DESCRIPTION BIODEGRADABLE FILM HAVING HONEYCOMB STRUCTURE TECHNICAL FtELD -
The present invention relates to an anti-adhesion membrane for preventing adhesion after an

operation. In more detail, the invention relates to an anti-adhesion membrane made of a

biodegradable film having a honeycomb structure. The anti-adhesion membrane of the invention is
excellent 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 cmgﬁ‘%ﬁﬁ{ such adhesion occurs at a probability of 90

%

DABLE FILM HAVING HONEYCOME STRUCTURE

TECHNICAL FIELD
The present invention relates to an anti-adhesion
membrane for preventing adhesion after an operation. In more
detail, the invention relates to an anti-adhesion membrane
made of a biodegradable £ilmhaving a honeycomb structure. The
. anti-adhesion membrane of the- invention is excellent in
"héndling-properties and exhibits a satisfﬁctory adhesion

preventiver 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
b‘imdin.g.betweén a surrounding £issue and an organ or the like,
which is caused from the production of a collagen fiber by a
Tibroblast as generated following a tissue damage. It is
considered that such adhesion occurs at a probability of 90 %
after the operation, and in .%:he case where a pain, a
piofunctional disorder, or the like is caused, a patient is
accompanied by mental or physical pain, resulting in a problem.

In order to solve this problem, there have hitherto been



after the operation, and in the case where a pain, a biofunctional disorder, or the like is caused, a
patient is accompanied by mental or physical pain, resulting in a problem. In order to solve this
problem, there have hitherto been made a number of studies. For example, in order to minimize the
adhesion formation, water-soluble anti-adhesion membrane such as a sodium alginate aqueous
solution and a sodium hyaluronate aqueous solution were used. However, while these materials have
some 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 normal area. For that reason, in order to separate a damaged

tissue from othée tissuespanti«tihesien membrane made of asa physicalbagrigr; amaterial such as
silicone, vaseline, and polytetrafluoroethylene are studied. Since such a material is a
non-bioabsérbabie hestéral, fwhiteit isproviged withy Ja:buficientiactitineas abarsien theee were
involved problems such as a risk of an immune response due to long-term retention in the body and a
necessity of ¥SBcdttl Ghefitibhier takirigiatieit aferecuwre. scluhiorderdodsokve thesaproblems,
anti-adhesi%n Erﬂembrane usin%%a natural polymer which is a bioabsorbable material were developed.

Specifically, dn alﬁﬁgaylﬁ%%_ig_ﬁ gfﬁ%r%ﬁt]e‘ﬁs?_rr?é‘ dkidizedPCetiuloS reRRGwrt! I Hfe daseof applying a
e i made o1 oxalzedcril 03%:~eh 1010US SR8 TRYE R REog MR ol and
water solublility, they also flow out of the site where
prevention of adhésion is reguired, they do not retain in a
necessa;y placé,, and they have a possibility to cause un&esired
adhesicon in a normal area. |

For that reason, in order to sepafate a damaged tissue
from other tissues, anti-adhesion membrane made of, as a
physical barrier, a material such as silicone, vaseline, and

. polytetrafluos:o&t‘_hylene are studied. Since such a material
is a non-biocabsorbable material, while it is providaed with a
" sufficient action as a bérrier, there were involved problems
such as a risk. of an immune response due to long-term retentiocn
i_n the body and a necessity of a second operation for taking
out it after cure.

In order to solve these problems, anti-adhesion membrane
uéing a natural polymer which is a bioabsorbable material were
developed.

Specifically, an anti—adhesi'on membrane using oxidized

' celluliose is known. In the case of applying a spoﬁge or knit
made of oxidized cellu'lose, since fibI"iOLIS cells are liable -

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




of causing adhesion. In order to prevent this, anti-adhesion membrane made of sodium hyaluronate -
and carboxymethyl cellulose are developed and used. However, since these -materials have high
water absorption, there is involved a problem such that they are swelled by liquid of surgical
instruments or organs other than a wound area so that handling properties are poor. An
anti-adhesion membrane is desired to have a shape in which circulation of fibrious cells from one
tissue to other tissue does not occur and is also desired to have biodegradability and high operability.
JP-A-2000-197693 discloses a porous anti-adhesion membrane made of a copolymer of lactic acid
and caprolactone. JP-A-2001-157574 describes a film having a honeycomb structure as prepared

from a polymer eentainiggahiodegradable pelumer haying added,theretg. 1 1o 50.% of an amphiphilic
polymer having a hydrophilic acrylamide polymer as a principal chain skeleton and having both a
“dodecyl groupab eehydrophobic sifle chainand ajactose gsaup opALarbexyl.gropp@s,a hydrophilic
side cha n and a production process thereof. However, though the base material polymer as used
herein is a pBREr-RaFing hifgh Biotompatibilitp.chereds condémwéhvatthe amphiphilicepelymer might
be decomposed into acrylamide derivatives, and it is hard to say that the derivatives are always
safety againSf 4Tty Body? TPpdesile i i€ desiRaPire Hi® ambat of dse 6hswdhvad amphiphilic

polymer is contrplled at a low Jevel as far as possible, In this way, for the purpose of applying to a
biotissue, ingtﬁg%%gsrg o %%%ngjza film %g\%ﬁg Yie Uhlctlife, BibcdBatibilifbetorsessabig problem.

For that reasen, 1Ly & Bglgp%}psb&%%gig byt é@tléoﬁqgo \}rl:acggnrt for ng%q%%% anfin%rzt,ructure, namely a

surfactant such as amphiphilic polymers, is desire iocompatibility and &4 ﬁpggainst a living
body. For theraupesef achievig this, it is also desired from the viewpoint of securing safety to

increase the content
. An anti-adhesion membrane is desired to have a shape in

which circulation of fibrious cells from one tisste to other
tissue does not occur and is also desired to have
.biodegradability and high operability,

JP—A—2DOO—197693 discloses a porous anti-adhesion
membrane made of a copolymer of lactic acid and caprolactone.

JP-A-2001-157574 describes a film having a honeycomb
structure as prepéred from & pelymer containing a bio-.
degradable polymer having added thereto 1 to 50 %rof an
‘amphiphilic polymer having a hydrophilic acrylamide polymer
as a principal chain skeleton and having both a dodecyl group
as a hydrophobic side chain and a lactosé group or a cafboxyl
group as a hydrophilic side chain. and é production process
thereof.

However, though‘thel@aseJnaterial polymer as used herein
is'a pelymer having high biocompatibility, there is concern
that the amphiphilic polymer might be decomposed into

acrylamide derivatives, .and it is hard to say that the



of the polymer and to control the amount of use of the surfactant. In the existing circumstances,
any anti-adhesion membrane which has adequate biodegradability and biocompatibility, is excellent in
handling properties and exhibits a satisfactory adhesion preventive effect stably over a desired period
of time does not exist, and its appearance is being demanded. SUMMARY In a first aspect, there
is provided a production process of a biodegradable film having a honeycomb structure, which is
obtained by casting an organic solvent solution of a biodegradable polymer and a phospholipid on a
substrate in the atmosphere of a relative humidity of from 50 to 95%, gradually transpiring said organic
solvent and simultaneously condensing it on the surface of said cast liquid, and evaporating fine water

droplets as gemerated byesaideendensatian. DISCLOSURE OF THE INVENTION The present
inventors have found that a biodegradable film havllsk% agﬁgﬁlgygo%wb trlcire %9 ER -antiddhesion

membrane h&ifg fés(fb@lleriti;handIiﬁgﬁ@@@rti%@@d@g@@&%ﬁ 58@“@%%9% adhesion preventive
effect stably over a desired period of time. Also, they have found that by Ie"ﬁ% &’phospholipid

with a biodedt3BABRFdI epabvasurfactanbandasting she blend,underashigh hpmidity, a film having
a honeycomb gtruc re which is also useful as a base material of cell culture and excelfént in
: biocompatibﬁ?tyslg dined and that the subject film is effective for prevention of adhesion of an

operation site, etc., lpading gowaac}g?n%gljzsgrggng gg;gzéngingon' . .

, _ pplying to a biotissue,
in the case of using a film having a fine structure,
bioco@patibility'becomes a big probilem. For that.reason¢ not
only a polymer to be used but also a reagent for forming a fine
structure, namely a surfactant such as amphiphilic polymers,

" is desired to have bioccompatibility and safety against a living
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 use of the
surfactant.
| In the existing cixeumstances, any anti-adhesion
membrane which has adeguate biodegradability and bio-
compatibility, is excellent in handiing properties and
exhibitseasatisfaoto:yédhesimﬂpreventiveeffectstablyover

a desired period of time does not exist, and its appearance

‘is being demanded.



Specifically, the invention relates to an adhesion preventing material comprising a biodegradable film
having a honeycomb structure and to an anti-adhesion membrane comprising a biodegradable film
having a mean void inner diameter of the honeycomb structure of not more than 20 Rm.

Furthermore, as a production process of the subject anti-adhesion membrane, the invention relates to
a production process of an anti-adhesion membrane using a biodegradable polymer film having a
honeycomb=stHiEtire as obtained by casting an organic solvent solution of a biodegradable polymer

on a substrate in the atmosphere of.a relative humidity of gror#l 20,10 95 %, gradually ggggorating the
subject organic solvent and simultaneously condensing it on the surface o thepsﬁbject cast liquid, and

evaporating fii& ater drdpletd aslyerératedhithe subjectcondensation. in a preferredrembodiment

of the invension,theu rbipdegradabledfilmrhaving.a hopeycamb structure js attached as.a physical
harrier betV\geef an opera ion site and its adjacent tissue to control attachment of the tissue, thereby
reducing thé formatioh 6f-adhedio SREPIE dFerRiidgn RS the Biodegradablepolyiter avhieh is used for

the preparation of the biatdegradable films hthednvention rbiodegradahlealiphatic pelyesters such as

polylactic agid, %gacgggcid- Icyib%olicqqcid ~oplymer, polyhydroxybutyric acid, polycaprolactone,

polyethylene adipate, and pggiy &%?rénz %I%XSPI lng salc%/ ofganic solvent and
simultaneously condensing it on the surface of said cast
liguid, and evaporating fine water droplets as generated by

said condensation.

DISCLOSURE 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

4a



adipate, aliphatic polycarbonates such as polybutylene carbonate and polyethylene carbonate, and the
like are preferable from the viewpoint of solubility in an organic solvent. Above all, polylactic acid, a
lactic acid-glyco+ic acid coplymer, and polycaprolactone are desirable from the viewpoints of easy
availability, costs, and the like. In order to simply prepare a honeycomb structure with good
reproducibility, it is preferred to use an amphiphilic polymer in addition to the foregoing biodegradable
polymer. Taking into consideration 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 block copolymer, an amphiphilic polymer having an acrylamide polymer as a principal chain

skeleton and.having both ecyl group as a hydrophobic side chain and a lactose group or a
carboxyl group as a hg%rro%k%ﬁg e%ld% chain, Ah-amphIPAIiE bolyirt haiiTg, asERyd@Philic group, an
ion complexbetween an-apignic high molecular material such as heparin, dextran sulfate, and a

nucleic acid including DNA and RNA and a long-chain alkylammonium salt, or a water-soluble protein

such as gelatin, colagen, andkalhurmia cathe applieds, p1EHEDEIMOS, A biodsgiadable and
u

amphiphilic polymer may be used. Examples of such a polymer include a polylactic ACi -polyethylene

glycol block &spolyrhérdepalyasaprolatione-palyethylene glycolblackicopalymes, and a polymalic

acid-polymalic acid alkyl ester block copolymer.
blendundera}ﬁghrumddity,aiﬁlmrmyiﬂgatmmeycombstxucture
which is alsc useful as a base material of cell culture and
exgellent:ﬂlbiocompatibilityis obtained and that the subject
film is effective for prevention of adhesion of an operétion
site, etc., leading to adcomplishment of the invention. |

Specifically, the invention relates to an adhesion
preventing material comprising a biodegradable film having a
honeycomb structure and to an anti-adhesion membrane
comprising a biodegradable film having a mean void inner
diameter of the honeycomb structure of not more than 20 pm,
Furthermore, as a production process of the subject

anti-adhesion membrane, the invention relates to a production
@rocess of an anti-adhesion membrane using a bgodegradable
polymer-film having a honeycomb structure as obtained by
castingaﬁzorganicsolventsolutionoféabiodegradablepmiymex
on a substrate in the atmosphere of a relative humidity of from |
{50 to 85 %, graduaily'evaporating the subject organic solvent
and simultaneocusly condensing it on the surface of the subiject
.cast liguid, and evaporating fine water droplets as generated
by the subject condensation.

In a preferred embodiment of the invention, the



| Moreover, in order to simply prepare a honeycomb structure with good reproducibility, a phospholipid
may be added as a surfactant in addition to the foregoing bio- degradable polymer. T
phospholipid is a substance constituting the biomembrane system and originally exists in a living body.
Accordingly, the phospholipid is a substance which has high biocompatibility and which is also
applicable in a drug delivery system, and it is known that the phospholipid has high safety. In addition,
the phospholipid which is used as a surfactant in the invention is easily available.
the 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. It is desired to apply, as the phospholipid,
Uf consisting ofd%gosphatidyl ethanolamine, phosphatidyl chorine,
vativestherepficRivosphatidyt éthanetamine is
preferable, =3= hati hanolamine dioleoyl is more preferable. In preparing a
honeycombﬁiﬁggo%iﬁé%%%%%%ﬁgs?%g tis BE8ENE 1 form firfeatérdrepiae patticles on the
polymer solutions af erganissalvent e ater-insoluﬁ:
halogen based organic solver%%u%ﬁ@gg%%%gc%‘g%ﬁ E&%& V%lﬁf'/i'leen’e chIBFaEY afGiffate Rfdrocarbons
such as berizeae; toluene cand xylemes estars g,ygggstqltgylg%%qg;;ei%q butyl acetate; water-insoluble
ketones such as methyl isobutyl ketone; and carbon disulfide. These organic 'solvents may be used
~singly or may be us&d a@wmlbdews@vedawmi@hg@ambimmg%ofﬂgqus%qjv%§_ £he 1 N€ poOlymer
concentration of the total of the biodegradable polymer and the amphiphilic polymer which are
dissolved i SUEH AR btGaniC ol isprederabhyifmbrie0. Gl ton1 0wt %hand: mese prefgrably from 0.05

to 5 wt %. \%/Qgg thefgg% er concentration is lower than 0.01 wt %, the mechanical strength of the
ICIERt, At tHetafore, BAd RSidt e sitabiie 2Alsor hbndtiscl Giett & or more, the

. polymer COBcﬁﬁlg@ﬂgrﬁiéiggﬁgjagfitgaé[cai%uggé n%rrbgg,@}go}_yhydroxybutyric acid,

a member sg}lje_giaeeg fro%gohﬁeg%

phosphatidy serlneg,rp%osp

resulting film'is InsuUr

Attty Gyeerordng
IS es

met

polycaprolactone, polyethylene adipate, and polybutylene

adipate, aliphatic polycarbonates such as polybutylene

carbonate and polyethylene carbonate, and the 1like are

preferable from ths viewpoint of solubility in an oréanic
solvent. Above all, po%ylactic acid, a lactic acidwglyco%ic
‘acid coplymer, and polycaprolactone are desirable from the
viewpoints of easy avallability, costs, and the like.

In order to simply prepare a honeycomb structure with
good reproducibility, it is preferred to use an amphiphilic

polymer in_addition to the foregoing biodegradable polymer,

Taking into consideration the applic:ation as an anti-adhesion

memprane, it is preferable that the amphiphilic polymer is
non-toxic. As the amphiphilic polymer, a polyethylene

glycel/polypropylene glycel block copolymer, an amphiphiliic

- polymer having an acrylamide polymer as a principal chain

skeleton and having both a dodecyl group as & hydrophobic side

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

The

With respect to

e. Examples thereof include



comb structure is not obtained. Furthermore, the composition ratio of the biodegradable polymer to the
amphiphilic polymer is from 99/1 to 50/50 (wt/wt). When the amphiphilic polymer composition is not
more than 1, a uniform honeycomb structure is not obtained, while when the subject composition is 50
or more, the resulting honeycomb structure fails in stability, especially dynamic stability, and therefore,
such is not preferable. Similarly, the concentration in the solution of the total of the biodegradable
polymer and the phospholipid which are dissolved in the foregoing solvent is preferably from 0.01 to
10 wt %, and more preferably from 0.05 to 5 wt %. When the polymer concentration is lower than 0.01
wt %, the dynamic strength of the resulting film is insufficient, and therefore, such is not desirable.

Also, when 'gjjﬁéloc\%%nor more, t@le concentration in the solution is too high so that a sufficient
honeycomb Structure is riof Obtaihad: Eurtherniste Y i o pbsiionaatio of the tiddegradable polymer

to the phosghalipid is_from 1/1 tg }HFBQQQ 1 (wt/wt) in te ms of aweight ratio. When the weight ratio of the
phospholipid to{t%!e bi%degradabl% olyr%er%i,%tn% Hor8thah /27060, B1fiForR? hBREyEEmD structure is

not obtaineﬁlaw@HQa@h@mﬂeasybjg%\ygigfhtc@gg 1.‘%91/35 of Mare, the resulting.structure does not have
self-supporting properties as a film and is high in costs Eng%%%f iﬁ%%%angrﬁy,lgﬁgtﬁgﬁe%re, such is

not preferableclnchednuentiondtiresubieCtpolymer organic. selvent, solution is.ast on a substrate to
prepare a honeycomb structure. As the subject substrate, inorganic materials such as’glass, a metal,

and a silicch Wafer high widlecutartmatedalsthaving exeallent-Rroanic.solvent resistange, such as
polypropylene, polyethylene, and polyether ketone; and liquids such as water, a liquid paraffin, and a
liquid polye(fﬁgr E5n BRASEF Above all, in the case of using water as the substrate, by efficiently
utilizing self-supportin 1o erties which are a characteristic feature of the subject honeycomb
structure, the subject structure-can Be Bh&MH HIIFOUESIRG frofp e BiBsteatecanesuch is suitable.

In the inveRt hani Qrminhg_a honeycomb structure is considered as follows. When the
Hydrophobjiacg%nbm%mﬁﬁ @%%&%é% of%u& & ooigmer include a polylactic

acid~polyethylene glycol block copolymer, a pbly—s-capraw
lactone-polyethylene glycel block copelymer, and a polymalic

- acid-polymalic acid alkyl ester block copolymer.
Moreover, in order ;{:d éimply prepare a honeycomb
structure with good ;eproducibiiity, a phospholipid may be
added as a surfactant in addition to the foregoing bio-

I
degradable polymer.

The phospholipid is a substance constituting tﬁe
Diomembrane system and originally exists in a living body.
}&ccordingly, the phospholipid is a substance which has high
biocompatibility and which is also applicable in a c.jrug
delivery system, and 1t is k.ﬂowr} 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 the origin of the phespholipid to be used
in the invention, it does not matter whether it is an extract

from an animal tissue or an artificially synthesized product.



organic solvent is evaporated, it takes away a latent heat. Thus, the temperature of the cast film
surface drops, and fine liquid droplets of water coagulate and adhere on the surface of the polymer
solution: By the action of the hydrophilic segment in the polymer solution, a surface tension between
- water and the hydrophobic organic solvent is reduced. For that reason, when the water fine particles
coagulate to forma single block, they are made stable. Following the evaporation of the solvent, liquid
droplets in a hexagonal foLm lie in the closest packing form, and the water is finally evaporated off,
whereby the polymer remains in the regularly laid honeycomb form. Accordingly, with respect to the
circumstance for preparing the subject film is desired that the relative humidity is in the range of from
50 to 95 %. When the relative humidijty is not more than 50 %, condensation on the cast film is
insufficient, while when it 1S 9596 BP iibre? 1t Afficilt é6 BbAtOLthe circurmstance sand therefore, such is
eter of the thus formed honeycomb structure is from 0.1 to

not preferable. JThesize void inner diam ;
cH e A e \?&gslﬁﬁ%rléﬁm%r FANS il i1y Fangeh eeotesultieg film can be

20 p.m, and when the size of t |
oneyoomb sirueiurc ang the fim LKoot 1 SEGIERTY thick S Baok EARRRCH Ebmes nto contact

honeycomb structure and the film thickness is sufficien hick:

wi_th the subﬁmi&a,ﬂat sufface inig Mh}%_ peLes do ﬁ% pgnetrate. Als hvggeﬂttt%?]e%’mi thickness is
thinner than the size of the water droplet, a film into which pores penetratei5 Ainet

Accordinglﬁﬁﬁgmmdﬂe(claqmse&@@ﬁ%&@tiglgc{iﬂn@ngggggﬁtinggﬂ@n%ﬁp%gding upon the
intended purpose of use. From the viewpoint of prevention of adhesion, in order ff)esuppress

“migration of fibr&ERY Lelis bBRFSe PR srainbeit is preferred to use a film into which pores do not
penetrate. Furtherrgore, it is preferable that the side having a honeycomb structure is brought into
contact with a wound aré&> Thid*%isheealies forpozsible torabsorb blbed brasmargen liquid as

generated ip;thew area into the honeycomb structure and to prevent its exudation into the
outside. ithed Qyngsg%%éh%laﬁ o form fine water droplet particles on

the polymer solution, an organic solvent to be used must be
water-insoluble. Examples thereof include halogen based
organic solvents such as chloroform and methylene chloride;
aromatic hydrocarbons such as benzene, tcluene, and %ylene;
‘esters such as ethyl acetate and butyl acetate;
water-inscluble ketones such as methyl iscbutyl ketone: and
carbon disulfide, These organic solvents may be used singly
or may be used as a mixed solvent which is a combination of
these sqlvents.

The polymer concentration of the total of the bio-
degradable poelymer and the amphiphilic polymer which are
dissclved in such an organic solvent is pfeferabiy'from 0.01
to 10 wt %, and more preferably from 0.05 to 5 wt %. When the
polymer concentration is iower‘thdn 0.01 wt %, the mechanical
strength of the resulting filmis insufficient, and therefore,
such is not desirable. Also, when it iz 10 wt % or more, the

- polymer concentration is too high so that a sufficient honey-



The anti-adhesion membrane of the invention can be.formed into a shape of a laminate of two or more
sheets of honeycomb structure films in consideration of improvement in the mechanical strength. The™ ™~
number of sheets of honeycomb structure films to be laminated is preferably from 2 to 15, and more
preferably from 2 to 10 from the viewpoint of flexibility of the film. In this way, it is possible to bring
characteristics which polymers constituting the respective films have, such as dynamic strength, tissue
adhesion, and bioabsorbability, to the anti-adhesion membrane. The adhesion preventing
material comprising a laminate of honeycomb structure films can be produced by swelling honeycomb
structure films to be laminated them, or laminating respective honeycomb structure films and, swelling

them in an a%emclfuate solvent, followed by drying. As the solvent for swelling the dried films, any solvent
can be used $6 a?%glif:g%@ﬁsltﬁé“ﬁ&n@é&@tﬁﬁ%%uctﬁ?éﬁm%mmn@utfd@somhmmm therein. For

example, water or an %uee%%%aolutiogglfn inorganic salt such as sodium chloride and calcium
Y

rganic Sonvent Subhds ethafisl, Htethiamiol, ifd propamal can be added.

chloride is preferable. Also, an organic 50
Though the+thickness«ef thehpngycomb str Glure film is not particularly limited, it is preferably not
more than 500 Rm, and more preferablt;a/ no?ngr'e th%})neﬂoﬁiﬁ)%ﬁ%?ﬁ%ﬁ %/i]e’ﬁpBH’r]fY(?T@fFéxibility. Also,
the th|cknessambthgih@@gy@@%&trgg%etfgghl_slgr%fqgggIﬁ/cgl,ﬁrH. grmore, an mg&e referably 3 Rm
or more from the viewpoint of handling properties. In particular, the anti-adiiesisi fnembrane of
the inventickBissuitatiy arseddor preventing-adhasion.athe tinef asurgical opesgtion. For example,
the adhesion preventing material is used for preventing adhesion of the surface of a biotissue as
damaged BYHiF abtBmifarspération apainstantiseasedf liver, ispleen iparereas; kidpey, uterus,
ovarium, efc. or an g@aeration during suturing of an Achilles tendon, a nerve, etc. With respect to a
method for Uaing the alti-adR8gion. stability, and therefore, such is not

preferable.

Similarly, the concéntration in the solutionof thetotal
of the biodegradable polymer and the phospholipid which are
dissolved in the foregoing solvent is preferably from 0.01 to
10 wt %, and more preferably from 0.05 to 5 wt 2. When the
polymer concentration 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 2 or more, the
concentration in the solution is too high so that a sufficient
honeycomb structure is not obtained. Furthermore, the
compesition ratioc of the biodegradable polymer to the
phospholipid is from1/1 to 1, G00/1 (wt/wt) in terms of a weight
ratic. 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
weight rat-io is 1/1 or more, the resulting structure does not
have self-supporting properties as a film and is high in costs

and poor in economy, and therefore, such is not preferable.



membrane of the invention, an aperture of the honeycombh structure film is stuck on a wound area, and
the moisture such as blood and an organ liquid is then adsorbed, thereby fixing the anti-adhesion™ ™"
membrane to the wound area. Since the moisture such as blood and an organ liquid is adsorbed in the
aperture, it is not necessary to suture the wound area Furthermore, in the case where the
moisture in the wound area is little so that fixation is insufficient, it is also possible to stick the
anti-adhesion membrane of the invention on the wound area and then supply the liquid from the
outside, thereby promoting the fixation of the subject material. As the liquid to be supplied from the
outside, though any solution can be used so far as it is an aqueous solution which is harmless to the

wound area, a physiologlcal saline solution or Ringer's solution is suitable. Moreover, since when
dipped in water, the'filnt OF tH&' HRhiiGH is free f?b%ﬁlﬁ%tomﬁﬂéme ofrgelation oo tiesotution, it does
nt and i eas for handllng In addition, the anti-adhesion

nmoetrggp:ntg oéfo ?P%%#\%rll[:%%%%ﬁ be su%Jectedatb SSRGS FeMRRIESHENAS BiHaho sterilization,
7-ray sterlI|MI%@@QE?Q&E@BI%%@%'O”LQQQ ethwgnxr?a?gg%aqla 3 stenhzatlon By applylng sucha
treatment, it is possible to enhance the saf'ety such as gl
a metal, and a silicon wafer; high molecular materials having
excellent organic solvent resistance, such as polypropylene,
polyethylene, and polyvether ketone; and liguids such as water,
& liguid paraffin, and a ligquid polyether can be used. Above
all, in the case of using v}ater as the substrate, by efficiently
utilizing seli-supporting properties which are a
cha;acteristic feature of the subject honeyéomb structure, the
subject structure can be. casily taken out singly from the
substrate, and such is suitable.

In the invention, the mechanism for forming a honeycomb
structure is considered as follows. When the hydrophdb:&.c
‘organic solvent is evaporated, i1t takes away a latent heat.
Thus, the temperature of-the cast film surface drops, and fine
liguid droplets of water coagulate and adhere on the surface

| of the polymer solution. By the action of the hydrophilic
segment in the polymer solution, a surface tension between
water and the hydrOphobic orcjanic solvent is reduced. For that
reason, when the water fineparticles coagulate to forma single
block, they are made stable. Following the evaporation of the
solvent, ligquid dr'oplets in a he?:agonal form lie in the closest

Ppacking form, and the water is finally evaporated of¥f, whereby

the polymer remains in the regularly laid honeycomb Fform.
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BRIEF DESCRIPTION OF THE DRAWANGS—-- - Fig.-l-is-an.gptical microscope photograph of an
anti-adhesion membrane of the invention. Fig. 2 is an electron microscope photograph of a film

having a honeycomb structure as obtained in Example 4. . Fjg. 3 is an electron microscope
photograph of a film having a honeycomb structure as obtained in Exarr_lple 5 Fig. 4 is an optlcal
microscope photograph of a film having a honeycomb structure as obtained in Exam_ple 6 Fig. 5
is an optical microscope photograph of a film having a h_oneycomb structure as obtained in Exa_mple 7.
Fig. 6 is an optical microscope photograph of a film having a honeycomb structure as ot_;talned in
Example 8. BEST MODE FOR CARRYING OUT THE INVENTIO'N Modes for carrying out the
invention wjll be hgreunder described with reference to the following Examples, but it should not be

construed that the invention’fs Tirnifed fieréto" (EXAMPLES)stance for preparing

the subject film, it is desired that the relative humidity is
in the range of from 50 to 95 %. When the relative humidity
is not more than 50 %, condensation on the cast film is
insufficient, while when it is-95 % or more, it is difficult
to control the circumstance, and therefore, such is not
preferable. The size of a void inner diameter of the thus
formed honeycomb structure is from 0.1 to 20 m, and when the
size of the vbid inner diameter falls within this range, the
resulting film can be suitably used as an anti-adhesion
membrane.

In the thus prepared film, when the surface has a heney-
comb structure and the film thickness is sufficiently thick,
the back side which comes into contact with the substrate is

- a flat surface into which pores do not penetrate. Also, when
the film thickness is thinner than the size of the water droplet,
a film into which pores penetrate is obtained.

Accordingly, it 1s desired to choose a penetrating fiim
or a non—penetratihg film‘depending upon the intended purpose
of use.

From the viewpoint of prevention of adhesion, in order
Lo suppress migration of fibrious cells between the organs,
it. is preferred touse a film into which pores do not penetrate,
Furthermore, it is preferable that the side having a honeycomb

structure is brought into contact with a wound arsa . This
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(Example 1) A chloroferm-solution.of polylactic acid (molecular weight: 100,000) (5 g/L) was mixed

. with, as an amphiphilic polymer, a polyacrylamide copolymer (weight avéragé molecttar weight; -
- 85,000) as represented by the compound formula 1 in a proportion of 10/1, the mixture was cast on a

glass substrate and allowed to stand under a condition at room temperature and at a humidity of 70 %,

and the solvent was gradually evaporated off to prepare a honeycomb structure. The thus obtained

honeycomb structure had a size of void inner diameter of 5 m and a film thickness of 13 vum. An

optical microscope photograph thereof is shown in Fig 1. (Example 2) A chloroform solution of a
lactic a id-glycolic acid coplymer. (copolymer ratio: 75/25, molecular weight: 100,000) (5 g/L) was

mixed with, gs an amphiphilic polymer, the polyacrylamide copolymer in a proportion of 10/1, the
mixture was tast BfH §askisubsthite sirl allowedits stand usder a-Ccondition At roem,temperature and

ata humidi%gf 50 O/g,r ar%d the solvent was gradually eva_po_rated o_ff to prepare a honeyco_mb st_ructure.
The thus obtainéd honeycomb stritiutéHag size of void inner diameteref 5:di apd-afilm thickness
of 13 mm. ang toe prevent its exudation into the outside,

Theanti-adhesionnmmbranecﬁftheinventiancahkmaform@d
into a shape of a laminate of two or more sheets of honeycomb
Structure films in consideration of improvement in the
mechanical strength. The number of sheets of honeycomb
Structure films to be laminated is preferably from 2 to 15,
and more preferably from 2 to 10 from the viewpoint of
flexibility of the film. In this way, it is possible to bring
characteristics which polymers constituting .the respective
fi}ms have, such as dynamic strength, tissue adhesion, and
bloabsorbability, to the anti-adhesion membrane.

The adhesionApreventinglnaterial comprising a laminate
of honeycomb structure f£ilms ¢an be produced by swelling
honeycomb structure £ilms to be laminated them, or laminating
respective honeycomb structure films and swelling them in an
adegquate solvent, followed by drying. BAs the solvent for
swelling the dried films, any soivent can he uvused so far as

‘it swells the_honeycomb Structure films without dissolving
them therein. For example, water or an aquecus solution of
an inorganic salt such as sodium chloride and calcium chloride
is preferable. Also, an organic solvent such'as ethancl,
methanol, and propanol can be added.

Though the thickness of the honeycomb structure Film is

12



The polyacrylamide copolymer as used has the_following structural formula, [Formula] (m and n each
represents a repeating unit, and m/n is 1/4.) (Comparative Example 1) A chloroformi solution of-———
polylactic acid (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

prepare a cast film. (Comparative Example 2) A chloroform solution of a lactic acid-glycolic acid
coplymer (copolymer ratio: 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 prepare a cast film. (Example 3) Male SPF hairless rats (mean body
weight: 250 g) were anesthetized by intraperitoneal injection; the abdominal region was cut open to
expose the Sfomaér; theuhteguméntist-tae, wall siuface-ofthestomash fundus was waunded about
8mm; and each of the anti-adhesion membrane as obtained in Examples 1 and 2 and Comparative

Examples 1'8hd3 AHteécemmietarisidesp vas stuckithereon pvery one-sheet perJat, Qne week after
n.membrane, autopsy was performed to observe the adhesion state with the

sticking the apti-gdhesion.m . %%@ » ;
naked eye. As a result the TeSuts réydding e adhesiomstate of sactirat ascshowmvifiTable 1 were
obtained. sy ycture film is preferably 1 pm or more, and more preferably

3 pm or more from the viewpoint of handling properties.

In particular, the anti-adhesion membrane of the
invention is suitably used for preventing adhesion at the time
ofaasurgicaloperation@ Forexample,theadhesionpreventing
material is used for preventing adhesion of the surface of a
biotissue as damaged by an abdominal 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 & method for vsing the anti-~adhesion
membrane of the invention, an . aperture of the honevcomb
structure film is stuck on a wound area, and the moisture such
as blood and an crgan liqﬁid is then adsarbed; thereby fixing
.the anti-adhesion membrane to the wound area. Since the
moisture such as blood and an organ liquid is adsorbed in the

_ aperta%e, it is not hecessary to suture the. wound area .

Furthermore, in the case where the moisture in the wound
area 1s little so that fixation is insufficieht, it is also
possible to stick the anti-adhesion membrane of the invention
on the wound area and then supply the liquid from the cutside,

thereby promoting the fixation of trhe subject material. As
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In the honeycomb structure films of Examptes-1-and- 2; neither-gelation.nor dissolution was 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 inflammatory response or the like was not caused, and it
was noted that the anti-adhesion membrane as obtained by the invention had satisfactory
biocompatibility. In each of the cast films of Comparative Examples 1 'and 2, it failed in flexibility; when
once wrinkled, it did not return to the original condition; and sticking to the wound area was difficult.
Therefore, it could not be said that the operability is good. The results are shown in Table 1. Table 1

Contents of anti-adhesionAdhesion state membrane Honeycombstructurefiimmade of

PLA/polyac ide copalymer HoneycomOstructurefilmmade of PLGA/polyacrylamide copolymer
PLA cast fi|%k%nlgau“§)%¥rge supnlied from the outside, though any sclution

can be used so far as it is an aqueous solution which is harmless
to the wound area, a physiclogical saline solution or Ringer’s
solution is suitable. |

Moreover, since when dipped in water, the film of the
invention is free from ‘the occurrence of gelation or
dissolution, it does not bond to a éurgical inﬁtrumen% and is
&asy fo£ handling.

Inaddition,theantiwadhesionn@mbranefnftheinvention
can be subjected tc a sterilization treatment such as ethancl
sterilization, Y-ray sterilization, electron beam
ZSterilizatien, and ethylene oxide gas sterilization. By

applyingsucheatreatment,iiﬂispossible133&nhancetjmasafety.

BRIEF DESCRIPTION OF Ti'-l{E DRAWINGS

Fig., 1 is an optical microscope photograph of an
;ntihadhesion membrane of the invention. |

Fig. 2 is an electron ﬁicroscope photograph of a Film
having a honeycomb structure as obtained in Example 4.

Fig. 3 1s an electron microscope phoﬁograph of a film .
having a honeycomb structure as obtained in Example 5.

Fig. 4 is an optical microscope photographAof a film
having a honeycomb structure as obtained in Example 6.

Fig. 5 is an optical microscope photograph of a film

having a honeycomb structure as obtained in Example 7.



Adhesion was not caused:-Adhesion was not-caused.-Adhesion-was-caused-over-peritoneum;-liver.....—.....
and stomach. Adhesion was caused over peritoneum, liver and stomach. (Example 4) A chloroform
solution of polylactic acid (molecular weight: 100,000) (5 g/L) was mixed with, as a surfactant,
phosphatidyl ethanolamine-dioleoyl in a proportion of 10/1, the mixture was cast on a glass substrate
and allowed to stand under a condition at room temperature and at a humidity of 70 %, and the solvent
was gradually evaporated off to prepare a film having a honeycomb structure. The individual pores
constituting the honeycomb structure in the thus obtained structure had a size of void inner diameter of
about 5 pm and a film thickness of 13 km, and the film was a non-penetrating film. The film was

cloudy. Though a p lylactié: %cid c]:._ilm as pre’ggreq bg a %eneral casting method is colorless and
transparent, when it has a horeyconih stricturd 28R EMiBHC #1é R 7 cdudy Hie to scattering

thghL/“1having a honeycomb structure as obtained in Example 8.

BEST MODE FOR CARRYING OUT THE INVENTION
Modes for carrying out the invention will be hereunder
described with reference te the following Examples, but it

should not be construed that the invention is limited thereto.

(EXAMPLES)
(Example 1)
A chloroform solution of polylactic acid {(molecular
welght: 100,000) (5 g/L) was mixed with, as an amphiphilic
| polymer, a polyacrylamide copolymer (weight average molecular
welght: 85,000} as represented by the compound formulé 1 in
’a.prcportion.of 10/1, the mixture was cast on a glass substrate
and allowed to stand under a condition at room temperature and
at a humidity of 70 %, and the solvent was gradually evaporated
off to prepare a hdneycomb structure. The thus obtained
honéycomb structure had a size of void inner diameter of 5 pm
and a film thiékness of 13 um. An optical microscope
pﬁotograph thereof is shown in Fig. 1. |
{Example 2)
A chloroform solution of a lactic acid-glycolic acid
coplymer. (copolymer ratio; 15/2%, molecular weight: 100, 000)

{5 g/L) was mixed with, as an amphiphilic polymer, the
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" "SEM photograph-is shownn Fig;2-(Example 5)-- - -A-chloroform-solution-of-polylactic acid
(molecular weight: 100,000) (5 g/L) was mixed with, as a surfactant, phosphatidyl
ethanolamine-dioleoyl in a proportion of 200/1, the mixture was cast on a glass substrate and allowed
to stand under a condition at room temperature and at a humidity of 70 %, and the solvent was
gradually evaporated off to prepare a film having a honeycomb structure. The individual pores
constituting the honeycomb structure in the thus obtained structure had a size of void inner diameter of
about 5 pm and a film thickness of 13 pm, and the film was a non-penetrating film. The film was
cloudy. It is noted from this matter that a honeycomb structure is generated as in Example 4. An SEM
photograph | wn. in Fig. 3. (Example 6) | A chloroform solution of polylactic acid (molecular
weight: 100%)0%?%%37 E %%%emlféodj r\?vg “4s A sOrFCtant phoBpRatityY éthdrtiafdirédisieoyl in a
proportion [1..the pixtur c lass sybstrate and allowed to stand under a condition
at room ten?{:)&%?zg[ﬁegn%ﬂaﬁa Ej\%{n%%itygggj% %gnda ﬁ'u%é s&ogl?/té)ﬁqteviyag QraduEify SVipotatdd off to

prepare a filrahavinga haneycamb stiyeture The Migﬁ%pﬁfﬁ&%ﬁ@'tg&ng ghe honeycomb
structure in the thus obtained structure had a size of void inner diameter of about 5 pm and a film

thickness ot 118 pmi amitthe: filmrwes ainan-peneirating il The Sl was.cloydy. It is,nated from this
matter that a honeycomb structure is generated as in Example 4. An optical microscope photograph is

shown in Figt Bufitkarmple e thua chiveoford sotutior-of lacticacidglyeelic aciseeplymer
(molecular weight; 101,000) (5 g/L) was mixed with, as a surfactant, phosphatidyl

~ ethanolamite-diofebyt i aproburedie st 26/5 the mixture fidsicastiorkasglass substrate and allowed to
stand under a conc}iyl%n a{glroorcp te{npe,r ture and at a humidity of 70 %, and the solvent was gradually
evaporated off to prepafe a-fim having- a hordyCORTE St et s diiguarpdresicenstituting the

~ honeycomb stryetyre in the thus, abtained structure had a size of void inner diameter of about 3 im and
a film thickness of 10 pm, and the film was a non-penetrating film. The film was cloudy. Though a
polylactic acid film as prepared by a general casting method is colorless and transparent, when it has
a honeycomb structure as in the invention, the film is cloudy due to scattering of light. An optical
microscopé Phorograph is shown in Fig. 5. (Example 8) A chloroform solution of a lactic
acid-glycolic acid coplymer (molecular weight: 101,000) (5 g/L) was mixed with, as a surfactant,
phosphatidyl ethanolamine-dioleoyl in a proportion of 200/1, the mixture was cast on a glass substrate

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

{(Comparative Example 1)

A chloroform solution of polylactic acid (molecular
welght: 100,000} (100 g/L) was cast on a glass substrate and
allowed to stagd under a céndition at room temperature, and
the solvent was removed by spontaneous drying to prepare a cast
film.

(Comparative Example 2)

A chloroform solution of a lactic acid-glycolic acid
CQplymer (copolymer ratio: 75/25, molecular Weightf.lﬂo,OOOJ
(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 prepare a cast film.

(Example 3)
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and all6wed to stand under a conditionat room-temperature-and-at-a humidity-of-70-%, and the-selvent-- -
was gradually evaporated-off to prepare a film having a honeycomb structure. The individual pores
constituting the honeycomb structure in the thus obtained structure had a size of void inner diameter of
about 5 gm and a film thickness of 10 gm, and the film was a non-penetrating film. The film was
cloudy. It is noted from this matter that a honeycomb structure is generated as in Example 7. An
optical microscope photograph is shown in Fig. 6. (Comparative Example 3) It was tried to
prepare a film having a honeycomb structure in the same manner as in Example 4 by using a

- chloroform solution of polylac ¢ acid (molecular weight: 100,000) (5 g/L). However, a honeycomb

‘Structure was not fored butapan-unlr [ was preparsd. (Comparals BXamRle ) rorermes
in Examg; [

tried to prepare a honeycomb structure in the same manner mple using a chloroform

solution of phosphatidyl.athanojamine:dipleoyt (@) Howeyer: afim could ot he: prepared, and

self-supporting properties were not revealed. In order to confirm the adhesion preventive effect in

a living body agterding fodhe inyentiarnokihis applicatiencexperiments were gawded oyt by using an
intraperitoneal adhesion model of rat. With respect to the intraperitoneai adhesion model, a rat was
fixed in the Shgireaibh andénthe afiestiresiadnach fundus was wounded about 8 muw;

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 the£eon 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 structure fililms of Examples 1 and 2,
n@ither_gelation nor dissolution was 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 inflammatory response or the like was not caused,
and it was noted that the anti-adhesion membrane as obtained
by the invention had satisfactory biccompatibility. In each
of the cast films of Comparative Examples 1 and 2, it failed
in flexibility; when once wrinkled; it did not return to the
original condition; and sticking te the wound area was
difficult. Therefore, iﬁ couid not be said that the
cperability is good. | |

The results are shown in Table 1.
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“rintraperitoneal-administration with-sodium-pentobarbital430 mg/kg Nembutal injection,available from
Dainippon Pharmaceutical Co., Ltd.), and the abdominal region was shaven and then disinfected with
ethanol for disinfection. In addition, the operation region was disinfected with an isodine disinfectant,
-and from 3 to 4 cm of the abdominal region was then cut open along the median line to expose a
cecum. A certain area (1 to 2 cm2) of the exposed caecum was abraded by using a sterile absorbent
gauze until petechial hemorrhage was generated. After returning the caecum into the peritoneal cavity,
the anti-adhesion membrane was stuck thereon, the tunica muscularis of the cut part was continuously
sutured, and the cutis was sutured with 4 to 5 stitches. The wound part was disinfected with an isodine
disinfectantTanqothe rat was then returned to a cage. Seven days after the operation, the rat was
subjected to éﬁ%) f)e?ation on the abdomen under the anesthesia with sodium pentobarbital, and the
degree of intraperitoneal adlrsieawas. opsernved vt the;gaked eygand;$Gored agcording to the
following criteria. (Grade classification) Grade O (score 0): Adhesion is not found. Grade 1 (score
1): AdhesioR is:figung tb a degreesstiati-tkatthe mdhe sionts-fre andican:beeasiy separated out.
Grade 2 (score 2): Weak adhé€sibhag found to-g deatee such that thewadhesion is generated within a
narrow range but is durable agamsyraeslight degree of the traction. Grade 3 (score 3):

- Considerabl#fifp A8hésion lormdcar-asthesiomisdolnthimati eastdveosilaces:as nGrade 4 (score 4):
Adhesion is found in three o dreGHiapes. yexarrplerdanid Comparative dmples will be described

copolymer

Comparative PLA cast film Adhesion was caused

Example 1 . over peritoneumn,

_ liver and stomach.

Comparative PLGA cast film Adhesion was caused

Example 2 over peritoneumn,
lLiver and stomach.

(Example 4)

A chloroform soluticn of polylactic acid (molecular
weight: 100,000) (5 ¢g/L) was mixed with, as a surfactant,
~phosphatidyl ethanolamine—dioieoyl in & proportion of lO/l,
1 the mixture was cast on a glass substrate and allowed to stand
under a condition at room.temperature and at & humidity of 70 %,
and the solvent was gradually evaporated off to prepare a film
having a honeycomb structure. The individ#al pores con-
stituting the honeycomb structure in the thus obtained
‘-structure had a size of void inner diameter of about 5 um and
& film thickness of 13 um, and the film was a non~penetrating
film. The film was cloudy. Though a polylactic acid film as
prepared by a general casting method is colorless and
transparent, when it has a honeycomb strﬁctgre as in the

invention, the film is cloudy due to scattering of light. An
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“"bélow. (Example 9)~Anadhesion preventive-effectin-a+tiving body was confirmed by using the film
as obtained in Example 5. (Comparative Example 5) The rat was sutured according to the same
procedures as in the foregoing intraperitoneal adhesion model without using an anti-adhesion
membrane. (Comparative Example 6) An intraperitoneal adhesion model was carried out by using
Sepra film(TM) (sodium hyaluronate and carboxymethyl cellulose, thickness: about 55 1.1m, available
from Kaken Pharmaceutical Co., Ltd.). The degree of intraperitoneal adhesion on each animal
was scored according to the grade classification, and the results as expressed in terms of f(mean
value) (standard error)} (mean SE) are shown in Table 2. A mean adhesion score of

Comparativ%ﬁ%agml%g (i uta @I 3 was 3,0..0.3. On the other hand, a mean adhesion scare of
Example 7 was 1.6 O.5,gan a reducg:)r‘wﬁ of %ﬁleogaéﬁési%)h score was observed as compared with

Comparative Exampig;a.rpimilagly, a reduction of the adhesion score was also observed as compared
with the adhesion score (1.8 0.7) of Comparative Example 6 (with Ceprafilm). The anti-adhesion

membrane of the ingentioncafthis-application givesisedo@nexdlicit effest ageomparad with the case
where an anti-adhesion membrane is not used. Furthermore, not only it is effective for preventing

adhesion asvegrmpared\With @Ré Tilnt of ComparativerExampie. 6 whiels isscusrentlyqausrinto practical use,
but also it is easy in handling because it does not have bonding properties as in the film of
© Comparativi biglyl ethanolamine-dioleoyl in a proportien of 200/1,
' the mixture was cast on a glass substrate and allowed to stand
under a condition at room temperature and at a humidity of 70 %,
and the solvent was gradually evaporated off to prepare a film
héving a honeycomb structure. The individual pores con-
stituting the honeycomb structure in the thus obtained
- structure had a size of void inner diameter of about 5 um and
a film thickness of 13 um, and the film was a non-penetrating
7 film. The film was cloudy. It is noted from thi‘s matter that
a honeycomb structure is generated as in Example 4. -An SEM
photograph is shown in Fig. 3.
(Example &)
A chloroform solution of pelylactic ac:lid. {molecularxr
‘welght: 100,000) (5 g/L) was mixed with, as a surfactant,
phosphatidyl ethanqlémine—dioleoyl in a proportion of 8‘00/1,
the mixture was cast on a glass substrate and allowed to stand
under a condition at room temperature and at a humidity of 70 %,
and the sozvént was gradually evaporated of f to prepare a £film
having a honeycomb structure. The individual _pofes' con-

‘'stituting the honeycomb structure in the thus obtained

_ st’ruct_ure had a size of void inner diameter of about 5 um and
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Table 2:" Results of evaluation of intraperitoneat-adhesion-model Drug-Animal-No. Score Example 9:
Honeycomb film PLA/PE - 200/1

a film thickness of 13 um, and the film was a non-penetrating
.filmd The film was cloudy. It is noted from this matter that
Eihengycombstructureﬁf;generatedas in Example 4. zﬁmcétical
microscope photograph is shown in Fig. 4.

{Example 7)

A chioroform sclution of a lactic acid-glycolic acid
.copiymer {(moiecular weight: 101,000} (5 g/L) was mixed with,
as a surfactant, phosphatidyl ethanolamine-dioleoyl in a
proportion of 10/1, the mixture was cast on a glass substrate
and allowed to stand under a condition at room temperature and
at a homidity of 70 %, and the solvent was gradually evaporated
off te prepare a film having a honeycomb structure. The
individuai poraes constituting the honeycomb structure in the
ihus obtained structure had a size of void inner‘diameter of
about 3 pm and a film thickness of 10 pm, and the film was a
non-penetrating f£ilm. The film was cloudy. Though a
polylactic acid film as prepared by a general casting method
iscolorlessandtxansparent,whmd;thasaimmeycombstruéture
as in the inventioh, the fiim is cloudy dus to scattering of
light. An optical microscope photograph is shown in Fig. 5.
| {Example . 8) |

A chloroform solution of a lactic acid-glycolic acid
CQplymer {molecular weight: 101,000) (5 g/L) was mixed with,
és a surfactant, phosphatidyl ethanclamine-dioleoyl in a

c proportion of 200/1, the mixture was cast on d glass substrate
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and allowed to stand under a condition at room temperature and
;at a humidity of 70 %, and the solvent was agradually evaporated
off to prepare a f£ilm having a honeycomb structure. The
individual pores constitutiﬁg the honeycomb structure in the
thus obtained structure had a size of void inner diameter of
about 5 pm and a film thickness of 10 um, and the film was a
nen-penetrating £ilm. The film was cloudy. It is noted from
this matter that a honeycomb structure is generated as in
‘Example 7. An optical microscope photograph is shown in Fig.
6. |

{Comparative Example 3)

1t was tried to prepare a film having a honeycomb
structure in the same manner as in Example 4 by using a
.chloroform solution of polylactic acid fmolecular welght:
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 solution of
phOSphatidyi ethanolamine-dioleoyl (5 g/L). However, a film
could not be prepared, and self~supporting properties were net
revealed.

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

experiments were carried out by using an intraperitoneal
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1.6'0.5 Comparative Exampte 5:-Control group-(without-a film)-101-1.02-103.104.105..Mean S.E. 4

adhesion model of rat.

With respect to the intraperitoneal adhesion model, a
rat was fixed in the supination under_the anesthesia by
intraperitoneal administration with sodium pentobarbital (30
mg/kg  Nembutal dinjection, available from Dainippon
Pharmaceutical.Céo, Ltd.}, and the abdomninal region was shaven
and then disinfected with ethanol for disinfection. In
addition, the operation region was disinfected with an isodine
disinfectant, and from 3 to 4 cm of the abdominal region was
then cut open along the median line to erdpose a cecum. A certain
area (1 to 2 cm®) of the exposed caecum was azbraded by using
a sterile absorbent gauze until petechial hemorrhage was
generated. -After returninglthe caecum into the peritoneal
cavity, the anti—édhesion membrane was stuck thereon, the
tunica muscularis of the cul part was continuously sutured,
‘énd,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 cagé.

Seven days after the operation, the rat was subjected
to an operation on the abdomen under the anesthesias with sodium
pentobarkbital, and'the degree of intraperitoneal adhesion was
observed with the naked eye and scored according to the
following criteria. |
(Grade ciassification)

Grade 0 {score 0): Adhesion is notrfound_
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- 23 3 3 3.00.3 Comparative -Example-6:-Positive -controt-group-(with- Ceprafilm)-201 202 203 204 205
Mean -

Grade 1 {score 1): Adhesion is found to a degree such
that the adhesion is fine and can be.easiiy separated out.

Grade 2 (séore 2): Weak adhesion is found to a degree
such that the adhesion is generated Qiﬁhin 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 least two places.

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

Example and Comparative Examples will be described
below,

{Example 9)

An azdhesion preventive effect in a living body was
cohfirmed by using.the film as obtained in Example 5.

(Comparative Example 5)

The rat was sutured according to the same procedures as
in the foregoing intraperitoneal adhesion model without using
an anti-adhesion membrane.

{Comparative Example 6)

An intraperitoneal adhesion model was carried out by
ﬁsing Sepra film{TM) (sodium hyaluronate and carboxymethyl

.ceilulose, thickness: about 55 pm, available from Kaken
_Pharmaéeutical Co., Ltd.}.

The degree of intraperitoneal adhesion on each animal

was scored according to the grade classification, and the
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S.E.141301.80.7 INDUSTRIAL-APPLICABILITY- - -The-biodegradable-film having-a-- S —
honeycomb structure of the invention of this appllcatlon can be applied as an anti-adhesion membrane
to a living body. CLAIMS I.A production process of a biodegradable film having a honeycomb
structure, which is obtained by casting an organic solvent solution of a biodegradable polymer and a
phospholipid on a substrate in the atmosphere of a relative humidity of from 50 to 95 %. gradually
transpiring said organic solvent and simultaneously condensing it on the surface of said cast liquid,
and evaporating fine water droplets as generated by said condensation.

results as expressed in terms of { (mean value) % {standard

arror)} {(mean * S.E.}) are shown in Table 2.

A mean adhesion score of Comparative Example 5 {without

a film) was 3.0+ 0.3. On the other hand, a mean adhesion score

of Example 7 was 1.6 * 0.5, and a reduction of the adhesion

‘score was observed as compared with Comparative Example 5.

Similarly, a reduction of the adhesion score was also cbhserved

as compared with the adhesion score (1.8 4 0.7) of Comparative

Example 6 (with Ceprafilm).

The anti-adhesion membrane of the invention of this

application gives rise to an explicit effect as compared with

the case where an anti-adhesion membrane is not used.

Furthermore, not only it is effective for preventing adhesion

‘as compared with the film of Comparative Example 6 which is

currently put into practical use, but also it is easy in

'~ handling because it does not have bonding pfopert:}es as in the

film of Comparative Example 6.
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2. The production process of a biodegradable film according toctaim-1.-wherein-said-biodegradable - -

polymer is a biodegradable aliphatic polyester. 3. The production process of a biodegradable film
according to claim | to 2. wherein said phospholipids is selected from the group consisting of
phosphatidyl ethanol amine, phosphatidyl chorine, phosphatidyl serine, phosphatidyl glycerol, and
derivatives thereof. 4. The production process of a biodegradable film according to claim 3. which is
characterized in that said phospholipids is L-a-phosphatidyl ethanolamine. ABSTRACT
BIODEGRADABLE FILM HAVING HONEYCOMB STRUCTURE The invention relates to a production
process of a biodegradable film having a honeycomb structure, which is obtained by casting an
organic solvent solution of a biodegradable polymer on a substrate in the atmosphere of a relative
humidity of from 50 to 95 %, gradually transpiring said organic solvent and simultaneously condensing

it on the suface of saidcastdiguid, and evapqrating finewater, droplgts.as.generated by said
condensation. (E1G. 1)

Drug ’ Animal No. Score
Example 9:
301 0
302 2
Honeycomb £ilm ' §82 é
PLA/PE = 200/1 305 2'
e N
+ 5.5, 0.5
Comparative Example 5: :
101 4
102 2
Controel group 182 g
fwithout a2 film) 105 3
‘Mean 3.0 T
& S.K 0.3
Comparative Example 6:
’ 201 1
202 4
. 243 1
Pesitive control group 204 3
{with Ceprafilm) - 205 0
| ‘Mean (- T
+ S.E 0.7

INDUSTRIAL APPLICABILITY
The biodegradable f£ilm having a honeyconb structure of
the invention of this application can be applied as an

anti-adhesion membrane to a living body.
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CLAIMS

I. A production process of a biodegradable film having a honevcomb structure,
which s obtained by casting an organic solvent solution of a biodegradabie polvmer and
a phospholipid on a substrate in the atmosphere of a relative humidity of from 50 1o 93
%. gradually transpiring said organic solvent and simultaneously condensing it on the
surface of said cast liquid. and evaporating fine water droplets as generated by said

condensation,

2. The production process of a biodegradable film according to claim 1. wherein

said biodegradable polymer is a biodegradable aliphatic polvester.

3. The production process of a blodegradable film according to claim 1 10 2.
wherein said phospholipids is selected from the group consisting of phosphatidy] ethanol
amine, phosphatidyl chorine, phosphatidyl serine, phosphatidyl giveerol, and derivatives
thereof.

4. The production process of a biodegradable film according to claim 3, which is

characterized in that said phospholipids is L-a-phosphatidy! ethanolamine.
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