped for application of the agent onto
the implant. The agent can, of course, also be supplied to the hard tissue per se, for

example in a cavity provided in bone tissue.

15 The material preferred for the implantation is titanium but other implant materials

may as well be used.

Chitosan is a linear 1,4-bound polysaccharide built up from B-D-glucose amine
‘units. The chitosan is manufactured by N-deacetylation of chitin, a polymer

20  forming the shell of inter alig insects and shellfish. Commercially, chitin is
recovered from crab and shrimp shells which constitute waste products from the
fishing industry. By controlling the alkali treatment of chitins, chitosans of varying
degree of N-acetylation can be produced. When treating chitin with concentrated
alkali, usually sodium hydroxide, N-deacetylation thus takes place, i.e. acetanﬁdo

25 groups are converted into amino groups to form chitosan.

_ The.physica-ll properties of chitosan affectihg its usefulness depend on the degree
| of N-acetylation, the molecular weight and the homogeneity. Chitosan is biode-

gradable, both by chitinas in the digestive system and by lysozyme and other
30 enzymes in the body. |




degree of N-acetylation can be produced. Wen treating chitin with

concent_ kal'i, usually sodi um hydroxi de, N-deacetypbabipdtobddss takes
BathR | RELED

pl ace, tam do 25 groups are cpnverted into am no groups to form 3
chitosan. The physical properties of chitosan affecting its -useful ness
depend on the degree of N-acetylation, the nol ecul ar weight and the :
honogeneity. Chitosan is biode- gradable, both by chitinas in the digestive
system and by |ysozynme and other 30 enzynmes in the body. WO 96/ 02259
PCT/ SEQ5/ 00857 4 |t is preferred in connection with the use of the present

i nvent i dnistpreferresbinceannestion neith thenass efthgfpreserddnyention thatithe chitesan about
90% and, pr ef er abl St .about  50% Jt Js.particular referred that the
degree &fS ﬁ-‘%@é‘f?%ﬁﬁ'ﬂﬁ?ﬁ?%’%? af W%'QEBB{ 5%%fg%pxﬁgabrye$temp§tdabout | :
pol ysac ; e L . o c T 0. or _
hepar anggﬁblr' E)ﬁg[ﬁg?ﬁ%\hlggigg?ﬂgf&t?égcﬁ%t%H?&é@gﬁ%’g‘%ﬁ%ﬁ%ﬁ lﬁgs o] R?\%th nto
mat r 5ce@5%ont ai ni ng anmi no groups i s described in US patent No. 4,613, 665.

10 The invention also provides for a process for stinmulating and/or
accel erating regeneration of hard tissue, for exanple in connection with so

call o3 SRR AL BhyBsyP AR BESFADM RG] Sl st Fabip rlshne "
quant i t yr fephAi SulpRatel A ?&iamcm@ib fr doRalene toipHng &2 MephFifRG' €d
starting fromchitosan and a
matrices containing amino groups is described in US patent No. 4,613,665.
10 | ' |
The invention also provides for a process for stimulating and /or accelerating -
regeneration of hard tissue, for example in connection with so cailed
osseointegration. This process is carachterized in that before the implantation ©
there is applied to the implant and/or the hard tissue a quantity suitable for |
15 stimulation of the defined agent prepared starting from chitosan and a
polysaccharide immobilized thereto selected from heparin, heparan sulphate,
chondroitin-sulphates and dextran sulphate. Osseoir\tegration is the optimal form
for long term anchorage of an implant of of non-autologous and various foreign
materials into hard tissue, particularly bone tissue.
20 | | |
In connection with carrying out this process the agent may be applied in the form
ofa powder, a solution, a gel, beads, a -ﬁlm or a membrane. Altemaﬁvely, the
agent may be applied by dip?ing that part of the implant intended to be
~ integrated into hard tissue in a solution of the appropriéte constituents chitosan
25 anda 'polysaccharide immbbilized thereto.

The invention also includes implants intended for integratiqh in a hard tissue,
particularly bone tissue. In such implants the part of the implant to be integrated is
coated with an agent stimulating regeneration of hard tissue comprising chitosan

30 and a polysaccharide immobilized to the chitosan and selected from heparin, -



pel ysaccharide i nmobilized thereto sel ected from heparin, heparan sul phate,

chondr oi ti nygWeldsabes and dextran sul phate. Osseointegrati onPC'EISE?ﬁéW&i?ti mal

~faormfor long term anchorage of an inpl antgof of non-autol ogous and various
fdreign materials into hard tissue, particularly bone tissue. 20 In

connection with carrying out thi S process the agent may be applied in the

formof a powder, a sol ution, gel, beads, a filmor,  a nmenbrane.

Al ternat i vel yeparam salpdate, nhyndmlappulmfwmi dextren swiphapm It isgrartigalarlyn| ant

i ntended to be i n rat ed |n 0 hard tissye in a solution of the appropriate -

consti t uent st@Ifﬁrt"%fgg?? igeHPrH an ﬁSH&'&%&ﬁg?’i'"d’énl mobi | i zed thereto. The

i nvention also includes inplants intended for integration in a hard tissue,

particularly bone tissue. In such inplants the part of the inplant to be

integrated is coated with an agent stinulating regeneration of hard tissue

-conpri sing chltosan 30 - and a pol ysacchari de i nmobilized to the chitosan

and sel ec edExampidsafipreéferred enNpOAENEIMS59

PCT/ SE95/ 00857 5 hepar an sul phate, chondroitinsul phates and dextran

~sul phate. It is particularly preferred that the inplant conprises titanium

5 Exanpl es ’ﬂfl Eé‘Jeﬁ{ er%nﬁBﬁWilf‘iﬁ%% fanswmgse flustrated biyaonliiiting t he

foll ow ng be | ustrate by non-limting exanples. In these percentages and
parts r ef er éxamplegmn thése"lpercenhgemad parts refer tooveighhifmat oiherwme stated.

10 EXAMPLE1]

ating of a titanium screw with n -
Titanium screws are immersed into a 2% acetic acid solution of ch1tosan (1% w/v)
and are allowed to remain in said solution for 15 min. The chitosan is Sea Cure
313, Pronova Biopolymer, iS% N-acetylation). The treated titanium screws are |
15 then dried in a heat cabinet for 16 h at 70°C and then neutralized in 1M NaOH
' and repeatedly rinsed with distilled water and again dried in a heat cabinet. The -
screws.are packed in a package of the type "peel open” and sterilized with

ethylene oxide.

20 EXAMPLE2
I. ium Wil! . . ]] l ' : : l . .
Screws coated with chitosan. according to Example 1 are transferred into a solution
consisting of 125 rhg heparin (Pig Mucosa, Kabivitrum ) in 500 mL of distilled
.water where they are allowed to remain for about 16 h, after which they are rinsed
25  in distilled water and dried at room temperature. The screws are packed in a

- package of the type "peel open’  and stenhzed with ethylene oxide. The amount of

immobilized hepann is about 2 ng/ cm’,
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~ Coating of a titaniumscrew with chitosan Titaniumscrews are i nmersed into

a 2% acgld 519d sol ution of chitosan (1% wv) and are algcqysdsibagsf emain in
sal d soI utlon 15 min. The chitosan_,is Sea Cure 313, Pronova Bi opol yner,;
15% N-acetyl ation). The treated titani 8m screws are 15 them dried in a
“heat cabinet for 16 h at 70[err]C and then neutralized in 1 M NaCH and
repeatedly rinsed with distilled water and agai n dried in a heat cabinet.
The screiXAMPBLB3cked in a package of the type "peel open" and sterilized
wi th ethyl ene oxi de 20 EXAI\/PLE 2 T| tani um sc¢r evvs Wth i on| cally bonded
heparin B $¢C cavalgntiy bondgd haparin(bnd-poitattachment) t r ansferred
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sterilized .w hegarin i s about |

2 [err] g Prféﬂlaj { ?q@egsg)?gg%gn ef' S 1rr1ng-°f‘he Peggp (')x|1 %?cgure
CT/ SE9 69{34? ded h
(PEnd Eo?ﬁtgg‘g% ghﬁrre bE%%éralﬁr%?lﬂs&j?sso ﬁ#m@?éﬁé@%g»ﬁon 'el'he gg?trjlt |non

Is cooled to O[err]Clnlce wat er and mai nt ai ned col d. FII’St there is

added sodiumnitrite (NaNG3, 10.ng) and then
Titanium screws coated with chitosan in accordance with Example 1are

transferred into a solution containing 125 mg of the above nitrite-degraded
10 heparin, 15 mg NaCNBH,, in 500 mL distilled water and pH is adjusted to 3.9 with (

0.1 M Hcl. The reaction mixture is maintained for about 16 h at room te'mperatufe.
The screws are then rinsed in distilled water and dried at room temperature. The
treated titanium screws are'packed ina package of the type "peel open” and

sterilized with ethylene oxide. The amount of immobilized heparin is about 1.5 n

15 g/ cm’.

EXAMPLE4
Titani ws with covalentl ari i-point attachr
A solution of sodiumperiodate-oxidized sodiumheparin is pmpdréd in the

20 following manner: One grain of sodiumperiodate NalO, is dissolved in 200 mL of |

 distilled water. Ten grams of sodiumheparin is added to the solution and the

solution is stirred over night in the dark. The resultmg solution, after adding 10
mL of glycerol and stirring for two hours, is dxalyzed agamst water The water is
exchanged every other hour. This results i in a solution containing periodate-

25 oxidized heparin in a concentration of about 19 mg/mL.

Titanium screws coated with chitosan in accordence with Example 1 are

transferred to a solution containing 125 mg of the above periodate-oxidized



5 acetic acid (2 nmL) to the solution under stirring. The reaction m xture
~is maintaingd @ ddperr]C for 2 h, dialyzed and freeze dri ed. PTHSEYS/IBY | s

. 0.7 g. Titaniumscrews coated with chitosap in accordance with Exanple 1
afe transferred into a sol ution contai ni ng 125 ng of the above
nitrite-degraded 10 heparin, 15 ng NaCNBH err], in 500 niL distilled water
and pHis adjusted to 3.9 with 0.1 MHcl. The reaction mixture is

mai nt ai ned 2&}! AR045 rAE NaCNBHARS00 TRE Gétilled witee. Thé eactionds them ri nsed
in distille \ﬁater and~dried at” roomtenperature. The treated titanium

screws are A eRa@BePaBcabellif Bripléseel open” and sterilized with
et hyl ene oxide. The anount of immobilized heparin is about 1.5 [err] 15
g/cmerr]. EXAMPLE 4 Titanium screws with coval ently bonded heparin -
(rmulti-point_attachment) A solution of sodiunperi odate-oxidized
sodi unhepar i BXAMBLESared in the 20 fol | owi ng manner: One gram of
sodi urrperg o] e eLf hii giﬁ ol ved in 200 nL of distilled water. Ten
granms of “so : b the solution and the solution is stirred
over night iggtiRirdahloridesaltsfehitosay (30% degree ofaetylatiotd Prondbahdreof
.glycerol and §ti rring for two hours, is dialyzed:-agalinst water  The, water

i

i s exghangeddissdwyddn istillesiwater{0 S I da vy w)i H) mlsof theisolutiomohtained are
[ te- 25 i di,zed Jn i . trati. f '
F T ant am scr SARSIETRAdR Apeh Ginh apd itk oL ERPE 8 Eohed B rabPeBilind

‘ d o, Lt o . ; Y il zed
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10  the addition of a sodium phosphate buffer, 02M, pH 9.0. The film is left in the

 Petri dish in this buffer at room temperature for 2-4 h, is then washed 3-4 times

with water and allowed todry.

15 Films with covalently bonded hgpgm i (ggd—p'gin; attachment).

To a neutralized chitosan film prepared in accordance with Example 1 there are
added 20 mL of a solution containing 125 mg nitrite degraded heparin, prepared
as in Example 3, dissolved in 0.5 L water and containing 4.4 g NaCl. To the
~ solution is added 15 mg sodium cyanoborohydride. The pH of the solution is
20 adjusted to 3.9 using 0.5 M hydrochloric acid or another acid. The solution
containing the chitosan film is allowed to stand at room temperature for 14 h, and

the treated film is then washed 3-4 times with water and is allowed to dry.

EXAMPLE 7 |

' 25 Films with ionically bond |

To a neutralized chitosan film manufactured in accordance with Example 1 there
is added 20 mL of a solution containing 125 mg heparin dissolved in 0.5 L water
contéining 4.4 g NaCl. The solution containing the chitosan film is allowed to -

! ~ stand at room temperature for 14 h, and the treated film is then washed 3-4 times



7 heparin, NaCNBH3 i'n 500 nL distilled water. The reaction is then

per f or ngg g;sgl y as described in Exanple 3. EXAVPLE 5 5 plfyRubasusst € . of
~chitosan f| g hydrochl oride salt of8 chitosan (50% degree of

acetyl ation, Pronova) are dissolved indistilled water (0.5 L, 1%v/w. 10
mL of the solution obtained are transferred to a Petri dish and a fil m of

"~ chitosan is fornmed by evaporation and drying in a heat cabinet at 70[err]C
for 24 hwitthwatér andoaliaved do Hsyi%prc&iuqedlfilnechlbbe gtourtdw agdwidesfonf a
sodi um phosphat e buffer H he filmis left in the Petri dish
in this H&¢ %?SSSP‘W%Eftﬂt‘PQr\"BéCS‘P{fﬁé‘CFéYMQ §inVeRtiIPRen washed 3-4 times with.
water and allowed to dry. EXAMPLE 6 15 Filnms with coval ently bonded
heparin (end-point attachnment). To a neutralized chitosan film prepared in
accor danEXAMPLERB<anpl e 1 there are added 20 nL of a solution containing -
125 ng nitrite degraded heparin, prepared as in Exanple 3, dissolved in 0.5
L wat2r Biologisakteshing 4.4 g NaC. To the solution is added 15 ng sodi um

cyanobor ydr| de. T H of t ut i,O 0 _ adj ed t usin

hydr ochl gﬁs testanima ﬁm%ﬁ%?msegﬁ?‘ﬁﬂ Esd'lv f}t‘:ﬁdﬁe@ ?53 ?ﬁ‘??éio %PE‘FFQI'S an :
filmis I ed film
[ hen Rrpeapetfic adefbieliROMRARRBAL et Boihfiredduila 1A Ll ot ©)

Fi | ms wi bhtheaabb#tl | y bonded heparin To a neutralized chitosan film

manuf actured in accordance with Exanple 1 there is added 20 nL of a
solution containing 125 ng heparin dissolved in 0.5 L water

10 A distal skin section is made in the knee joint having a length of 35-40 mm agaihst
the tibias proximal part of the epip,hys cartilage region. Periost is transected and -
‘under cooling by means of a continuously supplied sterile buffered saline solution
there is drilled at a low rotation speed a hole through compact leg up to the mar-
row cavity using a 3.5 mm drill. Then there is proximally threaded anat4mm

15  long titanium screw having a hexagonal head and at 6 mm distally another
titanium screw, both havmg a dlameter of 3.5 mm. Facia and skin wound are
sutured using single sutures. In the experiments there are used in addition to
titanium screws treated according to the Examples 1-3 also untreated titanium
screws. '

20 . _ -
After 4 and 12 weeks, respectively, the rabbits ate agah\ anaesthesized. Hair is cut -
away in the knee region and skin incision is carried out distally_ of the knee joint
towards tibia. The screws are dissected and idenﬁﬁed, and the dethreading -

~ moment for the proximal screws is determined. The distal screws are prepared for

25 light microscopy with the implant remaining in the bone jn situ.



containing 4.4 g NaC . The solution containing the chitosan filmis allowed
. to st and al“&ﬁ%ﬁg%ﬁnperature for 14 h, ‘and the treated fil m ipeTISE®S0085% hed
. 3z4 tinmes 02259

" pET/ SE95/ 00857 8 with water and al | owed té;dry The produced .filmcan be
ground to a powder for use in osseointegration in accordance with the

I nvention. EXAMPLE 8 5 Biological test As test aninals there are used
adul t rabbi t(BXAMRILE @re anaest hesi zed .and prepared for the operation under
-sterile conditions, halr belng reaned |n the knee region of the rabbit. 10

A di Stf” ﬁk' ""' - AULRERANINSOAUNGavi ng a | ength of 35-40 mm
-agai nst the i | a i,na ¢ Peri ost
is transect % lt8881 %Aj rr‘%%gﬁg cﬁeﬁf&ﬁbﬁ)us ?éﬁﬁél |ed sterile
buffered Sa'de@@n?@& msﬂ\gqmraﬁdltﬁe ﬁhhidb@ﬁ%aﬁiorﬁxs'p@t\fdrﬁ{e@tas(ﬂm&ﬂbédhm hol e
-through conpact leg up to the mar- row cavity using a 3.5 mmdrill. Then

“there is5prE&xampley3.t hreaded an at 4 nm 15 long titaniumscrew having a
hexagonal head and at 6 nmdistall y anot her titanium screw, both having a
.di aneter of 3.5 mm Facia and skin wound are sutured using single sutures.

I L1 oD At B e ke LR ngae
about 10 mm long distance on the mid shaft. A 6 mm long segment of the exposed
fibula is removed, both the bone and its periostium, and the defect between the

10. bone ends is filled with titanium powder. A membrane filter made of PTFE is

| wrapped around to bridge the defect and to prei'ent granulaﬁon tissue to invade
the area. On one side titanium powder coated with heparin is positioned and on
the other side non-coated titanium powder. The wounds are thereafter closed The
rats are allowed to move unrestricted during 3 weeks prior to a second

15 examination and sacrifice. Examination of the defects in the fibula on either side
reveals that bone, cancellous and lamellar, is demonstrated to bridge both defects.
However, the most extensive bone formation is formed at and along the

" heparinized titanium powder. Additionally, more lamellar i.e. well ofganized

bone, is detected among the heparinized titanium powder.

20 | |
Thus titanium powder coated with heparin as described above, stimulates new

formation of bone even in the absence of periosteum.

25

mgap_nn_gmgiedmm

The fibula on either hind leg-is exposed on anaesthetized rats and its muscle tissue

detached along an about 10 mm long distance on the mid shaft. A 6 mm long’
segment of the exposed fibula is removed, both the bone and its periostium, and

30 the defect between the bone ends is wrapped with a chitosan film.




After 4 and 12 weeks, respectively, the rabbits are again anaest hesized.
Hai r iswalé{m%\é@y in the knee region and skin incision ispgpkidsimssiut . .

distally o e knee joint towards tii)' a. The screws are dissected and ¥
~identified, and the dethreading nonent“for the proximal screws is

determ ned. The distal screws are prepared for 25 I|ight mcroscopy wth -
the inplant remaining in the bone in situ. W 96/ 02259

PCT/ SEQ@hDftaHléftSidXAkRitbsh hehtbraneppepited agin Example Bhizosiegradd n coating |
The coating of tjitanium powder with chitosan is perfornmed essentially as oo
descr i béehifoserawithd 5% agetylatien) anmen the tighbfibula defertr heparinizedscri bed in 5
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segnent pggit{dp@dexposed fibula is renoved, both the bone and its periostium -
and the defect between the 10 bone ends is filléd with titani'umpowder. A
menbBane filter made of PTFE is wapped around to bridge the defect and to

prevent _granyl.ation tissue to,jnvade the area. _one sjde titani um powder
coat ed wcwéfshaﬁ the; g‘?y&ﬁ%‘?‘éhéﬁdﬁ%ﬁ%ﬁ% Wéaﬂﬁl%i‘?%lr‘géhﬁéﬁngbﬁéféd titani um
powder . -1 h g _ .3 | t.nQ _ nove

Por et ; ARG R Shds CORBLE sl PE6ie frinEnkiire MeludhoPififle e

sacrifi _Examination of the defects in the fibula on either side reveals -
that bone, cancellous and lanellar, is denonstrated to bridge both defects.

10 At examination after three weeks-a more prominent formation of bone matrix and

- of bone could be demonstrated in both animals on the right side, i.e. the one with -

the heparinized chitosan film.

15

It is well established that if defects exceeding certain dimensions are created in
bone, such defects are healed by the formation of a fibrous scar tissue membrane _
bridging the defect in the bone. The critical size for holes in the calvarium in adult

20 ratsis 8 mm, i.e. holes 8 mm or of large diameter will not be closed by bone tissue.

In rats a paramedial skin incision is made from the nasofrontal area to the external
occipital protl.iberance. The skin and the underlying tissues, including most of the =~ =~
temporal muscle on either side, are detached. A specially manufactured trephine is

25 | used to create a 8 mm hole in the skull bilaterally. Extreme care is taken to avoid

damage to the meninges and the brain.

On the right side a chitosan membrane with ionically bonded heparin prepared as
in Example 9 s placed on the dura, multiple bone fragments positioned on the
30 membrane and an additional identical membrane positioned on the skull.

Thereafter, on the left side a non-heparinized chitosan membrane prepared as in



However, the nost extensive bone formation is fornmed at and al ong the

.hepari ni zed va@@rg J4p0 powder. Additionally nore [anellar i.e. yperiEss@esy zed
bope, is detected anong the heparinized titani umpowler. 20 Thus titanium

powder coated with heparin as described abo stinmul ates new formati on of
bone even in the absence of periosteum EXANPLE 10 25 Osteogenic activity
of ionically heparinized chitosan nenbrane as assessed by the fibula gap
bri dgi ng techikampleBhis dositidreechin thietdaere Wandvitbgpaengmaéfhgments Thereafter,
anaest hetized rats and its nuscle tissue detached al ong an about 10 nm | ong
di stance on t%’@gﬁ@%meshﬂ@fﬁﬁiqséﬁg segnent of the exposed fibula is
renoved, both the bone and its periostium and 30 - the defect between the
bone ends is wrapped with a chitosan film WO 96/ 02259

PCT/ SE95/ 0085K £t:P 3 Wedkdhé 95& 2% HRadstRAZESAT IRIRUANSARTABA! PdTr@Bstedid and
Exanple 5, is positioned (chitosan with 15% acetyl ation) and on the right

fibul a deﬁectne;vhmpartlsamemldtba demnnsh'atadahoetopeeﬂmé@feetson thel:‘mglntméeas
(chitosan with 15% acet |t| To avoid .t t he tube,
Croat od by 1 HOTBRSARcbe i Sel: Thefosinadatinn Bss Pm‘%@@%@%nds
col | apses, S%El:n&‘i’QFtl-fer}?éE%%ﬁzé’d EniSsin iBRffaALoNg the

EXAMPLE 12

10  Preparation of chitosan bea vered with dextransulphate r heparin or
chondroitin-4-sulphate. . - | | | -
Aqueous solutions of chitosan (2% w /v, 18% acetylated) is added drop bv drop
with a syringe to a solution of dextransulphate or heparin or chondroitin-4-
sulphate (0.1% w/v) in tnpolyphosfate buffer. The resulting beads are recov ered

15 onaglass f1lter and rinsed with water (1L) and dried at 30 °C over mght

EXAMPLE 13
t ic activity of chitosan bead db f ation aft
bperiosta itior ' '

20 Positioning of a compound to be tested for osteogenic activity under the
periostium of the skull is a well established method. |

Beads made of chitosan and heparin, chitosan coated with dextran sulphate and
chitosan coated with chondroitin-4-sulphate, pared as described in Example 12,
- 25  are positioned subperiostally on the frontal bone of adult rats. One such bead is

positioned on either side. Bone formation is assessed after 3 weeks.

Chitosan-heparin beads are osteogenic as revealed by the formation of osteoid and
bone tissue on the frontal bone. The chondroitinsulphate coated chitosan beads
30 and the dextran sulphate coated ones do also show osteogenic activity.

Inflammatory cells could be recognized to variable, usually low, extent as well.



gap. 10 At exam nation after three weeks a nore prom nent formation of
bone ”%65&/0%@5] of bone could be denonstrated in both anptpsgoswessrne. ri ght
side, i.e, the one with the heparinizq? chitosan film EXAMPLE 11 15 ?
Osteogeni c activity of heparinized chitosan nenbrane as assessed by bone
formation in .a hole in the calvariumlIt is well established that if defects
exceedi ng certain dimensions are created in bone, such defects are heal ed
by the formation of a fibrous scar tissue nenbrane bridging the defect in
the bone, The critical,size for holes in the calyariumin adult 20 rats is
8 mm i IBesherRENmenth dmapstaly feat fhitashe comYined SUbEBeed by bone
tissue. ~ok iy I Rl sion i s nade from the nasofrontal
_area top?ﬁ??g%?%?ﬁ%%&%§§¥%$#§fhk?ﬁ?ﬁ erance. The skin and the underlying
tissues, including nost of the tenporal nuscle on either side, are
detached. A specially manufactured trephine is 25 wused to create a 8 mm
hol € i nEvea bsEtar stimulation ef healingquality canrpropablyreachivedbyiad danage to the

meni nges_and_t.he brai . rd aht side a chitosan nenbrane with

i oni cal F?f“@b‘?&fb‘ﬁ‘ eﬁg'égr]?wgﬂlﬂéﬁg‘r"é‘é%ééw?‘h?ﬁt§%| e 9 s placed on the dura,

mul ti pl ExpefithentP I PHCWRAHFCPRBEIEE Witk icfinBR281(aA8iFiBréblagdGidwdnal -

i dentical” menbrane positioned on the skull. Thereafter, on the left side a
" non- hepBRadtor, ARzthe Cakifomin} showresigniffrantly ighenspecifitbialing 35 growth

PCT/ SE95/ 00857 11 :
actor to a I%eparinized screw as compared to a non-heparinized screw. Even if the

10  invention is not restricted to any particular theory it seems likely that
endogeneous growth factors are enriched at the interface between implant and -
- surrounding bone when the screw is provided with a coating of chitosan-heparin,

thus resulting in stimulated bone regeneration.

15 The invention is not limited to the embodiments described but is épplicable to all
forms of implant intended for integration into hard tissue, particularly bone tissue.
Thus, the invention is appllicable within all areas, for example odontology,
orthopedics, neurosurgery, hand surgery and plastic and reconstructive surgery.

Also with regard to dental applications the invention is quite useful.



EXanple 5 is positioned in the sane way w th spacing bone fragnents.

. Thereafter, vb&%@kvﬁa and the skin are closed. After 3 weeks pPORSESSI0ssIr €.
-angest hetized and the scull exam ned. Mre,gsteoid and 5 new bone tissue
coul d be denonstrated to cover the defect 3 the Tight side as conpared to
the left side. There is in addition | ess prom nent |y ction at
the heparini zed chitosan nmenbranes. EXAWPLE 12 10 Immmﬂgmgmﬂ hi.t osan
beads cover e€ClvhiMSdext ransul phate or heparin or chondfoiti m 4-ssukphat e.

Aqueous sol utions.of chitosan (2% w v, 18% acetylated) is added drop by
drop with a syringe to a solution of dextransul phate or heparin or

chondroitin-4- s e L9 i j : T | Ng
beads are r egbvelrﬁgg h'%%eog (r?ﬂét %a/%%"éfs{a A i}{l}lggrdcgﬁ%%rgg ﬁgt@gg}b\%l?% \I/va rgtro {é%_c)'i&gwg}ﬂ
dried at 30 hephtif, R¥SdrafistibhatE)Ndiidroitihstiplenecand destramisuiplte €dy thesan
beads as assessed by bone formation after subperiostal deposition on-the
‘skul| 20 5 Posmanufactuge of an agenpcapable of providingstimulated regapenatiormof hand y
-under the periostiumof the skull is a well established nethod. Beads made
of chitosan gﬁﬂ“fhepari n, chitosan coated with dextran sul phate and chitosan
coated with chondroitin-4-sul phate, pared as described in Exanple 12, 25
are positioned subperiostally on the frontal bone of adult rats. One-such
bead is posi 2i onTheaseaicttieling tolelaiid) ehiractarizedrinithabsthanixtdd aégerteration of
weeks. Chitosan-heparin beads are osteogenic as reveal ed by the formation
of osteoid ahardysue isprovidad inronmestion Wity itaplapteinchandavizsue; sizdh asrhane
coated c 'toggn beads 30 and the dextran sul phate coated ones do al so show
.osteogeniCT a ?%'ty.

3. Theuse according to claim 1 or 2, characterized in that the polysaccharide is

immobilized to the chitosan by ionic bonds.-

15 4. The use according to claim 1 or 2, characterized in that the polysaccharide is

immobilized to the chitosan by means of covalent bonds.

5.  The use according to any one of the preceding claims, characterized in that

the polysaccharide is heparin or heparan sulphate. |
20 :

6.  The use according to any one of the preceding claims, characterized in that

the agent is in the form of a powdei' or a solution.

7. Theuse according to any one of claims 1 to 5, characterized in that the agent

25 isinthe form of a gel.

8.  The use according to any one of claims 1 to 5, characterized in that the agent

i is in the form of beads.



| nf | anmat ory ceIIE "ﬂ“ i zed to variable, usually |ow, extent as l
wel | §02 m l l m "mﬂm PCT/SE9S/00857

PCT/ SE9‘¥ 7 12 Yhese expersnents dqponstrate that chitosan conbined withs
certain pol ysaccharl des exert osteogenl c activity. 5 Even "better _
~stimulation of healing quality can probably be achived by a conbi nati on of
thi's invention with growh factors. Experinents in vitro with aFG-.|abel |l ed
with io@ine Thgalseaccmdmgt@anwomtof@\@mweﬂm oljmBathacaat@:ized oy thad) show a

significg her eC|f| b|nd owthfac s toa e rinized

screw a$ ﬁ G}h%%aé%‘ 81"8ﬁ &&F?W fc‘g’ tgﬁ/‘t FE’%X} Ation is
not res?ﬁéﬁtaggug gO%ny particul ar theory it seem; I I kel 'y that endogeneous
growt h ctors are enriched at the interface between inplant and

surround| ng bone when the screw is provided with a coating of
chi tosan- he rin, thus resulti ng%l n stinulated bone regeneration. 15 The

i nvedti df- oxse|a|c¢mdmg to claim % sharactarizes incdthat thechitosan has aglegreabl e t o
all for f ant ded,f or tegration into hard tissue,

parti cuggﬁ) C‘Hgﬁ&c’ﬂ%g etﬂfﬂ@?c’uttr?g&)l nvention is applicable within all
areas, for exanple odont ol ogy, orthopedics, neurosurgery, hand surgery and

plastic and reconstructive surgery. Also with regard to dental applications
t he i nvabt i Theiuvsequcdreding &6 ahy one of claims 2 to 10, characterized in that the

implant comprises titanium.
10 |
12. A process to stimulate and/or accelerate regeneration of hard tiséue, -
characterized by applying onto the appropriate site an amount aétivé for
stimulation of an agent comprising chitosan and a polysaccharide immobilized
thereto selected from heparin, heparan sulphate, chondroitinsulphates and .

15  dextran sulphate.

13. A process according to claim 12, wherein the regeneration is in connection

with osseointegration.

20 14. A proéess according to claim 13, characterized in that the osseointegration is

carried out in connection with implants in hard tissue, such as bone tissue.

15. A process according to claims 12 to 14, characterized in that said agent is

applied in the form of a powder.

16. A process according to claims 12 to 14, characterized in that said agent is

applied in the form of a gel.

17. A process according to any one of claims 12 to 16, characterized in that the
30 polysaccharide is constituted by heparin or heparan sulphate.
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13 CLAIMS 1. The use I “ﬂ j{lﬂ pol ysacchari de i mobi | bﬁ%& 5% Leto
sgl ected fréﬁpﬁé’ﬁ%ﬁs?n chondr0| ti-nsul phates an extran
.sul phate for the 5 rranuf acture of  an age capabl e of providing
stinul.ated regeneration of hard tissue. 2. The use according to claiml,
characterized in that stimnmulated regeneration of hard tissue is provided in
connecti on wifigh 'N’PE@&&§atd@>rbﬁfgC¥0tdlﬁﬁisel3 UG 1a8c1kmetei&ed m gt @he §§ent-|i§'e
use according to claiml or 2, characterized in that the polysaccharide is
i mobi | i zed tapplied hyhdnpqvwgnobghat partofibadmplast which ishebeirtegrated iitodiard
claim1 or 2, characte |z t hat the oI ysaccharide is i mobilized to

t he chitosan ’(??uﬁéféﬁ§° é?li]‘étl‘?ﬁarbﬁﬂﬁfo sacchyadeise according to any one
of the preceding clainms, characterized in that the polysaccharide is
heparin or heparan sul phate 20 6. The use according to any one of the

precedi ngscl goms Iu@mammdedefdr integimion inchardetidsue scharadtBizédirnhat ableast
powder or a solution. 7. The use accordi ng to any one of clains 1 to 5,

char act er i zedhatrpamaf thmrértnlgéhwmzh isjtg berin atqslrlﬁncaated with anggentrstimula:
?ﬁC? Lg' P gr tno ﬁ%@gﬁeex%fnogl oaf HEBa hislife cdmﬁpl%{nagcél% észag%r{dna Itpg@rtsaéctr]nengge nt is
immobilized thereto selected from heparin, heparan sulphate,
chondroitinsulphates and dextran sulphate.
10

20. Implant according to claim 19, characterized in that it comprises titanium.
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9. The use acidhgg ;Od28¥%$§ of thgsé? Egdl

that the chito

preferab
charamﬁ@”

.t han a@bthtemﬂliﬂkﬂtqlmﬁm%ccordl ng t(nmtemnﬂﬂ’umbﬁoummemo 10 /O 96/02259//
char aft erAGIRI31/725} 3173 t he i npl ant copptijses titanium 10 12. A process to
stimu| ate and/or accel erate regener a i orj 43% InfsepatipnglPublication Rate: acf@P‘T‘%’cﬂ%dS’/mZ%)
applyf ng onto the appropriate sitg an amoint active for stinulation of an
agent | @8 Wﬁb“\m’m’t‘mﬂbﬁhd a/{é‘f ?%ﬁmfﬁ%@ "g{?ﬁ%@g%ﬁ
from sul ph I 4
sul php @Bq{%ﬁoﬂ pr 3?3'33 acc gbétgggc ai 4 MvhweNo La.,li'l}agerm ab'lsn ' c;lt\gn;r('
in COR&S%I on with osseoint egrat i on. 14. ALAMpTBRIA 1? Hﬁ AT
13, ¢ ¥d int oi ht 1 on
with jnpl hard/‘??éy{?gﬁl éﬁ géta tlsgﬁ%a}:i% Eg@%gﬁ
to clpins 12 to 14, characterized in that sai dsagmyt is applled in the form
of a dmnmevlimnzﬁ’orlﬁlde ted) SreressexeeprCB9id | Ap clains 12 to 14, characterized
in that sat‘ﬁ%lﬁgsapgpwgcf"‘?"ﬁ”’fﬁ rﬁ Blouded® - 17. A process according
t 0 any7s ifvedidrs; ada?i ™ 12 to 16, ch racterl red | Wik Rianatoht® search report.
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30 polysaccharide is constituted by heparin or

96/ 02259

15 18. A process according to clainms 13, 14 or.
nt is-applied by dipping of that part of the inplant which is to be
i'ntegrated into hard tissue in a solution of ‘chitosan and pol ysacchari de.

I nt ended for
at least that part of the inplant which is to be integrated is coated with'
an agent stinula- ting regeneration of hard tissue conprising chitosan and

t he agent

19. I nplant

heparan sul phate.

17,

I ntegration in hard tissue,

PCT/ US95/ 00857
characterized in that

)

5

-characterized in that

a pol ysaccharide inmobilized thereto selected from heparin, heparan
sul phate, chondroitinsul phates and dextran sul phate. 10 20. | npl-ant:
according to claim19, characterized in that it conprises titanium
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