- DESCRI PTI ON Bl ODEGRADABLE FI LM HAVI NG HONEYCOVB STRUCTURE TECHNI CAL FI ELD
The present invention relates to an anti-adhesion nenbrane for preventing
adhesion after an operation. In nore detail, the invention relates to an
anti-adhesi on nenbrane nmade of a bi odegradable film having a honeycomnb
structure. The anti-adhesion nenbrane of the invention is excellent in
handl i ng properties and exhibits a satisfactory adhesion preventive effect
stably over a desired period of tine. BACKGROUND ART Ti ssue adhesi on which

is a physiological action as gengggtgtbabier a surgical operation is
defined as abnormal binding between a surrounding tissue and an organ or
the like, which is caused fromthe production of a collagen fiber by a
fibroblast as generated following a tissue damage. It is considered that

such adhesi on I il 9 tion, and in
t he case wher eﬁgﬁggﬁﬁ@%ﬁﬁﬁéﬁ%@ﬁ&ﬁ%@%@@Sfﬁ@‘ﬁi‘tﬁ%ﬁ. s caused, a
patient is acconpanied by nental or physical pain, resulting in a problem
In order to solve this problem there have hitherto been 1 made a nunber
of studies. For exanple, in order to mninmze the adhesion formation,

wat er - sol ubl e anti - adhesi on nenbrane such as a sodi um al gi nat e agueous

sol ution apd,a sodi ¥ hyal uronate aqueous sol ution were used. However,
whil e thes

The present invention relates to an anti-adhesion
membrane fér preventing adhesion after an operation. In more
detail, the invention relates to an anti-adhesion membrane
madeofeabiodegradablefilm}nndjm;ahoneycombstructure. The
anti-adhesion membrane of the invention is excellent in

j'.l'Léndlingfrproper’(:ies and exhibits a satisfaétory 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
biofunctional disorder, or the like is caused, a patient is
accompani@jbynmntalcn:physicalpain,resultingjjlaproblem.

In order to solve this problem, there have hitherto been



materi al s- have sonme 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 nornmal area. For that reason,
in order to separate a damaged tissue fromother tissues, anti-adhesion

~ menbrane nmade of, as a physical barrier, a material such as silicone,
vasel i ne, and pol ytetrafluoroethyl ene are studied. Since such a nateri al

i S a non-bioabsorbable material, while it is provided with a sufficient
“action a@aﬁebérmm@bert@ﬁﬁ%ﬁW@WQﬁ4n&@ﬂV@dappébLenB oxdreh tas melndinsikezeof an

i mune response due to long-termretention in the body and a necessity of
a secondtbperditéphol donmsiing:, vatertsaflubi ecamiel -ddhos den remkacinee t hese
probl ens, anti-adhesion nmenbrane wusing a natural polynmer which is a

bi oabsor babhe amat@r sabiver el gievel opedueSpecisbilealily, @and aat iscadhgsi on
menbr ane usi ng oxidized cellulose is known. In the case of applying a

sponge ohy&bitongada@ied diczed ieel hul8stedl NOBWELBL oW celsare |iable
to pass through voids and migrate, there was involved a problem 2 of

- causi ng pghesi s h@v@rg@ﬁetQn@&eﬁﬁﬂEsEQbsef%@E% ag@%%b%@ o%e%%rgﬂe made of
sodi-um hyal uronate and carboxymethyl celluiose are devel oped and used.

However,ystace dhesa1imteripls hawe high,water absqrption, . ther

i nvol ved a
prevention of adhesion is required, they do not retain in a

necessaryplaée,andtheyhavea;xmsibilitytxjcauseundesired
adhesion in a normal area.
For that reason, in order to separate a damaged tissue
from other tissues, anti-adhesion membrane made of, as a
physical barrier, a material such as silicone, vaseline, and
‘ polytetrafluoroethylene are studied. Since such a material
| is a non-bioabsorbable material, while it is provided with a
" sufficient action as a bérrier, there were involved problems
$uch as a risk of an immune response due to long~term retention
in the body and a necessity of a second operation for taking
out it after cure.
Indrdértx)solvetheseproblems,anti—adhesionnembrane
uéing‘a:natural polymer which is a bioabsorbable material were
developed.
Specifically, an anti—adhesionlnembrane using oxidized
‘cellulose is known. In the case of applying a sponge or knit
made of oxidized celluiose, since fibfious 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 nenbrane is desired to have a shape in which circul ation of
fibrious cells fromone tissue to other tissue does not occur and is al so
desired to have biodegradability and high operability. JP-A-2000-197693
di scl oses a porous anti-adhesion nenbrane nade of a copol yner of lactic
acid and caprol actone. JP-A-200l -157574 describes a film having a
honeyconb structure as prepared froma pol ymer containing a bio- degradabl e
pol ymer HHvicAysaddeachdetetro 1nt or8eriofpmverdnphiiphi #nti patlyaeiohavi ng a
hydrophilic acrylam de polyner as a principal chain skel eton and havi ng
bot h a dogedylargr ompdeas od hgddaphobhgasidenabai nandd @atlastesetigybup or a
carboxyl group as a hydrophilic side chain and a production process

t her eof . dddvieMerse thpeighietha dpase amd efisaly.pol yorevas, usaadaerehdsei s a
pol ymer having high bioconpatibility, there is concern that the

anphi phi hia¢ epalayiremavghii fie deeorpasedrpaten, aghekamide dafd Mald ves, and
it is hard to say that the 3 derivatives are always safety against a

living bedypikl f0ssi Phee ihels Ci%s'&eéjlltél?tb hﬁla ﬁntoiofs%'% SIJDJ[SU(?h an

anphi philic polymer is controlled at a ar as
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 1is also desired to Thave
biodegradaﬁility and high operability.

JP—A~2060—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 honeyconb
structure as prepared from a polymer containing a bio-
degradable polymer having added thereto 1 to 50 %-of an
rémphiphilic polymer having a hydrophilic acrylamide polymer
as a principal chain skeleton and having both a dodecyl group
as a hydrophobic side chain and a lactose group or a cafboxyl
group as a hydrophilic side chain. and a production process
thereof.

However, though the base material polymer as used herein
is a polymer having high biocompatibility, there is concern
that the amphiphilic polymer might be decomposed into

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



In this way, for the purpose of applying to a biotissue, in the case of
using a filmhaving a fine structure, bioconpatibility beconmes a big

probl em 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
polymers, is desired to have bioconpatibility and safety against a living
body. For the purpose of achieving this, it is also desired fromthe

vi ewpoi nt of securing safety to increase the content of the polyner and to
control the anpbunt of use of the surfactant. In the existing

ci r cunst asgdyatdmesam e adhesiyon saferdyr v s chahds vadequeatdy.  If

bi odegradability and bio- conpatibility, is excellent in handling

properti gesaidhlegxhithiis desatedfansdryhadassuan prevert iofe @afdlecdn stably
over a desired period of tinme does not exist, and its appearance is being

demanded ampPhSEhIQURE o yitdr [INVENHt@N 1Tke) prresentod Nwerd 101 hawe {opund t hat
a bi odegradable filmhaving a honeyconb structure is an anti-adhesion

nenbranepo@@ubng excel l ent handling properties and exhibiting a 4
satisfactory adhesion preventive effect stably over a desired period of

time. Also, they have JfLH ”‘%ofrh?izc@ﬁf@; esrédb@ga f%%' %pdldo Jygst’d’hb a high

bi odegr adabl e pol yner as ‘a sur and ca Ien un

hum dity,;,a £l mdbavi ngra h&ﬂ%&c%ﬁbf§iﬁﬂ“ﬁé¥1ng a fine structure,

biocompatibility becomes a big problem. For that reason, not
oﬁly a polymer to be used but also a reagént for forming a fine
structure, namely a surfactant such as amphiphilic polymers,

" is desired to have biocompatibility and safety against a 1iving
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 circumstances, any anti-adhesion
:membrane which has adequate biodegradability and bio-
.compatibility, 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.

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-



which is also useful as a base material of cell culture and excellent in
bi oconpatibility is obtained and that the subject filmis effective for
prevention of adhesion of an operation site, etc., leading to
acconpl i shnent of the invention. Specifically, the invention relates to an
adhesion preventing material conprising a biodegradable filmhaving a
honeyconb structure and to an anti-adhesi on nenbrane conprising a

bi odegradabl e fil m having a nmean void inner dianmeter of the honeyconb
structure of not nmore than 20 m Furthernore, as a production process of

t he subjestisbatieadhelicon omepbeanetitvhes f iwentsicab lyebates tlesarpdoducti on
process of an anti-adhesi on nenbrane using a bi odegradable polyner film
havi ng apdéoheycenbrskeucture as obtai ned by casting an organic sol vent
solution of a biodegradable polyner on a substrate in the atnosphere of a

relative hum dityo ofth&Pmahd Anb tH=2dwal It ce\vaper at bResbhs1sphiect
organi ¢ solvent and sinultaneously condensing it on the surface of the

subj ect , c@sty 'ﬂiq&aéd%r_a@%l%vya@%@rngsf Lne Vel &fatt Ol £icsis9 ngehgeated by
t he subj ect condensation. In a preferred enbodi nent of the invention, the

5 bi Ode%lg%r?@bﬁdfeig'%*ﬂg}éim&i%i €y $q1h, Eé&iﬁ%ﬂfﬁoﬂe}df&ﬁ@%%ctﬁea

- physi cal rier betweeén an ope dtion’site an its acent tissue to
cont ol HEIEN 8 L6 S s S rsdic e e ot L gl
for. the excellent inbiocompatibility is obtained ahd that the subject
film is effective for prevention of adhesion of an operation
sité, etc., leading to accomplishment 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 étructure of not more than 20 pm.
Furthermcre, as a production process of the subject
anti-adhesion membrane, the invention relates to a production
process of an anti-adhesicn membrane using a biodegradable
polymerrfilm having a honeycomb structure as 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 %, gtadually evaporating the subject organic solvent
and simultaneously condensing it on the surface of the subject
cast liquid, and evaporating fine watex &roplets as generated
by the subject condensation.

In a preferred embodiment of thé_ invention, the



preparation of the biodegradable filmin the invention, biodegradable

al i phatic polyesters such as polylactic acid, a lactic acid-glycolic acid
copl ynmer, pol yhydroxybutyric acid, polycaprol actone, polyethyl ene adipate,
and pol ybutyl ene adi pate, aliphatic polycarbonates such as pol ybutyl ene
carbonat e and pol yet hyl ene carbonate, and the like are preferable fromthe
vi ewpoi nt of solubility in an organic solvent. Above all, polylactic acid,
a lactic acid-glycolic acid coplyner, and pol ycaprol actone are desirable
fromthe viewpoints of easy availability, costs, and the like. In order to
si mply piedparesy ra datmriey daiim dbrvieyusehonthcogbodtreptodacibidttyched is
preferred to use an anphiphilic polynmer in addition to the foregoing

bi odegr adabh @hpeliyaRrbardiokt Btk HoBskdet abh¥i Hhenappls £afdomas an
anti-adhesion nenbrane, it is preferable that the anphiphilic polyner is

non-t oxi &.isAsid e apRhihidiadoher®ror anROkYeENY! epger8bycoéducing
/' pol ypropyl ene glycol block copolyner, an anphlphlllc pol ymer having an

acryl anm d¢,PANFRY: 135, %fp%'d%'se% %Jfac t%igel Q1 aReh having both a dodecyl
- group as a hydrophobic side c ain an a | act e group or a carboxyl group

as a hydrophili,¢ 8,s5ige,5ha ?BﬁbagBngEE“d%F%ﬂyfgrﬁggﬁl2%1ecu

hydr ophi lic group an 10n en an anionic

naterlalﬁ%% n%% Ig)eparfn,thdeﬁD uléq?unlsal a_ﬂyckﬁ'C‘%%éht Q%Iudlng

DNA and a Ion hain at K . or T ersso
r in in n n |
_prote % ogegra %L % allpgatg epbl?egtgrgusuch as polylactic acid,

a lactic acid-glycolic acid coplymer, polyhydroxybutyric acid,
polycaprolactone, polyethylene adipate, and polybutylene
adipate, aliphatic polycarbonates such as polybutylene
carponate and polyethylene carbonate, and the 1ike are
preférable from the viewpolint of scolubility in an oréanic
solvent. BAbove all, polylactic acid, a lactic acidwleCo%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.
-Téking'into chsideration the application as an anti—adhesion
membrane, it is preferable that the amphiphilic polymer 1is
non-toxic. As the amphiphilic polymer, -a polyethylene
glycol/polypropylene glycol block éopolymer, an amphiphilic
polymer having an acrylamide polymer as a principal chain
skeleton and having bo£h a<jodécyl group as a hydrophobic side

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



.can be applied. Furthernore, a biodegradabl e and anphi philic polynmer may
be used. Exanples of such a polyner include a polylactic acid-polyethylene
gl ycol bl ock copolyner, a poly-s-capro- |actone-polyethylene glycol block
copolynmer, and a polymalic acid-polymalic acid al kyl ester block

copol ynmer. Moreover, in order to sinply prepare a honeyconb structure with
good reproducibility, a phospholipid may be added as a surfactant in
addition to the foregoi ng bio- degradable polymer. The phospholipid is a
subst ance constituting the bionmenbrane systemand originally exists in a
l'i ving bsilye chetoy ddmgmnhigtel jphosphiofigt dhdwira S was taahgei naphdi. ikkas hi gh
bi oconpatibility and which is also applicable in a drug delivery system
and it igr&apyn anhhatort heopposphaldfiigkhagnhighorsaf ehyghl mcaddidlizen, the
phosphol i pid which is used as.a surfactant in the invention is easily

avai | ablgat W1 k] raseel hephhenorddinrof dhephosaRal i pi-10;badused in
the invention, it does not matter whether it is an extract from an ani mal

tissue Oin@f'ué‘{ﬁé_;fﬂl\ﬁll %l’l'dyRﬁZXrErQ?%' 7184 p&ﬁguﬁtazhkﬁé&m&lﬁiﬁ%ép@ - appl Y,
as the phospholipid, a nenber sel ecte fromthe group conS|st|ng of

phosphat i %te‘? _hanekam 0, o P %%aébgcgé%%‘ﬁ{' ?813,%%8%'0@5%%1'13 it ' ne,

- phosphati ycerol, and erivativ er€o sphati anol am ne
is prefq&g@léé ggghleélphosphatldylethanolanlne

Furthermore, a biodegradable and amphiphilic ?olymer
may be used. Exampleé of such a polymer include a pelylactic
acid-polyethylene glycol block‘copolymer, a pblymawcapro-
lactone-polyethylene glycol block copolymer, and a polymalic
acid-polymalic acld alkyl ester block copolymer.

Moreover, 1in order fo éimply prepare a honeycomb
structure with good reproducibility, a phospholipid may be
added as a surfactant in addition to the foregoing bio-
‘degradakle polymer. ‘

| The phospholipid is a substance constituting the
biomenmbrane 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. 1In addition, the phospholipid which is used as a
surfactant in the invention is easily available.

With respect to 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.




dioleoyl is nore preferable. In preparing a honeyconb structure of the
invention, since it is essential to formfine water droplet particles on

t he pol yner solution, an organic solvent to be used nust be

wat er -i nsol ubl e. Exanpl es t hereof include hal ogen based organic solvents
such as chl orof orm and net hyl ene chloride; aromatic hydrocarbons such as
benzene, toluene, and xylene; esters such as ethyl acetate and butyl
acetate; water-insoluble ketones such as nmethyl isobutyl ketone; and
carbon disul fide. These organic solvents may be used singly or may be used
as a m xed soldeeritredht chapslyg eenbhaagiianpeiliditese ratventss] eBtedpol yner
concentration of the total of the bio- degradable polyner and the

anphi phi Ei-empal BeeE rvhbChedi € 5101 15§ Olore dolh Hs SHEH: @R OlGIUrG 1SAlivent is
preferably from0.01 to 10 vt % and nore preferably fromO0.05 to 5 w %

When th%h@@%}%ﬁ%id99”0&%fﬁ§é9n Pifod Ve dfian B,0hat  YndhearaeRani cal

strength of the resulting filmis insufficient, and thérefore, Such is not

desirabl g\ ALsgy Wwheguht | 810, 300 Mg dfie POl ViR gancantaation is

too high’s at" a sufficient honey- 8 co structure i's not obtained.

Furt her np the compositipn _ratio of_ the biodegradabl e polyner to the

anphi phi ?fﬁaﬁ%ﬁ?%ﬁe 1Pt onTder e @&%%7%‘09?%%% l%%gﬁ%ﬁ?ﬁéloﬁﬁﬁ‘ﬁﬁﬁhi lic

_ pol yner [ gs'tion i S _hot pore ihan 1, a uniform honeyconb structure is
not ~ obt af had: “Whi 2 Whkh ThetShBPLet conposition is 50 or

In preparing a honeycomb structure of the invention,
since it is essential to form fine water droplet particlés 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, toluene, and xylene;
esters such as ethyl acetate and butyl acetate;

 water~insoluble ketones such as methyl isobutyl ketcone; and
carbon disulfidé. These organic solvents may be used singly
or may be used as a mixed sclvent which is a combination of
these sqlvents.

| "The polymer concentration of the total of the bio-
degradable polymer and the amphiphilic polymer which are
dissolved in such an organic solvent is pfeferably from 0.01
rto 10 wt %, and more preferably from 0.05 to 5 wt $. When the
polymer concentrétion 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-



nore, the resulting honeyconb structure fails in stability, especially
dynam c, stability, and therefore, such is not preferable. Simlarly, the
concentration in the solution of the total of the biodegradabl e pol yner
and the phospholipid which are dissolved in the foregoing solvent is
preferably from0.01 to 10 wt % and nore preferably fromO0.05 to 5w %
When the polyner concentration is |ower than 0.01 wt % the dynamc
strength of the resulting filmis insufficient, and therefore, such is not
desirable. Also, when it is 10  %or nore, the concentration in the

sol ut i oncosb taa-diitghr Sostiet o tauffaci entrt herryeoMx 154 FugbUE €t isnnot
obtained. Furthernore, the conposition ratio of the biodegradable polynmer

to the phosphad itBkdoisadspandble i mdB0061: f MaiMH)i JHY 1tieY pB1 phed Wei ght
‘ratio. Wien the weight ratio of the phospholipid to the biodegradable

polyner {s f&%m "y A %'638031/533 000y wd,) U”'ﬁ%@tﬂ@@ﬁ%ﬁ%@‘ﬂﬁ&&“ﬁ&%ﬁek5 hot

obt ai ned, while when the subject weight ratio is nor e

resul tin Qoﬁﬁéyﬁfé n%Oﬁatnﬁarewa%ae'L 9L LGB/ O8 LEEscpgea i1 m and

is high 1ntos oor 1n econony, an erefor such 1s no

f bl h bj I I
Sol ut i o1 4% ctasotb el ok Beh” EPEpe LErlepolE B aas o Ve”tAs the

sublect substigle, Lncraan o Teorils such 03 ave 2 Telal o a
reSISta%ﬁ%eé&ﬁ?&?Sdggg%ggogﬂgﬁyilty, 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 sclvent 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 i1s not desirable. Also, when it is 10 wt % or more, the
concentration in the solution is too high so that a sufficient
honeycomb structure is not obtained. Furthermore, the
composition ratio of the bicdegradable polymer to the
phospholipidis from1/1 to 1,000/1 (wt/wt) in terms of a weight
rétio. When the weight ratio of the phospholipid to the
biodegradable polymer is not more than 1/1,000, a uniform
honeycomb structure is not obtained, while when the subject
weight ratio is 1/1 or more, the reSulting structure does not

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

and poor 1n economy, and therefore, such is not preferable.




pol yet hyl ene, and pol yet her ketone; and |liquids such as water, a liquid
paraffin, and a |iquid pol yether can be used. Above all, in the case of
using water as the substrate, by efficiently wutilizing self-supporting
properties which are a characteristic feature of the subject honeyconb
structure, the subject structure can be easily taken out singly fromthe
substrate, and such is suitable. In the invention, the mechanismfor
form ng a honeyconb structure is considered as foll ows. Wen the

hydr ophobi ¢ organic solvent is evaporated, it takes away a | atent heat.

" Thus, the tenpataihk e wfedtioasthd idunisioatd gea vaieapsrgandcf Epevehiqui d
droplets of water coagul ate and adhere on the surface of the polyner

sol uti onso Byt i iacdd o obfa EhBshydEeply brépasegnesicydbdihetpabyiRe.
solution, a surface tension between water and the hydrophobic organic

sol vent As fiRduced.edroluihatratk€asABrqWhen hhee ol ed fide apapthskes
coagul ate to forma single block; they are nade stable. Follow ng the

- evaporaté%t%flﬁ; Bfia SUVENon W0 HEGRIRL PoLi 2 hEX2A00ALs habAhLi e [N the

cl osest ~packi orm and e wat er finalTy evaporate er eby

t he pol yner _r ins in the regularly.laid hon ordi ngly,
W Eh T esPeer TOTt nE e me s FoF P afa P ng of e aiThseBIFRETI L T
desired t hat

When' the BTV RO §oLTEERY NS Tnan S0 B KonBERER [aRcon the cast
filmis a ilr},Sqlgifdi gia%gtf’fivr\{ﬁi ggd\,\gelniqii}idi %o ?/e%)h%rr ggrrl de iutsei . dM)Livgul t
all, in the case of using water as the substrate, by efficiently
utilizing self-supporting properties which  are a
characteristic feature of the subject honeyéomb structure, the
subject structure can be easily 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 hydrophobic
‘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 orcjanic solvent is reduced. For that
ieason, when the water fine particles coagulate to form a.single
block, they are made stable. _Following the evaporation of the
SOlVent, liguid dr‘oplets ina he'xagonal form lie in the closest

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

the polymer remains in the regularly laid honeycomb form.

10



to control the circunstance, and therefore, such is not preferable. The
size of a void inner dianeter of the thus forned honeyconb structure is
fromO0.1 to 20 pm and when the size of the void inner dianeter falls
within this range, the resulting filmcan be suitably used as an
anti-adhesion nenbrane. 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 which pores do not penetrate. Also, when the filmthickness is

t hi nner athardt hg19i,ze@ieh thepwatetodtngl eircudstahsrindo shpedr oy es
penetrate is obtained. Accordingly, it is desired to choose a penetrating

film orna Hepbepetiati ng kil a2 depeading: upen rthe i beendedd puypose  of
use. Fromthe viewpoint of prevention of adhesion, in order to suppress

mgrati o %efﬁ%%guéf gf-}&& heteen the gheanshe d1dsipsef@ii@dyo use a
to Ich p o)

filmin res not penetrate. Furthernore, it is preferable that

t
the sidecnaving, & LODRYEOND $1TUSHHER LS ;RHOUGNt Ot gaconidal, widh a wound
area . This - 11'7s b&cause it is possibl'e to absorb blood or an organ

ner. at he wound_ are nt o _the_hone and to

or ovent PR R GURT Fon" LD YHED ot 18 T aRbT Sadhbet o nehr She of “the
| nvention can be}TO£Hgdcﬂggﬁ%§%§§E§e ggdagﬁg?é¥g£%(ﬁs£c L L€ sheet s
of honeyBoMPRtro ’
preferable. The size of a void inner diameter of the thus
formed honeycomb structure is from 0.1 to 20 pm, 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 honey-
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 is desired to choose a penetrating film
or a non-penetrating film’depending upon the intended purpose
of use.
From the viewpoint of prevention of adhesion, in order
to suppress migration of fibrious cells between the organs,
it is preferred to use 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 area . This
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structure filnms in consideration of inprovenent in the nmechanical

strength. The nunber of sheets of honeyconb structure filns to be

lam nated is preferably from2 to 15, and nore preferably from2 to 10
fromthe viewpoint of flexibility of the film In this way, it is possible
to bring characteristics which polynmers constituting.the respective filns
have, such as dynam c strength, tissue adhesion, and bioabsorbability, to
t he anti - adhesi on nenbrane. The adhesi on preventing nmaterial conprising a

| am nate of honeyconb structure filnms can be produced by swelling

honeyconbsshedgtiveeifilaspdasied aw paledd Bedbdobr | amdatdmg i qigspecti ve
honeyconb structure filnms and. swelling themin an adequate sol vent,

fol I onedabygdh¥iBlcdASnt BReSROYEAtaFOL is¥EI RO hd e it dfdddmiraany
sol vent can be used so far as it swells the honeyconb structure filns

without dhgspbvipgychieMherehaeiEAT iRtamRke, oiekencor an aqueous sol ution

of an inorganic salt such as sodiumchloride and calciumchloride is
preferable. A -Q[gﬂng 0 l, t d

. propanol can bgﬁgéﬁgﬁi ‘ oﬁ%ﬁﬁ}%%ﬁgﬁ?géggggﬁ%ﬁkpﬁgg Sﬂé%%bﬁgqg%ﬁﬁ% ure film

is 12 not, particularly Ilimted, it_is preferably not np t han 500 m

and mor o BFET &rHHIRE 16k rbPRLEALR 2B0 T SR ENSI ST ERAD MmO P

flexibili Y | so, e thi,ckness of the.hone fonb structure filmis

pref er abFé 4°pH6r B dfd GoretPrErEFEBI ygl 31PRESYSREPE f10omTite

vi ewpoi nt of hand| i ng properties.
. 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 polyﬁers constituting .the respective
films have, such as dynamic strength, tissue adhesion, and
-bieabsorbability, 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
adequate solvent, followed by dr?ing. As the-solvent for
swelling the dried films, any solvent can be used so far as
iﬁ swells the honeycomb structure films without dissolving
them therein. For example, Water er an aqueous'solution of
an inorganic salt such as sodium chloride and calcium chloride
is preferable. Also, an organic solvent such'as ethanol,
methanol, and preopancl can be added.

Though the thickness of the honeycomb structure f£ilm is

12



In particular, the anti-adhesion nenbrane of the invention is suitably
used for preventing adhesion at the time of a surgical operation. For
exanpl e, the adhesion preventing naterial is used for preventing adhesion
of the surface of a biotissue as danaged by an abdom nal operation agai nst
a disease of liver, spleen, pancreas, kidney, uterus, ovarium etc. or an
operation during suturing of an Achilles tendon, a nerve, etc. Wth
respect to a nethod for using the anti-adhesion nenbrane of the invention,
an. aperture of the honeyconb structure filmis stuck on a wound area, and

the nDi s{dif §asuGhbulas-18) aediaRd, antor gan-d faupigh § sidthenr adsasbedoot her eby
fixing the anti-adhesion nenbrane to the wound area. Since the nvpisture

such as bl oad Ad, 8. QAN A0 5 ATRGEDSGh L) H1S (ARELLULBobE TS NO!

necessary t 0 ‘'sut Uf e "t hé wound area . ernore, In the case ere the

TOi StUr € § n e undy areqais, | Lhke spcLRAL. {1 Xall ofel spbpsyLElei ent . it

is al so 'possi t'i ck e ‘ant’i -adhési on nenbrane’ of nventi on on

t he wound area and.thepn supply e liquid fromthe outside, _ thereby

b oot 1 T A 6 B B e Sy o ThreRPar s G NP3 e HESFREAPUTL Y be
supplied fromthe outside, though any solution _can be used so far as it is
an aqueold" s ALUIE MHEh Ghe HErRENT 1f ol RERETE $hysi ol ogi cal
saline solution or Ringer's solution js suitable. Mreover, since when

di pped in-matéF{ Pﬁétﬂpp%ﬁéf t e anti-adhesion membrane of the

invention is suitably used for preventing adhesion at the time
of a surgical operation. For example, the adhesion preventing
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 cperation 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 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, iﬁ the case where the moisture in the wound
area is little so that fixation is insufficieﬁt, it ié 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_bf the subject material. As
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invention is free fromthe occurrence of gelation or dissolution, it does
not bond to a surgical instrunment and is easy for handling. In addition,
the anti-adhesi on nenbrane of the invention can be subjected to a
sterilization treatnment such as ethanol sterilization, y-ray
sterilization, electron beam sterilization, and ethyl ene oxide gas
sterilization. By applying such a treatnent, it is possible to enhance the
safety. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an optical mcroscope
phot ograph of an anti-adhesi on nmenbrane of the invention. Fig. 2 is an

el ect r ontRECrieficiopecwEaghapBdof rém thkemutevdag cacheheycprb 1strvet ure as
obtained in Exanple 4. Fig. 3 is an electron mcroscope photograph of a

fil m having e H988%eOrD Sy UELW &n %%mét&l%l &t NoEXARNe; Sharfilgssd 1s an
optical mcroscope photograph of a film having a honeyconb structure as

obt ai nede s fXRBRLE Sred! & gﬁyé§oi‘8g995l%aéllExeCEB_SLEQE%np&PE%%@%Eh sof a film

having a honeyconb structure as obtained anple 7. 14 Fig.” 6 is an

opti cal pe.p h of a film having a honeyconb structure as
obtalnedg$%ugi88 ? geiggégg'NCDE FOR CARRYI NG QUT THE INVENTICN Modes for

carrying out the invention w er eunder escri I rence to
the fol I owi ng Exanpl s’ %ﬁﬁc?tWh%ﬁl{h tlb§’c5ﬁ§t$%1 Fegglnventlon

is limted thereto. .
e vent£on is free from the occurrence of gelation or

dissolution, it does not bond to a éurgical instrument and is
easy fof handling.

In addition, the anti-adhesion membrane of the invention
can be subjected to a sterilization treatment such as ethanol
sterilization, y-ray sterilization, electron beam
‘sterilization, and ethylene oxide gas sterilization. By

applyingsucheatreatment,jifispossible1x)enhancethesafety.

BRIEF DESCRIPTION QOF TI.*IE DRAWINGS

Fig. 1 is an optical microscope photograph of an
anti-adhesion 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 is an electron microscope phofograph of a film .
having a honeycomb structure as obtained in Example 5.

Fig. 4 is an optical microscope photograph of a film
havihg 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.
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(EXAMPLES) (Example 1) A chloroform solution of polylactic acid (nol ecul ar
wei ght: 100,000) (5 g/L) was m xed with, as an anphiphilic polyner, a

pol yacryl am de copol ynmer (wei ght average nol ecul ar weight: 85,000) as
represented by the conpound fornula 1 in a proportion of 10/1, the m xture
was cast on a glass substrate and allowed to stand under a condition at
roomtenperature and at a humdity of - 70 % and the solvent was gradually
evaporated off to prepare a honeyconb structure. The thus obtained
honeyconb structure had a size of void inner dianeter of 5 m and a film

thickness of 183 m An Opid Cabt LT GRCORSs cANOL O aRh-dhterepfa i si shown in
Fig. 1. (Exanple 2) A chloroformsolution of a lactic acid-glycolic acid

COP! Yoty {LORPI Y MRIn LAt dnty A5/ A0 ROV MRIIN AOAQN (S ol L) was

m xed wt as an a Ic polymer, the 15 polyacrylam de copol yner in
a.proportion of 10/1, the m xture was cast on a glass substrate and
allowed to stand under a condition at roomtenperature and at a humdity

Poney core Lt i AR R et RS s uctur e had & oize of

void inner dianeter of 5 pmand a filmthickness of

.13 The
pol yacryl am dédpoiprera §yﬁl§8doﬂ1éstkﬂ€hemfvcﬁqtd\ﬂ%&lli[t pgcr???ﬁ%?n?%lf nul a.

described with reference to the following Examples, but it

should not be construed that the invention i1s limited thereto.

{EXAMPLES)
{Example 1)
A chloroform solution of polylactic acid {molecular
weight: 100,000) (5 g/L) was mixed with, as an amphiphilic
.polymer,eapolyacrylamidecopolymer(weightaveragenwlécular
wéight: 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 hdneycomb structure. The thus obtained
honeycomb structure had a size of void inner diameter of 5 pm
and a film thiékness of 13 pm. An optical microscope
photograph_thereof is shown in Fig. 1.
{Example 2)
A chloroform solution of a lactic acid-glycolic acid
coplymer. (copolymer ratio; 75/25, molecular weight: 1060,000)

(5 g/L) was. mixed with, as an amphiphilic polymer, the
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[Formula] (mand n each represents a repeating unit, and mn is 1/4.)
(Compar ative Exanple 1) A chloroformsolution of polylactic acid (nolecul ar
wei ght: 100, 000) (100 g/L) was cast on a glass substrate and allowed to
stand under a condition at roomtenperature, and the solvent was renoved
by spontaneous drying to prepare a cast film (Conparative Exanple 2) A
chloroformsolution of a lactic acid-glycolic acid coplynmer (copolyner
ratio: 75/25, nolecul ar weight: -100,000) (100 g/L) was cast on a gl ass
substrate and allowed to stand under a condition at roomtenperature, and

the sol ventya@s;1 iy ed VERAONE ANSQUS, (NG b PJ £PAM AmEastirki I M
(Exanpl e 3fi16 Mal e SPF ﬁ% rless ratgﬂiéggn body melght 250 g) were

anest hetjzed- hy iy raperid oneabsi phect hAA; atttewegdeat Q%ndrﬁﬂb@ﬁ yas cut
open to expose the stonach; the integunent of the wall surface of the

st omach f4ndys; t"“}:é%ﬂtgeﬁlg%%t%f@“aadagg §ar@§n Oélglqjviﬁn]g(ﬁadpﬁal on

menbrane as o talned I"es 2 and npar es 1 and 2

(three ntimeter, sides stuck very one shee er at. One
ook i SEEhEh rt’gastﬁjéggh?ﬁl atcRelini st P%Sﬁ&g Phor red to
observe the dhe5|o e wth the aked e res | t the results

regardlﬁﬁnt Lﬁﬁhe3| g%ﬁ?eogtaeﬂﬁﬁnhoneycg££ ORI o' 8%

of void inner diameter of 5 pm and a film thickness of 13 pm.
The polyacrylamide copolymer as used has the following

structural formulé.
- [Formulal

(m and n eech represents a repeating 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
allowed to stand under a cendition at room temperature, and
the solvent was removed by spontaneous drying to prepare a cast
film.

(Comparative Example 2)

A chleoroform sclution of a lactic acid-glycclic acid
Coplymer tcopolymer ratio: 75/25, molecular weight:IIOO,OOO)
{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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rat as shown in Table 1 were obtained. In the honeyconb structure filns of
Exanples 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 renarkable
inflammatory response or the |like was not caused, and it was noted that

t he anti -adhesi on nenbrane as obtained 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 condijih8; SENGhSi1 L& HUrd10s t fe o wudared ghas  24diof b cubtre
Therefore, it could not be said that the operability is good. The results

are showantbrHapl ged. by17iH@P£§e£i€8ﬁé§D_t s r9kcanbin;adhesi apadghasion state
menbrane Exanple 1 Honéyconb structure fil mnade Adhesi on was not of

PLA pol yf‘&?i’éﬁ‘"@&'@ &P&J%E%npfézgglgl}ﬂg@rtﬁé%%rﬁa&ﬁ%%’%%%g%&n@%t gre film

made Adhesfon was not yacryl am de caused. copol yner

Conparatiye FlA astatl! 5'15%Cl{‘ee%it%ﬂla‘ﬁ%sfﬁﬁéﬁ?%asE%%%EBhSdlaQe!&E PR t oneum
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_thefeon every one sheet per rat. One week
after sticking the anti-adhesion membrane, autopsy was
performed to cbserve 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 films of Examples 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, iﬁ could not be said that the
operability is good. | |

The results are shown in Table 1.
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i ver and stomach. Conparative PLGA cast fil m Adhesion was caused Exanple
2 over peritoneum liver and stomach. (Exanple 4) A chloroform sol ution
~of polylactic acid (nolecular weight: 100,000) (5 g/L) was m xed with, as
a surfactant, phosphatidyl ethanol am ne-dioleoyl in a proportion of 10/1,
the m xture was cast on a glass substrate and allowed to stand wunder a
condition at roomtenperature and at a humdity of 70 % and the sol vent
was gradual |y evaporated off to prepare a film having a honeyconb
structure. The individual pores con- stituting the honeyconb structure in
the thusygbiained structure had a size of void inner dianmeter of about 5 m
and a filmthickness of 13 m and the filmwas a.non-penetrating film
The filmwas cloudy. Chrduegitsa odolayltdctaidhesdiod i | Adhesipreparéd by a
general casting net haegnksacel orl ess and transparent, when it _has a
honeyconbxghp LET Ur € aSriaydon® st YeRhrOfi lieade | mdhe sdlooudinsduett o
scattering of |ight. oA prhgpeEMphgUeE RN is showausedrig. 2. (Exanpl e 5)
A chl or of orm sol uti on. 4 %l@mé%lactic acid (rol ecul ar weight: 100,000) (5

g/ L) Wasc gl xofl v U, (35,8 ST SCLQ0Ln o RI9ANALS dWlarlhanolaul Rgedi of eoyl

'n a proportron of 20y c,the’ X ine e cast oR,35diass substrate and

copolymer

Comparative PLA cast film Adhesion was caused

Example 1 : over peritoneum,
liver and stomach.

Comparative PLGA cast film Adhesion was caused

Example 2 over peritoneumn,
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 glaés 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 individﬁal pores con-
stituting 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 pum, 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
fransparent, when it has a honeycqmb structure as in the

.invention, the film is cloudy due to scattering of light. An
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under. a condition at roomtenperature and at a humdity of 70 % and the
sol vent was gradual ly evaporated off to prepare a film having a honeyconb
structure. The individual pores con- stituting the honeyconb structure in
the thus obtained structure had a size of void inner dianeter of about 5 m
and a filmthickness of 13 m and the filmwas a non-penetrating film

The filmwas cloudy. It is noted fromthis matter that a honeyconb
structure is generated as in Exanple 4. An SEM photograph is shown in Fig.
3. (Exanple 6) A chloroformsolution of polylactic acid (nolecular weight:
100, 000) stfs ghbxowasphi xedswolh, iasFagsupfactant, phosphati dyl

et hanol am ne-di ol eoyl in a proportion of 800/1, the m xture was cast on a
gl ass substrat epapgdpakl gyed to stand under a condition at roomtenperature
and at a humdity o? 70 % and the solvent was gradually evaporated off to

prepare a film havingd AONYGANR,StEHChYL61aTheci Rdiiv duR)l eRnes: con-

stituting the honeyconb structure in the thus obtained structure had a

size of vgﬁﬁpkgnﬁbodb%@th% %Lq%bgMQ??Tg%g@ﬁgi%? aagHgﬂgdyﬁ?gygﬁ% of 13 m

and the_Vl s a non-penetrati'n _ mwas clou y. 't ‘is noted
Lot SpOBESE 0B o GRSTEHERTEN P LHELATS, LopREDELel o) ap doh rample ¢
~chlorof O{:H]esrgigéﬂqu w%fs %als%cct)ril Ca %iggégeluygsoilzzi:gtgcaindd 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 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

 film. The film was cloudy. It is noted from thirs matter that
a honeycomb structure is generated as in Example 4. ‘An SEM
photograph is shown in Fig. 3.

(Example 6)

A chloroform solution of polylactic acid (molecular
‘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 solvént was gradually evaporated off to prepare a £film
havring a honeycomb structure. The individual 'por-es' 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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copl ymer (nol ecul ar wei ght: 101,000) (5 g/L) was m xed with, as a
surfactant, phosphatidyl ethanol am ne-dioleoyl in a proportion of 10/1,
the m xture was cast on a glass substrate and allowed to stand under a
condition at roomtenperature and at a humdity of 70 % and the sol vent
was-gradual |y evaporated off to prepare a film having a honeyconb
structure. The individual pores constituting the honeyconb structure in
the thus obtained structure had a size of void inner dianeter of about 3
mand a filmthickness of 10 pm and the filmwas a non-penetrating film

The filmyves)glQttanddoWwgn18 1ROlHAGHEC ratindydd ldnnas mﬁ@@@@r@@lm a
general casting nethod is colorless and transparent, en it has a

honeyconp; s Uofl% &1185whB dNsadpventd 98.ndiey fidom t81 6 neude dee ateo

scattering of light. An optical” mcroscope photograph is showm in Fig. 5.
. (Exanpl e, 1 ¥col g a¢iid 5 1c0pl yer
(ol ecul a?omr%fﬁn% %E?ﬁ%gggtﬁé g?lﬁ@}\?\gggﬁgg %%tr&b as a Sl?lj%f z:aLctaant

‘ phosphathgxkonggssbggkgg Fgl‘gyghbgnaprﬁggorglon of 200/1, the m xt ur e

was cast. ofn-a"g 0" and t0 stand under a condition at
roon1tenperatu and az a humdity of 70 % and the solvent was gradually
evapor at ed }% te a filn1having a honeyconb structure. The

t hus, obt ai ned

Sruct ure hﬁﬁrgsgﬁig%k%i B0HHREPRaPENGL SRR 2608 FBVRPIRE AP m
thlckness of 10 pm and the fil m was . .
coplymer (mclecular weilght: 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 humidity of 70 %, and the solvent was gradually evaporated
off to prepare a film having a honeycomb structure. The
3indivi.dua-l pores constituting the honeycomb structure in the
thus obtained structure had a size of void inner. diameter of
about 3 um 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 heneycomb structure
as in the inventioh, the film is cloudy due to scattering of
light. 2An optical microscope photograph is shown in Fig. 5.
(Example . 8)
A chloroform solution of a lactic acid-glycolic acid
cdplymer {(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 & glass substrate
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non-penetrating film The filmwas cloudy. It is noted from this matter
that a honeyconb structure is generated as in Exanple 7. An optical

m croscope photograph is shown in Fig. 6. (Conparative Exanple 3) It was
tried to prepare a filmhaving a honeyconb structure in the same manner as
in Exanple 4 by using a chloroformsolution of polylactic acid (nolecul ar
wei ght: 100,000) (5 g/L). However, a honeyconb structure was not forned,
but a non-uniformfilmwas prepared. (Conparative Exanple 4) It was tried
to prepare a honeyconb structure in the sanme nmanner as in Exanple 1 by

using a shiufofdd sel sthan Bidephosphal t dyh at hasel eempe-diwteeyld (5 g/L).
- However, a film could not be prepared, and self-supporting properties were

not revgaledumifi®der t00s coifd £RRtdel pahesiaeng p@YeNt | weraghfiregted N a
i ving body according to the invention of this application, experinments

were cargFede@ut, by, isi ng 201 hNHE3ReN tONghe y2dmBdResioR Rdel 1ok rat .
Wth respect to'the Intraperitoneal adhesion nodel, a rat was fixed in the

Sodi um pERTbRATBTT A0 Herg Nestl aTa Booer ToRE 3O8TABTE T Sioai ni ppon
Phar rmcei';'lltnizgacgbtcgiﬂecli'tgtgucta&ge thhaed aabgg.rgengh‘f xrfggci:iofnr\{\éars dsi%@nve%r of
about 5 pm and a film thickness of 10 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 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 polylactic acid (molecular weight:
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
phosphatidyl ethanolamine-dioleoyl (5 g/L}. However, a film
could not be prepared, and self—éuppbrting properties weré not
revealed.

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

experiments were carried out by using an intraperitoneal
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and then disinfected with ethanol for disinfection. In addition, the
operation region was disinfected wwth an isodine disinfectant, and from 3
to 4 cmof the abdomi nal region was then cut open along the nedian line to
expose a cecum A certain area (1 to 2 cnR) of the exposed caecum was
abraded by using a sterile absorbent gauze until petechial henorrhage was
generated. After returning the caecuminto the peritoneal cavity, the
anti - adhesi on nenbrane was stuck thereon, the tunica nuscularis of the cut
part was continuously sutured, and the cutis was sutured with 4 to 5
stitchesgghbeiwpunddparbr was.disinfected with an isodine disinfectant, and
the rat was then returned to a cage. Seven days after the operation, the

rat was subjeciyyedy 10sp8:-OPESatHhON Pr-dher AbdorEn dideridrhacarast Resia with
sodi um pentobarbltal and the degree of intraperitoneal adhesion was

obser ved \yf d41 {@ggd ﬁyacr?é“d§§g§£§\9'l§ﬁc%@1'e&g r!r?é“é‘ﬁes{l%kwﬂ g

criteria. 4ssi fication (score 0): Adhesion is not found.
d d dh
s fine ARGraERBeobaaf YORLAL- LRt PUR O AR BN IR LR et on

5 U3 zﬁu?aﬁ%t%g;r@%%;ct;a“%gﬁ?“gz'a&zabz?gfafa& SR, 1o o
(score S)P ggrr;lgl:gfig:?gla (;OI r,m agh?ma?nr.]d It%e z?bdomlnal region was shaven '

and then disinfected with ethanol for disinfection._ In
addition, the operation region was disinfected wiﬁ_h 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. Acertain
area (1 to 2 cm?) 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 antimédhesion membrane was stuck thereon, the
tunica muscularis of the cut part was continuously sutured,
énd the cutis wés sutured with 4 to 5 stitches. The wound part
was disinfected with an isodine disinfectant, and the rat was
then returned to a cage.

Seven days after the operation, the rat was subjected
to an operation on the abdomen under the anesthesia with sodium
pentobarbital, and'the degree of intraperitoneal adhesion was
observed with the naked eye and scored according to the

following ¢riteria.

{(Grade classification}

Grade 0 (score 0): Adhesion is notrfound.
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or adhesion is found in at |least two places. Grade 4 (score 4): Adhesion is
found in three or nore places. Exanple and Conparative Exanples wll be
descri bed below (Exanple 9) An adhesion preventive effect in a living
body was confirned by using the filmas obtained in Exanple 5.
(Conparative Exanple 5) The rat was sutured according to the sane
procedures as in the foregoing intraperitoneal adhesion nodel w thout
using an anti-adhesion nmenbrane. (Conparative Exanple 6) An

i ntraperitoneal adhesion nodel was carried out by wusing Sepra filmTM

(sodi um hyal uronade Bnds caFdoxyMeidivds i &eld 4l psieng i ckrrgsiecakoidh 55 m
avai |l abl e from Kaken Pharnmaceutical Co., Ltd.). The degree of

i ntraperifopeg. aéi@ﬁéi%n%seﬁﬂeagha%anw@é 8691 ¢9 %ﬁQEQtBG tatthe grade

cl assification, 23 results as expressed in ternms of {(nean val ue)
e oS (0 B ATt S 5 e o score
e B 3 e SRELEIRL S A eI B TR

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 (scoré 4): Adhesion is found in three or more
rlaces.

Example and Comparative Examples will be described
below.

(Example 9)

An adhesion preventive effect in a living body was
confirmed by using‘the film as obtained in Example 5.

(Comparative Example 5)

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

{Comparative Example76)

An intraperitoneal adhesion model was carried out by
ﬁsing Sepra film(TM) (sodium hyaluronate and carboxymethyl
ceilulose, thickness: about 55 pum, 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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Simlarly, a reduction of the adhesion score was al so observed as conpared
with the adheS|on score (1.8 0.7) of Conparative Exanple 6 (with
Ceprafilm. The anti-adhesi on nmenbrane of the invention of this

application gives rise to an explicit effect as conpared with the case
where an anti-adhesion nenbrane is not used. Furthernore, not only it is
effective for preventing adhesion as conpared with the film of Conparative
Exanple 6 which is currently put into practical use, but also it is easy
in handling because it does not have bonding properties as in the film of

Cbnparatk¥§uf%§"ggee§ rgésgébhﬁ %erﬁ%s%ktq(Qka%V%EQ%%UOQ-q%th%B%%@er'tonea
adhesi on nmodel  Drug Ani mal hb. Score anp e 9: 302 303 1

------------------------- nparatlve Exanpl e 5: 101 4
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 scofe was also observed
as compared with the adhesion score {1.8 +0.7) of Comparative
Example 6 (with Ceprafilm).

The antiwadhesion 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
currentliy put into practical use, but also it is easy in

" handling because it does not have bonding'properties as in the

film of Comparative Example 6.

24



102 2 103 3 Control group 104 3 (without a filnm 105 3 Mean 3.0 S. E.
0.3 Conparative Exanple 6: 201 1 202 4 203 1 Positive control group 204
3 (with Ceprafilm 205 0 Mean 1.8 S.E. 0.7 | NDUSTRI AL APPLI CABI LI TY
The bi odegradabl e fil m having a honeyconb structure of the invention of
this application can be applied as an anti-adhesion nenbrane to a living
body. 25 CLAIMS 1. A production process of a biodegradable film having a
honeyconb structure, which is. obtained by casting an organic sol vent
.solution of a biodegradable polyner on a substrate in the atnosphere of a
relativerfwnadety of from50 to 95 % gradually transpiring said organic
sol vent and sinul taneously condensing it on the surface of. said cast

liquid, Rae.evaper atéatud ¢ 1\6n VeE &1 nef 9Pt £ oS DeNei & £6h byiogal d _
condensation. 2. The production process of a bjiodegradable film.according

to cl ai nbaygwherein Animal No. Score
Example 9:
301 0
302 2
Honeycomb film ' 382 é
PLA/PE = 200/1 305 2
Mean 1.6
+ S5.E 0.5
Comparative Example b5:
101 4
102 2
: 1063 3
Control group 104 3
{without a film) 105 3
‘Mean 3.0
+ S.E. 0.3
Comparative Example 6:
' 201 1
202 4
. 203 1
Positive control group 204 3
{with Ceprafilm) - 205 0
‘Mean 1.8
+ S.E. 0.7

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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sai d bi odegradabl e pol yner is a bi odegradabl e aliphatic polyester. 3. The
production process of a biodegradable filmaccording to claim1l to 2,
wherein said phospholipids is selected fromthe group consisting of
phosphati dyl ethanol am ne, phosphatidyl chorine, phosphatidyl serine,
phosphatidyl glycerol, and derivatives thereof. 4. The production process
of a biodegradable filmaccording to claim3, which is characterized in
that sai d phospholipids is L-a-phosphatidyl ethanol am ne. 26

. CLAIMS

1. 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
subétrate 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.

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

said biodegradable polymer is a biodegradable aliphatic polyester.

3. The production process of a biodegradable film according to claim 1 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-o-phosphatidyl ethanolamine.
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