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LI QUI D LOADED NICRCBIALLX;EECDUCED_CELLULCSE PAD FOR MEDI CAL USE. FIELD OF
| NVENTION This invention relates to a novel |iquid carrying nateﬁlgriﬂt[cp‘
medi cal .applications, and nore particularly to a sterile pad conprising a
pel li cl"ef m crobially-produced cellul ose | oaded or wetted with a
physi ol @gi dal | y- 10 acceptable liquid useful as a“weund dressing,
treat mepf ¢(Rad, W pe and the |ike, and to a method for preparing such

mat eri a\ “BACKGROUND OF THE | NVENTI ON 15 A wide variety of products are
cur tent | y~avai LERUED] hOADEDNMICROBIALEY4PRODUGED GELLULOSENBAD| FORr eat i ng
surgi cal inci sypRgcagbyag ons, and burns, and as an aid in the treatnment of
a variety of derﬂarégugrca skin dlsorders 20 Pl ai n and nedi cat ed
gauze-type dressings are widely enployed in hospitals after major surgery
and al so in theigope oForrnveNmr@rci dental injuries. However, in spite of
their wi degacceptance, the gauze-type dressings are not without their

di sadvant ages. For instance, frequent 25 changes of such dressings are
necessary in ofbés u@wg@ﬁyqnanekaﬁnﬁutmgapnozebslaggxdocappyynEEMatgnxai
Such changes arzezointearic%chm&@&fwnél ss&aﬁﬁai»?taakéeca%ﬂ t ¢3) ace some

adherence to the wqund or_ wound exudate nor nal occurs. Mfeover,_ the

gauze-type dr eS&PES QM?QQnCQR?rlﬁﬁQﬁe%tp?%blﬁbﬁnﬂffPbﬁF@?ﬁP&%&mﬂ?qﬁ%ﬁ%ﬁ|a
nor do they coeeldulose (Voxdwd ror sketcedavitiscal phpsiblegtiealldsy- ng. Mre

recently,laarlgu§8§@%§f§Wi&%ﬁ?&”&é%ﬁhfaxs Reghul 8V§?é§$§h$.FO%EJ€§%qJ]the

treat ment™ of woun h Skirn drso I exanple
col | agen, pad, wipe and the like, and to a method for preparing such

material.

BACRKGROUND OF THEE INVENTION
15 |
A wide variety of products are currently available in the
medical field for use as dressings in treating surgical
incisions, abrasions, and burns, and as an aid in_ the
treatment of a variety of dernmatological skin disorders.
20 Plain and medicated gauze-type dressings are widely
' enployed in hospitals after major surgery and also in the
home for minor accidental injuries. However, in spite of
their wide acceptance, the gauze-type dressings are not
., without their dxsadvantages. For instance, frequent
25 ghqnges of such dressings are necessary in order to
' observe the healing process and to apply medication. Such
changes ‘are often accompanied by discomfort to the patient
since some adherence to the wound or wound exudate normal-
ly occurs. Moreover, the gauze-type dressings do not
30 protect the wound from extraneous bacteria nor do they
control the proper moisture balance favorable to healing.

More recently, various polymeric materials have been
investigated for use in the treatment of wounds, burns,
35 and other skin disorders. For exanple, collagen,
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pol yvi nyl al cohol,.gelatin, and a wide variety of polymer- ic materials
have been disclgsed in. the literature as being useful in the treatnent g
ac&i dental and surgical wounds. Hydrophilic polyner gels of polyethyl
oxide, 5 -and their use as wound dressings are described in U S. Patgn
3,419, 006 and 'suggested to be particul arlyaseful in the treatnent of 4
bur_.n%- surgical and accidental injuries to the skin and eyes, and in a =,

hety

var of derma- ol cal [cat ] T . dr essi. lLleged .
10 51h provi do: PUNTERLE aRRRALR 4N, T UHRE PVl G110y ¥ diyBles
vapors and gases MhiMaterialks ihpie rassn disglasedddn, thed kisesaturel ashe

mﬁl 5tulr_e ?nV: lronmnepfﬁ:én%ymm, %hé‘%]rea@dé?r&. | Rﬁdl%dfﬁhhﬁg.aw lalhd surtgi'cafl
physi ol ogi cal | y accept abl e_f] ui ds, such as cer,ol have .been suggested for .
use as tissue dr a"f)%"érp‘%% pr%ﬂ&%&? B dSo M SL?PrJrY@é?‘é'i)??‘ g°d‘d'Sieng
ext ended sur ¢8 calamd odssiir asse Gealzoystisiregwiogsatare deskerdbedbdet ernisal -

agents my be USepbasRES Ph1o IAEEA AL LEheOb B, T e

0
skin areas. Gauze, however, 1S no the deposition of Fint on
treated surfaces $sefithsinicthel tiradmendpiaf iwrngny syirgigalonsd agcidensal
8rese_nt i nventi Orljl..riﬂﬁiﬁ #d thd lmﬂ?ﬂfﬁéggﬁfagﬁl dhn H.S%‘t'i/e%? JEVRARE s~
ressing, surgical W pe. J[treatnent pa n _bandgge, tissue/ orqgan.drape,
and the 1ike. mgitdial HRITERL AR, eas 65T d5RsRiDE%, 258 deded
m crobi al | y-J@ oduedoratidd @sddmcider ta tHacteiia and viruses, to be perme-
physi ol ogi cal | y- agegptabl Wall| ey reid 41 o] )
m crobi al agent parft‘fcu ar Adl%e%f%gﬁsgr@p%&?%é’bt #é“t"%r‘?a%gl"’%geg%& t he
present inventi onft&id%edhdeconinalyhheampisturg,enyirganestopt the
underst andi ng -t hasgdime®ent i nvention, the following i.s a brief description
of the 35 nmechani sm of cellul ose production by A X.

15 Gauze pads wetted with physiologically acceptable fluids
such as glycerol have been suggested for use as tissue
drapes to preveﬁt exposed organs from surface drying '
during extended surgical procedutés. Gauze pads
impfegnated with antibacterial agents may be usad as wipes

20 to clean and disinfect or otherwise treat skin areas.
Gauze, however, is not lint-free, and the déposition of

. lint on treated surfaces is considered undesirable in many
situations. ' |

25 The present invention relates to a liquid-loaded mate:ial
useful as a wound dressihg, surgical wipe, treatment pad,
burn,bandage,'tissue/organ drape, and-the_like. Materials
of the present invention comprise a pellicle of |

. microbially-produced cellulose loaded with a

30 physiologically-acceptable liquid and sterilized prior to
use. One microbial agent particularly useful for preparc-
ing the dressings of the present invehtion is Acetobacter

. Xxylinum (A.x.). Por purposes of-understanding the present
invention, the following is a brief description of the

35 mechanism of cellulose production by A.x.




-3- Acetobacter xylinumis a widely distributed, aerobi:c, gramnegative
bacterium whi ch converts glucose to cellu- |ose and whi ch can .be found
occuriing naturally in fermenting sweet plant juices or rottlng sugary = | ~
=yj ts” or 5 vegetables. The natural ly occurring A x. bacteria: i ncludes )
res of strains which vary in deggee of cellul ose producing efficiency.
'wriological sel ection of high growth cellulose-producing strains is

\esA bl A ATCC 10 )
23769 aee a gng Lk Q X i?h g%rceélgégﬁ gg&%ﬁ%£§$€rfc§§g§bb8'culture A
Col | ecti on. 9r@Broegetivexbachermitmswhich convertspglucesects calduti- . - .

gators “hosiobat%h@sb§1EﬁVéaﬁeBEGESQnHBbEEMrPﬂnétﬁaﬁﬁkkﬂl 1%n lose -
~ generating chanism . g scieptific |gpetus t hr oughout
previ ous yegg§“8Pt§P§d§“ﬁ§§ ééﬂttﬁaﬁcﬁ dE?EF%H%lﬁBQB cEFPLESsRr

formati 8n |negheabuepLerTAexnatptakayyotcatrSuqtAnxmobbdtafﬂalde | nproved
oot ot nETLiadl ORIXEAEHT! bENstLATHEURLIR b eiASaggra?(éemes of

cot t on, Eaper pro uct S ceI ing mechani sm
however , haseéié @ﬁesEFPﬂEFénﬂl?fééﬂpBBQYthaBa¢tsr§Qh9919&bchehecaion '

sequence haafnaﬁguegrbeen EahhﬁlekecpéaaaéanVQErabﬂyghsnpbeélbmélghts have
been achi eved.recen chani cs of | oSe extrusion from

A X. Acetob§89epuf§%F§3nP¥§aé“F08 sﬁaﬁedsﬂﬁftE?lﬁﬁFﬁhV|HﬂmaﬁﬁrﬁﬁFﬁate

di rensid@ns 88769[ ere] ava@lébler frodhsubhnsaurees caacivnas athef Ameektanl ose

growh is o ecg 0 5 [err]/mnute which corresponds to
1.5-3.5 X [QYPF 8 Egggg Sﬁ??gcﬁ%géessed per cell hour. Arranged at the

bacterial surface, external to the plasma nenbrane, are typically 46
stationary agetbbactegi k93ihoh Rakl bbeAcstidfedi beSndhérous investi-

gators whose interests have centered mainly on its ceilu-

15 lose generating mechanism. The major uﬁderlying"
scientific impetus throughout previous years of study haé
been that an understanding of cellulose formation in the
simplér A.x. (prokaryotic) system would provide improved
insight into cellulose formation from eukarybtic’bells

20 (sources of cotton, wood or paper products). The A.x.
cellulose generating mechanism, however, has ptbven
sufficiently complex that its exact bioéhemical-séquence‘
has not yet been fully elucidated, even though major
insights have been achieved recently into the mechanics of

25 cellulose extrusion from A.X. - -

Acetobacter xylinum is a rod-shaped bacterium having
approxinate dimensions of 3 ut x 0.6 un. The linear
.extension rate for cellulose growth is on the order of

3a 1-2.5 um/minute which corresponds to 1.5-3.5 x 10® glucose
units processed per cell hour. Arranged at the bacterial
surface, external to the plasma membrane, are typically 46

. stationary synthesis sites for cellulose. The sites are

arranged:in two:qlosely spaced lines of 23 sites each, and

35 this double row lies parallel with the long axis of the
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arranged in two closely spéced | i nes of- 23 sites each, and 35 this double
row l'ies parallel wth the long axis of the -4- bacterlum The S|tes

abdut (12 to. 15 ﬂn)(Ierr] - [err]) in diameter and 3.5 [err] (35 [err]) i
depth, Milti*ple poly-B-1,4-glucan chains (cellulose) issuing from each
the 46 sites conbine to forn1|ndIV|duaI nm=&+of i bril ribbons about [err]
[erLL 5 -in .cross section. Very near the bacterial surface, the 46

i CROH b1 aSSaERkgri i O theskftlkSard Bidd 19 i6d s(ie0rleL) sbo B iuaneter

bacterial surface andg t/s utward fromthe end bacterium Thus,
b

one bacterium ty¥a ¢ geRthe | B‘NlFiR# E‘é‘lyl'ﬁ‘l']o tchadps nm x 133
nmin 10 cross (&equuqzase@nssshmg gtodGeathrof i the | 46 COp®s econti i nall to pl e

poly-B-1, 4-gluca chaln [ YS] £9

even occurs durlﬁg Ceﬁp e ag meg?ﬁg 6%%1 %f%§6$¥ ?7&? égﬁgpqggfbgpl
produced und&r i deakrgsswissgtiondi t Veny nsa:héhe ba@c@riakn-'e@ﬁmy e t4e
l'ife span of them&%kb!h&i@ispﬁggéﬁbﬂg PRE6CAI 8in f%t¥i$rif”“ﬁibﬁ*!h£§

trolled, h t t Still '
odi um a1 | owe. pr BREELIER 50 EBR: PARGSELRLOPRTESES ARG GRS PN AT FiF on
breaks t he bactethanbadayfftbe1bhetenhthosEhﬁsbromeeba¢ﬁerﬂﬁneﬂgp1nat¢y '
e IS vt BEELEER! oAl 0L BEOQUSEALOLOT hbauO!3lh M O | P91 4

which is deternl |near extensron rate and ween a |tat|ve
shearing of 1@he FEPEBI SFFSH‘P{‘h@ES’-Stb%t@ﬁléﬁ @&?lr'a%brﬂs%dree@m# fof

cel lul ose by A xmuq1ﬁpqalbblyngohyqsgmaeagrchaﬁhsact|V|ty at the
air/l'iquid-mediuminterface. Each bacterium produces one fibril and the

randomintertwining 30- of the fibrils results in a gel atinous,
liquid-swollen Extrusion of cellulose by A.x. is continuous and even

occurs auring cell division. . The length of the cellulose
15 fibril produced under ideal growing conditions is there-
 fore limited only by the life span of the cellulose-
producing bacteria. Fibril length can be_éontrolled,
however, by ihtermittent agitation of the growth medium.
Still medium allows production of continuous f£ibril
20 lengths while agitation breaks the bacterium away from the
"cellulose fibril at the 46 extrusion sites. Thus,
~intermittent agitétion'prqduces fibrils of finite length,
which is determined by the linear extension_raté and time
between agitative shearing of the fibril from the
25 bacterial surface.

Production of cellulose by 5;5- typicaily involves bacter-
jal activity at the air/liquid-medium interface. Each
baéterium'produces one fibril and the random intertwining
30 of the fibrils results in a'gélétxnous. lxquld-swollen
structure known as a pellicie.' Pe111c1e fornation at the
air/liquid interface_ié such that new cellulose is formed
on top of existing cellulose, such that the existing
_ céllulose is forced downward'into the growth meaia. As a
35 result, materiallplaced iightly onto the liquid-medium
surface becomes engulfed in pellicle and deScends'into the



structure
erface
L ase,

known as a pellicle. Pellicle formation at the air/liquid
I's such that new cellulose is forned on top of existing
such that the existing cellulose is forced downward-into

\ nedia. As a 35 " result, material placed lightly onto the-

: o
d- medi um surface becones engul6$d in pellicle and descends into the -
| ™er’d- medium as nore pellicle is f

In this way, formation of

t he _' .

cellulose pellicle is fromthe top down so t hat pellicle formation is o
~anal ogous tisdidmadim ois rene paklinke B Eoumedose I Bhiiss wastmed by A‘% _

are nuch Sf@édﬁldrha«sr %Limm fééﬁﬁ:ﬁé a8 Hrdahd RYPidEmdisgwod as

20

25

30

Pine . 2.6=4.4 mm 3.0-7.5x10~2 mm

It is accordingly an object of the present invention to
provide a novel liquid loaded material for medical appli-
cations. A further'object'is'te provide'a'wound dfessing
which is capable of cooling the skin surface and xs
accordlngly particularly useful in the treatment of burns
or other accidental injury to the skin surface. A still

further object is to provide a novel treatment ped-or

wound dressing having one or more medicaments ahd/or addi-
tives incorporated therein. A still further object is to
provide a wet sterile sheet—like'material having excep-
tional strength and excellent handling and drape charac-
terist:cs which allow the material to conform to the sur-
face of the wound. A further object of the invention is
to provide a novel dre351ng that can either supply moxs—
ture to the wound szte or absorb exudate generated by the

_wound. A still further object of the present invention is

" to provide a process for the preparation of the aforemen-

35.

tioned novel liquid loaded materials, ' These and other
objects will'teadily become apparent to those skilled in
the art in view of the teachings hereinafter set forth.

seen fromthe fol qg g 10 Cel l'ul ose Fi ber
Di nensi onsth&%r lzcl ormat:.on 1q_€qﬂﬁlrpgous to formatignyof peat
cel l ul 0sé moss bodi nfinite" 1..33x [err] mmBirch :
0.8-1. nn1 . 1.4-4.0x [err] nn115 Pi ne . 2.6-4.4 mm -
3.0-7. [err] mm It _is-accordingly an object of the present i nvention to
provi de a 1Q$%]Uf’€b#bkﬁjef9m@rb§al_{br anedimugh snslilerchhams. A
further obi&riuidsd %me% i VEREHE LHE TR 1M 0 of WRicR dsS serfiabl e of
cooling t &Skl rhéu%?ﬁo‘? anda{‘g accordingly particularly useful in the
treat nent s ?%&ntal injury to the skin surface. A still
further object is to provide a novel t reat ment pad or wound dressing having
- one nore nedi canents a | -p J s 4 rporated therein. A
still” Turther object IS trkfiél{')Iu r Dink et-1ike material. having
excep- tional."strength and excel |l ent handllng and drape - charac- terlstlcs
whi ch aHtgbﬁfﬁgnaterlal to com%néagghthe sur - Width
A.x. cellulose "infinite™ _ 1.33x10~"% mm
Birch ~ 0.8-1.6 m 1.4-4.0x10"2 mm
15



novel dressing that can either supply nois- ture to the wound site

absorb exudat-e generated by the wound. A still further object of t

present invention is to provide a process for the preparation of t
aforemen- tioned novel liquid | oaded mater+@&ts. These and other 35 ‘
objects will readily becone apparent to those skilled in the art in view of

t he teachi ngs her§bﬂﬁﬁ§eroﬁe&ﬂéofﬁ@ENTIoﬁG SUMVARY OF THE | NVENTI ON The
materials of th se a liquid | oaded pad of

m crobially produced cellulose, particularly 5 cel |l ul ose produced from
the culture of AQBéohéﬁé?iaxst"bﬂuﬂhéppi(eéenﬂ'hﬁnmmd B 134 tadir etp@id

t he surface of a gutrient umto for a coheren el]licle havin

e e o b Thadror Bl sPob GAlLE SoREi el | Al hia Ml Sty
pellicle is réanedliubqsehprQOucemuframﬂthetcu&&uxb\nﬁtncnnbhanﬁquxmithun
or ot her agent toche et bg u ¥$ﬁn§% wat er
to obtain a water- éuggy Qﬁfl %&@é éﬁc?%b%%F%ﬁéﬁf ?ose Fmﬁ% e thus
formed may be cut “FSrbﬂS?td’éSWE‘&I 5P 2 €01 3 r FPhORRN Pk C kst ha\fmaauon
and used as a dregriBgndbs fiom Ew@s Orl%f\Blltﬁé(télrlbebeutlIB a0t hps

enbodi nent, the xch h ycero

physi ol ogi cal | y \(I:\@rgrgﬁfga%g gﬁl' d, %d?% g?c%ﬁ‘reﬁn ‘i/) %reoq n'aﬁ por at ed
prior to stelflizaukuhenhd useatﬁaewitqusdﬂiumuhxﬂmm#idm|Qr|qmngxmaQﬁmm|noa
sterile, noiSturereglye {:HQeBé{bQéléxﬁﬂntﬁéﬁ‘@fai Pied O%é S8 Py water

face of the wound. A further object of the invention is 30 to pr f?d§ a
5

DETAI LED DESCRIPTION OF T NTTON I n_pre aring the wound, dressjngs of
the present |nvenFPoﬁbtEB“APx“aﬁ?E?bBF%%ﬂ|E 1h?%ec?ﬁtQ&%£P9¥P¥i??%&H%Pse-
nutri ent The pellicle thus formed may be cut to any desired size,

sterilized by heat or irradiation and used as a dressing
15 for burns or other skin injury. In another embodiment,

the water may be exchanged with glycerol or other |

physiologically compatible liquid, and/or medicaments may

be incorporated prior to sterilization and use. The

liquid-loaded pellicle is packaged in a sterile, 'moisture-
20 impervious container for long-term storage.

DETAILED DESCRIPTION OF THE INVENTION

In preparing the wound dressings of the present invention,

25 'A.x. microorganisms are cultured in a liquid nutrient
medium at an initial pH of about 6 and at a temperature of
from about 15° to 35°C, most preferably from 20° to 23°C.
In order to obtain the coherent gel-like material desired
for a wound dressing or other medical applications, it is

30 essential that the culturing medium remain substantially
notionless during the culturing period which may be from a
matter of a few hours for a thin membrane of 0.1 milli-
.meter thickness to several days or weeks for a pellicle
having a thickness of 15 millimeters or greater.



mat an initial pH of about 6 and at a tenperature of from about 15 to
r]\nost preferably from[err] to [err] In order to obtain the coherent
li/ke material desired for a wound dressing or other nedical

cations, it is 30 essential that the culturing mediumremin
substantially notionless during the-gdlturing period which may be froma
matter of a few hours for a thin nenbrane of 0.1 mlli- nmeter thickness to

several dayReOLIBRKInhOred; 8! |ECheaRaXLAGy SphlLskagos lodd gyl meters

or greater urrn ‘rsTpre on grucose or ot her
carbohydrapshsnnpasbphmﬂrans rceppesétiion. "S&athes@sted el T 8yoteedys Rest i ng

Cel I's of Aﬁﬁt@QﬁihﬁbséYBynhabtthtéé?lslég AJ@@&@&HtJQ %ﬂﬂﬂﬁm»rapld
cel l ul ose production sérved n fructose,

manni t ol , ﬁ&“ESFbiﬁgl‘ﬁénﬂéFY é% gFﬂéB%e rSPH%e?eb+BH?ﬂer%f%@“ﬁé%%“
observed wwib gbgeevel, igakattase, mkdthobased uoh OSLuc Edske faha s EtoYer o

growth was, BS§B¥S€tH§'QQ §8i90§§ gﬂﬁgggéerogfé%gp dr Wtﬁr¥£?é§t8

et hanol , an ace Howev ron®of cel ose ron1a
nutri ent n@bsaﬁvsésedtbnglzgﬁreéb|gé aééﬁaﬁvdb%CEG%ﬁ:asu©e¢$%b|QB@ was

report ed IﬂaiaaaaesezEQbeakoeealwsatbageébea3@81A§780r$aséhensxaapées whi ch
follow, the gngyre medi u mhICE F vi de % g results in_grow ng

cel lul ose FP 1sey,EFEF 51ﬁ8 t Rpa QEOrF% ?eﬁﬁﬁ?anng%ﬁﬁv strin,

Bi ochg@t Jgob8, prddhaékrjiohoofiuteltdlesel fitbnvs: n20r jentned iansbaddd

5 grams peBB°“8e§1§E?E§o¥§ La@}?é%“t §cK g5208) H5 0454 M,R0080 8t €ed- 1°
granms citric acl st

in Japanese Patent Application Mo. 379-1979.

In the examples which follow, the culture medium which
15 provided good results in growing cellulose from A.x.

bacteria was that reported by Schramm and Hestrin,

Biochem. J. 58, (1954), formulated as follows:

-~ 20 grémé glucose
20 5 grams peptone
5 grams yeast extract
2.7 grams disodium phosphate
1.15 grams citric acid
1 liter distilled water
25
The pH of the above formulation was adjusted to 6.0 with
dilute ﬁCL or NaOH as required, and the culture mediunm
sterilized prior to use.

30 EXAMPLE 1

A sterile culture tray 50 by 50 by 10 cm was filled with
sterile culture medium to a depth of 1.5 em, inoculated
with 95 cc of solution having a bacterial concentration of
35 about 108_&;§; per cc, covered and placed in a culture
roon at 20°C where it remained undisturbed for 9 days. At



25JThe.pH of the above fornul ation was adjusted to 6.0 with dilute HCL or
NaCH as required, and the culture nmediumsterilized prior to use. 30
EXAMPLE 1 A sterile culture tray 50 by 50 by 10 cmwas filled with st (i#@)
culture nediumto a depth of 1.5 cm inoculated with 95 cc of sol utidn|
havi'ng a bacterial concentration of 35 about 108 A x. per cc, covered
placed in a culture roomat [err] where it3renai ned undlsturbed for 9 days
At the end of the culture period, a fibrous gel-like pellicle of
bacterial cellul age had fof e cnlautriel Perdsd,ofa Fhbuwbus. fegoltikecpellicIke
pellicle as renoy d taer t ng ai. n about
cellul ose and 5 eﬁ% rg"lal%é' n&?‘?iu © ?‘c? ?&?‘grﬁe%ﬁe Il'L‘g ‘e:kvvﬁg 8%t F@“t
pressed between dbébﬂtennI@H@Gﬁs t@h@xm@ﬂlabdstaSO?&GbVeﬂefrDQUmuecﬁmasnt
before treating wdd d¥dinihedC oY @ cntaiaPRBG UL )10 gi"ﬁfngr t811h90se THRG
pressed pellicle was transferred to a solution o OH where it _was
al l oned to schk for90 BEARF M tFHENTy WRUAR -t | r'FBet PélﬂaéFlchP’ésr g8BSé¥bed
about 70 percent mfesded dvetgicanl alblsﬁutfbdn(tol’sheﬁts tdhekpel nabogedgns blfethe
NaCOH sol uti on, elli S %&%I p 80% of
its liquid conte ﬁ"éiaccoéﬁ'n a Ibowe eto reab§1 r t%ﬁ Eng€)-|%§olru§ PSR, This
procedure was repﬂmtlapnfdt R.d taekerdfa.er which the pellicle was renoved
fromthe NaCOH sol ution, pressed between absorbent sheets and transferred to
a 3% sol uti gn of drochlorlc idto neutralize the 20 NaQOH. .. The
pressed pel 1%l e ’;X%s H5s HA5 ttl‘r'énéélea@gl &Pi 6n?‘°?§§ﬁ°ﬂr of;dd
bet ween absor bentNédHaan&md.ti s falrliow@dt @oa shakh fok d2shouksd dardng The
neutralized which time the pelliicle reabsorbed about 70 percent of its

original liquid content. While immersed in the NaOH

solution, the pellicle was again pressed to expel about

15 80% of its liquid content and again allowed to reabsorb

the NaOH solution. This procedure was repeated a third

time, after which the pellicle was removed from the NaOH
solution, pressed between absorbent sheets and transferred

to a 3% solution of hydrochloric acid to neutralize the

20 NaOH. The pressed pellicle was allowed to reabsorb the
acid solution,'then pressed between absorbent sheets and
_transferred to a bath of distilled water. The neutralized
pellicle was repeatedly pressed and allowed to reabsorb in
fresh, distilled water until substantially all of the

25 sodium chloride salt was removed and the pH of the rinse
water remained neutral.

The washed and neutralized water loaded pellicle retained
about 60% of its original thickness of 1.5 centimeters and

30 possessed excellent strength, handling and drape
characteristics. The cellulose content of the saturated
pellicle was determined to be about 40‘g/m2 and the water
content about 3600 g/m?. The pellicle was sterilizable by
autoclaving or cobalt-60 radiation and was suitable for

35 use as a sterile wet dressing for wounds or burns.



pellicle was repeatedly pressed and allowed to reabsorb in fresh, distilled
water until substantially all of the 25 sodiumchloride salt was renoved
and ¥ pH of the rinse water renained neutral. The washed and neutralized
wat £ ﬂ paded pellicle retai ned about ,60% of its original thickness of 1.5
cen ers and 30 possessed excel ent strength, handling and drape
characterlstlcs The cellul ose content of the saturated pellicle was

det er m nedLdiguidé 3paded,sdrgspénsE QfidthRePrvasertcénventiapogenssod g/[err].

The pelIIChec&QSw@haalbhzabbamantanaeta&uMSrQy ﬁ@bgkhréocéadéaklon and was
suitable for ssin [ bur

Tlaurd TondEs SrbeiRRsIeaty; RIRErEEERY AROCREPEAICOREROPERBEAF Sabhnd
envi ronnmengelpdreissings| inmai systemcfneendf potentbalachemitsllint-free,

and pr%V'erEQ%aQ%Qe hEﬁ %% %ﬁEeQEEEE'RgﬁthrQ Syiﬁé”%i&ﬁ?doﬁaﬁﬁEﬁgt'a'

chem cal act i ng
capacity oFaPﬁélﬁwegglﬁgg gresgéngee9énthenpeasenh bﬁvanﬁngthbQS|s is far

greater thaglgh%tb@%1§0ﬁ!e@ht03%bageuzthheaﬁaagof1eonvE%AMBh512 A wat er
| oaded pel licle gregared according to Exanple 1 was hand- pressed between
absorbent 9AEEPsEE5FEBEce the water content to about 320 g/[err] and to

conpress the 15 pellicle into a thin, strong, wet, nenbrane-like sheet.

The n&abra&iAhggEazthlckness of less than about 1 nm and the wei ght ratio

of i e in the nmenbrane was approximately 8:1. Menbranes
haV|ng a weight ratio of liquid to cellulose in the range of fromabout 2:1

to 20:1 20a wamgrbeomBegapedligla @E@bheédnaaaefdlnqheocaﬁaﬁgased mat eri al
'S SUItabl%ago%agggp%%s%e@r% %ngﬁea geng sﬁeets to reduce the
water content to about 320 g/m2 and to conmpress the
15 pellicle into a thin, strong, wet, membrane~like sheet.
The nembrane had a thickness of less than about 1 mm and
the weight ratio of liquid to cellulose in the membrane
was approximately 8:1. Membranes having a weight ratio of
liquid to cellulose in the range of from about 2:1 to 20:1
20 may be prepared in a similar manner. The compressed
material is suitable for use as a protective wound cover-
ing or surgical wipe. When applied to wounds and covered
with an occulsive backing film, such membranes have a
capacity to absorb large quantities of wound exudate.
25

EXAMPLE 3

Compressed, membrane-like sheets prepared according to
Example 2 were immersed in water, water/glycerine or

30 saline, whereupon they recovered about 70% of their
original liquid content and thickness. When placed on a
skin surface, these dressings demonstrated a cooling
effect due to evaporation of the liquid and were suitable
for use as burn dressings. The reconstituted material was

35 also suitable for use as a tissue/organ drape to prevent



ing or surgical w pe. ‘Wien applied to wounds and covered with an occul sive
backing film such nenbranes have a capacity to absorb |large quantities of
wound exudate. 25 EXAMPLE 3 Conpressed, nmenbrane-like sheets prepared .
accordi ng to-Exanple 2 were imersed in water, water/glycerine or 30

sal ine, whereupon they recovered about 70%qf their original liquid co

and t hi ckness. Wen placed on a skin surfa t hese dressi ngs denonst ygtad
a cooling effect due to evaporation of the I|quid and were suitable f

as burn dressi ngsiryling rofc @xpoisedt odgamseoraltiggue38uring sexsanded| e

use as a tissue/ g cA12R% R dRre%ENt -10- drying of exposed organs or
ti ssue during extended surgical procedures. EXAMPLE 4 5 The net hod of
Exanpl e 2 was repeated except the nmenbrane- |ike sheet naterial was

partially reconstgxamres W th glycerol in one case and with polyethyl ene
gl ycol (MN4Q0) in a second case. The resulting product in each case 10
cont ai ned about 2000 g/[err] liquid, was strong and flexible with good
handl e and dr ape Thendhetihddn@f Expmple R’hemsexppsetiedoenceptEshé mémbhane—

sanpl es was tranfamcree@metaq MArerhiant wagr Bhfrftaamyl §gébn§é§g1;g@éleﬂtﬂf skin

condition through the dressin The material was” subst ant
lint-free and wa9lyGerad & eu§és&sa&dg@ﬁéPaP°$MFBB¥éeﬂ?egéYﬁal B\ ) 5
20 A water - | oaded apaldciotlde cps@par atleatesuditiggt prédase! énleach case

10 contained about 2000 g/M? liquid, was strong and flexible
with good handle and drape, and did not dry out when
exposed to air. Each of the samples was transparent to an
extent permitting visual examination of skin condition
through the dressing. The material was substantially

15 lint-free and was suitable for use as a general purpose
dressing.

EXAMPLE 5

20 A water-loaded pellicle prepared according to Example 1
was allowed to air dry to form a thin, flexible sheet.
The sheet was then immersed in glycerol whereupon it
regained about 5% of its original liquid content. The
resulting material was thin, strong and suitable for use
25 as a wound covering.

EXAMPLE 6

The method of Example 2 was repeated except the membrane-

30 like sheet material was reconstituted with an aqueous
solution of 10% polyvinylpyrrolidone. After the membrane
had recovered about 70% of its original liquid content,
the pellicle was removed from the PVP solution and allowed
to air dry to about 50% of its initial reconstituted

35 weight. The concentration of PVP retained within the
pellicle was thereby increased to about 20% of the liquid



was_allowed to air dry to forma thin, flexible sheet. The sheet was then
red in glycerol whereupon it regai ned about 5% of its original liquid
it.. The resulting material was thin, strong and suitable for use 25
und covering. EXAMPLE 6 The nmethod of Exanple 2 was repeated except
t he " nmenbrane- 30 | i ke sheet materi-dll-was reconstituted with an aqueous
sol ution of 10@6po|yviny|pyrro|idone After the nmenbrane had recovered
about 70% qf ri |l t , p S fromthe
PP sol ut 1 G | A Ry II41E, MY Wer chBBonBxppSLl tBT el EEREEH
reconstltuﬂﬁﬁmsaﬁdhﬂﬁkﬁﬂ at'?héc@Gn@énﬂhétﬂGBaGEGPVPOréraﬁﬁéanﬁnFh?n t he
pel l'icle wasg fyﬁl%mqur@amﬁ Q Qjaqutwﬁwmofthtehgehuqum Tﬁ@nt ent The
pellicle was there ed to el ectro %g dlatlon at. S of 2.5
negar ads t &Y P’as"'olsﬁtrf’&ﬁ g F?ﬁl §eF‘“ﬁn BHiR2 F18 8F| icle.
The redsul t umﬁ pxsnchmtoumis ot ooy @reesfsliengi.bl Siaddazruresblesf are5 use as a
wound or I i esyl bt.ai Ve Ltyting other
g{tﬂ: e iub@tgtu‘%uﬁg %‘éh‘& Vatel? E@lﬁﬁ;i gBQ%%BH

wat er solu Cross r's or nononers such as,
for exampl @ 1®|M5ﬁréqé>roms@r@rr%&9rurhhscr?watsech1@s' ERBVMPLE 7 The

met hod of  Eyaiipie 2 pitydtinaaird oviarPlort kodIRADaRRY1akieke sheet was
reconstituted wth 1% sil ver sul fadi azine (SSD) ointnent. The conpressed
pellicle was imersed in 15  SSD oi ntnent which had been warmed to fluid
stat e 1nt i IEXNMPIE duid content of the pellicle had increased to about 1000
g/[err]. The inpregnation with SSD oi ntment was con- ducted in a darkroom
and the resulting product was packaged in |light proof, nbisture-inpervious
al um num f §he method of Example 2 was repeated except the membrane-

like sheet was reconstituted with 1% silver sulfadiazine

(SSD) ointment. The compressed pellicle was inmmersed in
15 §SD ointment which had been warmed to fluid state until
the liquid content of the pellicle had increased to about
1000 g/m®. The impregnation with SSD ointment was con-
" ducted in a darkroom and the resulting product was
packaged in light proof, moisture-impervious aluminum foil
20 packet and was suitable for use as a burn dressing. A
similar product is obtained by impregnating the membrane-
like sheet with an aqueocus solution of zinc sulfadiazine.
In another embodiment, the membrane-like sheet may be
surface-coated with silver sulfadiazine powder so that the
25 antiseptic is applied directly to the burn site.

EXAMPLE 8

The method of Example 2 was repeated except the membrane-—

30 like sheet material was partially reconstituted with water
to a loading of 2000 g/m2. The water-loaded pellicle was
immersed in melted petrolatum at a temperature of 100°C
for 1 hour. The pellicle was thereupon removed and
allowed to drain. The resulting product was a petrolatum-

35 coated dressing having a water core and had a reduced
tendency to adhere to wounds.



20 packet and was suitable for use as a burn dressing. A simlar prod
I's obtained by inpregnating the nenbrane- |ike sheet wth an agueous
sol-ution of zinc sulfadiazine. In another enbodi nent, the nenbrane-Iikg-"V
sheet may be surface-coated with silver sulfadiazine powder so that the.25
antiseptic is applied directly to the burn site. EXAMPLE 8 The nethod of
Exanpl e 2 was repeated except the nenbrane-3130 | i ke sheet material was
partially reconstituted with water to a |oading of 2000 g/[err]. The

wat er - | oaded pelhégéﬁ%ﬁssgnnersed in nmelted petrolatum at a tenperature of
[err] for 1 hour: cl e was thereupon renoved and allowed to drain
The resulting product was.a petrolatum 35 coated dressing having a water

core and had a requGatd2ndaugs tp%l@;ql&?c@ev:TaQ ?ngghd accégalwl-ﬁ)é ﬁ}r]e

wat er - | oaded pel licle was prepared accard , except t
lid of the cul turé# refFeRfs thadvitheq 44 c\fm { edG%ﬁHFS ﬁFBYeEFFanVlded
cylindrical rdads ativcl@gvard prodee tiagt elynmalaecamdsoaerataaahem inra]

in diameter and he orRar [err uare pattern.
roé orh; s Fi%ﬁ’

The free end of eac extende perpen cu1a FFi ci ent
di stance so that W8ER Seffeat fhe momrrsa9f\ﬁa§ é @m (%"dadm@rwndttaedl utheand t he

lid put in place, ddee reds dzeraetcr\at:eé meaaeaagerganaheumﬂl um tHé€lid a
pellicle produced uch an paratus i or at i
corresponding to f?é?éiﬁ stanser §gs tha r@ FﬂeﬁgeoF“ ﬁ%rﬁeFFPXIEaﬁs in

Exanpl e 8 redifl t eddadedl s¢irticimexdd uhS andwitheh lidhentusadpiace, dtkesrodson

exuding wounds, 3dried IRV RN s YEabllC ol thd RBERUAD thfehBLEE ARG | NLO
produced in such an apparatus was perforated with holes
corresponding tc the pattern of the rods. Treatmenf of
the pellicle as in Example 8 resulted in a structure

15 which, when used as a dressing on exudinhg ~ wounds,
allowed movement of the fluid through the holes and into
an absorbent secondary dressing.

Each of the above examples illustrates the preparation of

20 a liguid loaded nmaterial from a pellicle of microbially-
produced cellulose wherein the nutrient medium inherently
entrapped in the pellicle during its formation is replaced
with a physiclogically-acceptable liquid. The weight
ratio of liquid to cellulose in such pellicle is typically

25 from . 5:1 to 100:1, and in some circumstances may be
150:1 or higher. The ligquid may be distilled water,
saline, glycerol, polyethylene glycol, isopropanol and
other lower alcohols, petrolatun, nmixtures thereof, or any
other physiologically acceptable material. 1In each case,

30 the liquid loaded pad is sterilized prior to use in a
medical application using conventional, appropriate means
such as autoclaving or radiation.

The NaOH treatment described in Example 1 for removal of
35S entrapped A.x. bacteria and bacterial residue from the
pellicle may be modified with equivalent results. For



an absorbent secondary dressing. Each of the above exanples illustrates the
pr rati on of 20 a liquid |loaded material froma pellicle of

pi al | y- produced cellul ose wherein the nutrient nediun1ihherent|y

ped in the pellicle during its %OFHBtIOﬂ is replaced with a
sj0l ogi cal | y-accept abl e |i qui d. Th weight ratio of liquid to cellul ose
i n~such pellicle is typically 25 from 5:1 to 100:1, and in sone

ci rcunst anesa8nphg, bthés5pell belai gaerbe Theiledjuin anl be bn%t$¢l@dimmter,

saline. glygchabn B! ¥6hNYOENG, Oty CP! hoks OB GRGHY| eS1Y 9&&1@{
al cohol s, petrolatum m xtures thereoft, or_any_other ¥S|o oglcally

acceptablerﬁ%PE?léhe PﬂCESEhacaEEe“3GGUt¥#%#?? urith ¥iCsterilized
pri ﬁr to useeltmca debﬁﬁéra@@itﬁﬁlﬁ_ﬁﬂcwlﬂmcmlﬁﬂﬁi dfxgﬁéppécii%;e mleani
SucC as autogclavin [ t1o e tregt nent 1 be I n anpl e
Tor rofiovarabreaaltadhek SR, Ry edPia LY L PO SRR DR ey ot e
pelllcle neg bemavedf Feamwiie pellielenby reseatnent-ovith otlgerexanple, the
pellicle naa_fehesbgu&ﬁdasntaléhisrw %é%uééﬁi‘ Opo L H G m*f Plaép to 1

hour or nDre to effectively reane t bacteria, then ne I zed wWith

hydr ochl or figd Eﬁﬁt;&keor°5tﬁ%? %E?@aBPEe%%FfV%URVvﬁEﬂEﬁF%@*%Pﬂl%¥F¥Ied 5
wat er as Odghgerdiedhydel t gr feirnabdehydp dr Xxdidbdéleyd@ seyrdle. renoved from
the p 6Iic|e by treatnment with other agents such as trichloroacetic acid,
pot asSium hydroxi de, and the l|ike, or rendered unreactive by crossllnklng
with gIuta$9ﬂ€eﬁy§étﬂeﬂ§rﬁﬁlEé@?ﬂ% eptrappedichyeexiar io. deagisppdbet r eat nent

to remove gRéhapPePabafgchhletsalestbabigryled Pige2] | pareBECLaRly for

surgi cal uges, particul
9 % uge as no%sLytlssue/Otgan drapes, since the untreated

pellicle contains endotoxins resulting from the rupture of

15 the bacteria cells which, if absorbed by a living
organism in sufficient quantities, would cause a pyrogenic
reaction. 1In the pellicles produced by A.x. bacteria, the
concentration of lipopolysaccharide endotoxins in the
f1nal, neutralxzed and washed material prepared according

20 to Example 1l is from about 1 to 50 nanograms per gram of
naterial. By contrast, the endotoxin content of pellicle
which has been mechanically worked to rupture the A.x.
cells, but not chemically treated to remove the bacteria,
may be 30,000 nanograms per gram of material or higher.

25
In pyrogen-sensitive applications, care must be taken to
assure not only that the bacterial endotoxins are removed
from the pellicle during processing, but that pellicle is
subsequently handled under pyrogen-free conditions and

30 locaded with pyrogen free liquid materials.

The treatment to remove entrapped bacteria is optional in
preparing certain products of the present invention where
no harmful consequences result if this step is omitted, as
35 for example, in the preparation of skin wipes or surface
dressings. 1In any event, the A.X. bacteria would, of



for use as noi st tissue/organ drapes, since the untreated pellicle cq
endot oxi'ns resulting fromthe rupture of 15 the bacteria cells whi/hy b
absorbed by a living organismin sufficient quantities, would causeja
pyrogenic réaction. In the pellicles produced by A x. bacteria, the
concentration of |ipopolysaccharide endotoxins in the final, neutralized
and washed ‘'material prepared accordi ng 20-14+0 Exanple 1 is fromabout 1.to
50 nanograns per gramof nmaterial. By contrast, the endotoxin content of
pellicle which h n o I t but
not chemically t?éngg ggrg%ggggthyoﬁgc fgh ghiéﬁg#ﬁéﬁéxﬁhé}%ﬁﬂﬁébgnglper
gram of materi al Pd8hhi gﬁepreasnt nwhen ot - B%h%]-@l@/el%mﬁql@ahzﬂ% asare mnust
be taken to assugeql@te@nityrthaiite Gaeierial endotoxins are renopved from
the pellicle during processing, but that pellicle is subsequently handl ed
under pyrogen-free conditions and 30 | oaded with pyrogen free liquid
materials. ThHe tThetg@gtetolrioaded endteppall dficExample St opds stadrilni zed
D g cer 12l BnPaOdueh lcbbPafl oSRH! oy AYERLQ L g ol f@éﬁﬁnq
consequences resdl 'S or exa

preparation of sRpﬁnﬁﬂp§§“€ie§uiP&Eévﬁﬁﬁsgﬂ%bsth%?FQSEF(ﬁRﬁﬁ tincision on

bacteria woul d, ghinea- HgsCOUIﬁethbg lseétedtﬁéoa@ryui havd &grafellinea
bacteria which n1ght be res tgg cle is sterll%f as rqulred
for medical use. P39 “fhg §Y§ e?B 58 f‘é PeTS BRI 4515\35&
sterilized LA a 3tBacenbimekeavs anddeamtperedsasuzgumnttychegnwm@ i A ani- mal
studies involvi nﬁrfe!kkn%hhgkﬁﬁﬁiigé’rﬁﬁé ERET 8k O LI WAGD ReSTerddeidh S

test, the dorsal area o ur hea .
after 8 days is determined. 1In the case of the material

of Example 4, wound contraction after 8 days was about 50%
which was equivalent to that generally obtained with
15 currently available occlusive surgical dressings.

Due to the permeability and biological inertness of the
materials of this invention,'they are particularly suited
for the incorporation therein of a wide variety of chemo-
20 therapeutic agents, medicinal agents and additives. For
instance, the dressings can contain topical anesthetics
'such as butamben picrate, lidocaine hydrochloride, piper-
ocaine hydrochloride and the like; bacteriostatic agents
such as silver nitrate (0.5% solution), sulfa drugs, for
25 example, 10% suspension of p-aminomethylbenzene sulfon-
amide in a water dispersible cream, benzalkonium chloride
and the like; antibiotics such as bacitracin, neomycin,
aureomycin, tetracycline, penicillin, polymyxin strep-
tomycin, signemycin, erythromycin , oleandomycin, and the
30 like; topical steroids such as prednisone, dexamethasone,
hydrocortiscone and the like; enzymes such as collagenase,
fibrinolysin, desoxyribonuclease and the like; coagulants
and anticoagulants; antifungal agents, such as isopro-
panol, nystatin, miconazole, ketoconazole, tolnaftate and
35 the like. Nonwater soluble medicaments such as silver
sulfadiazine are preferably dispersed in nonaqueous -



pig is shaved and a full thickness section of skin about 10 2.5

ceftineters in dianeter is surgically renoved. A dressing is applied and
t §€ent of wound contraction after 8 days is determned. In the case of
t hig eri‘al of Exanple 4, wound contraction after 8 days was about 50%
whi was equivalent to that generalljsobtained with 15 currently

avail abl e occlusive surgical dressings. Due to the perneability and

bi ol ogi cal inertness, of th terials of . this ipvention, th are
particul ar | S*RHIERE Pa7et h‘gh%o?%r%ﬁi hql{‘r‘é"reé{]nt%f”?r\'ﬁgd‘@ &y of
chenp- 20 pehkichbeuas chageinise fomelidesatitgbnts and additives. For

I nstance, the dressings can contain topical anesthetics such as butanben

pi crate, |idocaine hydrochl oride, piper- ocaine hydrochloride and the I|ike;
bact eri ost afhe FRMELLE R Bhe A fersmentioned mrdRraluEasnts sul fa drugs,

fo[ 25d5 e_X@wt@théﬁ%§Mﬁﬁ@n§é?Et§fo@'&Lﬁmr?&‘ﬂ%%hﬁ Eiél fm_;q:g-m Sle ina
wat er | Sper S| e, Cle engal Koni um orl.de .a | , antl Dl otl CS
such as b;@??%ﬁ?%,’ﬂ%?ﬁﬁ %I%Lﬁ’r o#ﬁl%qcer#, RS i‘ﬁ"g‘,l'p i G45SE-

pol ynyxi n she egependsnt nupeh gresypart ierdahragerdi n itolsdnbddbidiyy, and the
30 like; iQpi e ?ﬁé’éé’x&é’é SHICOeRSr PASANE BANE,  UXYBINBIO N however,,
hydrocorti sone and the || ke; enzynes such as col |l agenase, fibrinolysin,

| | K€, { .
desoxyri bontRe e38enEHidvihe Pe kEPIRAI Hhid HiRFARRUHEG Aot &S ungal
agent s10 suckamsrangerfroganol , NySIEIOTE dAC At e uper@d@so ez ol e,

Lo) aryaLe 896, g, idSel 67 pelBVEL SRl IR I el et
may be |iquratexiabs|iprebptitaddikiond) ion o Efarendi hematharapsitial. The
quantity of ad&igr £f OF CHEDN tanede seei i B@l BN B the HBYIBIARMA L agent s
or addltlVefnwgiggecgﬁdbgréggggfted to the site of the wound by dif-
15 fusion through the material. Hence, it is possible either
by incorporating medicaments directly into the material
before use, or applying medicaments to the material while
in place over the injured area, to provide controlled
supply ‘'of medication to the wound site. As a result of
20 the high liquid-holding capacitv of the products of the
present invention, materials loaded with a medicament
carry a greater amount of the active agent to the treat-
ment site than comparable conventional dressings.

25 The liquid loaded materials of the present invention are
essentially lint-free and may be used with good results as
skin and surgical wipes. Because the materials contain a
high liquid content, a wipe of a given size contains a
greater amount of available liquid than, for exanple, a

30 wetted gauze sponge, and may effectively wipe a greater
area with no deposition of lint or gauze fragments. Pads
to be used as wipes are preferably loaded with
isopropanol.

35 The ligquid loaded materials of the present invention may
be used as wet dressings in combination with an occlusive



porated into the liquid | oaded materials will, of course, be dependent upan
the particular agent, its solubility, and the presence of other additiv

I n:general, however, the agents will be enployed in a therapeutic anou .:)
This 10 can'range from 0. 0001% and | ower, upwards to 40% and

hi gher by weight. A unique feature of the present materials is that
additional or different chenotherapeutic gfnts or nedi canents can be added
to the dressing while in place and transpofted to the site of the wound by
dif- 15 fusion _through the material. Hence, it is possible either by

i ncor porat i ng mefitBnBACK 189 r ERF | §ONAt BPR WIS =l @Rk, oin the

appl yi ngdrredl carreafs bp aheunaéﬁrdzaésmé awh ictp| B eraapfiirddacd rpwxemearfa
to provi e contro u tlont un a. result
o 50" e b gnopr il NPSFApREnESaRRIE Rl  fo Lile LY 4 new SR,

i nvention, mat ertaesdreadenlav\slnhubd nexkebden seurce o fymeriisturammver ¢gint he

active agentsto pheeh88A! pefPOd Sf! Lidd g OFRAIAD! & CAVEIE QN a1
dressings. 25 The l'i quid Ioaded materials of the present i1nvention are

essentially IlntePYéE°5ﬂﬂnﬁay Bed E%%%lﬂﬁt?FgﬁRﬁ1?¥£§HQ§;%ﬁy%ﬂG%PQuﬁP aded
surgi cal w pes. Bgthuar h@eeomsesohmsxomntemtafninqﬂhﬂ|annmhxurﬁﬁmﬁl agentpe

of 2 dLven size 90t gknsod) L83t e SARUIL Of Y AP ORI CL iD Y dO01 o~

exanple a 30 ponge, € a greate
area with no dep8ivei Shimf b#Flﬁ%n%r t@amz%vw'agemaﬂ%ram 23) mmw %rom

W pes are pisferaﬁéydkeaseﬂgmntb W§@@rG§EKE%y 1S3 flﬂHEEAtéﬂﬁék&éEIEKEor
materi als of the resen

I hyent d as, wet, dres
combi nation with" ﬁ Bﬁc#’ﬁgk%%gs g°56a Y‘?‘F b SRS o’r"%’r@”&%pl #%%t i ons.
For exanple, in ékemple, polyvinylidene chloride, polyethylene, polypropy-

lene, polyethylene terephthalate, polyarides, polyvinyl
chloride, cellulose acetate and derivatives thereof, poly-

15 dimethyl butadiene, polfurethanes, polyvinyl alcohol,
silicone rubbers, polyacrylic acid, and the like. The
film may be attached to the liquid loaded material by the
surface tension of the liquid or through the use of adhe-
sives or mechanical fastening if preferred. In one

20 embodiment of the invention, the backing film may extend
beyond the area of the dressing and be adhesive coated to
form an island dressing which may be secured directly to
the skin of the patient.

25 Ligquid loaded materials intended specifically for use as
burn dressing should provide for evaporation from the
dressing to provide a cooling effect over the wound area.
Such dressings are accordingly loaded with an evaporative
liquid which may be water, saline or a water/glycerol

30 or water/polyethylene glycol solution and are not covered
with an occlusive backing film during use. The products
of this invention may also be produced in long lengths for
use as burn bandages, - and in. large sheets,” ile." 0.9x1.5m(3by5

feet) or greater, for use as ‘burn blankets.



ive to the gromh of new tissue, the dressing should provide a source
ijsture over an 5 extended period of tine and ensure an anti bacteri al
onment. A dressing of the present invention |oaded with an aqueous

sol utiron containing an antim crobi al -aggent nay be applied to such an ul cer
and'covered with an occlu- sive filmbacking to prevent evaporation of

noi sture fr éo k ressi g A WLdg.varLegg o% fil ar g suitable for
use as backi ﬁ& PEFRE RSInEVEPEssPRgIFREFIERAG NP0 r8§a§§F8, p&EFVIRY1 i dene
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l'i qui d Isoaded fertefalthey cold packamayt easestenfiedhbyl rgmoding theough the
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secured d'r@%&h&ltﬁakh%eﬁh'QxﬁEuEQ%dpattSEé pgéks EBEEEQOHQ§§9dnH§ter'3|S
I nt ended speci fi cal

use as _by ressi ng V|8e for
evaporatlon“Fﬂ&&FFhé¥6F§§§lﬁﬁ FﬁlﬁFBJFdéaXeEﬁoPE EIEPFQCS°6 & the wound
area. J0ch cacexiads ter dnecease thkeyirl hededcapabiap.evaporative liquid
whi ch may be water, saline or a water/glycerol 30 or wat er/ pol yet hyl ene
gl ycol solution and are not covered with an occlusive backing filmduring
use. The pr&dagdd dradersmasexiplsnassprdisg 5@ phedpresent RoNgnLéAd: hs

for use as b4 anaQQ@Be%s QBﬂqh&eEﬁrQ6v§b§Q§§ fbresedefeXbhrasMahd by 5
feet) or grea for use as %urn qnanhe

a1n other woun is application, a thin dress-
15 ing of this invention from 0.1 to 5 millimeters thick is

placed immediately over the wound and a second dressing of

cf an ul cer dressing which is requi red to provi de a wound environnment
i

this invention containing medicaments or other wound
treating agents is placed over the primary dressing.
Since- the medicaments will migrate through the -Frimary

20 dressing to the wound surface, the secondary dressing may
be changed from time to time to renew the medicament
treatnent while the healing process of the wound is
observed through the primary dressing which is not
disturbed.

25
While the products of the present invention inherently
have high strength, various reinforcing materials such
as random or carded fibers, plastic net, reticulated
plastic £ilm, open weave fabrics and fabric mesh may be

30 incorporated in the dressing 1f desxred. For example,
nylon gauze, rayon net, DacronAor cellulose mesh or
reticulated polyethylene can be embedded in the pellicle
while the pellicle is being formed. The sterile reinforc-
ing material is placed carefully on the surface of the

35 nutrient medium of an active culture of A.x. bacteria
containing a thin pellicle of bacterial cellulose, with
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provided with a renovabl e insul ating backing since cold packs are chilled
ation and do not initially depend upon evaporative cooling.

pri-or to applic
The cooling 5

backi ng and al |
cool i ng capacit

packs additionally may utilize thicker or nultiple |ayers of liquid | oaded

10 material t
according to th
severe burns an
15 i ng of thi
i medi ately ove
cont ai ni ng nedi
primary dressin

25 While the pr
strength, vario
pl astic net, re
may be 30 10inc

for burns, as distinguished from burn dressings may be

effect of the cold pack may be extended by renoving the
ow ng evaporative cooling to take place after the initial
y due to thermal differ- edBral has been exhausted. Cold

Q@alreCRA%g itARkeh heRt teaBaehky thbi GutfatoagedsiBhebEakfie
e present i nyention nax be uaed as Iogg-tiinkcoverlngs for
FUEEMEL N "ECHEP - woifid5Pe) REPAPETA0DI PEatFbhULESEhi n dr ess-
sontiankison theome@nforaihgnmbtembakr tst bhekpsalptedely
%ehﬁﬁ W%%%Qda@glﬁuiSEQ“Qngr8%%%?9&030&#!fnéﬁVEH%'RGtri t
caments or other wound treating agents is placed over the
Jeddiumc @st mevmeglld uAeaes 1 progm

dauedgisfionhd feaserme opfivéhei wati dnessingy O&vehai ghesent
Hiv%%%&%@r'%“Qh%ﬁ&e%Féhitgu%B Qﬁsééﬁdggkgé gﬂéﬂggﬁié966§’
fi.'m open weave TabriTs an a

ticulated plastic ) C - [, Cc_nesh
Flydfafaem fhenooypdssitg WhepelhecdressbngcianpPRIifg| &R

gauze, rayon nefa lgag’ dhanREMtuatedl koha@seigRsh oh eRréi edbat 68 burn

pol yet hyl ene ca
formed. The ste

15

20

25

30

35
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tend to be replaced by fluids exuding firom the burn site.
In other cases, a dressing which has been compressed to
expel its normal liquid content or which has been
partially predried may be used directly to absorb wound
exudate. Preferably, such a dressing is covered with an
occulsive film to prevent the dressing from drying out
while in place over the wound. -

When a dressing of this invention is allowed to dry while
in place over a wound or burn site, the dressing adheres
to the wound and upon removal, provides a degree of
debridement which assists in cleansing the wound site.
When it is desirable to avoid adherence, the dressing
should be removed before drying, or should be loaded with
a nonadherent material such as petrolatum as described in
Example 8.

The ligquid loaded materials of the present invention are
sterilized prior to use by any appropriate method such as
autoclaving or irradiation with cobalt-60 or electron
beam. The materials are packaged in sterile hermetically
sealed moisture-proof containers. Most preferably, the
materials are heat sealed in packages constructed of
aluminum foil laminated with a heat sealable polymeric

gedt att sheugurfaeepPEnkhe 20
dressing to thep@pidntUmeadam.t he secondary dressing may be changed from
time to tine to renew the nedi canment treatnment while the healing process of
the wound i s observed through the primary dressing which is not disturbed.

N

01



ing material is placed carefully on the surface of the 35 nutrient nmedium
of an active culture of A x. bacteria containing a thin pellicle of
erial cellulose, with care being taken not to break the surface
@i on of the nutrient nedium As t;&te9 production of cellul ose continues,
reinforcing material is encapsul@at®éd by newy forned cellul ose and
carried down into the nutrient 5 medi um as new cellul ose i s produced at
t he surf acefbim t hrechuds | ety etddi lene Ararald di tte mirldlz efde dinu rth eo fpadkageet
dr essi ngs t ﬁ@m ig i j i I ; bsar, r
quanti ti esO‘gE]c {iigcﬁ | ul cr,flrr}.}cl)%gt%;e%v\%ﬁ:rﬁj%%he%gﬁ%ﬁ%?ﬁez%tﬁgd%sgggpl i ed
in aless tPRFKABENG SWH LTI RTBCHS t REerdde Frberlals &% Res, noisture

evapor at i Ngsfd¥uB t i W PSFriduh P ridRN G @ bR aRhaaed daweldsel ds exudi ng
fromt burf site. In other cases, a dressing which has been conpressed to
15  expel $18Formal 1iquid content or which has been partially predried
may be used directly to absorb wound exudate. Preferably, such a dressing

i's covered g til b ROGHST MG IdHB (UMY diR dRITN G Om dryi ng out

while in place over the wound. 20, V\hen a dressjng of this invention is
al | oved to H3PRARTe Fhe RERIETR SANVERORT i dreFted &0 sterddessi ng
adher es t o 1itfuid ek tvichg ey &5 \eHee ty @f daTr@biad186-prodirddd denent

avor d Blinerisbh e o S B P e Pa RSre M A HB  Yohoul d be
| oaded wi t Pfa shapehersizesmtand dthimkresaespand/laadedayidds@ i bed in
Exanpl e 8. @frjethCof | HYid RAFIGh MBI Lld At A¥1d NG Hnd NVention are
medicaments to accommodate the requirements of any
particular application. Additionally, the materials nay
15 be used in combination with internal reinforcements or
external backing films and may be used as the pad portion
of island dressings which include adhesive attachment
means. Many other variations and the details of
construction and composition will be apparent to those
20 skilled in the art and such variations are contemplated
within the broad scope of the present invention.



Sterilized prior to use by any approprlate met hod such as autocl aving or
Irradifation with cobalt-60 or electron beam The materials are packaged
sterile hermetically seal ed moi sture-proof contalne referably,
35 materials are heat sealed in packages construc ENWE& I‘w foil
| aninated with a heat seal abl e pol yneric=29=film suc ene,
sterilized in the package by irradiation in accordance with convent i onal .

nmet hods for ©aakMgi ng surgical products. Sterile materials nay be stored
for extended periods of time with no adverse 5 effect. As is apparent
fromthe preceding description and exanples, the present invention is
directed to st-er Al ®ad fqui nedical)i apppiciat bens eanprigfing @ s¥ieaile-pr oduced

10 ceIIquqg ulﬁthQB@QUBE§1HEYebe¢ﬂﬂ§$éb&%f¥&Jﬂ}dhd6@H Qe 10h o3Bapes,
Si zes, agd t hi cknesses and | oaded with,.a var

| et
physi ol 0 |caPP?t§é€éﬁ§aBI8 hysiatagisay! ¥mﬁﬁ?%ﬁﬁ%h¥?t%}9£iﬂonnndate t he

requi rements of any particular application. Additionally, the materials may

15 be used 4 n gomhinat.i he in I e t I
backing fil 208 g&id AbCaRathE t{:héféﬂg CIRELOIE Y iy B, BRI ch
i ncl ude adhe9°¢@P$@PéGh#éﬂulﬁeéﬁsdlwhhylgﬂH%atwﬁu|$ﬂliﬂﬁ§ aﬁdC@W@ldetalls of

constructi on ;¢ etPRepet g?Pchil | abeoREPaLEE NS D ,in the
art and, such varlatlons are contenBIated g%%hln t he broad scope of the

presentt{ nveREtERlatung /F\A PIxRULE (tREFEXLYi cal applications conprising a
sterile,

3. A pad according to claim 1 es-ebedm=g wherein said
physiologically-acceptable liquid is an aqueous gel of a
crosslinked polymer.

185
4, A pad according to claim 3 wherein said polymer is
polyethylene oxide or polyvinylpyrrolidone or is derived from
sodium acrylate monomer.

20 5. A pad according to any one of claims 1 to 4 wherein said
pellicle and said liquid are pyrogen-free.

6. A pad according to any one of claims 1 to 5, wherein

said physiologically-acceptable liquid includes a medicament.
25

7. A pad according to any one of claims 1 to 6 wherein said

pellicle is substantially free of the microbial agents

responsible for the production of said cellulose.

30 8. A pad according to any one of claims 1 to 7, including a
moisture-impervious, occlusive backing sheet.

9. A pad according to claim 8 wherein said occlusive backing
sheet extends beyond the edge of said_pellicle to form an
35 island dressing.

10. A pad according to claim 9 wherein that portion of said
backing sheet extending beéyond the edge of said pellicle is
adhesive-coated.



- |Iggurd=toaded pellicle of mcrobially-produced cellul ose 5 containing a

~al ogi cal | y-acceptable liquid. 2. A pad according uWereln
physi ol ogi cal l y- acceptable liquid is distilled MR\M‘\ “

ol , polyethylene glycol, a | owea-al cohol [err] pet Mol &tum or a

iYtufe thereof. 3. A pad according to claim1l wherein said
physi ol o:gicaIA ypaa:hcam:tcatdmg itguiaghyi onenodqadeissgel toflQ@ havingiaked

pol yrer ﬂﬁﬁﬁ didleMReWRERBLAgAI d pol ymer is

pol yet hy‘fene oXI de or po Qn;%xtg%rnr o?\lgdong or |Fs %erl ved from sodi um
acryl ate nononer. . A pad according to any one of clains 1 to 4

wherein g&j d pqia{d Cch:cﬁ*Hi itd ldrjlicheab® eya@ggnsz@eu 6iherefrad according

| 3 utlessat A LR hass & et akg . 38PM ot BEMRRERe LS iR e 1 to 6

wherei n maldinpetdrscd e is substantially free of the mecr ob| al agents
responsi ble for the production of said cellulose. 30 8. A pad according
to any one of clainms 1 to 7, including a noisture-inpervious, occlusive
backi ng Sheet® RRA 3¢qRRAINE rQiialy ©OpecPi AL8iffet efR 3hiWhereinsihe

backi ng wéegit epqﬁtdSof hepod tdeeadegoek sai dapel petiecise {orimam 35

is& nd dress r% sg)nglad according to claim9 wherein that portion of
sai bac?? S é%t Bk ng beyond the edge of said pellicle is

adhesi ve- coat ed. 11. A pad according to any one of clainms 1 to 10 having

a plural{jy of SR EHENY Nhy! R @498ms 1 to 11 wherein
the pellicle is compressed and has a thickness of less than
1 millimeter.

15
15. A pad according to claim 14 wherein the weight ratio
of liquid to cellulose in said pellicle is from 2:1 to 20:1.
16. A pad according to any one of claims 1 to 15, for use
20 as a burn dressing wherein the physiologically-acceptable
liquid is volatile.
17. A method, for producing a pad according to any one of
claims 1 to 16, comprising the steps of:
25 a) culturing cellulose—prodﬁcing microbial
cells in a nutrient medium under
substantially static conditions to
produce a pellicle of microbially-
produced cellulose loaded with the
30 nutrient medium;
b) replacing the nutrient medium of the
pellicle with a physioclogically-
acceptable liquid; and
35

¢) sterilizing the pellicle loaded with
said physiologically-acceptable liquid.



12._A pad according to any one of clainms 1 to 11 wherein 5 sai d
pellicle has a thickness fromO0.1 nmFlineter to 15 mllinmeters. 13. A pad
according .to any one of claims 1 to 11 wherein thegm,ﬁm of liquid~™
to cellulose in said pellicle is from10 about ”]Hm 14 A pad ~,
according to any one of claims 1 to 11 wtégRein the peﬁllélenlssconpress
and has a thickness of less than, 1 m.llineter, A pad, accordi ng (o
claim 14 whert®n thdeEIYhiassRTYE Y9 Ghad mt67ceV EFS%E PALldpepePidkre
is from2:1 teePDs lard GAcet giaat taaxc vydiimgmt.0 any one of clains 1 to 15, for
use 20 as a burn dressing wherein the physiol ogically-acceptable liquid
is volatile. 17. A nethod, for producing a pad according to any one of

claims 1 to 1¥9. coﬁmﬁ¢§h¢@)Q¢R9Eﬁkﬂﬂsﬂ§f°125m 17 or chpimcilftwiperngin said

cel | ul ose- pr oglaici @ éni £ ?lzﬁée@ﬁrl S lﬂéﬁeﬁlibhﬂﬁ?tséﬁﬂéam M888fure-impervious
substantially_static conditjions to proQuce a pellicle of mcrobially-

pr oduced cel|%?%§%S?O%E&RFV&?rFEﬂﬂ&%%? nutrient nedium b)

replacing the nutrient mediumof the pellicle with a physiologically-

Syt of g cal Ty acsalt ST 13 GUTHe 311, B9 rerfyh AR PR i
E7y mhergln s ﬂrh4h$%% heat or radiation while contained in sag

10 hermetically-sealed, moisture~impervious package.

Q1. A method according to claim 19 or 20 wherein said
package is constructed of aluminum foil laminated with a heat
sealable polymeric film.

15
22. A method according to any one of claims 17 to 21 wherein
said physiologically-acceptable liquid is distilled water,

saline, a lower alcohol sweiv=es=isepeopencei, glycerol,
polyethyleneglycol or a mixture thereof.

20
23. A method according to any one of claims 17 to 21 wherein
said physiologically~acceptable liquid is an aqueous gel of
a crosslinked polymer.

25 24. A method according to claim 23 wherein said polymer is
polyethyleneoxide or polyvinylpyrrolidone or is derived from
sodium acrylate monomer.

25. A method according to any one of claims 17 to 24 wherein

30 said pellicle and said liquid are pyrogen-free.

26. A method according to any one of claims 17 to 2% wherein

said nutrient medium is displaced by compressing said pellicle

to expel said nutrient medium and thereafter said pellicle is
immersed in said physiologically-acceptable liquid to reconstitute
said pellicle with said 1iguid.

35



cells are Acetobacter xylinum 19. A nethod according to claim17 ar_claim

18 gkein said 5 pellicle is placed in a her i cal | y-seal ed,

. oi s-i npervi ous package prior to sterilizati g@'ﬂﬂglmﬁ'nﬁﬂu d according
to qlgim 19 wherein said pellicle is _sterilized by; y ilation while
cont\@lmed in said 10 her neti cal | y-§&al ed, noi sture-inperViolis package.

21. A nmethod agcording to claim19 qr [Li i.d,pagka i ;
construct g of aTPU%l‘%‘grﬁ?co(ﬁﬁlnﬁﬁjtr?at%en(f%nt\gnh%afeﬁgaatiglsseéﬁa%'éeggo gﬁg?%% film
15 22. A aspherabitoref mpds aney rnedested dinte thet guzfagRepréi h8ai d

physi ol Ogﬁiﬁﬁiyﬁ@%@@iﬁblcﬁlﬁir@'ﬁé Tulittiriinge @ et toSplrbBaceaal over

al cohol glycerol, pol%q(lath Ie]rrlg!gllycol 0? a_mxture thereqf. 20 23. A nethod
accor di ngPEb1iRYe MaViRE & R IHratd B oF1 hH&Secpregsponding in size

physi ol ogasal pyacenept abd ethatjuosl tre amdmueous gel of a crosslinked

pol ymer. 25 24. A nethod according to claim23 wherein said polyner is
pol yet hyl eneoxi de or pol yvinyl pyrrolidone or is derived from sodi um

acryl at e &®nondrme baod padee rREN& kD rAh P odhF ldi@so 7c1t8i /¢ &ndio 24

wherein 30ncluddhg PRélseép endrserthidd Qaidl afut fiynagmediuge lod@edA met hod
according to.an oge of clains_17 to, 25 wher.ei n S ild n terrjj_%ﬁ.t mediumi s
di spl acedpﬁglt‘:‘c‘)iﬁr QsTHEC YR o RN Y émtccfog%?‘p?éﬁ Saitd "Kutri-ént nedi um and

t hepeafter said pellicle is 35 i.mrersed in said
physi ol ogi cal | y-acceptable liquid to reconstitute said pellicle with said
l'i quid. -23- 27. A nethod according to any one of clains 17 to 26

wher ei n



a, plurality of rods are projected into the surface of the nutrient nedi um
during.the culturing period to produce a pellicle having a plurality/6f
hol es corresponding in size 5 and pl acenent rods.
met hod accoerding to any one of clains 17 to 27 43{“"“%"'“] ml he st :
treating said nutrient nmedium | oaded pellicle to #enpve emtrappe m cr obi a
cell material. 10 29. A nethod accoudhng to claim 28 wherein said
pellicle is treated with agueous NaOH to renove entrapped m crobial cells
and thereafter neggral AZﬁétmaha@@me@mghwr@rdlnorzacwml:ém5sam 30. A
met hod according to on . to sai d robial cells
are cultured undePe§35¥1§t§ﬁt %5??@ gs"é l& %%lﬁecﬁlﬁ 2{?@"& & =f v%err] 31. A
met hod according entaappedemuércbemlmceﬂlsONSD‘Mhumaﬁte@ netreldizeg
material is incorgﬁQgtgguéggg ﬂgdrochi$¥aénggi§le during the productlon

thereof. 32. A accor laim 31 wherein said reinf %
material i s a rand8m oft EﬁFB@G ??%%?diﬁgag?liﬁxuﬁ"erQQ|QﬁﬁLEFb& %
film open-weave Wwhbretn said habrobiakstellld are éﬁib&nuﬂlmmﬁanxsmbﬁ ng to

any one of clains | t4 Ui d to cellul ose
in said reconsti tut%%"awa?ﬁpr ?g@f%%%@ﬁ%@ i‘g(?d) 9%1#8' %2 net hod
according to any anerme&hadngcgqr@bnsztwmaelcm%aqﬂ qladmss ik lFtOeél"OpeI licle

i's conpressed 20 wherEQneép?leiﬁﬁbE'cihﬁ%ﬂté‘f’f’ai qgnﬁé&wbrdﬁr&)&ml i ke
material having a thickpess_of |ess t A et hod

net e
according 10 cl ai #P84PRALLELR gnELng the pr°éh°ti°n thereot .
32. A method according to claim 31 wherein said

reinforcing material is a random or carded fiber,

plastic net, reticulated plastic film, open-weave
fabric, or a fabric mesh.

15 33.A method according to any one of claims 17 tc 32
wherein the weight ratio of liquid to cellulose in said
reconstituted pellicle is from 5:1 to 150:1.

34. A method according to any one of claims 17 to 32
wherein said reconstituted pellicle is compresséc

20 to expel said liquid and form a thin, membrane-like
material having a thickness of less than about
1 millimeter.

35. A method according to claim 34 wherein the
weight ratio of liquid to cellulose in said membrane-

25 like material is from 2:1 to 20:1.

36. A wound or burn dressing or a tissue/organ
drape comprising a pad according to any one of claims

1 to 16.
37. A surgical wipe comprising a pad according to
30 any one of claims 1 to 16.

38. A cold pack for treating burns comprising
a pad accordiﬁg to any one of claims 1 to 16
having a insulating backing material on one side
of sald pellicle.
35 39. A pad for medical applications, substantially
as hereinbefore describedWith reference to any one of
the Examples.



weight ratio of liquid to cellulose in sai d nenbrane- 25. i ke materi al

3

col d pgck "flor treating burns conprising a pad according te any one of
cl ai ns 0 16 having a insulating baCRI_'-_'ng material on one side of said

Ilicle. 35 f di t bsf anti al |
Rer of nbof or o dd8zr | BoB PR £8FcPEREUCLBBRy PBRCTOr DAMtSREI o, © 40

net hod for prodippligatipad sSabstaditdallxppbsi habemnbesplbstwsd:nitbgdas
hereinbef ore ey Betetiehile” RheLRYCBnbOo 8 ExRhpi bS, EXaNP! es.

1 to 20:1. 36. A wound or burn dressing or a tissue/organ drape

\ei hg a pad according 10 30 ~ any oM MBI 518 “3e.
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