v. S. v DESCRI PTION Bl ODEGRADABLE FI LM HAVI NG
HONEYCOVB STRUCTURE, ADHESI ON PREVENTI VE MATERI AL
MADE OF SAID FILM AND PRODUCTI ON PROCESS OF SAI D
FI LM AND ADHESI ON PREVENTI VE MATERI AL TECHNI CAL FI ELD
The present invention relates to an anti-adhesion
menbrane for preventing adhesion after an operation.
In nore detail, the invention relates to an
anti - adhesi on menbr an®@EStEdeLTafCM bi odegradable film
havi ng a honeyconb structure. The anti-adhesion
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properties and exhibits a satisfactory adhesion
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time. BACKGROUND ART Ti ssue adhesion which is a

OF WY Qi GRND anbiidr @$ pRIENSIRi el wdterTA, surgi cal
operation is defined as abnornmal binding between a

surrounding tissue and an organ or the like, which is
caused fromthe production of a collagen fiber by a

TEdﬁmﬁﬁgﬁJQ@§]§§ generated following a tissue damage. It
conS|dzred t hat such adhesi on occurs at a
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SO' ve thhI 3 reonbéleorg Jge eg@egaélg Qﬁtggir:g_oagl'ezgglo% membrane
made of a biodegradable filmhaving 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
-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
- accompanied by mental or physica‘l pain, resulting in a problem.

In order to solve this problem, there have hitherto been




made a nunber of studies. For exanple, in order to
mnimze the adhesion. fornmation, water-soluble
anti - adhesi on nenbrane such as a sodium al gi nate
aqueous solution and a sodi um -hyal uronate aqueous
solution were used. However, while these materials
have sone anti adhesive effect, because of their
water solubility, they also flow out of the site where
mafeey eRtipr ob £ adthesion | %cfre%wah%qe,t E‘ﬁyoﬁgegﬁfo LA ze
- in a necessary place, and they have a possibility to
' th@aé@l@eélfgﬁ%cfﬁ%tiélﬁh,e_%la(&%rl_%oﬁugﬁren&ll AreaneEoL, thal, ane
- reason, in order to separate a damaged tissue T om
h tLs antq - i Qn. _menbr an de of, ,as a .
Sug%yg%%a %%??H%{g%?ha{éfigﬁusaeﬁ-£§i€§%QWuﬁQQ a sodium
nyARERH e AP ARl LS TR RS h fs crec
magaterhal while it is provided with .a sufficient '
ctidnSabayepirrrepntingrberdre ieffiGied hacstisemet their
. _such as a risk of an i nmune response due to Iong-tern1 _
wal et et it Hhet Bedy P afhevesuitt yobf theseebhe where
_operation for taking out it after cure. In order to
Preveyblonest prbdrees, iantegabhedi drhepemr ame nediaig dn a
natural polynmer which is a bioabsorbable nmaterial were
- tegryeRbpEd.acesperd fihsal hyve anpassibathegitancaesduadesired
usi ng oxidized cellulose is known. In the case of -
adkgpl gingnaasporngal oarkait nmade of oxidi zed cel | ul ose,
since fibrious cells are liable to pass through voids
and Mogrigia; deeerom,wis brdelved sepiphtem damaged tissue

from other tissues, anti—adhesion fnembrahe made of, as a
physical barrigr, a,matefial such ais, silicone, vaseline, and
: pcﬁly{:etrafluoroet;hylene are studied. Since such a mate_rial
is a non-bioabsorbable mat‘erial, whi_le it is provided with a
) suffici.ent action as a bérrier,' there were invo.l'v'ed p-robleﬁs
- such a's‘ a 'risk-of an immune response due to loﬁg—term retention
111 tﬁe body and a .necessit.y of a second oper.ati.on for taking
out it aftexr cure.

In order to solve these problems, ranti—adhesr'ion membrane
Huéing a natural polymer which is a bioabsorbable material were
deVelép'ed..

_Specifically-, ah anti—adhesi-on memi:rahe using oxidized
..'cellulose is known. VIn the case "o_f. applying a sponge or knit
made of ogid_ized éellﬁlose, since fibrious cells are liable

to pass through voids and mligr‘ate, there was involved:a problém




2 of causing adhesion. In order to prevent this,
anti-adhesi on nenbrane made of sodi um hyal uronate and
car boxynet hyl cellul ose are devel oped and used.
~However, since these materials have high water
absorption, there is involved a problem such that
they are swelled by liquid of surgical instrunments or
organs other than a wound area so that handling
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desired to have a shape |n which circulat’ion of
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ne, nade. of .a c of Jactic acid, and

' poly
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aqlng Eon yco structure as prepared froma
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, added thereto 1 to 50 % of an anphiphilic polyne

INFANTY S FdPERRATFI LT hah dev oty maea ag that handllng
princjpal chain skel eton and having both a dodecyl ,

PIYRSpL a2 2L YR Bphobi ¢ side chain and a | actose group
or a carboxyl group as a hydrophilic side chain and a
pr odyt @ingr -piddbesson nhwbeehe Howbveired houghve e shage in
material polynmer as used herein is a polyner having

whikilyle ibicodatpiatd ifl fiprither eeildscHncrrone thaisudheo other
anphi philic polymer m ght be deconposed into

tissue does not occur and is also desired to have

blodegradablllty and high operablllty

JP—A—2000~197693 discloses a porous anti-adhesion

- membrane made of a copolymer of lactic acid and caprolactone.

JP—A—2061—157574.describee a film having a honeycomb
structure as prepared, from a polymer containing a bio-
degradable polymer hav1ng added thereto 1 to 50 % of en
amphlphlllc polymer havrng a hydrophrlrc*acrylamlde polymer
as a pr1nc1pal chaln skeleton and hav1ng both a dodecyl group
as a hydrophoblc side chaln and a lactose group or a carboxyl
group_as a hydrophlllc 81de chain.and a production process
thereof.

How’ever, Atho‘ugh the base material polymer as used herein '
is a polymer having high biooompatibility, there is concern
that the amphiphilic ‘polymer might be decomposed into

acrylamide derivatives, and it is hard to say that the




acryl am de derivatives, and it is hard to say that the
3 derivatives are always safety against a |living body.
If possible, it is desired that the anpunt of use of -
such an anphiphilic polynmer is controlled at a | ow
| evel as far as possible. In this way, for the
purpose of applying to a biotissue, in the case of
using a filmhaving a fine structure,
delriioaqipais bité t ¥ 1hagenesm Gy gagagﬁgﬁma Forvitdtbody.  1f
reason, not only a polyner to be used but also a

pokeagart, fiaf foraeapraqf tAg: thieu it BBl Ye % sych an
surfactant such as anphiphilic polynmers, is desTred

'amEﬁiBﬁWQﬂa‘ﬂayyﬁgfk¥§'é n paheLy %gbe$§e9eil¥lngar as
ody. Foer the purpose of achreving this; it 1S a 2o
poQ%%bﬁ%q fromthe viewoint of securing safety to,

I ncrease the content of the polyner and to contro

"t he 3o n{sowfa useé of . the surfactant. _In the existin

ci rcunst ancesy any Tahtf RIHHRTORE 2RBAB! B W BhORaSSUe,
inaqgﬂgate bi odegradabi l ity and bio- conpatibhility, is

excel | &5 nhandfthg fr operf eBa¥hRY ehifbies atructure,

sati sf gc or)F(L adhesi on preventive effect stably over a

aftherts

biggemp ¥ BFCPRER 2bS REEPARMst , Fandhats reason, not
ppearance is being demanded. SUMVARY OF THE
ONL XNVERPHORSMt ] ¥ psechbpécal se ereagengr ot derdtreimg a fine
anti - adhesi on nenbrane conprising a bi odegradabl e 7
ST¥PFRY RV hgral honepadias sintuciuate as amphiphilic polymers,
" is desired to have biocompatibility 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 circumstances, any anti-adhesion
membrane Which' has adequate biodegxadability and bio-
compatibility, is excellent in handling properties and
éxhibitsa:ﬁﬁisfactoryadhesionpreventiveeffectstablyover

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

is being demanded.

SUMMARY OF THE INVENTION

In a first aspect, there is provided an anti-adhesion membrane
comprising a biodegradable film having a honeycomb structure.

In a second aspect, there is provided a biodegradable film having a




In a second aspect, there is provided a bi odegradabl e

-filmhaving a 4 honeyconb structure and conprising a

bi odegr adabl e pol yner and a surfactant, which is

characterized in that said surfactant is a

phospholipid. In a third aspect, there is provided a

production process of the anti- adhesi on nenbrane as

defi ned above, which is characterized by using a

bi odegr adabl e pol yner fil m having a honeyconb
hongycomtusteuciyreomdeorogrising xhimdegmdableqralgmiec andlavamfactant,

whiGh S chihcisrised Torthat saul auFioeaRt M AR HPBALPKm 50 1o |
95% i .sai d ' I t d .
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_generated by said condensat’ion. DI SCL
biodrpmERableNpThener filme havingy e nhorieycbate sfravngde tabbauined by
hi odegradaple film having a honeyconmb structure is an
casfingianQrganicsRl vamisplrion ofa biegegsadablegrmlymen ohi apbstrate in
[.es.and,exhibiti a..4a satisfactory hesi on, ,
the o ot iRl e ok 30p Bs3. Gtvdlly Genspiring
id i0fBani t l.endi .
Sal phos p.hg\:s}%g‘ifeéﬁ t%ﬁl\;v}qt ﬁﬁgﬁ%@gg@%ya%e@uﬁ Ils %glr ﬁ%sﬁgface of said
cast Ulifwidf aaid aexehpoedting ofind ewakdre mﬂ?%et:&e fas@ den@fhted by said
hum dity, a filmhaving a honeyconb structure mhlc%
condgnggtioni. usef ul as a base material of cell culture and

excellent in bioconpatibility is obtained and that the
subject filmis effective for prevention of adhesion

of an operation

DISCLSOURE OF THE INVENTION

The'p;esent inventors have found that a biodegradable
film having a honeycomb structure is an anti-adhesion membrane

having exqellent hahdli_ng properties: and exhibiting a

4a




site, etc., leading to acconplishnment of the

invention. Specifically, the invention relates to an

adhesion preventing material conprising a

bi odegradabl e fil mhaving a honeyconb structure and

to an anti-adhesi on menbrane conprising a

bi odegradabl e fil m having a nean void i nner dianeter

of the honeyconb structure of not nore than 20 m ,
sa thurfialvgromyr edhas i@npp oeueht D pFOEASS sehbieosubj Leksired

anti - adhesi on nmenbrane, the invention relates to a
perproedudt itdme process of an anti - adhesi on nmenbrane usi ng

a bi odegradabl e polynmer film having a honeyconb
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solution of a bi odegr adabl e pol yner substr

w1tthhﬁ BHTH@gggﬁngE ol hal! ¥ %usrﬂ éé/t or{t c['ncasglng the

% gradu y evaporating the Subjec organ
bl §g! ously,cqndensing it on
“surface of %Hbjec cas %U|Q9 QP%Kﬁﬁﬂg?ﬁFFHﬁture
N r. dro ts as enerat d e subj ect
_Whlggnggﬁg |0H8e&| aﬁr@f%??@dméﬁﬁoa ﬁeﬁ? gEl{hgulture and

th b. dabl fil h
o R S o PSR Ll 0t 86 Rk > R0 d SpRy SR et thiuprPapCt

£11 bet wee ep.an_oper tion site and its adjacent tissue to
L Bont rottatt ARRnkR RS TRt 195 Qe adhesiasy ofeaucppgration
the formati on of adhesion after the operation. As the -
SitEy 0BEGr addBPELFE VafeROReMER lishmegdd dfortheheinvention.

preparation of the biodegradable filmin the
i nv ﬁ?Féﬁlca%ﬂadedﬂ&ﬂabh@eatﬂpmﬂnaiqtﬁweSDeﬁsasmdheason

pol yl act.ic acid,
preventing material comprising a biodegradable film having a

honeycomb structure and to an ariti-adhesion‘ membrane
comprisir}gra biodegradable film having a mean voi_d inn‘er
_diameter of the honeycomb structure of not more than 20 um.

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 blodegradable
polymer fllm hav:Lng a honeycomb structure as obtained by -
casting an organlc solvent solution of a bllodegradable polymer
on a substrate in the atmosphere of a relative humidity of from
50 to 95 %, gfaduelly. evaporating the sub_ject.organic solvent -
~and simultan‘eously condensing it on the surface of the subject
 cast 1iquid, and evaporating fine water olroplets as generated
by the subject condensatioh.

In a preferred embodiment of tﬁje_.invention, the




a lactic acid-glycolic acid coplyner,

pol yhydr oxybutyric acid, polycaprol actone,

pol yet hyl ene adi pate, and pol ybutyl ene adi pat e,

al i phati c pol ycarbonates such as pol ybutyl ene
carbonat e and pol yet hyl ene carbonate, and the |like are
preferable fromthe viewpoint of solubility in an
organic solvent. Above all, polylactic acid, a lactic

biadedrghyeald ¢1ilacihtvaoR )anﬁbne@&rr&p|s)&ti%@rtQJr%Ct1@n§t%@hed
desirable fromthe viewoints of easy availability,

ascophgsiand Biﬁriékgeth@eﬁrﬁbp'e‘ia%'lm g1 P& ed?l@irletelaadp acent

honeyconb structure with good reproducibility,

tiBsakers e@oﬁ@réﬁea’@@a@l%&'l@r%# lthe thlsyéi'f‘er _Fﬂie%%g)'yt E%gucnig

to the foregoing blodegrad e polyner.

enoRSEAsEabion st hyanaldcaldion Sqenag g%#gggﬁsgoh

nbrane, it is pre

poly s on3 L oxi j.lic. pol f
polyﬂghylghég %5?87B£%yﬁFﬁﬁV] %ﬁ' oFSmdgﬁg £6r the
hi : h|||c mer_ havi ng
'Prggry?a C|)o]gl 3% Jsocgle%? &l fd’r%é‘inlnslég}eet dAVERBLion,
bi ﬁ ng g& gecyl group as a hydrophobi c side
12RaPhT9AR1E P&&P éélﬁrBB&YSﬁtsr@aﬁyekyESgP@&ﬁla§tac acid,
h drophlllc 6 side chain, an anphiphilic polyner
1@5\}‘11@&0& ~§lEF@ldenArie coplatie T apolohyeamplbutyric acid,
between_an, anionic high nolecular material such as
poia)é‘ﬁ%wﬁlaa*éswﬁan Bl Yatleyleand adiysteic acdd polybutylene
-including DNA and RNA and a |-ong-chai n al kyl anmmoni um
adipate, oralbphatéc- spblpterpbootees saohhasagel pbipbutylene
col  agen, and al bum n can be applied. :
carbonate ‘and polyethylene carbonate, and the like are

preferable from the viewpoint of solubility in an or;ganic
solvent. Above all, po-l-Ylactic acid, a lactic acid—glyco%lic
lecid coplymer, and polycaprolactone are deeirable from ’ohe
viewpoints_of easy availability, cos,ts, and fhe like.

In order to simp_ly prepare a honeycomb structure with

- good _reproducibi'lity', it.is preferred to use an amphiphilic

polymer in addition to'the foregoing biodegradable polymer.

- Taking into consi\deratio_’n‘the application‘as an anti-adhesion

membrane, it is 'preferable that the amphiphilic polymer is
non-toxic. As the amphlphlllc polymer, a polyethylene
glycol/polypropylene glycol blook copolymer, an amphiphilic

polymer having an acrylamlde polymer as a prlnc:Lpal chain

‘skeleton and having both a dodecyl group as a hydrophoblc side -

' 'chaln and a lactose group or a carboxyl group as a hydrophlllc |

~




Furthernore, a biodegradabl e and anphi philic pol yner
may be used. Exanples of such a polyner include a
pol yl actic acid-pol yethylene glycol block copolyner,
a poly-e-capro- |actone-polyethylene glycol block
copolynmer, and a polymalic acid-polymalic acid alkyl
ester bl ock copolyner. Moreover, in order to sinply
prepare a honeyconb structure Wi t h good
51d@pﬁbauaubﬂh|Emphapphd&phpbugm@rwaﬁvbag,adéed B$daophilic
surfactant in addition to the foregoing bio-
grdegy adabl éopolgomgrledheephesphald phdibsia HIRAL aR6Cecular
constituting the “bionmenbrane systemand originally

maegrirdits suck dd HahHadY deAGEEr duNghYe tg'ﬁd a nucleic acid
phosphol i pid is a substance mhlch has ﬁ

bi.ogengabiiRid C - hyg
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caﬁVBé|%g Ith respect to the origin of the
phosp |p| ‘to be used in the invention, it does not
from an ani tissue

g?t;n a¥$§%|0|a}lﬁ %Qﬁ%é% F%ﬁ tamp@ﬂﬁgmﬁ% polymer

sired hOSphO|IpId a_nmenb
ma}z% ec%lt‘c‘;ee&it fggﬁ{%ﬂgsg?%uﬁu ]Bn%|p§{31yﬁ59roﬂnﬁﬁbl§lﬁhét?@3ﬂlacuc
hanol ami ne, phosphati chorine, phosphati dyl |
rP%YeTo‘I%%%ﬂat |9dw001g|}9£@¢b| cognd yder, vat | pedy-s-capro-
thereof Phosphati dyl ethanolam ne is preferable, and

la@%“%ﬁ%%&ﬁ%‘flﬂﬂ%ﬁn@tw%@hrﬁwk copolymer, and a polymalic

acid-polymalic acid alkyl ester block copolymer.

Moreover, in orxder to simply prepare a honeycomb

 structure with good repfoduéibility, a phospholipid may be

added as a surfactant in addition to the foregoing bio-

‘degradable polymer.-

The phospholipi"d'is a substance constituting the

blomembrane system and originally exists :Ln a llv;Lng body

Accordlngly,- the phospholipid is a substance which has high

biocompatibility and which is also applicable in a drug

'gelivery system, and it is knowp that the phospholif)id has high

safety. 1In addition, the phos'pho'lipid‘ which is used a.s-a

surfactant in the invention is easily available.

With respect to the origin of the phospholipid to be used
in the ihvention, it does not matter whether it is an extract

from an animal tissue or an artificially sy’nthesized product.




di ol eoyl is nore preferable. In preparing a honeyconb
structure of the invention, since it is essential to
formfine water droplet particles on the polyner
sol ution, an organic solvent to be used nust be -
wat er - i nsol ubl e. Exanpl es thereof include hal ogen
based organic solvents such as chl orof orm and
met hyl ene chloride; aromatic hydrocarbons such as
Tthieh zsrd, retcok nemep 1 pnch x yhenphos PBE BE 51 8 Uehmasmbelrth¥blected
acetate and butyl acetate; water-insoluble ketones
fremchtlas mebhyl tsnbubylinketonephargnaeawyan Qtﬁgh&gﬁme,
These organi c solvents nay be used singly or may be

phuspHagsdglni &ad&@la_yenf)hwgbﬁﬁtha y& cogbipati %QQ?h?tfdyl

these solvents. The po yner concentration of

gl9tekbe, bi oxndegr L& PO}y rer @ﬁgr%gf anphlp@hosphatldyl

polyner whi ch are I ssol ved |n such an. ~or gah
ref rabl frow1 and nore
e BrerErsty M EiF6e0sbe ol of hdntt flyrntoLanine
di&PQSﬁ £§t¢8pﬁ gre% ;han 0.01 wt % the nechani cal
e

6 filmis insufficient, and

stre resu
ther ﬁor LS not desirabl e. Al so, when it is 10 - .
w m:?%“?ﬁ 2 BORyHGP TR REEMG AP S SShooi B gt ion,

si Qﬁt a suffi Clﬁgt honey- 8 conb structure is not
. %%‘?di &d. CRaPPhéAholg, f%‘% Hompasiterodropaetropattinges on
hb|o egradabl e polymer to the anphiphilic polyner is

ENG i Ge7 . 301 8oFS0r (3R / MEFaRhense heeniptt phe [ised must be

| ynmer _conposition is not nore than 1, a uniform
Wa¢%mey%%m%P§%$uct@ﬁ@mples thereof include halcgen based

K organlc-solvents such as chloroform and methylene chloride;
aromatic hydrocarbbns such as benzene, tolugne, and xylene;
esters such as ethyl acetate and butyl acetate;
water-insoluble ketones such as methyl 1sobutyl ketone; and
carbon dlsulflde These organlc solvents may be used singly
~or may be used as armixed solvent which is a combination of
'these solvents. |
Tﬁepolymer'concentration of the total of the bio-
degradable polymer and the émphiphilic polymex which‘are
-dissolved in sﬁch.anforganic solvent is preferably from b.Ol
“tQ 10'wt %, and more pfeférably from 0.05 to 5 wt $: When the
'polymer conéentrétion is idwer thén 0.01 wt %, the mechanical
strenguiofthé:esultiﬁgfilmisijufficient,andéhe;efore,
-such is not deSirable. "Also, when it'is 10 wt %‘orﬂmofe, the

- polymer concentration is too hlgh S0 that a suff1c1ent honey—




IS not obtained, while when the subject conposition is
50 or nore, the resulting honeyconb structure fails
in stability, especially dynamc stability, and
therefore, such is not preferable. Simlarly, the
concentration in the solution of the total of the

bi odegr adabl e pol yner and the phospholipid which are
di ssolved in the foregoing solvent is preferably from

cofib0dt #ect dfe Ws Mot ahse JDREG PN qﬁﬂ@r@ﬁfncrfeqnhgeoéoﬁ%o%jltion

wt When the polyner concentration 1s |ower than

raWio%r e QXB@%%ad%Ul@%%Eyﬁgrt cﬁ Ih%sglln%hggh.fiilligli)eSlymer

i nsufficient, and theref suc S ho sita

R el ] o B A SBRRat RS effFFERLhEC SoLymer
Coﬁgggxggnb structure i?hnOt obt ai ned. Furthernore, the
o

Rposit1on rati 8°6F LREMT odedddaBenpBe yremb: $t Feture
. _pho Q&gli idis.from1/1 tqo 1, 000/1 (w/w) in terns .
S0P WGy atfi ol WRAT tHie WebgIRctr apmpost tira is 50 or
FhOSEQO|i idto the biodegradable polymer is not nore
MO Rantf 17000l t BngnkPReHEoRBnelEBRbuLe rtret Lg eln ssajeility,
obt ai ned, while when the subject weight ratiois 1/1
SSBECHBE &Y Weardsul3tdgibitvct and ddesrafotre havech is not
sel f-supporting properties as a filmand is high in
- prefgrabland poor i'n econony, and therefore, such is not
preferable. 9 In the invention, the subject polyner
or gapimilkatenthesobuténnrasiocasn e aocgulbsbhab£the total
prepare a honeyconb structure. As the subject
of stibstly vds g adalybei vo Irher | @hd Siue hplassildaSSpid 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
po_lymer 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 % 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 biodegradable polymer to the
phospholipid is from 1/1 to1,000/1 (wt/wt) in terms of a weight
ratio. 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 re'sulting structure does not

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

- and poor in economy, and- there_fore, such is not preferable.




a netal, and a silicon wafer; high nolecular materials
havi ng excellent organic sol vent resistance, such as
pol ypr opyl ene, pol yet hyl ene, and pol yet her ket one;
and liquids such as water, a liquid paraffin, and a
l'iquid pol yether can be used. Above all, in the case
of using water as the substrate, by efficiently
utilizing self-supporting properties which are a
char &eteli¢ stiicenienonr etiné siie]) subj et yimneyepmic solvent
structure, the subject structure can be easily taken
sobutisnig ga$t om 4 bebssubster td erepadeSUBbnE§csubtalhfture.
In the invention, the nechanismfor formng a
As hdree yaodmite o ts stubettita d,S 100RYta/elads ri ol bo¥geh ey 1ass,
t he hydrophobic organic solvent is evaporated, it

a riestledls awalyaasi Bl € Jeddr; hI@Q‘ﬁmoﬁE@uig%t?édﬂ“fﬁlo%fhaving '

the cast filmsurface drops, "and fine ets

ed1ved &%qg, g th f th
expo%ynéfﬁgo utﬁ%ﬁ%gBy thggggﬁﬁgggg? ?ﬁéHk%g%%&M§ﬁé?§iene’
bt {.on, face t i
e e Bt PRaeR ki suRb PR LAl st wager.
= e a0t b PR MR AL Y arpove

particles coagul ate

ma ol 1. owi ng_t he evaporation of the
alls’og\?/leﬁefig%sauc%:%uéﬁ‘ggl ‘g?iéeﬁf A5t eRgShaeteorty Bifd lihently
ut e, &l osest gcking form and the water is finally
eVaporat ed ot SWRRPEDIIt hePpBP§RELSPermPRdChn tREe  a
ha L ularly lai.d honeycomb form 10 Accordingly, with
¢ arfe%%&’il%towc hEALHrERE tRRcE R DrChheparcagD Sheustbfectthe

film it is desired that the relative humdity is
subject structure can be easily taken out singly from the

substrate, and such is suitable.
In t_:he invention, the mechénism for'forming a honeycomb
| structure ié considererd as follows. When the hydrophobic
. -organic solvent is evaporated, it takes away a latent heat. _ '
Thus, the temp_erature oflthe cast film surface drops, and fine
liquid drqplets' of water "coagﬁlate and adhere on the Sﬁrface
of the polymer solution. By the _acti;m_of the hydrophili'c
'_‘se'gment in the.l polymer sdlption, a surface tension between
water and the hydrophobic o-rganic solvent is reduced. For that
. reason, when the water fine particles cba{gulate to forma single
block, they_are made stable. lFollowing thé evaporation of the
| -slol-v'ent, liguid dr'oplets in-a hexagonal form lie inthe closest
,pa.cking fo:;m, aI}d the water is fiﬁaliy evaporated off, whereby

" the polymer remains in the regularly laid honeycomb form.

10




in the range of from50 to 95 % Wen the rel ati-ve
‘humdity 1is not nore than 50 % condensation on the
cast filmis insufficient, while when it is 95 % or
nore, it is difficult to control the circunstance,
and therefore, such is not preferable. The size of a
void inner dianeter of the thus fornmed honeyconb
structure is from0.1to 20 m and when the size of
Acqarelivsily /i nvidrh diesrael Yalthe wiittiumstiscy duge preparing
resulting filmcan be suitably used as an
theagubjedhesiom, henbs alesidau thett htis pebpaied Hinigity is
when the surface has a honey- conb structure and the _
in ftihlemrhigek nes S riom $Of Ebcbent | y wHdrckhe trhed ddcke st dity
which comes into contact with the substrate is a flat
is st agerentthari 60 RQr esoieit feNebhalhe AASO: WHER. is
the filmthickness is thinner than the size of the

inMEAICIERP) Qihild JHddNiicnti@ vhi €hs PR Sse Penetiratls ArS cult
obt ai ned. Accordlngly, it is desired to choose a

to PESREFST 1 G d | LM OhsRa0R8; p%‘?ﬁ% ek nggﬁrhm ﬁi%ﬁlengénglot

upon the intended purpose use. rom e Vi ewpol nt
pre(}fer%liﬁ\éent' qub ?éjhc%_slep oi{i; ?Irllng g%%mé%BP_r S%S the thus
mgration of fibrious cel Ween e or ans It

coBGELFEEELESARLTE DT L2 ST LRI e e
o B O AR AL I 5 Y 10, o

$si i bl e th_) absorb bl ood or an organ |iquid
resu ing m can be sultably uséd as an anti-adhesion

membrane.

I_n the thus prepared film, when the surface has a honey-
comb structure and the film thickness is s.ufficient_ly thick,
the back side which comes into contact with the substrate is
- flat surface into which p‘or'es do not pénetrate. Also, when.
the film thickness 1s thinner than the si ze of the water drOpiet,
a filrﬁ into which poreé pénetrate is obtained.
| Accordingiy, it is_'de-s_ired to choose a p_enetrét,ing film
or a nén—penetratiﬁg f_ilm"dependin‘g upon the intended ﬁufpose
of use. |

From the viewpoint of prevention of,adhe‘sion,‘_r in order
to suppress mig;ation‘of fibrious cells between the organs', .
it is pref.erred touse a film into which pores do not pehetrate..
Eurthé‘rmore, it is prefrera'b]‘.e that the silde having a honeycc‘;mb

‘structure is brought into contact with a wound area . This

11




as generated in the wound area into the honeyconb

structure and to prevent its exudation into the
. outside. The anti-adhesion nenbrane of the invention

can be formed into a shape of a lamnate of two or

nore sheets of honeyconb structure filnms in

consi deration of inprovenent in the nechanica

strength. The nunmber of ..sheets of honeyconb
issppgatigeeiti LAsP08S beleahd nalbedrbsbpred ermbny cigem 2iquid

to 15, and nore preferably from2 to 10 fromthe
aSViJ@Wﬁ@SiaﬁtEdofin fthex iwioiuinict ywrefa timed ithm hionetylriombway: ruict: ure

is possible to bring characteristics which polyners
anclotist ptretviemg: tiles reespidtiore iftd MBhdayversbakeh as

dynam c strength, tissue adhesion, and

bi oatraerdrabi +ades i 6n ikabaitric @@ftﬁrfé OfvEREDEARAN FBEormed
adhesi on preventing material conprising a | am nate of

inlkONEYLOABe S £ UL A fdddT® CaloPEr PHOFY G Ys ekl 'n'ég’comb |
honeyco structure filnms to be lamnated them or

sthaPt0atl Ngi 14,8SPEEt 'c%%gll% S'H}r Storfucﬂ{%x[e?{'éljn%ﬁ%arlql the

swelling themin an equat e solvent

megﬁé{hﬁlgal st EOEER! vent goﬁPar mpLe! léfﬁ? é\?\éltgrl eﬂ bh T omb

any sol vent can pe use
S e Rl R o 25
sk PGSR R A
= RaBbhte L S o e e L
characterlstlcs which poélymers constituting the respective
films have, such as dynamic strength, tissue adhesion, and
‘bioabsorbabiiity, to fhe énti—adheSion membrage.

The adhesion preventing material Compriéing a laminate
.of.honeycomb structure films can be produced by swelling
.hOneycomb étiucture films to be laminatédxthem,-or'laminating
respectlve honeycomb structure films aﬁd swelllng them in an
adequate solvent, followed by drylng As.the solvent for
swelling the dried,film53 any solvent can be used s; far as
ifkswells thelhoneycomb strUctu?e films without dissdlving
jthem therein. For example, water?or ap'aq&éous solﬁtioﬁ of
an inorganic salt éuchaussodiunlchloridézénd.Calciunlchlotide
is.preferablep Also, éh organié solvent such‘as ethanol,
methanol, and propanol can be added.

Though the thickness of the honeycomb structure film is

12




not particularly limted, it is preferably not nore
than 500 m and nore preferably not nore than 200 m
fromthe viewpoint .of flexibility. A so, the

t hi ckness of the honeyconb structure filmis :
preferably 1 mor nore, and nore preferably 3 mor
nore fromthe viewoint of handling properties. In
particul ar, the anti-adhesi on nmenbrane of the

not nyvent | ALh 61 § Ui bl &g usad ﬂ@bﬂ&%ﬂwgoﬁd@%é?ﬁqéﬁ 500
e

the time of a surgical operation. For “exanple,

um ,a%l?ﬁﬁinggepﬁfé/ﬁ@fé iRt 1?1%;!1:%' thsh %%dﬁlfgqf’ggpn{j‘gﬁggéelltﬁnvggplnt

adhesion of the surface o bi oti'ss

ofa@mm operz égn qg'?é nscthiackndeissseasﬁl' o{lé% L?fl%g’}eycomb

spl een, pancreas, ki dney, uterus, ovari d
..an.. operation duri suturjng of an Achilles tendon,
st Bieedbe .lsv@’fﬁgg-‘é@ai&i #3) QT o Fog Ak Tose myeterably

3 theanti-adhgsion menbrane of the invention, an
Hhert JPRTOF AR HoReyEoBO1BEr aét ipadiing psopeutkesn
a wound area, and the noisture such as blood and an
- or gart | iFfUitE St a%hehPRdsBPbédadhesiony Rexbhgne tde the
,_anti-adhesi on nenbrane to the wound area. Since the
LV oR & SsiRhtablyIwwe d0d Brevegaangi aghesien atisohdddine
in the aperture, it is not necessary to suture the
Vofﬁémﬂﬂ%ﬁ op@rEféomor eF ok retdrep tas ¢ hshadiee $ hen poiestaunta ng
_ in.the wound area is little so that fixation is
matesidt iid emwed ifor pravsotipgsaidbesiva 6Fi tke therface of a
_anti-adhesion menbrane of the invention on. the wound
biddrigswmndas helamsgepl Wit hen| iatpdicthifr=0m $her Ot Sh d@gainst a
.thereby promoting the fixation of the subject
dls‘lwﬂ‘lceﬂ limker, spleen, pancreas, kidney, uterus, ovarium, -
etc. or an operation during s_ilturing of an Achilles tendon,
a nerve, etc.:

_ 'With_ respect to a method for using the anti-adhesion
nembrane of the invention, an aperture of the honeycomb
structure film is stuck on a wound area, and the moisture such
- as blpod and an organ ,liqﬁid is then adsorbed,- thereby fixing
_the anti-adhesion mgmbréne to the wound aréa. Since. the
moistﬁre‘ such as blood and an organ liquid is adsorbed in the
aperture, ‘it is not necessary to suture the. wound érea

Fuf-thermore, in the case where the moisture in the wound
~area is little so that fixation is in‘sﬁrfficier'lt', it 13 also
possible to stick the anti-adhesion membrane of the invention’

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

"‘thereby promoting the fixation of the subjéct material. As

13



13 the liquid to be supplied fromthe outside, though
any solution can be used so far as it is an aqueous
solution which is harmess to the wound area, a
physi ol ogi cal saline solution or Ringer's solution is
sui tabl e. Mreover, since when dipped in water, the
filmof the invention is free fromthe occurrence of
gelation or dissolution, it does not bond to a

theurighcal tbnsd swppiti ’ndrbe tieasyitkehenantlidtg ankNsolution
addi tion, the anti-adhesi on nenbrane of the invéntion

cafidde D8eaUR] ealafs @ As shekdhddal is%ﬂlu.tt&%ﬂ.tvﬁ?féh ‘?Llécll?a}%ﬁless

et hanol sterilization, y-fay sterilization, elect

o O L1 | S ‘O | i .s %on or Ringer’s
coGMNoRER 4 LoZAL Bty AP0l €095 X8 HA%N of Ringer |

sterilization. y suc

SO?&E§%E;§fR€%§E?§&%E the safety. BRI EF DESCRI PTI ON OF

-1 is an optical mcroscope ‘
photﬁg£a§h of an antk-adgesion menbr ane of the, )
i nventt on' cH g>tB¢% ¥PgH ELBBEFoAnYReEcople film of the
. ghogo%raph of .,.a film having a honeyconb structure_ as
1O¥BE AT RRd 15 | Supm ghg gocyragneeecpfongelation or

.M croscope photographof a film having a honeyconb
dLEFP Rt LR dst olnes ReF PAngxbpm euggicrilginatigmgnt and is

optical_ m croscope photograph of a film having a
cappneyEonddiingt ure as obtained in Exanple 6. Fig. 5

is an optical mcroscope photograph of a film having

a hoHepelais iony, uthe e tds-astites imedmenb Exaapife t ke invention

‘can be subjected to a sterilization treatment such as ethanol
sterilization, y-ray sterilization, electron beam
"sterilization,‘ and ethylene oxide gas sterilization. By

applying such a treatment, it 15 possible to enhance the safety.

“BRIEF DESCRIPTION OF TﬁE DRAWINGS

Fig. -1 is an optical microscope photograph of an
énti%édhesion membrane of‘the invention. |

Fig. 2 is an electron ﬁicroscope photograph of a £ilm
having a honeycomb.spructureras obtainéd in Example 4.

_Figt 3 is;an:elect:on-microscope phoéographrof a film .

having a honeycomb structure as obtained in‘EXample 5.

Fig. 4 is -an opfical microscope photograph.of a film_
haviﬁg a_hgneycomb structu;e as obtginéd in Example 6.

Fig. 5 is an optical micrbscope'ﬁhotograph of a film

- having a honeycbmb structure as obtained in Example 7.

14



14 Fig. 6 is an optical mcroscope photograph of a
film .having a honeyconb structure as obtained in
Exanpl e 8. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
Modes for carrying out the invention will be hereunder
described with reference to the foll ow ng. Exanpl es,
but it should not be construed that the invention is
limted thereto. (EXAMPLES) (Exanple 1) A chloroform

sol gt i;0n60f spahy baetice 126iid roRRLREULRL L WREGRAt 0f a film
100, 000) (5 g/L) was mxed with, as an anphiphilic

.hav@ﬁbyHehonéyEehMaQ%Ybéthé SQPQE¥H§ﬁe&“§hgﬁkaﬁF§éaQ?
. nolecul ar “weight: 85,000) as represented by the

conpound formul a 1in a proportion of 10/1, the
m xture was cast on a gl ass substrate and allowed to

. BEsﬁtﬁﬁgEuﬁgﬁrcggﬁ 93dLt BOR B! ORTLLETRETature and at 2

e so vent ~was gradually
orate of f_to prepare._a honeyconb st u , Tge
thogBP ot e SPFUH‘E? €ftn L e be s
d nner di aneter a filmthickness of 13 m
esgﬁl%ﬁ@.eaF nfsﬁ8§885@ tﬁhsbsgFaaQOWHeeeéﬁawglsﬁowﬁut it
_ 8 nmple 2) A chloroforn1solut|on of a lactic
Shoaé i @o‘F‘PI&S‘é-E‘F%d toed herinesydiogmis #Jeﬁ%ed hegsto.
nol ecul ar wei ght: 100, OOO) (5 g/L) was m xed with, as
an -anphi philic polymer, the 15 ‘
(EXRMPLES)

(Example 1)

A chloroform solution of polylactic acid {(molecular
weight: 100,000) (5 g/L) was mixed with, as an amphiphilic
pdlymer,eapolyacrylamidecmpolymer(weightaveragenwlécular
welight: 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 huinidity of 707%, and the solvent was gradually evaporated
off to prepare a hdneycomb structure. The thus obtained _
hohéyComb structure had a size of void inner diameter of 5 o
and  a film thickness of 13 pm. An optiéal microscope
photograph thereof_is shoWn in Fig: 1.

' (Example 2)
A chloroform solution of a lactic-acid-glycolic acid

cbplymer_(copolymer ratio: 75/25, molecular weight: 100,000)

(5 g/L) was mixed -with, as an amphiphilic polymer, -the

15



pol yacryl am de copolyner 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
hum dity of 70 % and the solvent was gradually

evaporated off to prepare a honeyconb structure. The
t hus obt ai ned honeyconb structure had a size of void
i nner dianeter of 5 pmand a filmthickness of 13 pm

oA A0LNRGHY Ll 020c0R0] Lo, ted S e Lol e
t ti it, d [ 1/ 4. ' '
vasf SHRSSEN S QLSACARG ML AL NALE L g e
Lyl acti id I I i ght: 100,000 100 g/ L
corfALAChB5h T, GURLEEULAL  JFTANL 100,900) (100 811,

under a condition at roomtenperature, and the

the3P VeIt WAS Fetfiedl b VaperekreRst P\ RTRPATS priepmecanb
cast film (Conparative Exanple 2) A chloroform

strygtytrron Bhe e tdtadaiat flopesidosbastductoppyhed a size
(copol yner ratio: 75/25, nolecular weight: 100, 000)

of 000 pihgr wHsspasir of & ghassd sulistimateiakdeak| ofel tyon.
stand wunder a condition at roomtenperature, and the
sol VYeatpabsacrehavide hospontanesussdrdyhag thee fiedfame ng
a cast film (Exanple 3) 16 Male SPF hairless rats

strintanabodyprmeiight: 250 g) were

[Formula]

(m and n each-represen{s 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'substraté and
allpwed to stand under a cdndition 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- 160,000)

(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)
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anest hetized by intraperitoneal injection; the

abdoni nal region was cut open to expose the stomach

the integunent of the wall surface of the stonmach

fundus was wounded about 8 mm and each of the

anti - adhesi on menbrane as obtained in Exanples 1 and

2 and Conparative Exanples 1 and 2 (three-centineter

sides) was stuck thereon every one sheet per rat. One

Weelfﬁal%f LR %ta'i(ijf(lle%% etsaq%rle'a?ldl%%ﬁhzoc}egﬁm}r:aﬂgi) % were

aut opsy was performe 0 observe the adhesion state

| t.he npaked .eye. _As..a result, .the.results .

an%%éﬁh%ﬁ%%?tﬁ% a éﬁ%ﬁ%%ﬁ%ﬂ%?%flE % gl?gf é?%w%%%o?h“al

<o B Sty VB SRR 0 5. I, NHELCAID LT YE e o

di ssolution was caused in the state of dipping in
thadpdl, SUEFERT (i LHCaS HOURAN oF B HE 26 sg BAEA ARP UL
flexibility of the film and handling properties were
angygagh ofathenarkapreheai Pafftordng aspoel vrd tiffeEXpRBLES

was- not caused, and it was noted that the
1 s i2 @l SomaenbyaneEagmpbeai hednd by {her¢aveantioneter
had satisfactory bioconpatibility. In each of the
sideant wad mgugfk Chwparat ienemxams edicktaper? rajtt. f @hkedeck
in flexibility; when once winkled, it did not return
aftter t B&ickiingi nahe comdi 1 +odhe ahoh stisskinzmne, 0 theopeyndwas
area was - difficult. Therefore, it could not be said
pedfiaindche o opekalid ithe iasihgeddn EhateestikhstBeenshewneye.
in Table 1. 17 Table 1 - '

As a result, the results regarding the adhesion state of each
rat as shown in Table 1 were obtained.
In the honeycdmb 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 éaused,_
~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 ﬁot_retgrn ﬁé the
original condition; and stickihg,.to the wound area was:
difficult.  Therefore, if could not be said that the
operability is good.

The results are shown in Tablellg
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Contents of anti-adhesion Adhesion state nenbrane
Exanpl e 1 Honeyconb structure fil m nmade Adhesi on was
not of PLA/ polyacrylam de caused. copol yner Exanple
2 Honeyconb structure fil mnade Adhesi on was not of
PLGA/ pol yacryl am de caused. copol ynmer Conparative PLA
cast film Adhesi on was caused Exanple 1 over
peritoneum |iver and stomach. Conparative PLGA cast
rabibm Adhesi on was caused Exanple 2 over peritoneum
l[iver and stomach. (Exanple 4) A chl orof orm sol uti on

of pol yl actiontagitth (oleaoul -ardhesgicght ©:  GLAYDN (Fate
g/L) was nimcgtbmirdeh, as a surfactant, phosphati dyl

Ex&upaaol ammm eyl ey utPude Erlqﬁprﬁédi@nAQlThe%‘ﬂoh wad ot
m xture was,cagin o &M Aassmupstrate and allowed to

st and und%lrO t'i on "at roomterrperature and at a
iyy ofy soIv nt r duaII
Ex%&o‘r%t ed Ho, <9om ‘leére r?l : mrﬁ% @&%not

structure. Gﬁ’dR? S%on- stl eﬁ]g t he

honeyconb §toﬂ? YIS i n the t hus obtained structure -
Comppratiyse Fof vaist ifid®r di aneter of abddhesigm aws caused
Exgmphe thi ckness of 13 m and the fil m wa9vgr peritoneum,

~ non-penetrating liver and stomach.
Comparative PLGA cast film - Adhesion was caused
Example 2 . . ' . over peritoneum,

liver and stomach.

(Example 4)

A chloroform solution of polylactic acid (mélecular
| weight: 100,000). (5 g/L) was mixed with, ‘as é suj:factant,
‘phosphatidyl ethanolamine-dioleoyl in a proportion o_f 10/1,
the mixture was cast on a glas_s substrate ang;l allowed t o stand
‘under a condition at fbom’tempe‘rature and at a humidity of 70 %,
-and the solveﬁt waé gradually evaporated orff”to prepare a film
having a honeycomb 'structure. The _individlual pore‘s_. con-
stituting the hoﬁéycomb st‘rﬁctufe in -the' ’1I:hus .obtaiﬁed '
’- structure had a size of void inner diameter of about ‘5 pm and
a film thickness of 13 um, and the film was a.rion¥pe,netrating
film. The .f‘ilm was cloudy. Though a polylactic acili.;‘i' fiim as
prepared by a geneial casting metﬁod i.s colo’rless and'
t;:anslparent, when it has a honeycomb- stri.Jct_uré as in the

‘.inverntion_, the film is cloudy due to scattering of light. An
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film The fil mwas cloudy. Though a polylactic acid
filmas prepared by a general casting nethod is
colorless and transparent, when it has a honeyconb
structure as in the invention, the filmis cloudy due
to scattering of light. An 18 SEM phot ograph i s shown
in Fig. 2. (Exanple 5) A chloroformsolution of
polylactic acid (nol ecular weight: 100, 000) (5 g/L)

SE%?%hH%é §Hapht Dy §ﬁo syrfagtany, phosphati dyl

anol an1ne di ol eo In a proportion of 200/1, the
m Xt yk e, o Cast on a glass substrate and allowed to
-stangé Jw%gr a§cond|t|on at roomtenperature and at a

232; rS 8r8%9r%)56$€%&%3¢aﬁflvﬂr hﬁ%?ﬁgrggﬁgkgéggﬁﬁular
d dual - h
SO R TG M.

had a size of void inner dianeter of about 5 m and

a
phesphet Rk rddwnglaming-diri 991l fin m ReagPartion of 200/1,
non-penetrating film The filmwas cloudy. It is

thedgied YronrEhFashet argtdas suwbHomeye oms siioeedrte isgand
generated as in Exanple 4. An SEM photograph is shown
undlex B gond 8t i ¢meenpbem@lenkatd tormd enm ablautireid gty of 70 %,
polylactic acid. (nolecular weight: 100,000) (5 g/L)
anddhensrédentthas axaauslifyaevantratphosphatd gykpare a film
- et hanol am ne-di ol eoyl in a proportion of 800/1, the
havixg ure hwase yeasib ost aughass. Sum&bhﬁnﬁfﬁmb&dlOpaﬂe$0con—
stand

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 pm, and the film was a non-penetrating
film. The film was cloudy. It is noted from thié .ma,tter that
& honeycomb structure is generated as in Example 4. An SEM
photégraphAis shown in Fig. 3.

{Example 6)

A chloroform solution of polylactic acid. (molecular
_weight:' 100,000) (5 g/L) was mixed with, as a surfacta_ﬁt,
phosphatidyl ethanqla_mine—dioleoyl in a proportiori of 800/1,
the mixture was cast' on a glarss substrate and allowed to stand
under a condition at room temperature and at a humidit,y of 70 %,
and the soiv_ent was graduallyrevaporated off to 'prepare a film
having a honeycoinb__ structure.  The individual _por"esf con- - :

‘'stituting the honeycomb structure in the thus 'obtainé.d

structure had a size of void inner diameter of about 5 pm and
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under a condition at roomtenperature and at a
humdity of 70 % and the sol vent was gradually
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 dianmeter of about 5 n1and 19
a filmthickness of 13 m and the filmwas a

a ng{r]n ?{%?L%ﬁ(%@% Ng¢ I i }El%t fch J\{\B% v?a{so%dyl?r ugghétratlng

rom one conb s urers
. 1 .
,flﬂﬁgteglglr Zg J;h%@ Ei ItAJ;s Q%S?(@Iffco T;:l{ §%1%Dceter that
t | ol
a nEsRER r%"fn%?%%‘te'f%?%?%‘ﬁfggi%%sfé‘%%%’%é% ' Cw}sn APkdgal
wWth, as a surfactant, phosphatid

iR AR R ARy | %Wnp}%p%%%/1 oh- of 10/1, the

m xture was cast on a glass substrate and allowed to
st andFAH#RYe & )condi tion at roomtenperature and at a
humdity. of 70 % and the solvent was gradual ly
evaporetedrofgiim tgo brieban ech #i Larhavi agid- Eélﬂéyééﬁb301d
structure. The individual pores constituting the
comhkresc oy Istauleture light:hd 01t BOS ) obd aj Med vetsr mdtgdewith,
had a size of void inner dianeter of about 3 mand a
as f al murdfisckereds ofhdfppatidpt ehdahiclamias-aioleoyl in a
non-penetrating film. The filmwas cloudy. Though a
prgd iyl aet iof aovd, f thenmaisx puepared chy tacgenealsscaabsngate
method is colorless and transparent, when it has .a
andn@nayeerbt §tisaidi 8 deasSa i dbridie ddiv aft k &dm ﬂeh’@)e‘ﬁdﬂ”ﬁﬁes and

cl oudy due to scattering of

at a humidity of 70 %, and the solvent was gradually evaporated
off to prepare a film having a honeycomb stru&ture. 'i‘he
indivi_duall pores constituting the hone‘ycémb structure in the
thus obtained strﬁcture'ha'd a size of void innef diameter of
about 3 pm and a £ilm thickness of 10 pm, and the film was a
non-penetrating film.. Th_e film "was cloudy. Though a
polylactic acid film as prepared by a general cééting méthod ,
is colorless and transparent, wherﬁ it hals a honéycomb st;c_uéture
.as in the inventioh, the film is cloudy due to scattering of
1ight.r An opticéi microscope photograph is shown in Fig. 5.

(Example .8) |

A chloroform solution of a lactic acid-glycolic acid
cdplyrner {molecular. welght 101,000} (5 g/L) wa'smixed with
a:s' a surfactant phosphatldyl ethanolamlne dloleoyl in a

- proportlon of 200/1 the mlxture was c:ast on d glass substrate'
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light. An optical mcroscope photograph is shown in
Fig. 5. (Exanple.8) A chloroformsolution of a lactic
acid-glycolic acid coplyner (nolecular weight:
101,000) (5 g/L) was mixed with, as a surfactant,
phosphati dyl ethanol am ne-dioleoyl in a proportion of
200/ 1, the mxture was cast on a glass substrate 20
and allowed to stand under a condition at room

and &NMRSSRALEE %d %tnd%rhgrﬁcg#(%nytlogn EQ J@gcgmt@é?rllpfér%aﬁ:'%Ne and

was gradually evaporate to prepare a aving

_ : _ con o |
2t 3 RORRYEPTLE L, Ui eTR ot L AU RO ygporarea
Of€$£gined structure, had a.size aqf net er

Str e h voi d inne diﬁ Th
aBG %% Cmhnt 4 PRHPHT Sl 6o Bﬁ{“ﬁ B the -°
) fiIn1W%€ a non-penetrating film The filmwas cl oudy.
ANGEVIIHDEAF T GRPSEHS T B et habe ¥ By ure 10 the

structure is generated as in  Exanple 7. An optica
thig QISR phev6EEsh ag! shehiei of Fiqld -iginer diameter of
. (Conparative Exanple 3) It was tried to prepare a film
abdialy i ngua aponey Eoady thtrkoeasecfnlf hensamel e las viais a

Exanpl e 4 -by using a chloroformsolution of :
norpubsneictd i ifd Lmol bel &t lmeiaghicloutl@0, 000)ig Siag/eld) from

However, a honeyconb structure was not forned, but . a
thimmamiéor bhét | g Waseycepdr ect ruc@anparid | yen&Exangpd ead) in
. It was tried to prepare a honeyconb structure in the
Exaggmbe: 7. An optical microscope photograph is shown in Fig.
6.

(Comparative Example 3)

It was tried to prepare a film having a hone_YCOmb
structure in the same méinner as in Example 4. by usirg a
chloroform solution of polylactic acid (mbl.ecular 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 hon,eyéomb structure in the same -
manner as in Ekample 1 by using a chloroform solution of
phosphatidyl ethanolamine~diol’eoyl (5 g/L). Ho’weVér., a film
could not be prepared, and self-supporting properties weré not
‘revealed.

In order to confirm the adhesion preventive effect in

! li-vihg body according to the i_nvention‘of this application,

- experiments were carried out by using an intraperitoneal .
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manner as in Exanple 1 by using a chloroformsolution
of phosphati dyl et hanol am ne-di ol eoyl (5 g/L).
However, a film could not be prepared, and

sel f-supporting properties were not revealed. In
order to confirmthe adhesion preventive effect in a
living body according to the invention of this
application, experinments were carried out by using an

adﬂggtgpq&hgqpqg% 21 adhesion nodel of rat. Wth

espect to the |ntraper|toneal adhesi on- nodel , a r at

mas ed int e nation_under the an t he
o r"%l&é TeshadtS RS rﬁfﬁgﬁrmﬁﬁe&od.u c098hon8¥e1, =

ra$f§%$%3rb'tal(Boﬁhgrﬁagaaﬁﬁggﬁﬁ éec%hpn av Iﬁggle

- . abdom nal region was shaven and then d|S|nfected wth
| LnigiaRfifol t G2 it TGt 1o viA8d PPAdHM PRERTERaFAEFBA (30

regi on was disinfected with an isodine disinfectant,
mg/dut f Newbated 4 Emjertipe, abdofiinab kegi daofas D@h@ﬁppon -
cut open along the nedian l'ine to expose a cecum A
PhagaracHuticarledo( 1 kid 2 cany Wie eheomipedetegaer wasnabaven
abraded by using a sterile absorbent gauze until
andpetbehi alisHedmatirapewial efdmacdt efior Adtien nfetcdrdmimng
the caecuminto the peritoneal <cavity, the =
addhrtiicrgdhbsicpe rermiorane gwas veiidk stihdeedrd ¢heh aruhsodine
muscul aris of the cut part was continuously sutured,
disint ddarmyt asdvd@scauButed Wit o 4 the Sbsbitiehesreftien was
wound part was disinfected wth an isodine -
thetl shbbpehation@r@etmeiiat 1VA8 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 pefitoneal
cavity, the anti-adhesion membrane was stuck thereon, the
© tunica muscularis of the cut part was continuously sutured,
and the cutis was ‘sutured with 4tes 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 sﬁbjected
. to an operation on the abdomen unde‘r the anesthesia with sodium
pentobarbital,-and.the degree of intraperitoneal adhesion was
observed with the naked eye and scored according to the
following criteria.

(Grade ciassification)

_G;ade 0 (score 0): Adhesion is notifound._'
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then returned to a cage. Seven days after the
operation, the rat was subjected to an operation on
t he abdonen under the anesthesia wi th sodium
pentobarbital, and the degree of intraperitonea
adhesi on was observed with the naked eye and scored
according to the following criteria. (G ade
classification) Gade 0O (score 0): Adhesion is not

fountkadl2 Gaderd {(SCHM ) orfMdhesi N d Sccﬁ %u%gg‘eeasuch

degree such that the adhesion is fine and can _
chPESILY SRRECELEL 00 AR, Gl 0T Sa 2L, ey adbesin..

SoarH T 4 i Gt B 50 ey deoree
000 e SRS PR U RALE A0S, e o
is( core 4): Adhesion is found in three or nore places.

¥ AP ETpat ot H VR BRRPre’s oF | Thoet Hrskivbed
bel ow. (Exanple 9) An adhesion preventive effect in a
| i vitipBody (e recdnti Frpeidyrakivgt it Fdhefian is found
obt ai ned in Exanple 5. (Conparative. Exanple 5) The
or raghsfpises Ut ir éehng cor dithgleast hewsapkapedcedur es as

Grade 4 (soofe 4): Adhesion is found in three oﬁ more
places.

Example and Comparative Examples will be described
~below. | |

(Example 9)

An adhesion preventive effect in a llﬁing body was
, cohfi:med by using the film as obtained ln Exaﬁple 5.

(Comparative Example 5) |

The rat was sutured acoolding to the same prooedures as
in the foregoing intraperitonealQadhesion.model;without-usingr
an anti-adhesion membrane;

(Comparative EXamplel6)

An intraperitoﬁeal adhesion model wes carried out by '
ﬁsing-Sepra film(TM) (sodium hyaluronate'and carboxymethyl'
Cellulose, thickness: about 55 pm, evailablelffom Kaken
PharmaoeuﬁiCal Co., Ltd.). | |

The degree.of intraperitoneal adhesion on.eech animal

‘was scored_acoo;ding to the grade classification, and the
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in the foregoing intraperitoneal adhesi on nodel 'wit hout
using an anti-adhesi on nenbrane. (Conparative Exanple
6) An intraperitoneal adhesion nodel was carried out
by wusing Sepra film TM (sodi um hyal uronate and
car boxymet hyl cel |l ul ose, thickness: about 55 m
avai | abl e from Kaken Pharmaceutical Co., Ltd.). The
.degree of intraperitoneal adhesi on on each animal was
d cg Ln 0.th rade _cl SS|f|ca i on, th
re% ﬂg%su?t geggﬁgrie%éeg ?Wst 8Frr§6} ;th val—ug)Sta‘n%lard
S d err }. (nea E. in Table 2.
eré& ]ﬁﬁg %%%STO % )or%r%fS%‘FFbaiE% %x mple 5
WI t_hout e ot her hand,
oart 2SS FghesthPesCate é&ﬁgﬁﬁfneafa&égelﬁsam@l% 5 éw&tgout
reductlon of the adhesion score was observed as
a fddmpared dnid & Gotmalat e obbherphend. a Beanladhgsicn score
reduction of the adhesion score was al so observed as
of domper kel Wivds thed adifesionrscer eedicg iol of) tbe adhesion
Conparative Exanple 6 (wth Ceprafilm. The -
'SCRFR | Wl helss onvasnds anenpiretiewi hzefivinparetivhi Bxample 5.
application gives rise to an explicit effect as
S irciohak ed ank e Huct hen cHs & hetdlee sinomBtdoradhesiadso cbserved
menbrane is not used. Furthernore, not only it is
as ebipetiedewl oh e venkisngnadbese O(T.l ag compyredombbiative
' the filmof Conparative Exanple 6 which is. currently
Exgmile nd o(ylEctCeatatishe) but also it is easy in

The anti-adhesion membrane of the iavention of this
application gives fise to an'explicit-efféct as compared with
the case where an anti—adhesion membrane is n_of. used.
Furthermore, not only it is effective for prevénting adhesion
as compared with the film of Comparative Examplé 6 which is
current_ly put into practical use, bﬁt also it is easy in
handling because it does not halve bonding "propertjles as in the

film of Comparative Example 6.
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handl i ng because it does not have bondi ng properties
as in the filmof Conparative Exanple 6. 24 Table 2:
Resul ts of evaluation of int-raperitoneal adhesion
nodel Drug Animal No. Score Exanple 9: 301 0 302 2
Honeyconb film303 1 PLA/PE = 200/1 304 3 305 2 Mean
1.6 S.E. 0.5 Conparative Exanple 5: 101 4 102 2
103 3 Control group 104 3 (without a filnm 105 3
TaMe@an 3.0 S.E. 0.3 Conparative Exanple 6:

Results of evaluation of intraperitoneal adhesion model

Drug Animal No. Score
Example 9:
301 0
302 2
Honeycomb film - 282 ' é
PLA/PE = 200/1 305 o
‘Mean 1.6 T
7 _ _ + S.E 0.5
Comparative Example 5:
: 101 4
102 2
Control group : 182 g
(without a f£ilm) 105 3
‘Mean - 3.0
+ S.E 0.3
Comparative Example 6: _
' ' ' 201 1
202 4
Positive control group ggz é
{with Ceprafilm) - ' 205 0
' o ‘Mean 1.8 T
+ S.E 0.7

INDUSTRIAL APPLICABILITY

The biodegradable film having a honeycomb struéture of

the invention of this application can' be applied as an

anti-adhesion membrane to a 1ivin§ body.
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201 1 202 4 203 1 Positive control group (wth
Ceprafilm 204 3 205 0 Mean 1.8 S E. 0.7

| NDUSTRI AL APPLI CABI LI TY The bi odegradabl e fil m havi ng
a honeyconb structure of the invention of this
application can be applied as an anti-adhesion
menbrane to a living body.. 25 CLAIMS -1. An
anti - adhesi on nenbrane conprising a bi odegradabl e
filmhaving a honeyconb stxpggure. 2. The
anti - adhesi on menbrane according to claim1, which 1is
characterized in that the honeyconb structure has a
mean void inner dianeter of not nore than 20 pm 3.

The dhe on. nmenbr ane accordln claim1l or o
ant 4 B R T AR R Rer Shfip Pt o Sbdegtafapte
f|In1 has t e hone nb structure. 4. A biodegradable
fl% 10 RS Mttt @re and conprising a
bi od radable polyner and a surfactant, which is
* char'dtt éntZe@Hh e strat meﬁpaa%r«ﬁae%ﬁngswaclalm 1, which

phosphol i pi d.
is characterized in that the honeycomb structure has a mean

void inner diameter of not more than 20_gm.

3. The anti-adhesion membrane according to claim 1 or 2,
which is characterized in that only one surface of the film
has the honeycomb structure.

4. A biodegradable film having a honeycomb structﬁre and
comprising a biodegradable polymer and a surfactant, which is
characterized in thet said surfactant is a phospholipid.

5. The biodegradablerfilm having a honeycomb-structure
acebrding to claim 4, wherein said biodegradable polymef is
VI_a biodegradable'aliphatic polyester and/or é biodegredable
aliphatic polycarbonate. | |

6. The biodegradable film having a honeycomb structure
‘ aecording to_cleim 5, wherein said biocdegradable aliphatic-
polyester is at léast one'pOlymer selected f;om the group
consisting of‘biodegradable aliphatic polyesters inciuding
polylactic acid, a poiylactic acid—polyglycolic‘acid cem
polymer, polyhydroxybutyrlc acid, polycaprolactone, polyé-
_‘ethylene adipate, and polybutylene adipate.

7. The biodegradable film haVing a honeycomb structufe
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5. The bi odegradabl e film having a honeyconb structure

according to claim4, wherein said bi odegradable

polymer is a biodegradabl e aliphatic pol yester and/or

a bi odegradabl e "aliphatic polycarbonate. 6. The

bi odegradabl e fil m having a honeyconb structure

according to claim5,. wherein said biodegradabl e

al i phatic polyester is at |east one polyner sel ected

fromthe group consisting of biodegradable aliphatic
2CCESRUE dr G ng P Y aBRi€ BEPASTEABOP YR actiphatic
aci d-pol ygl ycolic acid co-. polyner, polyhydroxybutyric

 PolyGagbPitEc apr dF akaasite onsobyl yaenys ehechell fates thrdgroup

pol ybutyl ene adi pate. 7. The bi odegradable film having
congipdadyicoy stouiotntey 1926 aczdrehae t cawd ai pobyethylene

wherei n-sai d bi odegradabl e al i'phatic polycarbonate is
carpprlagast one pol ymer selected fromthe group

consi sting of pol ybutyl ene carbonate and pol yet hyl ene

8. car Pheateladelyrabieb I ofegnadabliagl il M@y structure

honeyconb structure according to any one of claims 4
- to Becowhidihg stochanachgei zed bnathat sakd. 6, which is
bi odegr adabl e polyner is polylactic acid or a lactic

aci gnakyeekire zael & £OophyFeEa 94 Etl%dgig‘%%%lgﬁqga%% }ﬁdéor:n is :

havi ng a honeyconb structure accordi'ng to cl.

5, pe@y%eﬂéi&Me%gp%é:gggia@cﬁ-glﬁféﬁgc LLPAN8 ymer .

group consisting of osp anol-am ne;

9. ngggggﬁig»ﬁeg&%%b% fmﬁpﬂs‘&k%' aSHdScomb structure

aCcordingtocﬂaim4<n15;whereinsaidphOSpholipidisselected

- from the group consisting' of phosphatidyl ethanolamiﬁe,

phosphatidyl‘ chorine, phosphatidyl serine, phosphatidyl

‘glycerol, and derivatives thereof.

10. The biodegradable film having a honeycomb structure

according to any one of claims 4 to 9, which is characterized

7in that said phospholipid'is L-a-phosphatidyl ethanolamine.

;1. The biodegradable film having a honeycomb structure

according to claim 10, which is characterized in that. said.
phospholipid is L-o-phosphatidyl ethanolamine dioleoyl.

12.  The biodegradable film'having a honeycomb structure

 according to claim 4, which is characteriied in that_é

composition ratio'of,said biodegradable polymer to said
phospholipid is from 1/1 to 1,000/1.

13. An anti—adhesion.membréne comprising the biodegradable

film according to'claim 4 or 5.
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glycerol “and. derivatives' thereof. 10. The
blodegradable filmhaving a honeyconb structure
according to any one of claims 4 to 9, which is
characterized in that said phospholipidis
L- a- phosphati dyl ethanol anine. 11. The bi odegradabl e
fil mhaving a honeyconb structure according to claim
10, which is characterized in that. said phospholipid
i's cc- phosphatidyl ethanol am ne dioleoyl. 12. The

14b|odegP5@%%PglPFImqﬂﬁﬁﬁm @Ih@ﬁeydﬁmmsﬂdhﬁﬂlﬂm membrane
according to claim4, which is characterized in.that a
acqyithioyl thcorlradin d ofr, 1$ai éwhbichdegr atlabbetpolyedr biyousing

- said phospholipidis from1l/1 to 1,000/1. 13. An

a hﬁmdegaaueyl@npméymeanéiﬁmnmmvsm@gaﬁhﬂmﬁkﬁﬁ&gea&abhare as
filmaccording to claim4 or 5. 27 14. A production

- obtpriowes Hwfcidbeiagt inadigangl MRIREMIE sAGRASH NGF 19, bio-

claim1 or 13, which is characterized by using a

 deddizeniegradsdl gnes! ¥R fdlpBhavid1gid RAREYRH M phere of a

structure as obtained by casting an organic solvent

re13liWd BRnAkid PicF e @@a%eg@obﬁn%aaam fg%@ggmg

in the atnosphere of a relative |ty 0

salkpogéa%icgééggéhkyaﬁ& fﬂiﬁ%oﬁ%ﬁ U Soh%e n the
and S|nultaneous y con enS|ng It e sur of
sux%%'c(e C(§'§t QUI&SQHng\ﬁgBOF%{ Ic{]gexfréggr%tlgé 1nepl water

as generate by saidC éhsation

droplets as generated by said condensation.
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