DESCRI PTI ON Bl ODEGRADABLE FI LM HAVI NG HONEYCOVB
STRUCTURE, ADHESI ON PREVENTI VE MATERI AL MADE OF SAI D
FILM AND PRODUCTI ON PROCESS OF SAID FI LM AND
ADHESI ON PREVENTI VE MATERI AL TECHNI CAL FI ELD The
present invention relates to an anti-adhesion
menbrane for preventing adhesion after an operation.
In nore detail, the invention relates to an
anti - adhesi on nmenbr anepEgedervfom bi odegradabl e film
havi ng a honeyconb structure. The anti-adhesion
BIDHBRAM2 RO t herinventinn neneyceMbentTrincTi@nd! imgiEs 0N
properties and exhibits a satisfactory adhesi on
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ti me. BACKGROUND ART Tissue adhesi'on which is a
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operation is define normal bl ndi ng etmeen a
surroundi ng tissue and an organ or the like, which is
caused fromthe production of a collagen fiber by a

TR %gha gE%% generated follow ng a tissue danage. It
I's ~considered that such adhesion occurs at a

rob lity of 90.% after the operation, and.i,n the |
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| i ke is_caused, a pati acconpani ed by nental or
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solve this problem there have hitherto been nmade a
defigdber THBE dPUBPELONFEELEkSRPIES, aNn a8itdepdheSAORi Fepdrane
t he adhesion formati on, water-sol uble anti-adhesi on
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and a sodi um
anti-adhesion membrane of the invention is eXxXcellent in

handling properties and exhibits a satisfactory adhesion

preventive effect stably over a desired period of time.

BACKGROUND ART

Tissue adhesion which is a physiological action as
‘generated after a surgical operation is defined as abnormal
binding between a surrounding tissue and an organ or the like,
which is caused from the production of a collagen fiber by a
fibroblast as generated following a tissue damage. It is
considered that such adhesion occurs at a probability of 90 %
after the operation, and in the case where a pain, a
blofunctional disorder, or the like is caused, a pa‘tient is
accompanied by mental or physicarl pain, resuliting in a problem.

In order to solve this problem, there have hitherto been
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“hyal uronat e aqueous sol ution were used. However, while
these materials have sone anti adhesive effect,
because of their water solubility, they also flow out
of the site where prevention of adhesion is required,
they do not retain in a necessary place, and they have
a possibility to cause undesired ‘adhesion in a nornal
area. For that reason, in order to separate a damaged
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terial, while it is provided with a sufficient ,
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such as a risk of an i mune response due to |ong-term
hybERITIE AAHCOHE DoHYt Bord vereceesdi t lfeveserbhde these
operation for taking out it after cure. In order to
MR B §h v roditee s tiamdhemdihves st amnbrismuassiafy their
natural polyner which is a bioabsorbable material were
watere| epedbilSpeei fiteal | ] san faowi -adhesifontenbiane where
usi ng oxi di zed .cellulose is known. In the case of
praEpEntiing. @ fSpahge ionh K8i requadedof thalydigesbcetdtdasen a
.. since fibrious cells are liable to pass through voids
neared SHIG Al €ce | ket Mep haivevobved 1B iphehhesn-ahsealkidid red
adhesion. In order to prevent this, anti-adhesion

ady¥ilcana mmede,afnagodirem hyal uronat e and,  car boxynet hyl
cel lul ose are devel oped and used. However, since these

mat eiodl snhave-high, Wal &r RRSQEPLERArat BeL &idmtaged tissue
i nvol ved a :
from other tissues, anti-adhesion membrahe made of, as a
physi.cal barrier, a_matefial such és, silicone, vaseline, and
.p‘olytetrafluoroetlhylene are studied,. Si.nce such a material
' | is a non-bicabsorbable material, while it is provided with. a
' suffic’itent action as a bérrier, ther_é were involved problems
sﬁch as. a risk of an immune response due to long-term retention
_iln the body and a necessity of a second opération for taking
out it after cure.
- In order to soive these problems, anti~adhesion membrane
‘using a natural polymer which is a bicabsorbable material were
develdp'ed...
| Specifically, an anti-adhesion membrane using oxidized
cellulose is known. In the case of applying a sponge or knit

made of oxidized cellulose, since fibrious cells are liable

to pass through Voids and migrate, there was involved a problem



" probl em such that they are swelled by liquid of
surgical instrunents or organs other than a wound area

so that handling properties-are poor. An
anti - adhesi on nmenbrane is desired to have a shape in
whi ch circulation of fibrious cells fromone tissue to
other +tissue does not occur and is also desired to
have blodegradablllty and high operability.

0- 197 di Qrous an adhesi on
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rol act on 001. 157574 des ribes a fi
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ol r containing a bjo- degradabl e pol yner having
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havi ng a hydrophilic acryl am de polyne as a

- maH e HE Fal hatai higkeVeton ahdohabing. b@bﬁrﬁ deédegyiolved a
group as a hydrophobic side chain and a | actose group

prsiolen asbokykhagr sbpyasre hydrloldd | by diideidclodi mumgical |
‘a production process thereof. However, though the _

insdgmureatier pal oppdnsrethas tsad shepend arsd aopohytdrandling
havi ng hi gh bi ocompatibility, there is concern that

prdpe ranps phid ipogral yner nmi ght be deconposed into
acryl am de derivatives, and it is hard to say that.

the der aﬁauaaﬁeamnahm&af&t MedgakAsto davievhNghape in
body. If possible, it is desired that the anount of

whig® ef rsuchtaBn AR PN dis d&JWrohﬁoﬁ@nﬁ;[Qéﬁ@d:@tot@ler
: | ow | evel as far as possible. In this way, for
tiRWLROS @5 apRyi G a POt 11SSUR 150 desired to have
| biodegradaﬁility and high operability.
JP—A—200.0—197693 dilscloses a porous anti-adhesion
membrane made of a copolymer of lactic acid and caprolactone.
JP—A—2061~157574. describes a film having a honeycofnb
structure as prepared from a polymer contaiﬁing a bio-.
‘ degradable polymer hav:Lng added thereto 1 to 50 % -of an
amphiphilic polymer hav1ng a hydrophilic acrylamide polymer.
as a principal chain skeleton and having both a dodecyl group '
‘as a hydrophobié side chain and a l_actoslle group or a cafboxyl
group as a hydrophilic side chain.and é production process
thereof.
However, though the base material polymer as used herein
is a polymer having high biocémpatibility, there is concern
that the amphriphilic polymer .might be decomposed into

acrylamide derivatives, and it 1s hard to say that the



in the case of using a filmhaving a fine structure,
bi oconpatibility becones a big problem For that
reason, not only a polyner to be used-but also a
reagent for formng a fine structure, nanely a
surfactant such as anphiphilic polyners, is desired
to have bioconpatibility and safety against a living
- body. For the purpose of achieving this, it is also _
S r t [ int . of securin f
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he of use of actant. In_the existin
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satisfactory adhesion preventive effect stably over a
PFsSitédt period of time does not exist, and its
appearance is being demanded. DI SCLSOURE OF THE :
| NVENTI ONL FHeR Ypr d9énthe mraiposies o haarp foured tohatigtissue,
bi odegradabl e film having a. ‘honeyconb structure is
inanthat i camthesifonusiendr @nefihavihayiexcekl entndamdiviuegure,
properties and exhibiting a satisfactory adhesion
b ipreeweattiive 1effyelbécahably baveprab desi r edrpehaddredfson, not
- tinme. Also, they have found that by bl ending a
onfiiyos pial ynfa :d £ oVibé s dbbadegrasableagohy mir 86r@ding a fine
surfactant and casting the blend under a high

sthudcdirky, namé il n kv Gt MoBAYE0SH SIFHIGIHING c WBhGhers,
is al so useful as a base material of cell culture and
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body. For the purpose of achieving this, it is also desired
from the viewpoint of securing safety to increase the content
- of the polymer and to control the amount of ﬁsé of the
surtfactant. |

In - the existing circumstances, any énti—édhesion '
membrane which has adéquate biodegrédability énd ‘bio-
compatibility, 1s excellent in handiing properties and
exhibihaasatisfactoryédhesionpreventiveeffectstablyover

a desired period of time does not exist, and its_appearance

1s being demanded.

DISCLSOURE OF THE INVENTION
The present inventors have found that a biodegradable
film having a honeycomb structure is an anti-adhesion membrane

| having excellent handling properties and exhibiting a



filmis effective for prevention of adhesion of an
operation site, etc., leading to acconplishnment of
the invention. Specifically, the invention relates to
an adhesion preventing material conprising a
bi odegradabl e fil mhaving a honeyconb structure an
to an anti-adhesi on nenbrane conprising a
bi odegradabl e fil m having a nean void inner dianeter
f hon tr re. of [ n._20 1 .
s Rt Rerner e Se g P EhERFht dieet frb R fidgoired
anti-aghesion menbrane, the invention relates to a
PehBduti bH" process of an anti-adhesi on menbrane using
a bi odegradable polyner film having a honeyconb .
strUetife YeoRASdeUBY thadt Pﬁg‘bé%n%@%n‘? cPROFRRM 1pid
- solution of a biodegradable polynmer on a substrate in
withea iesiegiecdalbdr ROLEMgri s8 hRHrfiacrapt ppentasbirg the
95 % gradually evaporating the subject organic
blewd vader ahdgkiwmidddeous fy lodraiains adgoneyeembhet ructure
" surface of the subject <cast liquid, and evaporating
‘whi¢hel svatlero dsgdlugt sisas geser abedriby ¢hecslbjegiture and
' condensation. In a preferred enbodi nent of the o
exdelVemt an,bidweondpaddgriadablie dbdaidaybng whdonagcariect
structure is attached as a physical barrier between an
finperatirgacsiie and pisvadtt peef aldhesuent 6FfContdration
attachnent of the tissue, thereby reducing the :
sitfer matd on 1faBdhe P Rfdn@) itditeonedt itdR. AT ehieon.
bi odegradabl e pol yner which is used for the
pr epgteatianaf f herbd odegeadable fdilgpdn theay adhesion
i nvention, bi odegradabl e aliphatic polyesters such as
AGt | id; e - | 4 ci :
prééégprwylgg 'm%é:%%);/.%l c&né%?giﬁgiﬁ%og%e}é&%da%l% Hlem having a

ydr oxybut yr
honeycomb structure and to an aﬁti—adhesion membrane
comprising:a biodegradable film having a mean void innér
diametér of the hpnéycomb étructﬁre of not more than 20 pm.
Furthérmore, as a productidn process of the subject
anti—adhesionwmembrane, the invention relates tozaproduction
process of an anti-adhesion membrane using a biodegradable
' polymer.fi1m héving'a honeyéomb structure as obtained by -
_castingancmganicsolvéntsolutibnofzabiodegradablepolymer
ona substraté.in the atmosphere of a relative humidity of. from
50 to 95 %, gfadually:evaporating the subject organic sclvent
~and simultaneously'condensing it on the surface of the subject
cast liquid,‘and evaporating.fine water droplets as generated

by the subject condensation.

In a preferred embodiment of thé_,invention, the



pol ycapr ol act one, pol yet hyl'ene adi pate, and
-pol ybutyl ene adi pate, aliphatic polycarbonates such as
pol ybut yl ene carbonate and pol yet hyl ene carbonate, and
the like are. preferable fromthe viewpoint of
solubility in an organic solvent. Above all
polylactic acid, a lactic acid-glycolic acid
coplyner and polycaprolactone are desirable fromthe
gﬁp > & ffi > Y %Vﬁllgbh %%Coﬁgsé ru§E tr¥%|ét(%$hed
o simply "prej are neyco ructure W
§ﬁﬁ%ﬁrepr u0|b|I %t Erefe red t use E 44 +
a Y5t alb%Jr%% F’ﬁeﬁ&’cﬂ Poh® ot ﬁé EhoFRgdiacen
bi odegr adabl e E ¥ Taki ng' i nto conS|derat|on t he
CifS Cat FERtES LA %@fﬂm%%ésﬁ gﬁe Freﬁ%‘f‘%ne hgjeky reducing
preferable t hat the anphi philic pol ymer non-t oxi c.
thes foy@addeh s 1adhesdiopmat tex ﬁaﬁyepﬁyﬁéﬁ@n gl ycol
/ pol ypropyl ene gl ycol block copol yner, an anphiphilic
pol yAer tHmvihgoaagnadsyb b Qelpmlsyrre’hia@ a priped pdbr the
chain skel eton and having both a dodecyl group as a
prepcregtion cofi déde dhivdeqmtiablactods gwoupherxmvention,
. carboxyl group as a hydrophilic side chain, an
biamiehjrpkialble pabyhertikapbhgesasra ﬁwehcaﬂuﬁdkylayﬁmqaac1d
an ion conpl ex between an, anionic high nolecul ar

a matefi e adciw@lyafolhe;p@ei@,cccﬂﬂwean ol fay@roapsutyric acid,
nucleic acid including DNA and RNA and a | ong-chain

paakieslarmricvmes al ol Pét h @l Mad ehusphubl e HEOt @il yErEY1ene
as gelatin, collagen, and al bumn can be applied.

nge%%erng&ephat9b0d§91eéepesnéegsa@anuphdg C Rk ¥IRY 1ene
be used. Exanples of such a polyner include”a

caegloyl kA€t fna acitaalalng cog-pbsel, Plogk €QROIR are.
preferable from the viewpoint of solubility in an organlc
solvent. Above all, po;ylactic acid, a lactic acid—glyco%ic
_acid coplymer, and polycaprolactone are desirable from the
viewpoints.of easy aveilability, costs, and £he like.

In order to simply prepare a honeycomb structure with
'good iepreducibility, it is preferred to use an amphibhilic
polymer in'addition to the foregoing biodegradable polymer.
-Teking'into censideration'the application as an anti—adhesion
| membrane, it is preferable that the amphiphilic polymer is
non-toxic. As the amphiphilic .polymer, .a polYethylene.
glycol/polypropylene glycol glock copolymer, an amphiphilic
polymer having an acrylamlde polymer as a pr1ncmpai chain

skeleton and having both a dodecyl group as a hydrophobic side

chain and a lactose group or a carboxyl group as a hydrophilic



| act one- pol yet hyl ene gl ycol bl ock copolyner, and a

pol ymalic _acid-polymalic acid al kyl ester bl ock

copol ymer. Moreover, in order to sinply prepare a

honeyconb structure with good reproducibility, a

phosphol i pid may be added as a surfactant in addition

to the foregoing bio-- degradable polyner. The ‘

phospholipid is a substance constituting the

i I ane . s) nd.originally, exists in aJdiving..
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and, which i s als

~_whi ch has .hi_gh bigconga%ibilit' nkSH
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t-hat, the phospholipid has high safety. In addition, )
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~invention is easily available. Wth respect to the

1ngri i o ONEheng Re pi kP derigsad kyilampgaium salt, or
invention, it does not matter whether it is an extract _

a vpeghTranlebilegratisisusuchbrasagedatini cicllagegynahdsilbaghin
product. 7 It is desired to apply, as the -

cgghdsplhagiplpied].- a menber selected fromthe group

~consi sting of phosphatidyl ethanol am ne, phosphatidyl
chor iflet hehrospkat iadydi csRigraelabilko spldatangy: phdliee el l,ymer

~and derivatives thereof. Phosphatidyl ethanolanmne is

ndyr bbetablie, mnthdler pliossphal podyineet hapdhadi digolylactic
di ol eoyl is nore preferable. In preparing a honeyconb

 acl4RNYeR 19 chide dIMEN 1 900ck SEBBB1 ks @5S8NJ Al daro-
ormfine water droplet particles. 0On f he pol yner
1a2@lod-931 yaR hYneRRl §150bYanto 110 BB U$eE rMIShdbe polymalic
acid—polymalic acid alkyl ‘ester block copolymer.

Moreover, in order *to éimply prepare a honeycomb
~ structure with good reproducibility, a.phospholipid may be
added as a surfactant in addition to the\foregoing bio-
‘degradable polymer.

The 'phospholipid is a substance constituting ihe
biomembrane'system and originally exists in a living body.
Accordingly, the phospholipid is a substance wnhich has high
biocompatibility and which is alsoc applicable in a drug
4drelivery system, and i‘t; is known that the phospholipid has high
safety. 1In addition, the phospholipid_which is used as‘a
surfactant in the invention is easily available. |

With respect to tﬁe origin of the phospholipid to be used

in the invention; it does not matter whether it is an extract

from an animal tissue or an artificially synthesized product.



.. wat er-insol ubl e. Exanpl es thereof include hal ogen
based organic solvents such as chl orof orm and
nmet hyl ene chloride; aromatic hydrocarbons such as
benzene, toluene, and xylene; esters such as ethyl
acetate and butyl acetate; water-insoluble ketones
such as nethyl isobutyl ketone; and carbon disulfide.
These organic solvents may be used S|ngly or nay be

d,as m. xed_sol vent ich i nation
I app?irnea n%‘?O%%@e i orﬁefalﬁeweelected
ftotal of the bi o- . adabl E ymer and th
Tfibhi Bl 197 B0l 9&8?1 fBR 4t DAPSEGRyLAYIn ahigmolanine,
an. -organic solvent is eferably from0.01 to 10 w,
PhaiPhdrieldr erBraBRg frEﬁ?éPbBt%@Y% wiebine whahaspdatidyl
pol ynmer concentration is |lower than 0.01 w o, the '
IvsEani-cal arst r erdghi Wit ives r esthiadanf £i | m | $hosphatidyl
.~ insufficient, and therefore, such is not desirable. :
ethasw l adier 14 pire F&@anl eY0rd BaephbBphpodlypBlethanolamine
concentration is too high so that a sufficient -honey
dicdmr ydt nsctiore psefiet-abbtai ned. Furthernore, the
conposition ratio of the bi odegradable polyner to the
anphirphiprie@apehymar hons vidoam 3%rhck r20650 thet Awvkention,
When t he anphiphilic polymer conposition is not nore

51hﬁ@n11,1§1d#@éﬂﬂﬂ@lhﬁﬁeﬂ@ﬁﬁﬂffﬂé'%@E@EedréﬁléE“partlcles on
obt ai ned,. while when the subject conposition is 50 or

th@b@:lﬁ]ﬁ@@ ES§H{:Ebﬁg Beneysom. %61&%% &d ajd %s'erai must be -

stability, especially dyhamc. stability, and
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concentration in the solution o etota
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aromatic hydrocarbons such as benzene, toluene, and xylene;
esters such as ethyl ~acetate and Dbutyl acetate;
:water~insoluble ketones such as methyl isobutyl ketone; and
carbon disulfide. These organic'solvents may be used singly
or may be used as a:mixed solvent which is a coﬁbination of
these solvents.

'The polymer concentration of the total of the bio-
degradable polymer and the émphiphilic polymer which are
dissolved‘in sﬁch an.organic solvent is pfeferably from 0.01
to 10 wt &, and more preferably from 0.05 to 5 wt $. When the
polfmer conéentrétion is iower thén 0.01 wt %, the mechanical
strength of the resulting film is insufficient, and'the;efore,

such is not desirable. "Also, when it is 10 wt % or'more, the

polymer concentration is too high so that a sufficient honey-



di ssolved in the foregoing solvent is preferably from
. 0.01to 10w % and nore preferably fromO0.05 to 5
- Wt When the polyner concentration is |ower than 0.01
wt the dynamc strength of the resulting filmis
insufficient, and therefore, such is not desirable.
Al'so, when it is 10 wt %or nore, the concentration
in the solution is too high so that a sufficient
d Furth nDre

HNSEERER L hi et Doa 20el e s5rs5o Fpoengion
h I d f /1 to 1,000/1 ]
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phospholipid to the blodegradable polymer i s not nmore -
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obt ai ned, while when the subject weight ratiois 1/1
CQMPQﬁyﬁéonthérr@sumﬂﬁhghgﬂrhcﬁMﬁ91§@é@-hﬁneyqﬁmwestructure
sel f-supporting properties as a filmand is high in
iscostsobaatngdorwhil @cdromrheandbt het efoneys Stutdn iiss Aot or
preferable. In the invention, the subject polyner ,
‘meareganhe sebuknhingsbdntyoom sstcasttwre o sSilkstimatseabality,
prepare a honeyconb structure. As the subject
espeledtnate, dyimetigans €alvbl £ty Al andueheae fghrass,sudh is not
netal, and a silicon wafer; high nolecular materials
pre@éra@le..excel | ent organi c sol vent resistance, such as
pol ypropyl ene, pol yet hyl ene, and pol yet her ket one;

~-and !s&ﬁyhga%l?uecmeaéoﬁ@éﬁfratﬁoﬁ b aul vk Qéiéﬁbﬂaofaﬂ?e 8otal
l[iquid polye her can be used. Above , In the case

fOEhHSbQQd%I:g ai3fet ort%ta{rﬂi &he ?ﬁo\%&l Cﬁ.lli)ll%nt:\ihly{.ch are

utilizing self-supp properti are

sghLagters b efésgbggﬁgs%?%% i AL R00B 5 E B 0, 1 <
1000t 81 ngly ££PQ‘£P§ferably from 0.05 to 5 wt %. When the
po;ymer conéentration is lower than 0.01 wt %, the dynamic
‘strength of the resulting filmis insufficient, and therefore,
 such is not desirable. Also, when it is 10 wt % or more, the
éoﬁcentration in the solution is too high so that a sufficient
honeycomb structure is not obtained. Furthermore, the
| composition ratio of the bilodegradable polymer to the
| phospholipidis from1/1 to 1, QOO/l (wt/wt) in terms of a weight
rétio. When the weight ratic of the phospholipid to the
bicdegradable polymer is not more than 1/1,000, a uniform
-‘honeycomb structure is not obtained, while when the subject
_weigh:t ratio is 1/1 or more, the re'sulting structure aoes not

have self-supporting properties as a £ilm and is high in costs

and poor in economy, and therefore, such_is not preferable.



_.substrate, and such is suitable. In the invention,
the mechanismfor form ng a honeyconb structure is
consi dered as foll ows. Wen the hydrophobic organic
solvent is evaporated, it takes away a | atent heat.
Thus, the tenperature of the cast filmsurface drops,

and fine liquid droplets of water coagul ate and

adhere on the surface of the polyner solution. By the
actior th Fophilc t he r
solu?ﬁoﬁﬁea;§ﬂ$¥gc§9té%%?d% OlymeféPegnﬁgghSOlvent

solbaeaR heRC o it S?rﬁ%ﬁnteoﬁah‘??%%@& S sepgotare.

. forma sj é% bl ock, they are made stab]e. Follomnng
Ast hhe SRS iSRS A tife l§8F998HF mﬂ%ﬁ%%lsdr%}b@ Fhegs
hexagonal formlie in the cl osest packing form and :
a @%%aﬁaﬁ%Kiﬁss¥lh%@ﬁyﬁﬁvﬁbohéGQd“%$¢cu%m%F%%Bﬁrhﬂ¥§ having

mer remains in the regularly laid honeyconb form
exm@l eobraiganic sdlrtentespesstanceheseth eenprampecpylene,
. preparing the subject film it is desired that the
polgkbhyVenburrdl ppliysthen ketenegngeddfi duiglm 50ch@DBater,
When the relative humdity is not nore than 50
a rondehsatradition thed sasiqifid poilyethesutfin Gentsednhi heove
when it is 95 %or nore, it is difficult to contro

allDE Cti€ WaRkanE &ys iRt d teer aboiies sGUeRrh8eNdly efficiently
preferable. The size of a.void inner dianeter of the

utibusingor med1 hopayperpisyr uchpbBetcids oM Phicho 20r&n &
and when the size of the void inner diameter falls
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used as an anti-adhesion rane

subject structure can be easily taken out singly from the

substrate, and such is suitable.

In the invention, thé mechanism for forming a honeycomb
structure is considered as follows. When the hydrophobic
‘organic solvent is evaporated, it takes away.a latent heat.
Thus, the temp_erature of-the cast film surface drops, and fine
liquid drqplets’" of water'-coagﬁlate and adhere on the Sﬁrface
o.f the polymer solution. By the action of the hydrophilic
‘segment in the polymer sdlution, a surface tension between
ﬁrater and fhe hydrophobic orcjanic solvent is reduced. Forthat
iéa_son, whenlthe water fine particles coagulate to forma single
block, they are made stable. Eoliowing thé evaporation of the
solvent, liquid drfjplets ina Iheixagonal form lie in the closest .

-packing form, and the water is finally evaporated off, whereby

. the polymer remains in thé regularly laid honeycomb form.
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In the thus prepared film when the surface has a-
honey- conb structure and the filmthickness is
sufficiently thick, the back side which cones into
contact with the substrate is a flat surface into
whi ch pores do not penetrate. Also, when the film
t hi ckness is thinner than the size of the water
_ droplet, a filminto which pores penetrate is
i . Acgc ' it L _desir 0 : ;
R e e B R o g i e
upon the intende urpose of,use. Fromthe vje int .
e R of t A GERdT e HBE i ety BOREALEY ie
. _migration of_fj bri% S ce%)ls0 bet yeen ghe oLgans, it,és ‘
in &t rAnétf 1F §$@™a~Fi Frh 7nto wHER poFeSSHdhbe Humidity
. penetrate. Furthernore, it is preferable that the )
isspaké Fav¥ieng-@hoheyentronsdensetiod i bEbagRestnttdm 1
contact with a wound area . This 11 is because it is
inposEidient o wWbisley Whisinodd bs 3 oragamdriequitl 1asdifficult
generated in the wound area into the honeyconb
tostpottole trendcipcpneventej t sndxudeiedivian ostple is not
out si de. The anti-adhesi on nenbrane of the invention
pregardel d or mick diMe0 f shapel.dfiramdmantinatet cof dfvothor thus
nore sheets of honeyconb structure filns in ‘ _
fo SRS IHdRIBid B sef-ukbRnEeveseiion 0.1heo P@GAaNEGAl when the
strength. The nunber of sheets of honeyconb structure
sidd g6 the beibamhnat edhdsetdefnall wiktham 2nte Adnge Anthe
- nore preferably from2 to 10 fromthe vi ewpoi nt of
redd®dil | Etymofcdhepd i ki thBiyhivsaMYasi tanl SarPOSSddi&sion
to brilng characteristics which polynmers constituting

 nedd¥ead&spective

In the thus prepared film, when the surface has a honey-
comb structure and the filﬁ thickness is sufficiently thick,
the back side which comes into contact with the substrate is
N a flét surfacé into which pores do not penetrate. Also, when
_thefilmthicknessisthinnerthantheSizecﬂfthewaterdroplet,
a film into which pores penetrate is obtained.

Accordingly, it is desired to éhoose a penetrating film
or a ndn;penetratiﬁg film depending upon the intended.pufpose
of use. | |

From the viewpoint of prevention of adhesion,hin order
to suppress mig;ation of fibrious cells between the organs,
it is preferred to use a film into which pores do not penetrate.
'Eurthefmore, itjjspreferable that the sideﬁhavingeahoneycbmb

'structure is brought into contact with é_wound area . This
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films have, such as dynamic strength, tissue adhesion,
-and bi oabsorbability, to the anti-adhesi on nenbrane.
The adhesi on preventing material conprising a | am nate
of honeyconb structure filnms can be produced by
swel ling honeyconb structure filnms to be |am nated
them or lam nating respective honeyconb structure
films and, swelling themin an adequate sol vent,
isf %elcomsd ?L){Z Qrsyl 895 'bAfé %oheabs%lr\{:)erﬂ)tl fo%ro Sg\ﬁlcgrl [l tlhlequid
AUASE T s, an? g9t vent ¢dh be used so°far ds ¥
swel ls the honeyconb structure fil i t hout
| ASERSRATRE e NOFBFnATRDy TRkRnbRe MGER GO, Sfucture
- aqueous solution of an.inorganic salt such as sodium
andh|t6t iRFeE S clefl TiuR9eiion déta $her éPEPaRFe. Also, an
organi ¢ solvent such as ethanol, nethanol, and
pr opdisi akhh~déhagiteymenirrgngr & hBetHivektdes ¢Fn bRreformed
honeyconb structure filmis 12 not particularly
intariat edapet of s greflordlsl 91 nbvo mor @arieanh6§60s o ey comb
nore preferably not nore than 200 jimfromthe
strivepoient £idfusf | Bxi bokhstigerAltdon thie tihpckressnof the.the
honeyconb structure filmis preferably 1 mor nore,
neatchrimrd psetengbhy 3Iha ofumbee foforsidwe &/i e didrie yafomb
handl i ng properties. In particular, the anti-adhesion
stmiane Afidsheo baveshinates syibabiyrased f1m 2 to 15,
preventing adhesion at the time of a surgica
arRPeahéts ORreffRir 18X &m t Pe RANESI eRoRr aMRNt yDgupoint of
~material is used for preventing adhesion of the

£13911:308 Qf o2 ¢l eihgsueras fiamaged by ;anpabdopiBals bring
operation against a disease of [liver, spleen,

ch%%%%&%@%ét&k@p%%ic%F%EH%meQ%a@dﬂQtituting the respeétive
fiilms have, such as dynamic strength, tissue adhesion, and
‘jbioabsorbability, to the anti-adhesion membraﬁe.

The adhesion preventing matérial comprising a laminate
of honeycomb structure films can be produced b? swelling
honeycomb étructure films to be laminated them; or laminating
respective honeycomb structure films and swelling them in an
adequate.solvent, followed by d;fing. kAs,the.solvent fdr
swelling the dried films, any solvent can be used sé far as
it swells the honeycomb structure films without dissolviné
?them therein. For example, waterrbr an agueous solution of
an inorganic salt such as sodium chloride and calciunlchlofide
is preferable. Also, an organic solvent such\as_ethanol,
methanol, and ?ropanol can be added. |

'Though the thickness of the honeycomb structure film is

12



etc. or an. operation during suturing of an Achilles
~ tendon, a nerve, etc. Wth respect to a nmethod for
usi ng the anti-adhesion nenbrane of the invention,
an, aperture of the honeyconb structure filmis stuck
on a wound area, and the noisture such as blood and
an organ.liquid is. then adsorbed, thereby fixing the
~anti-adhesi on nenbrane to the wound area. Since the
noi St ur e suc . bl ood and .an organ |iquid is adsorbe
nolbg by e furbinth £ TorSnetelenry Vo durine then 000
wound area Furthernore, in the case where the noisture.
Hoy, e @ogsupEe faralal ¥ ot nere tden RAP M kaendie giewpoint
insufficient, it is also possible to stick the
ofanfierdpbsibn- menblehe dha héhilakeassorrt ofhehehapgrdomnb
- area and then supply the liquid fromthe outside,
strheteby Dromotsi pgeféaezlhixdt ppmoohotrke subjrecte preferably
material. 13 the liquid to be supplied fromthe
3 pmt skdmoréhough ey sD&wbd ORt cAMbeiused sodartass it
is an aqueous solution which is harmess to the wound

ar eaIna gahwtsi@llogi,calkheal kneisalibés Oon Omdriigele Sof the
solution is suitable.. Mreover, since when dipped in

inwahetontieshikabol (dwl rorvierddoi: 15 hagestibamt Rde time
occurrence of gelation or dissolution, it does not

of ROBArEOca] BPediztalon. NSt-6 YrBimARd %ﬁezﬁﬁé&i&@ﬂpreventiﬁg
handl ing. In addition, the anti-adhesion nenbrane of

- mat8Li AOVELI QY FoGaPy @eﬁH?hSCéﬁﬁe%fb@wﬁ?%%%'Eé?%%%@ of a
treatnment such as ethanol sterilization, y-ray _
biéﬁfééﬁézggi%%ma%%@pﬁﬂpnaPegghominal'operation against a
disease,of liver, spleen, pancreas, kidney, uterus,.ovarium,-
etc. or an operation during suturing of_an Achilles tendon,
a nerve, etc.

With respect to a method for using the anti-adhesion
membrane of the invention, an. aperture of the honeycomb
structure film is stuck on a wound area, and the moisture such
. as blood and an.organ liqﬁid is then adsorbedl thereby fixing
‘the anti-adhesion membrane to the Wound area. Since the
@oisture such as blood and an organ liquid'is adsorbed in the
aperture, it is not necessary to suture the wound area

Fufthermore, in the case where the.moisfure in the wound
area is little %o that fixation is insufficieht, it is also
possible to stick the anti-adhesion membrane of the inﬁention

on the wound area and then supply the liquid from the outside,

" thereby promoting the fixation of the subjeét material. As
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sterilization., and. ethylene oxide gas sterilization.
By applying such a treatnent, it is possible to
enhance the safety. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is an optical mcroscope photograph of an

anti - adhesi on menbrane of the invention. Fig. 2'is an
el ectron mcroscope photograph of a film having a
honeycorrb structure as.obtained in Exanpl e 4 Fi g 3.

n ct 0S e ot ogra of _.a m
olgql ‘e@éit S e 288a ST RELERHe Baafpidrt Shy i ion
|s an o m cr.oscope photo of a fil havi n
o35 HBISPbHS Lo B 65 20 %%T%?%%&OEH%?BW% i hagmigss
is an optical mcroscaope photog h of.a film having .
L P REMEYESB T 68y LR e 183 CGB A e 1 e Epéhlﬁp@mormnger s
Fig. 6 is an optical mcroscope photograph of a film ‘
SHAL T d sh@ey@dHe -structure as obtained in Exanpl e 8.
BEST MODE FOR' CARRYI NG OQUT THE | NVENTI ON Modes for
car r Yiongooetr  t kénicavehehodippedl be waereundsre film of the
described with reference to the foll ow ng. Exanpl es,
irtngintiiton sheul draeet feorcondte uedctihatntbe ¢fiverdliani drs or
~ limted thereto. (EXAMPLES) (Exanple 1) A chloroform
diselaltutdenof ipodydfaicidic baatde ¢ osaeghianl es@htment and is
100, 000) (5 g/L).was m xed with, as an anphiphilic
eapgl yERY haadp@hyacryl ami de copol ymer (wei ght average
mol ecul ar  wei ght: 85,000) as represented by the
CO”DQH%J&HBH,atﬂxe'a‘hti—adhesion membrane of the invention
can be subjected to a sterilization treatment such as ethanol
sterilization, Y-ray sterilization, electroﬁ beam
'Steril;zation, and ethylene oxide gas sterilization. By

applying such a treatment, it is possible to enhance the safety.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is an optical microscope photograph of an
anti—adhesion membrane of the invention. |

‘Fig. 2 is an electron'ﬁicroscope photograph of'a.film
having a hdneycomb structure as obtained in Example 4.

Fig, 3 is an electron microscope pho£ograph of a film .
having a honeycomb structure as obtained in Example 5.

Fig. 4 is an opfical microscope photograph of a film
havihg a hqneycomb structure as obt@inéd in Example 6.

Fig. 5 is an optical microscope photograph of a film

having a hoﬁeycomb structure as obtained in Example 7.
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a proportion of 10/1, the m xture was cast on a gl ass
substrate and allowed to stand ,under a condition at
roomtenperature and at a humdity of 70 % and the
sol vent was gradually evaporated off to prepare a
honeyconb structure. The thus obtained honeyconb
structure had a size of void inner dianmeter of 5 m
and. a filmthickness of 13 m An optical mcroscope

phot ggr aph t her eof )
cniof OFcr o 1 6. L5e23 ﬁ“é‘éf?%c%g‘?dpl’é?‘(y%%¥$§“a%f %iin
Iyne co mer ratio: 75/ cuI wei
a8 BeURahONT BT, ShaNSHRe o T L i h TG (6
polyner the 15 pol yacryl am de copolyner in a
proportion of 10/1, the m xture was cast on a gl ass
substrate and all owed to stand under a condition at
- BEPBolybenpeR at kY B¥e @¥T alHumdMNENT BN 70 % and the
solvent was gradually evaporated off to prepare a
honeYyedad . fostoareining. oThethéduswasttaiared iRdnky cloerbeunder
structure had a size of void inner dianmeter of 5 gm
deandilaed i vith htekaesscof td 3tigen fdhkowohy aexayh@e e but it
copol ymer as used has the follow ng. structural ‘
shboer dwca. b kasmadaled shand e eagbneepresentisiided thereto.
~repeating unit, and mn is 1/4.) (Conparative Exanple
1) A chloroform solution of polylactic acid (nolecular
wei ght: 100, 000) (100 g/L) was cast on a glass
(EsmMbpsiget e and allowed to stand under a condition at
roomtenperature, and _

{Example 1)

A chloroform solution of peolylactic acidr(molecular
weight: 100,000) (5 ¢g/L) was mixed with, as an amphiphilic
polymer, a polyacrylamide copolymer (weight average]nolecular
welght: 85,000) as represented by the.eompqund formula 1 in
:_a proportionAof 10/1, the mixture was cast on a glass substrate
and ellowed to stand under a condition at roenltemperature and
et a humidity of 70'%, ahd the solvent was gradually evaporated
off to prepare a hoheycomb structure. The thus obtained
honeycombretructure had a size of void innex diameter of 5 pm
and a film thiekness of 13 .pm; An optical microscope
,photograph thereof is shown in Fig; 1. |

(Example 2)

A chloroform soletion of a lactic'acid—glycolic acid
coplymer (copclymer ratio: 75/25, melecular weight: 100,000)

(5 g/L) was mixed with, as an amphiphilic polymer, the
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the sol vent was renpved by. spontaneous drying to
prepare a cast film (Conparative Exanple 2) A

chl orof orm sol ution of a lactic acid-glycolic acid
coplymer (copolyner ratio: 75/25, nolecular weight:
100, 000) (100.g/L) was cast on a glass substrate and
all owed to stand wunder a condition at room
tenperature, and the solvent was renoved by

)gnt aneous drying to prepare a cast fil Exanpl e 3
oo} R ReP R e n g Bt Beh it otn, el bt - oy Chre
wer e %nesthetized by intraperitoneal injection; the
WaShG8Rinal °r 84P6R wHESEhRtEpeRdt 8lérpBdetPhatangdnarfer @
the integument of .the wall surface of the stomach
copghlhsnwat NerihdedRasaiue srd aand lurid oty e 70 %, and
' anti - adhesi-on nenbrane as obtained in Exanples 1 and
the sy eminpas atriagdela IEyvaepiesrat ethd £2 {a brepacerst horepcomb.
sides) was stuck thereon every one sheet per rat. One
stweekuraf t ethasttinclsl phtaheednboragbesh ot merthranézd a size
autopsy was perforned to observe the adhesion state

of wd g tihtenakedmeyer oAss &l @sudl b, £1he 18l deSs of 13 pm.
regardi ng the adhesion state of each rat as shown in

Tabl Bhd paaneitlainied cbpol hReROASYEAID nSlsl UBEUF 81 1owing
films of Exanples 1 and 2, neither gelation nor

stehhssetalt | opri@ss caused in the state of dipping in
water, sticking to a wound area was easy because of

flexibility of the film and handling properties were
good. A remarkable inflammtory response or the |ike

[FY@ES Pt caused,

(m and\g each represents a répeating unit, and m/n is 1/4.)

(Comparative Example 1) |

A chloroform solution of polylactic acid (molecular
- weight: 100,000) (100 g/L) was cast on a glass substrate and
allpwed to stand under a cdndition at room temperature, and
the solvent was removed by spontaneous drying to prepare a cast
._film.A |

(Comparétive Example 2)

A chleroform solution of a lactic acid-glycolic acid
coplymer (copolymer fatio: 75/25, molecular weight: 100,000)
{100 g)L) was cast on a glass substrate and allowed to stand
under a condition at room temperature, and the solvent was
removed by spontaneous drying to pfepare a cast filmp

(Example 3)
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and it was noted that the anti-adhesi on nenbrane as
obtai ned by the invention had satisfactory

bi oconpatibility. In each of the cast filns of
Conparative Exanples 1 and 2, it failed in
flexibility; when once winkled, it did not return to
the original condition; and sticking to the wound
-area was difficult. Therefore, it could not be said

t hat e ability is _good. The results ar own

- ralate FPPRER s S e lD et Bot T it S were

nmenhr ane npl e 1 Honeyconb structure filmpmade of .
arﬁS%%Ef %ﬁml&gr%ﬁa%@@ LExdist & P Hon kY oy dominal

structure fil'mmde of PLGA pol yacryl am de copol yner
Gt GBtPPRERASY HAfe ERgnplenach cobfrarigtiaminmngact

cast film Exanple 2 Adhesion state Adhesi on was not
theaged. sywafrest of Wae Hormach fundus was wounded about 8 mm;

and each of the anti-adhesion membrane as obtained in Examples
1 and-2 and Comparative Examples 1 and 2 (three-centimeter
sides) was stuck theféon every one sheet per rat. One week
after sticking the anti-adhesion membrane, autopsy was
performed to observe the adhesion state with the naked eye.
As a result, the results regarding the adhesion state of each
rat as shown in Table 1 were obtained.

In the honeycomb structuie films of Examplés 1 and 2,
neither gelation nor dissoclution was caused in the state of
_dippihg in water, sticking to a wound area was easy because

of flexibility of the film, and handling properties were good.

- A remarkable inflammatory response or the like was not caused,

~and it was noted that the anti-adhesion membrahe as obtained
by fhe invention had éatisfacfory biocompatibiiity. In each
of the cast films éf Comparative Examples 1 and 2, it failed
-.in flexibility; when once wrinkled} it did not return to the
original condition; and stickihg to the wound areé. was
difficult. Therefore, iﬁ could not be said that the
operabiiity is good.. | | o

The'résults.are shown in Table l..
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caused. Adhesi on was caused  over peritoneum |iver
and stonmach. Adhesion was caused over peritoneum
l'iver and stonmach. (Exanple 4) A chloroformsolution
of polylactic acid (nolecular weight: 100, 000) (5
g/L) was m xed with, as a surfactant, phosphatidyl

et hanol am ne-di ol eoyl in a proportion of 10/1, the
m xture was cast on a glass substrate and allowed to
tand under a condition at roomtenperature and at a

dﬁty of 70 % and the solvent was gradually

evapor at ed ghfc LRt BT §Pa£ﬁt§—£aﬂ1é‘%l&9w NG h JHONEY R o
structure Vﬂ@ﬁbk&ﬁév' ual pores con- stituting rhe

Exnama) A H ne o ule i ' R gﬁ& ngt
i matf{: iﬁn% LA rﬁ@arﬁ%a% =

non- penetra??ﬂ%lym?Fnr The filmwas cloudy. Though a
ExsaiRdieact i ¢ Beney $Prmsigucuspalidd Byde @éﬁwonca@ﬁ Agt

met hod is cof oPk@dépahrrctybaeide ent, weemsed.has a

honeyconb stopreiymeras in the invention, the filmis
Conripaurdhy ichee EERS@@Etefihg of light. An 1&dBEMion was caused
Ex@hptiegriaph is shown in Fig. 2. (Exanpl @v®)r Peritoneun,

chl orof orm sol uti on of polylactic acid (ARIs8CYhA stomach.
Comparative PLGA cast film - Adhesion was caused
Example 2 ' over peritoneum,

' liver and stomach.

(Example 4)

A chloroform solution of polylactic acid (mc.Jlecularr
welght: 160,000} (5 g/L) was‘mixed with, as a surfactant,
phosphatidyl ethanolamine—diol‘eoyl in a proportion of 10/1,
the mixture was cast on a glaés substrate and allowed to stand
under .a condition at roomltemperature and at a humidity of 70 %,
Iand.the solvent was gradually evaporated orff to prepare a film
having a honeycomb struéture. The individlual pores con- |
stiﬁuting the honeycomb st‘ru;cture in the ’thus obtained

‘- structure had a size of void inner diameter of about ‘5 um and
a film thickness cof 13 um, and tﬁe film was a non'—penetrating
fiim. The f.ilm was cloudy. Though a polylactic acid film as
prepared. by a general casting method 1is coclorless and
transparent, when it has a honeyco.mb strl;zcture as 1n the

invention‘, the £ilm is cloudy due to scatterin'g of 1ight. 2an
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wei ght: 100, 000) (5 g/L) was mxed with, as a :
surfactant, phosphatidyl ethanolam ne-dioleoyl in a
proportion of 200/1, the m-xture was cast on a gl ass
substrate and allowed to stand under a condition at
roomtenperature and at a humdity of 70 % and the
sol vent was gradually evaporated off to prepare a film
havi ng a honeyconb structure.. The individual pores

CPN- St u%{n t he honeyc st,ructure in the thus
S%gtpeﬂoﬁté) Lob ch %ém“ﬁla& a %igZeEof voi d inner dianeter

of "about 5 _pm_and a filmthickness of 13 gym and the
pfilnﬁ%ggmfl 0 3penetrating film The filmwas cl oudy.

"It is noted fromthis nmatter that _ahoneyconb -
‘st ruét (T AR TRIAer S Bt 21 | Af ERakplLecEicafcsiy (molecular
phot ograph is shown in Fig. 3. (Exanple 6) A

wegihdriof K ut (oo OF) potyl acxee wWikl, (A6l ecyhafactant,
wei ght: 100, 000) (5 g/L) was nixed with, as a

prosphadtialytl, etbhosphat hdydiel hanbliamenprdpolebyh dh280/1,
proportion of 800/1, the m xture was cast on a gl ass’

theubsktate vaarl calsitonedh tdastamaes tingles sadcahdovedreabtand
roomtenperature and at a humdity of 70 % and the

ursielrve nfondd s ighagtialdoy esaperat etk ahtl 41 apiepad £ @ offi o,
havi ng a honeyconb structure. The individual pores

an€0fhe Hd I thgabhgr SRy P BR apbiHELU 81 £ R d PEepBHS a £ilm
.obtained structure had a size of void i nner di aneter

ha@fingbQUt h&n &y 88Hb 18t @ubkhoet hi ekpess, ofvidddn 894 heon-
filmwas a non-penetrating film The filmwas cloudy.

- sthtuk3ngotak f roMd oLt ehcthal 53 heneycam c;Ftained
. structdre 1s generated as I n Exanple 4. An optica
structure had a size of void inner diameter of about 5 um and
a film thickness of 13 pm, and the film was a non-penetrating
film. The film was cloudy. It is noted from thils matter that
a honeycomp structure is generated as in Eéample 4. An SEM.
photpgraph is shown in Fig. 3.
- (Example 6)

A chloroform solution of polylactic acid. (molecular
rw.eight: 100,000} {5 g/L) was mixed with, as a surfactaﬁt,
- phosphatidyl ethanglémine—dioleoyl in a p_roportion of 8.00/1,
the mixture was cast on a giass substrate and aliowed to stand
_und'er a condition at room temperature and at a humidity of 70 %,
and th.e solv-ent was gradﬁally.evaporated fo to prepare a film
.having a honeycomb structure. The individuél _porﬁes‘ con-

stituting the honeycomb structure in the thus obtained

structure had a size of void inner diameter of about 5 um and
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m croscope photograph is shown in'Fig. 4. (Exanple 7)
A chloroformsolution of a lactic acid-glycolic acid
copl yner (nol ecul ar wei ght: 101, 000) (5 g/1,) was

m xed with, as a surfactant, phosphati dyl '

et hanol am ne-di ol eoyl in a proportion of 10/1, the
m xture was cast on a glass substrate and allowed to
stand under a condition at roomterrperature and at a

of 70 the sol v s gradual |
%Fbgé&neéﬁfo P@pa?’éd L Gf I*rh \Miﬁ’a%aﬁga d“?%ﬁ?ﬁ’@&ﬁﬁtlng
' Struct The individual_pores constitut
. f%eygglﬁbfg%fﬂd@tw OBVt helt tlﬁugota%?aﬁ—?%tgﬂm&%%r that
~had a size of void inner dianmeter of about 3 mand a
2 PPRRYERTEIGTE3 0T e1 s engid tegea § inFie@P ke 4. An optical
non-penetrating film The filmwas cl oudy. Though a
nigglaAcRitd ehediag fapbmisgs spoepariad FByg -adgeneral cast i ng
nmethod is colorless and transparent, when it has a-
honeyldermpdter ot ure as in the invention, the filmis.
cl oudy due to scattering of [|ight. An optical
m cr @s coie rpiforagrsafhtiions hdwa iladiiig dwid-(ghvaeplie 8kid
A chloroformsolution of a lactic acid-glycolic acid

| copapmwrer monetackrane nehght1011,00 O0QB @5Lg/¢as Weis:gd %edh,
with, as a surfactant, phosphati dyl

asewaaalraabesnel ol;ﬂmgpwart@ylpr@maﬁ@pa}nﬂ{eMﬂeoglhem a
mi xture was cast on a gl ass substrate 20 and al | owed

priopostand yedes/ 8, ct@fédfn&k@ar@twas@%gte%eaagwses %ﬂ%strate

.at a humdity of 70 % and the sol vent was gradual | y

an%lVéP%é‘é&CEo chénhouxﬂﬁ&p%r Eoflaft1oh réacV'rBSmatéh%beya&Qﬁé

tructure.
at a humidity of 70 %, and the solvent was gradually evaporated

off to prepare a film having a honeycomb struéture. The
individual pores constituting.the honeycomb structufe in the
thus obtained structure had a size of void inner‘diaﬁeter of
about 3 pm and a filﬁ thickness of 10 pm, and the film was a -
'non-penetrafing film.. The film was cloudy. Though a
polylactic acid film as prepared by a genéral caéting method
.iséolorlessandtransparent,wheﬂjj:hasakmme?combétrudture
as in the inventioﬁ, the film is cloudy aue to scattering bf
light. .An optical microscope photograph is shown in.Fig. 5.

(Example 8)

A ghloroform_solution of a lactic acid-glycolic acid
ééplymer (molecular weight: 101,000) (5 g/L) was mixed with,
és-a surfactant, phosbhatidyl ethanolémine—dioleofl in a

proportion of 200/1, the mixture was cast on a glass substrate
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i ndi vi dual pores constituting the honeyconb structure
in the thus obtained structure had a size of void

i nner dianeter of about 5 [tmand a filmthickness of
10 gm and the filmwas a non-penetrating film The
filmwas cloudy. It is noted from this matter that a
honeyconb structure is generated as in Exanple 7. An
opti cal m croscope photograph is shown in Fig. 6.

arat,i ve anple.3) It s, trie epa
: %?ﬁawsdh%%s%aﬁun%#@c?ap Prhchit el SRS A e
Ex chl orof orm sol ut i
SRS BE T Eror ab s SOLT Gt »eS16Bp0) L SgPEFated
However, a honeyconb structure was not fornmed, but a
Offon-UnPEBPATE | mewégl grEpei%ed® PeBRPEPER| \?érEﬁéHﬁﬁe gffhe
It was tried to prepare a honeyconb structure in the
inghive dugdnRereasCems Eaipleg Lhey hosergombcht veetwremin the
solution of phosphatidyl ethanol am ne-di ol eoyl (5
thyys pbHeweedr stauéitne wodilad snee bE peepareter aidmeter of
sel f-supporting properties were not .revealed. In

“aboides @ £edfd ri lirhe rHdhesisen off emepmi ven@fflectfiilm &as a
l'iving body according to the invention of this

noappleheatraeing £XPer i e $ilereasarlrdwell .oulltbys usivegl @hom.
intraperitoneal 21 adhesion nodel of rat. Wth respect

thie tle teHt rapearid oneed yashessoruobged 18 geabr¥8sd as in
- fixed in the supination under the anesthesia by .
Example 7. An optlcal microscope photograph is shown in Fig.
N :

(Comparative.Example 3)

It was tried to prepare a film having a honeycomb
structure in the same manner as in Ekample 4 by using.a
Cﬁloroform s‘olution of polylactic acid .(molec_ular weilght:
100,000) (5 g/L). However, a'honeycomb structure was not
formed, but a non-uniform film was prepared.

(Comparative Example 4)

It was tried to prepare a honeycomb structure in the same
manner as in Example 1 by usiﬁg a chloroform-solutiQn ot
phosphétidyl ethanolamine-dioleoyl (5 g/L). However, a film
couidnotlxaprepared,andself—éupportingpropertieswerénot
‘revealed.

| In order to confirm the adhesion preventive effect in
a living body according'to the infentioP of this application,

experiments were carried out by using an intraperitoneal
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i ntraperitoneal adm nistration with sodium
pent obarbital (30 ng/kg Nenbutal injection, available
- from Dai ni ppon Pharnaceutical Co., Ltd.), and the
abdom nal regi on was shaven and then disinfected with
et hanol for disinfection. In addition, the operation
region was disinfected with an isodine disinfectant,
and from3 to 4 cmof the abdom nal region was then
ut .open algng_ the _nedian line to expose a cecum A
-34§§%ﬁ§%1m0§ﬁga%€1rﬁg-z cr?) of the exposed caecum was
abraded by usin a sterjle absorbent gauze until
pot oBHEH TRERBFE hhget MasLn Gathir ot = e Sdith ARG @
the caecuminto the peritoneal cavity, the ,
ragntiaadhésedn Lvenbiangunasa 5t 0t k UNASFedlie t MeeSEhRFEa PY
muscul aris of the cut part was continuously sutured,
ingr@perd toneind adeisustredlion thitdh tsodd ust peahebarphgal (30
wound part was disinfected with an isodine
mgdiksi nf ketlamtal and s tdan, wasavhehap et ur fetbt o adagppon
Seven days after the operation, the. rat was subjected
Phhamarcapecafli@n. ontthe, abdbnhe abteniridie ragésthesi ahaven
wi t h sodi um pentobarbital, and the degree of
andntitafer il eppakcadhesiion washawhserved didinfidie inaked In
eye and scored according to the following criteria.

ada®tade, dassbbire@tibaN:dgidd ade i discradd wildhesieBdine
is not.found.. 22 Grade 1 (score 1): Adhesion is found

dik9n2cdeghee syghrrdhal the aghesiofk ishddii®2andeqaBnbhas

easily separated out. Grade 2 (score 2): Wak adhesi on
: thleﬁ JLPcu&geztl %1%n%‘eﬁ{§ﬁledian line to expose a cecum. A certain
area {1 to 2 cm?) of the exposed caecum was abraded by using |
a sterile:abserbent gauze until petechiél hemorrhage.was'
generated. After returning the caecum into the peritoneal
cavity, the.anti-edhesion membrane was stuck thereon, the
. tunica muscularis of the cut part was continuously sutured,
r;md the cutis was sutured with 4 to 5 stitches. The wound part
was disinfected with an isodine disinfectant,‘and the rat was
then returned to a cage. |

Seﬁeﬁ'days after the operetion,'the rat was.subjected

. to an operation on the abdomen unde;{: the anesthesia with sodium
pentobarbital, and,the degree of intraperitoneal adhesion was
observed with the naked eye and  scored according to the
following criteria. - |
(Grade clasgificaticon)

'Grade 0 (score Q): Adhesion 1is not‘found.
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such that the adhesion is generated within a narrow’
range but is durable against a slight degree of the
traction. Grade 3 (score 3) : Considerably firm
adhesion is found or adhesion is found in at |east
two places. Grade 4 (score 4): Adhesion:is found in
three or nore places. Exanple and Conparative
Exanples will be described bel ow. (Exanple 9) An

adhe preventlve effe inalivin 0
con ra8a’ by (GEPRE Lhe Sihenhat ot NG 08 Beangirgessuch
Conparative Exanple 5) The,rat was sutured accordi ng -
th@& fhe §§ﬁ€56P@cé§uﬁé§ea§ndlﬁaﬂhéeféﬁégbyn@eparated out.
intraperitoneal adhesion nodel w thout using
ant i GagAesronsaendr ahe. WedorpHreg i e B daAmping 6)0 Andegree
- intraperitoneal adhesion nodel was carried out by
sugdi higaSepra adhesi DY) 16 soshem tydwirdriat e mandrow range but
car boxymet hyl cel l ul ose, thickness: about 55 m -

isavdairbabkeatrdmskKakesliFhar dagesati cal the. tratdion. The -
degree of intraperitoneal adhesion on each aninmal was

Scor gfaaecy®r hdgrd @)t:hecgeaderebagsfiteatdisi@nd st feund
23 results as expressed in terns of {(nean val ue) :

or( ahardand esr @bhha(Bant Heksd €€ %@&@ai n Table 2. A
mean adhesion score of Conparative anple 5 (w thout

Grade 4 (score 4): Adhesion is found in three or more
plaées.

Example and Comparative_Examples will be described
‘below,

(Example.9)

.An adhesion preventive effect in a living bddy was
J cohfi:med by uéing‘the film as obtained in Example 5. |

(Comparative Example 5)

The rat was sutured acéprding td the same procedures as
in the foregoing'intraperitoneal'adhesion.model without using
an anti—adhesion'membrane; | |

(Comparative Example-6).

An intraperitoﬁeal adhesion model was carried out by
ﬁsing Sepra film(TM) (sodium hyaluronate and carboxymethyl
céilulose, thickness: about 55 um, évailable”ffom Kaken
Pharmaéeutical Co., Ltd.). o

The degree of intraperitoneal adhesion on each animal

was scored acco;ding'to the grade classification, and the
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.afilm was.3. 0 0. 3. On the other hand, a nean
adhesion. score of Exanple 7 was 1.6 0.5, and a.
reduction of the adhesion score was observed as
conpared with Conparative Exanple 5. Sinmlarly, a
reduction of the adhesion score was al so observed as
conpared with the adhesion score (1. 8 0. 7) of
Conparative Exanple 6 (Wth Ceprafilm The
ant_i - adhesi on nenbrane of the invention tI]r
rePPItiTc R STRFSEET i'dle T Hxpl RG3D éﬁ‘a\‘
conpared with the case where an anti -adheS| on
eiEHDrlan@gad dotS -Bseéd 2reFERPHBY ABr E2PABE Zonl y it is
effective for preventing adhesion as conpared w ‘
the f mﬁﬁafa@e@-@wratspweamm@aemvanEﬁémpéarfr émqtyout
~ put into practical use, but also it is easy in
a hahd) iwep . BeCaude3i t Qio@hermthéuahenkﬂonmm@npa@lwmzesscore
as in the filmof Conparative Exanple 6. 24 Table 2:
o fR&suairS «0f7 ewal waki Hn0 0%, i aid aperddoneiadn adhediecomdhesion
nodel DrugAni mal No. Score Exanpl e 9: 301 3022 3031
~sdd&maemtmﬁsdm?&@4&spt&nﬁﬁred2®ﬁjﬂﬁm&pmmth Gxample 5.
S.E 0.5
Similarly, a reduction of the adhesion score was also observed

(standard

es compared with the adhesion score (1.8 +£0.7) of Comparative
Example 6 (with Ceprafilm). |

The anti;adhesion membrane of the invention of this
application gives fise to an'explicit effect as compared with
the case where an anti-adhesion membrane is not used.
Furthermore, not only it is effectiﬁe for preventing adhesion
as compared with the film of Comparative Example 6 which is
currently put into practical use, but alse it is easy in
handling because it does not have bonding,properties as in the

film of Comparative Example 6;
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Conparati ve Exanple 5:1014 1022 1033 Control groupl043
(without a film 1053 Mean3.0 S.E. 0.3 Conparative
Exanpl e 6: 2011 2024 2031 Positive control group2043
(with Ceprafiln)2050 Meanl.8 S. E. 0.7 INDUSTRI AL
APPLI CABI LI TY The bi odegradable film having a
honeyconb structure of the invention of this
application can be applied. as an anti-adhesi on
I,rrﬁ?brane to a living body. 25 CLAIMS 1. An

Zidhesi on menbr ane conprising a blodegradable

f|In1haV|ng a honeyconb structure

Regplit Saa#e§V@&%ﬁ8Paﬁé éBESPBFﬁ@tPBQEFaF%?LSlwlr&ﬂd?%

Dfﬁ aractertzed rmrhat the noggﬁﬁquN%gructuggiggs
Example 9: : ‘

301

0
302 2

' : 303 1
Honeycomb f£ilm ' 304 3
PLA/PE = 200/1 305 5

Comparative Example 5:

Control group : 104
(without a film) 105

Comparative Example 6:

Positive control group 204
(with Ceprafilm} 205

INDUSTRIAL APPLICABILITY
The biodegradable film having a honeycomb structure of
the . invention of this application can be applied as an

anti~adhesion membrane to a living body.
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3. The anti-adhesi on menbrane accordlng to claim1 or
2, which is characterized in that only one surface of
the film has the honeyconb structure. 4. A

bi odegradabl e fil m having a honeyconb structure and
conprising a bi odegradabl e pol yner and a surfactant,
which i's characterized in that said surfactant is a
phosphol i pid. 5. The bi odegradable film having a
honeyconb structure acggﬁﬁggg to claim4, wherein
. sai d bi odegradabl e poly a bi odegradabl e

al i phati c pol yester and/or a bi odegradable aliphatic
pol ycarbonate. 6. The bi odegradabl e filn1having a

honeyconb structure according to claim5; whe
1.sai d | GaddradhBEé ol MEHREPRE FOIMPEIEERT| & Qﬂoﬁ@a§ﬁdab1e
one poLyner sel ected fromthe group consisting of
figimdegriadapl soakvphabi stpvryeseers incl uding
pol yl actic acid, a polylactic acid-polyglycolic acid
2.co- pokyaeti-pdhydhicn mephrtand ecgoirding to claim 1, which
~ pol ycaprol actone, poly- ethylene - adipate, and
ispehypbutykeneecddipatieat 7chd heord ootegy adatot ufdel malsawi ngan
~a honeyconb structure 26 according to claim5, wherein

vosdl dnhkedagradablecal hebahbee PRANCADDONAte is at
| east one pol yner selected fromthe group consisting

3.0f pohybyhyiengneat Honadfo Adkk RAtytidHERR Qarkonate. 2,
- 8. The bi odegradabl e film having a honeyconb structure

whaeeoh di fE- 1 9-B8Y1i 208 O il M D suMtael b¥ the film
characterized in that said blodegradable polynmer is

has the honeycomb structure.

4. A bicdegradable film having a honeycomb structure and
comprisiné‘a biodegradable-polymer and a surfactant, which is
charécterized in that said surfactant is a phospholipid.

57 The biodegradable‘film having a honechmb structure
| accbrding to claim 4, wherein said biodegradable polymer is
a biodégradable aliphétic'polyester and/or a biodegrédable_
aliphatic'polycarbonate. -

6. The biodégradable film having a honeycomb structufg
. agcording to cléim 5, wherein said biodegradable aliphatic
polyester is at least one polymer selected f;om the group
- consisting of biodegradable aliphatic pdlyesters inciuding
| polylactic acid, a polylaétic acid-polyglycolic acid c¢~
polymer, polyhydroxybutyric acid, polycaprdiactone, poly-
_:éthyiene adipate, ana leybutylene adipate.

7. The biodegradable film having a honeycomb structure
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pol yl actic acid or a lactic acid-glycolic acid’

copl yner 9., The bi odegradabl e film having a honeyconb
structure. according to claim4 or 5 wherein said
phospholipid is selected fromthe group consisting of
phosphatidyl ethanol am ne, phosphatidyl chori ne,
phosphati dyl serine, phosphatidyl glycerol, and,
derivatives thereof. 10. The. bi odegradable film

h h di f, .
LR E R 3P ot S P e hEE LR 3 8, Poeat Or it Ry Shftecic

polRE2BPORRF aduBice l‘F?Ean{g%h%:ﬁ’I&g’ CHohoyRan SEeLEFrou

according to claim10 [ is characterized in that

CO%%FHtln%hogﬁhoPPbY%qulﬁn% pﬁ%%?ﬁ@&?%yla%@haﬁ%l¥ﬁﬁ?ﬁﬁene
di ol eoyl.. 12. The bi odegradable film having a :

Cah@ﬁ@?b@nb structure according to claim4, which is
characterized in that a conposition ratio of said

8. bi odBe adabtiegpaliyinke €£6lmahdviphosphulriqyiabrils $tromrture
1/1 to 1,000/1. 13. An anti-adhesi on menbrane ,
conpadstrdiridietbi cdegr adablef tilbkdmaccobr dong t owbbiahmis
4 or 5. 27 14. A production process of the :

ant i cleghesi on Awibi @anehaaceakd By ddegtldial: Aoildher is
which is characterized by using a biodegradable

pol yweery, fdddnhavids ez haReY el SidIucddirie: a51id ebpaihed .
by casting an organic solvent solution of a bio-

9. degrﬁ@béfo@@éyg@abp@ @ﬁﬂdb%@%g N e RIdes Phek et re
relative hun1d|ty of from50 fo 95 % gradually

'.acé(gl?tﬁ% £bRg 59 4 S}@a%%ré%Vsea@d BRYs 5h o § A88QUS Yected

condensing it on
from the group consisting of phosphatidyl ethanolamlne,

phosphatidyl‘ chorine, phosphatidyl serine,  phosphatidyl
glycercl, and,derivativeS'théreof; |

10. The biodegradable film having a honeycomb étructure
according to any one of dlaims 4 to 9, which is characterized
‘in that szid phosphelipid is L-o-phosphatidyl ethanclamine.
;1; The biodegfadable film having a honeycomb structure
according to.cléim 10, which is characterized in that said.
.phospholipid is L~d~phosphatidfl ethanolamine dioleoyi.

12.  The biodegradable film_having.a honeycomb structure
 ac§ording to c¢laim 4, which jjs_characteriied in that a
cqmposition ratio of said biodegradable_polymer'to'said
phospholipid is from 1/1 ﬁo 1,000/1.

- 13, An anti—adhesionAmembrane comprising the biodegradable

film according to ciaim 4 or 5.
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surface of said cast liquid, and evaporating fi'ne
water droplets. as generated by said condensation. 28

14. A produétion process of the énti—adhésion membrane
according to claim 1 or 13, which is characterized'by using
a biodegradéble polymer film having a hQneycomb structﬁre as
" obtained by casting an organic solvent solution of a bio-
.degradable polymer on a substrate in the atmosphere of a
.relative humidity of from 50 to 95 %, gradually transpiriﬁg
saia organic solvent and_simultaneously condensing‘it on the
surface of said cast liguid, and evaporating fine water

droplets as generated by said condensation.
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