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-(ST) Abstract
The use of chitosan and a polysaccharide immobilized thereto selected from heparin, heparan sulphate and dextran sulphate for the

manufacture of an agent capable of preventing or substantially reducing undesirable adhesion of damaged tissue with adjacent or surrounding |
tissues in connection with wound healing; and a process for the use of such agent.
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2 These sliding.systens are very sensitive to inflammuation and injury. Scar
tissues are easily formed resulting in inpaired function and even | oss of &
function. Adhesions may be fornmed in the abdom nal cavity, i.e. formation
of strings, and nenbrane-|ike fusions of adjacent or surrounding structures
may eventually 5 result inileus, alife threatening condition. Surgical
procedures carried out to treat injuries, renove tunors-or treat other

di sorders or for perform ng reconstructions always result in scar formation
and thereby nore or | ess conprehensive |oss of "natural and original”
sliding systens. 10 The healing of injuries to the skin and nucosal
linings are conplicated, on the one hand by the restricted ability of
connective tissue to regenerate and on the other hand by the formation of
imature granul ation tissue, which latter has a limted capacity to gain a
maturity simlar to that of normal tissue. Thus, the derm s is neither
reformed in youths nor in adults after injury with few exceptions. Snmall 15
and/ or superficial injuries to the derms are heal ed by replacenent of the
| ost tissue by generation of adjacent type like structures and by the
generation of reactive granulation tissue. Mdire extensive tissue |osses,
such as after deep burns, third degree thernmal injuries, and after |oss of
part of the derms inevitably heal with scar formation, variable but
persistent | oss of tissue and with permanent 20 - deformations. The’
mechani cal |y resistant conponent in the scar tissue is largely constituted

by the type 11l collagen of short fibres and inferior organisation and ha¢
therefore inferior mechanical properties as conpared to collagen of the
normal optimal type |I. The fraction of anorphous plastic ground substance

has been reduced as well as the tissue cellularity. The-nunber of bl ood
vessels is with tine
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25‘ reducedyigygigadsat i on to that in normal tissue and the di StpgmiRiseussend
type of vessels have changed. Wde, thin-walled vessels of inferior
fugction as conpared to the corresponding nornmal bl ood vessels are
frequent, as are abnormal |ynph vessel systems. The sliding systens are
thus eventually replaced by rigid, fibrous collagen connective tissue.
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3 An additionally corrpl icating, very inportant factor is created by the
appear ance of nyofibroblasts, i.e. "conmmon" connective tissue cells

(fibrobl ast ANTRADHESEOMAGENT a part of the nmacrophages, have an :
I ncreased nunber of cytoplasm c bundl es of nuscle proteins which enable the
cells to slowy and powerfully contract and 5 mai ntain the contraction
for a long period of time. This may result in contractures which further
deformand limt the function of the affected tissue. An increased presence

of woflyroghﬂ]gléapa&ggeen for exanple around breast inplants (silicon
prosthesis | nplante or breast enlargenent or breast reconstruction; a

nore detail ed description by C. Lossi ng & H A Hansson |s found in an
article in ?@astlc 10 Recoej Sur aﬁ 77 1286) and
ar ound “sut ufBE PARETSERET R Ilpes S hesioR ARaRS, L fyorci Aaidn

prevailing lggg td ) BEEVAR A8nt &f@&%&g&f&%ﬁb@&ﬁ 56@&%{&%&%8&@ oid.

di seases an ult in deviation o ers an nmes also I'n

| uxations. healing dHe produkehpsaleghsiabilitped g@@éh&ﬂm slefydsyretimesati
the hand striki ngg; patpl’ ents with Dupuyt ret:?]t s 1 contracture. The §

nyof i br Yb| aregengratian of issu€ormon fibrobl asts are attached to col | agen ,
threads by neans of specific heterodinmeric receptors, one unit of which -

The invention also includes a process to prevent such undesired adhesion of

tissues.

15

nd he invention

. Our ability to move freely as desired and according to the current need is of
utmost importance for our life quality. Suitable function of the musculoskeletal
20 system in close coopera_tioh with mainly the skin, mucosal membranes and
nervous tissue is a preréquisite for 6ur ability to move and requires per se that
different structures such as boné, muscles and tendons are freély moveable
relative to each other. Such activities require sliding zones, minimal friction and
maximized freedom to move. Sliding systems between for example adjaceﬁt
25 muscles and tendons as well as between skin and adjacent tissues are thus require-
-d for optimal function. The same is true for visceral structures, such as the
gastrointestinal tract, heart, lung, brain and spinal cord. The sliding systems are
formed by thin sheets of loose connective tissue, which in the abdomen, thorasic
cavity, pericardial space and for the brain and spiﬁal cord are delimited by

30 mesothelial cells. The paratenons show a similar design.



al wayswio960228t i t ut ed by [err] 1-integrin. Bl ocking of i moagwEoseessesults in °
elimnation of contractures. Inflanmmation reducing drugs may influence. the
expression of integrins. 20 Sliding s¥ystens in | oose connective tissue w.th
or without a well defined sliding surface thus only restores in cases -wth
m ni mal i nflammation. The formation of granul ation tissue occur, however,

only i Ldpct | Lth an inflanmator. rocess which per, se does result
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differentiation levels is the reason for that scar tissue s of ‘inferior
qual i t pAdhesianistrany belformed intis abdomired] camity cioenfarmatiow of Seingisi sihaal |

mat ur e _but, | ost,.ti ssue. l\gajjration of regenerated tissue requires access to

gr owt hmembrare-like fisionsehadiacens op surrouading sErehresmayeventuallyl s, fi bres

S an r i 3 2 : - C o1 _
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with the healing of wounds, for exanple wounds 5 caused by surgical

i nci si dmywsugén@m formatioarang: thenebyamore omiess corprebensive kssof No.

al'so | AEHEHEnd eRel AR RER0c o uci dat i on of the background art The

~techni ques described in said patent application is based on the use of

10  The healing of injuries to the skin and mucosal linings are complicated, on the one
hand by the restricted ability of connective tissue to regenerate and on the other
hand by the formation of immature grmulaﬁon tissue, which latter has a limited
capacity to gain a mafurity similar to that of normal tissue. Thus, the dermis is
neither reformed in youths nor in adults after injury with few exceptions. Sm.all -

15  and/or superficial injuries to the dermis are healed by réplacement of the lost
tissue by generation of adjacent type like structures and by the generation of -
reactive granulation tissue. More extensive tissue losses, such as after deép burns,
third degree thermal injuries, and after loss of part of the dermis inevitably heal

| with scar formation, i(ariable but persistent loss of tissue and with permanent |

20 deformations. The mechanically resistant component in the scar tissue is largely -
constituted by the type I collagen of short fibres and inferior organisation and
has therefore inferior mechanical properties as compared to collagen of the normal |
optimal type I. The fraction of amorphous plastic ground subétance has been
reduced as well as the tissue cellularity; The numiber of blood vessels is With time

25 reduced in relation to that in normal tissue and the distribution and type of vesséls
have chahged. Wide, thin-walled vessels of inferior function as comp_ére_d to the
corresponding normal blood vessels are frequent, as are abnormal lymph vessel
systems. The sliding systems are thus eventually replaced by rigid,. fibrous

collagen connective tissue.




saﬁdwi ch comsop&aa26®ns conpri sing a bi odegradabl e bi oacti ve nRCH/SEAS®I8S6he
10 opposed surfaces of which have different conposition and thereby

'di fif erent "bi ol ogi cal functions.” However, t8e correspondi ng products do not
seemto be available on the market. 15 Summary of the invention
‘Accordingly, the present invention has for an object to provide an

"1t oo padfinatly corhpficlthfe, YeryinBBrialPhat des RAEF By iR KpBedllL e
and bi odegr ¥iaBjoEbYaHIAR e 2QomREN! Edritibctive ItRERS Elsi (Aibrolsigsapahich) as well

products. AnotHher object of the invention is to provide an anti-adherence
agent havi n@stahparkf the macrophages chd ve an increased muaker efrytoplasinid gndles of

sinplified mechanical .and technical, handling i tion with f |
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or surroundi ng tissues a organs 1 n nectron wt

further obj eehichffutther deforii and lintit the Sindonedfahe affectetaissas. Ah ihdrasded i n
connection with wound healing. = WO 96/ 02258 _ ) e
PCT/ SE95/ 00gsesencesf myefihroblastuistseen §of examplgrareund breass émplants (siliean by

the follown bscl osune t eyis provided through the present invention a
new use of BRPTDES RlaateAdps bitasR BRlAEEnent B PreSst rERBI EIGHon gioR

?pol ysacchar igdeaili deseiptiit BYCl L88ing & H-A Hansson is found in an article in Plastic

: | 10 Reconstr.Surgery 1993, Vol. 91, page 1277-1286) and around sutures and other

implants of foreign materials. Myofibroblasts are prevailing at an increased -
~ frequency around joints in certain rheumatoid diseases and may result in
deviation of fingers and sometimes also in luxations. This cell is the pathogenic
factor causing the deformaties of the hand striking patients with Dupuytren’s
15 contracture. The myofibroblasts as well as common fibroblasts are attached to
collagen threads by means of spécific heterodimeric receptors, one unit of which
always is constituted by B1-integrin. Blocking of integrins results in elimination of
- contractures. Inflammation reducing drugs may influence the expression of
integrins.
- 20
- Sliding systems in loose connective tissue with or without a well defined sliding
surface thus only restores in cases with minimal inflammation. The formation of
grahulation tissue occur, however, only in conjunction with an inflammatory
process which per se does result in formation of immature cells and tissue
25 components. This inability of the new tissue formed'dur'ing the repair process to
approach the normal differentiation levels is thé_ reason for that scar tissue is of _
inferior quality quantitatively and qualitatively as compéred to the original, .
mature but lost tissue. Maturation of regenerated tissue requires access to growth
factors which control and promote differentiation of cells, fibres and ground

30 - su.-stance.



hepari wo begmssin sul phate and dextran sul phate. Wil e usplRgsidiiobsse
conposition of 5 matter there can be produced an agent having the ability

to elimnate or substantially reduce yndesirable nt having the ability to
elimnate or substantially reduce undesirabl e adhesi on of damaged tissue
wi th adjacent or surrounding tissues in connection with wound healing. 10

The polysacchari,de used can be inmmobilized to the chitosan in nainly three
differeﬁ@ﬂgﬁ9g¥d4¥bs, i mrobi |'i zati on can take place by ionic binding, by
coval ent binding or by nechanical inclusion in the chitosan in connection
‘with precipitation fromsolution. A process for coval ent binding of the

r el evarExtpnsiyeaesdanch Hes beeredirdbrttatsslveathe)proB e of SvSHANP SnlissifgsC! | bed |
in US patent No, 4,613,665. 15 As a tgol ysaccharide it 1 s%rt Icularly '

pr ef er radhesipn @fctisstigs in fonnediinmawith tha healing of aralirsishir examplé eidihds
. COo rcj.al vai labl e on the market  f.ram sever al nu- facturers. Also

o By Btars b Rusial fstens by Boibhs coRaRRR el A Rirmern BT be used
provid l{tatioh Mo TSI PA228b dasdribdsit¥écH ' | 2 e Li. - adherence
agent 3?{% i nloa((:ica(;r dg?lc/gj wig!t5 h@tgirgw%sntéceﬁnrﬁlggy?%%Cgagg%xé%eﬁ{igfﬁ%l?fer ent
physi cgrobtemmandfaiso inchnghésca relafivélyrextensivndlueitkgiongsfith badlgaouRd d1pses,
Che.d: ﬁaﬁ%ﬁéﬂ@ﬁésfr%q‘%%aéﬁ%ﬁyaﬁt oL o colf e opiea 1o
the da € Tiappsicanen is onineruseoft ubes or gel s
cont i naAnanidh cohdtriafi=XoriBfng 4 HoaEABNTe bR RULRR T ane) hecar
L; 40bowppasail sarebssd Whidtihave dilfereRredmpoditibhAhdaReRL Uil 5. The
chitosan is manufactured by N-deacetylation of chitin, pol'ymer 30
f or ni ngpielegicshéunctigsi Hawevari thei apseasponding prududs dbnotssamtsbal |y, chitin
:c?O:ne;:%\églrlgglefornomec&lg&ee&pd shrinp shells .V\:hl ch consti tut_e wast e . product s

15 umma f the i ion

- Accordingly, the present invention has for an object tdprovid‘e_ an anti-adherence
agent with the use of which there is induced only a minimal inflammation of short
duration, said agent being, moreover, bioacceptable and biodegradable without |

20  resulting in interfering degradation products.

Another object of the invention is to provide an anti-adherence agent having the
ability to induce interface surfaces and resulting in simplified mechanical and

technical handling in connection with for example surgical incisions.

Yet another object of the invention is to provide a process to prevent or
substantially reduce undesirable adhesion of adjacent or surrounding tissues and-

organs in connection with wound healing.

30 A further object of the invention is to stimulate regeneration of tissue in

connection with wound healing.
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fishing industry. By controlling the alkaline treatnent of chitins

.chikit osans of varying degree of N-acetylati®n can be made. Wien treating
chitin with concentrated al kali, usually sodium hydroxide, N-deacetylation
'thus takes place, i.e. acetanm do groups are converted H\to am no groups to
form chitosan, The physical propertigs, of, chitogan ting its

usef ul ness gﬂéﬁéﬁ eo?{“fﬂ%‘ea_é’g}?égi ‘gﬁlch-‘ﬁﬁgm Fg{q%q{?gﬁ{éﬁ%&&wr%d@pgme and
t he honmogenghépt is PrblREedthirsugh the ﬁl@géﬁtdﬁ%ﬁtiohatﬁbwbﬁs&ﬁf &gft%’aﬁ and 4 he

di gestive systemand by |ysozyme and other enzynes in the body ITquids. 10
1t is pref epodysacohande sumabilizdd theréto, sxid ;nﬂysdtrehmmbeghglsalgggfd f@gmt hat
the chitosan has a, degree of N-acetylation of at_post about. o and .

pr of or abl y_REPABS: NaPan sspphate Anddexiran wlphrley Wils esing ghis I?ananiéll%gfr ee
of N-acetyl at i j 9 . n al so
provi’ des!; f o?ﬁ%t%p}réggéés ga? Bé g?@c\l}g&rﬁa U%‘r ggelfgs}f%ﬁ%é] gﬁoélbqirﬁgjc}{?céemﬁﬁ-%gé 8}: eabl e

adhesi on of stibstaneially tedacnendésirablé Athaeingdhe abilith do eliRiifate'REaBStanBEAY v eS
applying at the site of the wound healing an agent” conprising chitosan and

a pol ysacchzedwee undesitable adhesion of damwigeditisgue with arﬁpeeﬁtm;‘fshaﬁmrdhgg
'sul phat e and._dextran sul phate,, Dependi nqg. on the character of the woun
Thvblved nEsSEeHR trhesBOR it BetR ey

10 The polysaccharide used can be immobilized to the chitosan in méinly three
different ways. Thus, immobilization can take place by ionic binding, by covalent  _
binding or by mechanical inclusion in the chitosan in connection with precipitation
from solution. A process for covalent binding of the relevant polysaccharide to a

substrate carrying amino groups is described in US patent No. 4,613,665.

15
As a polysaccharide it is particularly preferred to use heparin or heparan sﬁlphate
said substances being commercially available on the market from several manu-
facturers. Also partly hydrolyZéd‘ forms of the polysaccharide can, of course, be
used provided that the biological activity is maintained.
20

The anti-adherence agent used in accordance with the invention can be present in
different physical forms, for example as films or membranes, gels, tubes or hoses,
powders, aerosols or solutions. The relevant form is, 6f course, adapted to the
damage involved. In most cases films are useful, whereas tubes or gels can be used
25  inspecial cases, for example in connection with elongate confined tissues, such as

muscles and tendons.

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
30 = forming the shell of inter alia insects and shellfish. Commercially, chitin is

recovered from crab and shrimp shells which constitute waste products from the



f orm oWOP6/02358. in the formof a gel or in the form of RCIHESSMN8SG hose.
The product to be selected for the application can easily be decided in.
connection to for 25 exanple the rebevant surgical procedure. WO
96/ 02258 _ _ PCT/ SE95/ 00856 7
Exanpl es of - preferred enbodi nents The present I nvention will in the

follo n. limting exanples. In the
exaanes ag%#m%&;g %@%@Qﬁgﬁ%%&@g & bﬁ&s%‘ a surface
area ofargthg AegreeiPlatety1fticrpadrabé findel Wikkid %aﬂnglchmrﬁw@thhydroch' oride
salt of chitosan (50% degree of acetylation, Pronova) are 10 dissolved in
di st i |torgentratad dlal, usually sodipm hyod noixidef, N- Heaeetylatnmhubttaakesqﬂa@fe
transferred ta.,a Petri dish a filmof chitosan |s formed by

v aporid POTEIAOEpHRY 2% S yEhE Fed eEPRParoues RO REkROR 94 . The fi1m
- obtzai ned is then neutralized by the addition of a sodium phosphate buffer,
0.2 M pH9.0. The filmis allowed to remain in the Petri dish in said

buf f erThe physical propertis ofchitsa? affetting fts ubefulddss dipehecbrtie ddgigs Wi th
water and allowed to dry. EXAMPLE 2 Preparation of chitosan fil’'m5 g

'gydr olcﬂflfﬁﬁcag’léfd@tlrtbﬁf%ﬁeﬁ%aw&(liﬂb%%t}?eé@mpgm@ml@mtmﬂ lelmova) are 20
0.5 L, 1% T t

ut ool S6RERR, BORTET ARy R dibedive isheryiandt By hisheiie o fe% cool ing a

Film ignzyat® inthd bddy liquids.

10
‘ .
It is preferred in connection with the use of the present invention that the chitosan
has a degree of N-acetylation of at most about 90% and preferably at most about
50%. It is partlcularly preferred that the degree of N-acetylatlon is less than about
25%. ' '

15
The present invention also provides for a process to prevent or substantially
reduce undesireable adhesion of tissues in connection with wound healing. This
process involves applying at the site of the wound healing an agent comprising
chitosan and a polysaccharide immobilized thereto selected from heparin, heparan

20 sulphate and dextran sulphate.

Depending on the character of the wound involved the agent can be applied in the
form of a film, in the form of a gel or in the form of a tube or a hose. The product
" to be selected for the application can easily be decided in connection to for

25 example the relevant surgical procedure.



dish, in tRigogepes Wi th the use of 20 nL of the sol ution. TheCT/sES/0856t hen
.allowed to dry at roomtenperature and neutralized by the addition of a
'_so1di um phosphate buffer, 0.2 M pH 9.0, agded to the dish. The filmis
allowed to stay in this buffer 25 for 2-4 h at roomtenperature, is then-
‘washed with distilled water 3-4 tines and again allowed to dry. WO

96/ 02258 R PCT/ SE95/ 00856 8.
EXAMPLE 3 argples o iDTelesEaCemPOdIMERIShepari n One gram of heparin is

di ssolved in 300 mL of water : The solution is cooled to O[err]Cin ice
wat er and mai ntained cold. First 10 ng of sodiumnitrite (NaNgJerr]) is
added. 5 Thepresefit irifentionl will BCH@ foHondaie Be ildusthfted oh dbhRetHiYN Weth non-
stirring. The reaction mxture is naintained at O[err]C for two hours,

di al yzed, ahmmegg&ampllesdln mﬁae&amplas el filip hpvedwenqueparsdani Petrickisives £ 4
10 Peri e .oxi dation of h?sﬁ A sol ution of sodi unperi odat e- oxi di zed
sodi umh ar ﬁ"lﬂsap%k?&ﬁéde?ﬁ ol | owi ng manner. One gram of

.sodi unperiodate, NalO4, is dissolved in 200 nmL of distilled water. Ten
‘grans of sodiunheparin is added to the solution of sodiunperiodate and is
‘stirred oveEXAMRBLEIIN the dark. The resulting solution, after 15 adding 10
m. of gl ycerol and stirring for two hours, is dialyzed agai nst water. The
wat er i s exErepage ationofehitosanfilnThi s results in a solution containi ng

_ per i odate- . § ¥ dzroghl%?%ae saﬂ ofn thitosey €§‘d3}o a%greoe foace?}Hgﬁ'én,]l%'o”g(zg} are

- 10 dissolved in distilled water (0.5 L, 1% v/w). 10 mL of the solution obtained are

transferred to a Petri dish, and a film of chitds_an is formed by evaporation and -
drying in a heating cabihet_ at 70°C for 24 h. The film obtained is then neutralized

by the addition of a sodium phosphate buffer, 0.2 M, pH 9.0. The film is allowed to
remain in the Petri dish in said buffer at room tempera'ture for 2-4 h, is then -

15 washed 3-4 times with water and allowed to dry.

EXAMPLE 2 _
- 5 g hydrochloride salt of chitosan (20% degree of acetylation, Pronova) are
20 dissolvedina 2% acet_ic acid solution (0.5 L, 1% v/w). The solution is autoclaved

for 1 h at 125°C for sterilization purposes. After cooling a film is made in a Petfi
dish, in this case with the use of 20 mL of the solution. The film is then allowed to
dry at room temperature and neutralized by the addition of a sodium phosphate
b_uffer, 0.2 M, pH 9.0, added to the dish. The film is allowed to stay in this buffer

| 25  for2-4 h at room témperéture, is then washed with distilled water 3-4 times and
again allowed to dry. ' | | .



EXAMPLBYVO 9802258r epar ati on of chitosan fil mwith coval ent pgTiseysimdséepari n
(end-point attachnent) To a neutralized chitosan filmprepared in
accordance with Exanple 1 there are adfed 20 nL of a solution containi.ng ‘
125 ng nitrite degraded heparin, prepared as in Exanple 3, dissolved in 0.5
L water and containing 4.4 g NaC. To the 25 solution is added 15 ng

sodi um r,oQydri de. The pH of the solution is adjusted to 3.9 using
0.5 Mh c acid or another acid. The solution containing the

chi tosawﬁ}d!gag%abgpami%gﬁ{#?i@t roomtenperature for 14 h, and the -
treated fiTmis then washed 3- Imes with water and is allowed to dry.

WD 96/ 0Z2tBgram of heparin is dissolved in 300 mL of water . The solutid@lit S68RHABIBE 9
EXAMPLE 6 Preparation of chitosan filmwth coval ently bonded heparin

(nul ti poice watdrarideaintaimedsedld aFirsteld migidfeediurhiditrite(NadN®s) is added.or dance
with Exanple 2 is allowed to 5 stay for 24 h in 20 nL of the follow ng

sol ubi oThea. 2imd ool acetialacid Beadsted tb2hersglytior wilileastioringi Pleelrdaefioni n,
prepared as described i Eﬁ%e 4, are ai,qjsgtlgi/ed in 0.5 L of water, the pH
i s adj ué?‘é&iﬁedsﬁl?@m@épﬁg ap! THyR Bewrsy Hialyzed. @ndrtgezedried) The pield kere i s
added 1 | oro- hydride, and the solution is kept for 10
hours at%"}rgg%gﬁe#rgpaeﬁg ure. The treated 10 filmis then washed w th water

3-4 times and allowed to dry. Wth regard to details concerning this
t echni que of coval ent . binding of heparin reference is nade
EXAMPLE 4 o

10  Periodate oxidation of heparin | - (
A solution of sodiumperiodate-oxidized sodiumheparin is prepared in the -
following manner. One gram of sodiumperiodate, NalO,, is dissolved in 200 mL of

distilled water. Ten grams of sodiumheparin is added to the solution of .
sodiumperiodate and is stirred over night in the dark. The résulting-solution, after
15 adding 10 mL of glycerol and stirring for two hours, is dialyzed against water. The

water is exchanged every hour. This results in a solution containing periodate-

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

20

To a neutralized chitosan film prepared in .accorldance with Example 1 there are
added 20 mL of a solution containing 125 mg nitrite degradéd heparin, prepared
as in Example 3, dissolved in 0.5 L. water and containing 4.4 g NaCl. To the
25 solution is added 15 mg sodium cyanoborohydride.. The pH of the solution is
adjusted to 3.9 using .5 M hydrochloric acid or another acid. 'I'helsolution
| containing the chitosz - 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.



to the abow pbisgned US patent No. 4,613,665. EXAVPLE 7 15 plrmpeseusseon of
‘chitosan filmwth ionically bonded heparl n. A neutralized chitosan filmis
prepared as in Exanple 2. A solution of heparin (125 g in 0,5L water
containing 4.4 g NaC ) is added. After 3 hours at roomtenperature the film
Is rinsed, with 2x 0.5 L water and dried. 20 EXAMPLE 8 Bi ol ogi cal test,
control The film regared I n accordance with Exanple 2 is used as an

anti - adhere ne in the fol I ow ng ani rral rmdel The abdonmi nal wal |

of a rat ispoene th g here i.s. 25
produced i n“E=RYREA LoRan L A Y408 d (ePa RELRYUNE 5 cover ed
wth a fil rrh{ﬁg_%%rrple 2, a p| ece of about 18x15 nm whereas as the other
defect is |le open. The menbrane is sutured usi ng Dexon 7-0 in such a
manner t hat Awestralizesd clatmapcfslmipr drbd inldordante vdth Eyample 2\@ 8i6dwad 16
PCT/ SE95 é)00856eflo The, resul t gtg luated after 2 and 4 week. In this
connect i sRydor 24 etptowing selysione av i ty agai nst the menbr ane

b \
1l Soue. def oot SRRLERRIORIS AT 125065 PRABSaR U A0 FOHIRAS bhEVEEY s deiibed 1
filmheal s psERBple hyawdxascﬂc@d iri 059u6f vakepiieopH isadjusted B A9 usHHNS M

infl am"ratorK reaction and capsule formation around the film
: ydrochloric acid. To the solution there is added 15 mg sodium cyanoboro-

hydride, and the solution is kept for 10 hours at room temperature. The treated
10  film is then washed with water 3-4 times and allowed to dry. With regard to |
details coneeming this technique of covalent binding of heparin reference is made -

to the above-mentioned US patent No. 4,613,665.

EXAMPLE 7 :

15 aration of chitosan film with jonically bonded
A neutralized chitosan film is prepared as in Example 2. A solution of heparin (125
g in 0,5L water containing 4.4 g Na(Cl) is added. After 3 hours at room temperature

the film is rinsed with 2x 0.5 L water and dried.

20 EXAMPIES
Biological test, control
The film prepared in accordance with Example 2 is used as an anti-adherence
membrane in the following animal model.
The abdominal wall of a rat is opened and on each side of the sagittal line there is
25 produced in a surgical manner a wound about 12x10 mm. One defect is covered
with a film from Example 2, a piece of about 18x15 mm, whereas as the other
defect is left open. The membrane is sutured using Dexon ® 7-0 insucha marrner

that no suture is exposed in the abdominal cavity.



EXAMPLw®9eld22588i ol ogi cal test, in accordance with the i nwep§roamossee film
made i n accordance with Exanple 3 is used as an anti-adherence nmenbrane in
the foll owi ng ani mal nodel. The abdonipal wall of a rat is opened and on t
each side of the sagittal line there is 15 created in a surgical manner a -
wound of about 12x10 mm One defect is covered with film about 18x15 mm

wher eas..f he other defec eft The nmenbrane is sutured in the sane
manner Xg ' ’éﬁﬁﬁg“ﬁgé?@eﬁ%@ ‘gﬁ’dzegr %‘%‘F‘?m@ﬁéﬁ"dngéﬁﬁmesmxsm

adheren : : fil which had very few
if any a heu}dg)rllﬁg.@ EME&%? re@g}ggtg %4%%?%?@;%&?%5‘5438‘%? MR/ | on| cally
bonded adipaehcesXould bg detﬂonsthit@duﬁ&\e&@dshedefé‘dﬁ id ASEiOVEISIbYTRS. ©
acetylation, Pronova) are dissolved in water (0.5 L, 1%v/w . The soI ution

S autoclaved for 1 h at 125[err]C for sterilization pur poses. After

o °ithe T bbadarRtcn iRl ik Rets sSoe iy SRR st Brbinformation, and s
sol Ut i Ofndfhdie R ki %g@30?%ﬂar‘n‘i‘n&o?}—ré’éﬁh%h)addscaf}.‘QQEdforéfah%'hn% (A Re30 AL

roomte eraturet filmis rinsed with 2x 0 wat er a
96/ 022 PCT/ SE95/ 00856 11

EXAVPLE 11 Preparation of chi tosan film5 g hydrochl oride sal t of chitosan
(45% degree of acetylation, Pronova) are

10  Biologi st, in accordance with the inventi _ . . _ ‘
The film made in accordance with Example 3 is used as an anti-adherence -

membrane in the following animal model.

The abdominal wall of a rat is opened and on each side of the sagittal line there is

15 created in a surgical manner a wound of about 12x10 mm.

One defect is covered with film, about 18x15 mm, whereas the other defect is left

open. The membrane is sutured in the same manner as in Example 8.

20 The wound area left open displayed several adherences in contrast to the wound

covered by the film, which had very few if any adherences.

25 5 ghydrochioride salt of chitosan (45% degree of acety-_laﬁon, Pronova) are
- dissolved in water (0.5 L, 1% v/w). The solution is autoclaved for 1 h at 125°C for
sterilization purposes. After cooling a film is made in a Petri dish, in this case with
the use of 20 mL of the solution. The film is then allowed to dry at room
temperature and a solution of heparin (125 g in 0,5L water) is added. After 3 hours
30 atroom temperature the film is rinsed with 2x 0.5 L water and dried.



di ssol ved i Ryo@é63256 0.5 L, 1% v/w) . The solution is autocl avedctsrosiooBseat
125[err]C for 5 sterilization purposes. After cooling a filmis nmade in a
Pegri dish, in this case with the use of 2@y -of the solution. The filmis
then allowed to dry at roomtenperature and neutralized by the addition of
‘a sodi um phosphate buffer, 0.2 M pH 9.0, added to the dish. The filmis
allowed to stay . in this buffer for 2-4 h at roomtenperature, is then
washed with EX&MPLEdInater 3-4 tines and again 10 allowed to dry. EXAMPLE

1
12 Biol ogic . ] day: with the invention Filns prepared from
chi t osan- heaf,r Bafi £ Htieosant] ve in Exanple 10 are 15 positioned to
cover woundss g HydeotRlofe S0 fithitonm (5 6RRERE: Sfadehflafar, BoAbvapseni nal
wal | as descrirbed above. An identical wound i s prepared on the

cont r al at er adlissoldreddh water b3 &l %t / wihi The soldtionisawtdclayed f@hl has 4B59C fon as
describedq in Exanpl.e 11. The currence qf, adherence formtion is eval uated
after 2 %eeksgenﬁggh.%mpeﬁﬁ;eﬁgﬁr 690 %aﬁéghﬁrna&m @i?sw_ jshin) iscase with
adherences e Jlal 420 ilorRY SoRftidN ThB%iIM Al defi AlbARATAIA B 30GWS 2 few

m nor adherences.” Lig m croscopl ¢ éxamnation o he "hepari n-chitosan

filmreveal stenipurane divbhéutgalifed by theoaddition sflasbdigm pleosphiatsbuféér, 0.2 M,
covering by nesothelial-like cells, and that there is a |less extensive

i nfiltratiorpldi9.0raddadhia theydishe The Glm isellowed to sty indhisduriferifer 24 h at
Cor respond PO SERVARER LA HI FisBlen Water s piGpAn dgain
(16% dogtee BB o b Gnova) "are 30 di ssol ved i na 2% acet i o aci d
solution (0.5 L, 1%v/w). The sol ution is aut oclaved for 1 h at 125[err]C -
for sterilization Eurlposes. After cool i' ng a fi I. mis made in g Pet r.i
Bi i i ance with the inv '
Films prepared from chitosan-heparin as des.::ibed above in Example 10 are
15 positioned to cover wounds (10 x 12 mm, depth 1 mm) prepared on the parietal
abdominal wall as described abm)e. An identical wound is prepared on the
contralateral side of the abdominal wall, and covered by a Chitosan film as
described in Example 11. The o'ccufrence of adherence formation is evaluated
after 2 weeks. The wound covered by the heparin-chitosan film lacks adherences
20  while that covered by the plain chitosan film shows a few, minor adherences.
Light microscopic examination of the heparin-chitosan film reveals improved
healing of the wound, including the extent of covering by mesothelial-like cells,
and that there is a less extensive infiltration of inﬂammatory cells at the interface
between the heparin-chitosan film and the wounded abdominal wall tissue than in

25 corresponding area covered by the plain chitosan film.

¥ \MPLE13

L wmmmm

5 g hydrochloride salt of chitosan (16% degree of acetylation, Pronova) are
30 dissolved in a 2% acetic acid solution (0.5 L, 1% v/w). The solution is autoclaved

- for 1 h at 125°C for sterilization purposes. After cooling a film is made in a Petri
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dish, in this case with the use of 20 nL of the sol ution. mis then

allowed to evaporate in an oven at 70ferr]C for 16 h. The filmis treated

with a 0.1 M NaCOH solution for 3 h at roomtenerature and then washed with

distilled water 3-4 tines and again -allowed to dry in 70[err]C for 2 h. The
is then transferred to a 5 Petri dish and 30 nL of a

resul ti fil
steril e g H}Bﬁ ca¥e ‘Néﬁ‘ltbé use 9420 b of thesolytignnihe film ixthiendliowed tdi n 0.2 M

T oh o Snaéﬁcar%&e i Byt 2B B Yo e i Redel it a BRGSOV
nore fisdTatiohGol B 1R8nRferAGAbererid tHeRSW SHES Wi di gﬁlnéz.‘i‘@}at&fﬂ tihé&s

treated with 0.5% 0.1% 0.01% and 0. 00% sol utions o eparin respectively.
The 10 am@ pganrmlhwed itd dsy ém @0°<L fgrethcthe resaltimg fitralis dn frsmﬁembd ¢hasS hOWS

t hat fil 120/ 9% 1. 3%, 0..23 d 0.007% sul f

regpsect 9@9%@ 9‘3‘[ 5’?‘? é‘%lob‘ﬁ‘ﬁﬁ qf&ﬁ&Vﬁé%%@rw(%rwévs#ptg%@c@% 7. 7%
10. 8% d 0% t |
15 Cexa R0 20 rask ot B 6 B00RTd efe APl kBRpoct el V-
obt ai ne@mpm@ﬁ%\m&bwmwﬁh@teﬁwmmﬂﬁ e/ irckLAF rom a

single donor is used der sterile conditions, circles with a dianmeter of

6mm ar ebengh. Kour morgifilpsarg prepared:asatbave with the oxddificatisg that theyhere20

centre arti,al wound .is_made with a
3mm bi o%éatsggﬂbtﬁd ?ad’ %3‘25@3’3({6 gﬁ"gséj&gj‘b@@ugpgs of Eﬁg‘l"éﬁ‘ respectvely. The| pl ates
I(\/b Cgmf ar%e%!ﬁﬁlséd‘ £il:A8 afeSuBjected 48 eldinertBFAnAIBSis witich'shb®d that the BtiReccos
i fied Eagle
contain 1.2%, 0.9%,1.3%, 0.23 and 0. 007% sulfur, respectively. These values -
correspond to a heparin content of 9.2%, 7.7%, 10.8%, divided into six groups with

ten biopsies 1.9% and 0% respectively. -

15 EXAMPLE 14
Preparation in vitro w
Sterile human skin is obtained from masectomy specimens. In each experiment
only skin from a single donor is used. Under sterile conditions, ciréles with a
diameter of 6mm are cut with a biopsy punch (Stiefel Laboratories, UK). In the
20  centre of each piece, on the epidermal side, a partial wound is made with a 3mm
biopsy punch and subsequently pieces are transferred to 12-well plates (Costar)
with the epidermal side up. Each well is filled with Dulbeccos Modified Eagles
Medium (DMEM) to the epidermal level keeping the wound in the gas/liquid
inteffac_e. Fetal Calf sérum, 2% (FCS) and antibiotics (penicillin 50 pug/mL an
25  streptomycin 50 pg/mL) are added to all samples. '

EXAMPLE 15
vj ali _
The invitro wounds, described in Example 14, are divided into five groups with
30  ten biopsies in each group. Every wound is covered with a heparinised film as

decribed in Example 13. The media are changed every day. After seven days the




Medi um (D'\’E%bﬁs{?née epi dermal | evel keeping the wound in thecaggodecssé d
I nterface. Feta | f serum 2% (FCS) and antibiotics (penicillin 50
[egr]g/nL an 25 streptonycin 50 [err]g/m4 are added to all sanples.
EXAMPLE 15 In vitro healing test The invitro wounds, described in Exanple
14, are divided into five groups with 30 ten biopsies in each group. Every
wound is covered with a heparinised filmas decribed in Exanple 13. The
nedi a are chiergedrefized irdéde. nertral busfevedh farmaldelnyde, dehpdosed 2hsygh an

PCT/ SE95/ 00856 1g 9 eces are fixed jn A% neutral. buff eged f%rgﬁll dehlxde,
dehydrat ed € Y lEneSerisR and.em ATty GIRgSSReans 10 IFRIR o oss

sections, 1 -iz&éegugl@%agﬁk&&&%&?h&érﬁatwiiﬂ%ﬂﬁa;ﬁ} SREHRS gegrebedad cosin and

the degree Of re- e lalisation | s”asse I ght m ct oscopy. Only
wounds t ot abpithelgalivagidn\is tbsed bk Eght microydopy. Ordy vepardiadtally twared wifls i s
evident fromfig 1, films with a heparjin content below 2% do not stinulate
cel | prol 3 f ekexatiecytes arexpgadedas healedar ati on of gel conpositions Water
containing 0.9% NaCl is used to prepare the foll.ow ng four gel
conpositions: A=2% Met hyl cel | ul ose 15 B=2% Met hyl cel l ul ose + 0. 2%

Sodi umhepar i} js evident from fig 1, films with a heparin content below 2% do not stimulate

cellproliferation.

10 EXAMPLE16.
Preparation of gel compositions o ' - -
~ Water containing 0.9% NaClis used to prepare the following four gel -
compositions: | | |
A=2% Methylcellulose
15 B=2% Methylcellulose + 0.2% Sodiumheparin
C=0.5% Methylcellulose + 1% Chitosan (16% acetylation)
D=0.5% Methylcellulose + 1% Chitosan (16% acetylation) + 0.2 % Sodiumheparin

EXAMPLE 17

20 Invitro healing test
The invitro wounds, describéd-_in' Example 14, are divided into six groups with ten
biopsies in each group. Every wound in five of the groups are covered with a gel
composiﬁdn as decribed in Exampie 16. The last group is only treated with the
media (2% FCS). The media are changed every day. After seven days the pieces

25 are fixed in 4% neutral buffered formaldehyde, dehydrated through an ethanol-

| xylene series and embedded in paraffin. Cross sections, 10-20 mm in thickness are

stained with haematoxylin and eosin and the degiee of re-epithelialisation is assed
by light microscopy. Only wounds tota‘llly covered with keratinocytes are regarded
as healed. '

30



C=0. 5%Rklgdsge! | ul ose + 1% Chitosan (16% acetyl ation) Pe@sEssi00sse
Met hyl cel lul ose + 1% Chitosan (16% acetylation) + 0.2 % Sodi umheparin

EXAMPLE 17 20 In vitro healing test Ty invitro wounds, described in
Exanple 14, are divided into six groups with ten biopsies in each group.
Every wound in five of the groups are covered with a gel conposition as
~decribed in Exanple 16. The last group is only treated with the nmedia (2%
FCS) . TeismddentfremdigAgegelsonsisting of aambinasiparofddyitosanans Heparias are
fixed i,n 4% neutral, buffered forngl,de ..dehydr at.ed,t hrough an et hanol -
syt ene Heals BEshiAds Beberctian ot Fam ooy CoiseeR A g et g  n

t hi ckness are stained with haematoxylin and eosin and the degree of
re-epithelialisation i's assed by |ight mcroscopy. Only wounds totally
cover eEXAMPIEABt i nocytes are regarded as heal ed. 30 WO 96/ 02258

PCT/ SEQ5/ 00856 14 As is evident fromfig 2, a gel consisting of a

conBi naRgIeH testinacearda ARSI he wounds better than.gels with

| . o . = N o TS . . . . - ) .
accur aaneRne s rppeatedBRfla oDt mntH dckorthede i BOMEB 177 | m macte i n

accordance with Exanple 7. As is clear fromthe biological experiments

kN LM e

. .described .above the use of the techniques according to the present

i nvent iAnisaleanfsomutbe biological expenimentsidescribed above the use of the
techniques according to the present invention allows substantially improved
10 healing properties in view of prevented adhesion and stimulated growth. The {
invention is not restricted to the examples given above and the scope of the -

invention is limited only by the scope of the appended claims. .

With regard to the application of the invention there can be mentioned that films
15 or membranes, gels or powder prepared as above or solutions can be used in |
connection with wounds and defects in or on the following organs and structures:
abdominal wall; thorax wall; lung; heart-pericardium; central vessels; intestinal
tract; urogenital tract; scull; cerebral meninges; spinal cord; tendons; nerves;
muscles; bone ; mucosa; cornea, skin etc.
20
Products in the form of tubes or hoses or gels can be used as guides in stimulated
growth and concurrently gliding surfaces can be maintained by the fact that
adhesion to the environment is év.o.ided-_. Such products can be used in connection
with nerves, tendons and ligaments, intestinal tract, urogenital tracts, blood

25 vessels_-etc.

Even better stimulation of healing quality can probably be achieved by a

combination of this invention with growth factors.




10' heal | NO Wit SGe288 €S i n view of prevent ed adhesion and sti NRCESESS/00856 Wt h.
The invention is not restricted to the exanples given above and the scope

of ,the invention is limted only by the sdbpe of the appended—ctarns—Wth

regard to the application of the invention there can be nen '
films 15 or nenbranes, gels or powder prepared as above or,‘"mmﬂ"u!ﬁws&m, :
be used in m&i on with wounds and defects in or on the ™ol kow n
and structu > dom nal wall; thorax wall; lung;. heart-pericardium
central vessels; intestinal tract; urogenital tract; scull; cerebral
meni nges; spinal cord; tendons; nerves; nuscles; bone; mucosa; cornea, skin

etc. 20 Product Theruselsf dhitosarw aind alpalysaccharide iramalilized dnereto sedeatedi from
guides in stimulated gromh and concurrent| | i di surfagces cap be

nai nt ai ned BEPRAA, hwarwpm@@ﬂdﬁﬁt@&%@%ﬁ rpaﬁﬁ%maq achyrg aﬂﬁn agefn
product secan used. | i A AR
intesti n<5al f?g% l,e oﬁrpgsg%ﬁlgsﬁlé@{ig&l%poﬁ%?g \L/ﬂé‘gge ésﬁteat% ?‘.ﬂe \k/)gn be%tt%c-.gred
stimul ati on gREudaath 8gjaderd dristrfsundinghizbhes inccoraiectivrdvity wowraithéalizig. on of

this invention with growh factors. WO 96/ 02258 _
PCT/ SE95/ 00856 15 CLAIMS 1. The use of chitosan and a pol ysacchari de

Sul phat e 1o  nd THREARSPTBELP SRPPLl hRrs S IARSLE! Wb R PEUBRTRG B
substanti al by 56i5k8 %0 tRE Bk 1y ARARS bPrRE bERERICT -
10 |

t

3.  The use according to claim 1, characterized in that the polysaccharide is

_ immobilized to the chitosan by means of covalent bonds.

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

15 the polysaccharide is heparin or heparan sulphate.

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

the agent is in the form of a film or membrane.

20 6. The use according to any one of claims 1 to 4, characterized in that the agent

is in the form of a tube or a hose.

7. The use according to claim 6, characterized in that the agent is in the form of

agel.

8. The use according to claim 6, characterized in that the agent is in the form of

a powder, an aerosol or a solution.

9. The use according to any one of the preceding claims, characterized in that
30 the chitosan has a degree of N-acetylation of at most about 90% and preferably at

most abou_t 50%.




ti ssuewy Jeyasddl ac r [ tissues in connecti GigydHokodkasnd ; _
healing. 2. The j ﬁﬂﬁ' ﬂ' -iﬂEl;ai m 1, characterized in that the
pol ysaccharide is A e ffitosan by means of ionic bonds. 10 »

3. The use according to claim1, characterized in that the polysaccharide
is imobilized to the chitosan by neans of coval ent bonds. 4. The use

according to any one of the precedi ng clains, characterized in that 15 the
pol ysacdharA gaosess e paeventsir substantiallyuedues andesirealplesadhesion obtissueg t o any

of a1 ihpenReRERh Wi Mol hedin BRI RE b At e A et o o e 1 to
4, chargghféihegiing rAntalgi-ht Ebﬁlﬁézﬁgg chitodah drita Earﬁhékfha@i&éﬁ'?ﬁm%ili’zéaos e. 7.

The use according to claim®6, acterized ih that the agent 1s in the

f or m oftherege seleetedsfromTheparire, hepacardsuphate aiidhdextBan shbphate.eri zed in t hat
the _agent is in the formof a powder, an aerosol or a solution. 9. The use
accér di ng to any one of the preceding clains, characterized in that 30 the

chi't 053, N3 paodilaBforlind G ERIA Y ERkrallerftld T Hhat RO UpeRPI il 1 o7 2P Y

at nost "abou

PCT/ SEQhé 6oth@f AFilkDor mdmbeaes t 0 prevent or substantially reduce
undesi reabl e adhesi on of tissues : '

12. A process according to claim 10, characterized in that the agent is applied in

10 the form of a gel.

13. A process according to claim 10, characterized in that the agent is applied in

the form of a tube or a hose. .

15 14. A process according to claim 10, characterized in that the agent is applied in

the form of a powder, an aerosol or a solution.



[ nJ connect i o sgrg2bssound heal i ng, characterized by appl yi ng #ctisiesieesse Of

t he wound heal i ng an agent conprising chitosan and a pol ysacchari de

i mobi | i zed thereto sel ected from heparin, heparan sul phate and dextran

'sul phate. 5 11. A process according to claim 10, characterized in that the
‘agent is applied in the formof a filmor rrenﬂr,éme. -12. A process according
to claim 10, characterized in that the agent ™5—applied in 10 the form of
a gel. 13. A process according to clai'm 10, characterized in that the agent
is applied in the formof a tube or a hose. 15 14. A process according to
claim 10, characterized in that the agent is applied in the formof a
powder, an aer%sol ¥ a sol uti on. : '
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Healing value
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1 2 3 4

1= Chitosan+1.9% heparin; 2= Chitosan +10.8% heparin;
3= Chitosan +7.7% heparin; 4= Chitosan +9.2% heparin;

Fig 2
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N 4 l , ,
2%FCS B c D
A= 2% Methyicellulose;

B= 2% Methyicelluose+ 0.2% Heparin;
C= 0.5% Methyicellulose+1% Chitosan; D=0.5%
Metytceilulose+ 1%Chitosan+ 0.2%Heparin
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