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C’l FI CATI ONTITLE "ANTI M CROBI AL MATERI ALS" BACKGROUND OF THE
| NVENTI ON W0 96120019 The present invention relates gengCriusysnsry

di'si nfectants and products having sane. More specifically, the
present invention relates to materials having antim crobial properties and
products nmade therefrom 10 In the nedical industry, one of the

principal concerns with respect to products _that are introduced into the
body or provide a pathway into the body is bacterial infection. The

I ndustry continually strives to reduce the incidence of bacterial infection
caused by 15 bacteria contam nation of nedical apparatuses. This is
particularly true in connection with medical apparatuses that cannot
normal ly be sterilized in autoclaves or which when used encounter bacteria
contai ning environnents. For exanple, sutures, catheters, surgical tape, 20
t ubi ngs, sponges, gl oves, pads, surgical covers, dialysis connectors, and
certain nedical instruments cann@ BE @IOFA IVQIN T InOuNe sterility. They
often nmust be used in areas where pathogenhgﬁgapterla are encount er ed.
Accordi ngly, for such nedi cal apparatuses e art has 25 | ong sought
means and met hods of rendering t HGNTIMEEAROBIAL, YATERIALS ant i bacterial and,
hopeful ly, antim crobial. The general approach |n the art has been that of
coating the nedical apparatuses,_ J h h a bactericide.
However, since nobst bacterici des™ 2 icimciy ubl e, or at

| east requiressufficientTs®l upresenati 0rinMntdbhectnaAmtmﬁl bgenerahly actoon,

sinpl e disinfectants and products having same. More
specifically, the present invention relates to materials
having antimicrobial properties and products made
therefromn.

10 In the medical industry, one of the principal
concerns with respect to products that are introduced
into the body or provide a pathway into the body is
bacterial infection. The industry continually strives
to reduce the incidence of bacterial infection caused by

15 bacteria contamination of medical apparatuses. This is
particularly true in connection with medical apparatuses
that cannot normally be sterilized in autoclaves or which
when used encounter bacteria containing environments.

For example, sutures, catheters, surgical tape,

20 tubings, sponges, gloves, pads, surgical covers, dialysis
connectors, and certain medical instruments cannot be
autoclaved to ensure sterility. They often must be used
in areas where pathogenic bacteria are encountered.
Accordingly, for such medical apparatuses, the art has

25 long sought means and methods of rendering those medical
apparatuses antibacterial and, hopefully, antimicrobial.

The general approach in the art has been that of
coating the medical apparatuses, or a surface thereof,
with a bactericide. However, since most bactericides are

30 partly water soluble, or at least require sufficient
solubilization for effective antibacterial action, simple
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coatlnggﬁgf the bactericides have been proven unreliable. For this reason, .
the art 3“?9 Yht to i ncorporate the bactericides into tRE/VNSNEAT l
apparatus or at |east provide a stabilized coating thereon. 5

Wth the increased use of polyneric materials for construction of nedical
apparatuses, utilizing an antimcrobial polyner has becone even nore
desirable. The art, therefore, has sought -ga i ous conbi nations of plastics
and anti bacterial agents. The antibacterial 10 agent could be fixedly
attached to or incorporated in the plastic, so that the conbination thereof
could be used for the manufacture of these plastic nedical apparatuses.

This relatively recent effort in the art has taken a nyriad of different -
appr oaches. For exanple, U S. 15 Pat ent No. 3,401,005, in an attenpt

to create a prowu ofUEREI mé@iéf&é@m& neeaﬁpfwénauswpiﬁw

conposi tion of poI I rrolidopne and. i odine to otton, auze
dried, the coat &? ‘%p %&%eaﬁt BPﬁ éPHQP% Aate &?n a

simlar effort, bat&lcxdesfrpﬁ.nted tlwpmducarl oépp@tmsnqu:yr atl i Hemet and

I'odi ne was pl ac&%g&%?rﬁﬁl Zé&apd 33}[ oduce surgi cal

sponges. exed wth
pol yvi-nyl p)ErroI i done. Wlth thmelwgﬁsee@dlsmmﬁ)qulmarmsnawmmls of°r

rel ease 'Od'”ecdﬂg¥¥hé€ibﬁﬁ5af Cﬂééi&hQ”Sa QEb@uBQEyV'WHﬂﬁﬁiiﬂq cdy
conpl exed with iodine iIs d,l sc os gﬁs NE‘F ent : é 898, 326 as useful

as a di si nf ect artntiRigrch °9F‘?Jl?vﬁb7m€fteerﬁ%s%¥ﬁ)§ €.
conpl exed conpospHe cart p tnefuﬂerdet hasesbaghiovarmus conindiniong ob.

anti bacteri al agdtetionaid. ankiRAEei3l Qhend P lnd heiflcedifen '
contains a®l astag#n‘lsmu%bp tiwedlyi aﬂzb%lcmm @rhingorporated in the -
plastic, so that the combination thereof could be used
for the manufacture of these plastic medical apparatuses.
This relatively recent effort in the art has taken
a myriad of different approaches. For example, U.S.
15 Patent No. 3,401,065;'in an attempt to create a product:
' that functions  satisfactorily, éppiies a c_ompléxe‘d
composition of polyvinylpyrrolidone and iodine to cotton
gauze. | When .dr_ied,'-'thé "coated material would have - a

germicidal characteristic. In a . similar effort, a
20 cpmplexed composition of polyvinylpyrrolidone and iodine

was placed in absorbable, gelatin foams to produce

surgical sponges. In the ‘005 patent, iodine is

‘complexed with polyvinylpyrrolidone. .- The complexed

composition was found to releasé iodine under use
- 25 conditions. - '

- '8o0lid polyvmylpyrrol:.done complexed with iodine

is disclosed in U.S. Patent No. 3,898,326 as useful as

a disinfectant material. - U.S. Patent No. 4,017,407
extends this complexed composition to include detergents.

30 U.S. Patent No. 4,381,380 relates to a polymeric
bacteriocidal composition for use  in antibacterial
applications. The composition of the /380 patent
contains a plastic, sparingly cross-linked polyurethane
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-O-(CO -NH urethane |inkages and iodine conplexed wth a sufficient
nl{r'rber of Wee200Weages to provi de bacteriocidal properties gcaniddssrrr
conposi tion. | odi ne sol utions having concentrations of from1l%to 15%
were 5 utilized for conplexing the iodine with the urethane |inkages.
Uilizing a plastic conpletely conplexed with iodine as a potenti al
self-sterilizing material has di sadvant ages. _Anong ot her factors, the
concentration 10 of the iodine in the sol@ion and the sol vent of the

i odine solution limts the anbunt of iodine conplexed with the

pol yuret hane. Further, the rate of release of iodine fromplastics

conpl exed with iodine depends upon the affinity the plastic has for iodine.
As a result, 15 these conplexed plastics often do not provide an

effective delivery of iodine into the atqﬁzghqre or a Iigﬁiq for sufficient
antim crobi al tret@eHY ~PrdCO) 5N~ urgthane 4 inkagessand jodife coppre¥ed
a]pti mbcr obi al _rrgt leuiiﬁk aomﬁﬁmx{?t nﬁﬁb&r} ][mer etise dlaﬂkageeonlmlengrgtvimas

of a bacteriocidal, substanc u sg,an_effeciive and contr e .Lyvery
of the bacterioci a% € ‘E?B’s?%ﬁ%aéf éﬁ%@ﬁﬁﬁ&? F% #?\R/E P%Q#ﬁé"?’presgﬁ?mg

i nvention provi desolutrionsphaving 28oncenrtratrians il fnem el ¥ atoi h6kuwerneg a
pl astic matergal a‘F@j ; e ar, orers ap Wbt Ris% | asbich

mat eri al . The no .ec%féa?& hgpgge‘ﬁﬂ@sl pr ?‘r‘?ﬁﬁé? gggéirq%eshi rﬁg&tlﬁe §| astalnéa
material and only XHWE29€%$- any, is conplexed with the plastic material. 30

I'n an embodi ment, approxrtElfiind @0 pRYselict heompletalpr dtMplgsied Swith
N {)ggﬁed 'n the plastie Taeh Pordit S’ el elefiPogi HE " haddiid P! REY' &

disadvantages. Among other factors, the concentration

10 of the iodine in the solution and the solvent of the

iodine solution limits the amount of iodine complexed

with the polyurethane. Further, the rate of release of

iodine from plastics complexed with iodine depends upon

the affinity the plastic has for iodine. As a result,

15 these complexed plastics often do not provide an

effective delivery of iodine into the atmosphere or a

liquid for sufficient antimicrobial treatment.
Therefore, a need exists for an improved
antimicrobial material containing not only increased

20 concentrations of a bacteriocidal substance, but also an
effective and controlled delivery of the bacteriocidal
substance.

SUMMARY OF THE INVENTION
The present invention provides an improved

25 antimicrobial material including a plastic material and
a molecular halogen entrapped within the plastic
material. The nmolecular halogen is primarily absorbed

into the plastic material and only some, if any, is
complexed with the plastic material.
30 In an embodiment, approximately 0 to 40% of the
molecular halogen is entrapped in the plastic material.
In a preferred embodiment, the molecular halogen
is iodine.



I s 1odine. WO 96/ 20019 PCT/ US95/ 16217 -4- The present invention also
‘provides a directional release material that effectively allows for the

control WOP620R site and rate of halogen delivery. PCI/USYSE62 ectional 7
rel ease material includes a first plastic 5 mat eri al havi ng i npregnat ed
therein a halogen. The first plastic material and the hal ogen define an

outer surface having a first release rate for the hal ogen. The
directional release material also includes4a second plastic nmaterial having .
I npregnat ed therein the hal ogen. 10 The second plastic material and the

hal ogen define an inner surface having a second release rate for the

hal ogen. This second rel ease rate being faster than the first release rate
to achieve directional release of the hal ogen. 15 In an

enbodi nent, suitable plastic materials that may be used in the directional

rel ease material are: Thel presentatiaveatient also prosides a direxitidmile;

I th I
e e, hgeAaOR hEREr BY YRLY EPFect RUBLY I Fhus ¥k oo qaptel,
the present invofti &hepr sitees aa\drretrm f of nmblkilogen didsilifweryant mhe i al .
The nethod incl BQQ%cEE%n%tle&-éieéﬂ‘tﬂﬁiefﬂaﬁ E.'r&b“i‘dd‘"esmé efii"kt""'{;‘fc}!’bs@cic

hal ogen gas that i s gbsorbe lastic material, |In an enb nent
met hod f or 3naki H‘ﬁtgr’éé haH §9n¥’&¥ ated Fhexein a-hadegenne THe Likst
step of forni ngplastilkamaterialeandl thetlaYogeni det ime o aiut?er Hueffiadl v,

e onast 1 ! iy s PR SFatfolhe "fall! S B ndibGn. " e
directional release material also. includes a second ‘__
plastic material having meregnated;thereln the halogen.

10 The second plastic material and the halogen define an
inner surface having a second release rate for the
halogen. This second release rate being faster than the
first release rate to achieve directional release of the
halogen. o

15 In an embodiment, . sultable plastlc materials that

- may be used in the directional release material are:
polycarbonate/polyester' blend;  polyethylene;

" polyurethane; polypropylene; polystyrene; copolyester;
and styrenefethylene-butylene-styrene copolymers.

20 Still further, the present invention provides a
method for making a disinfectant material. . The method
includes the step of contacting a plastic'material with
a halogen gas that is absorbed in the plastic material.

In an embodiment, the method for making a

25 = disinfectant material includes the further step of

- forming the plastic material into a medical apparatus.
Preferably, the plastic material is contacted with the
halogen gas after pbeing' shaped into the medical
apparatus. . _ .

30 The present invention ‘also provides a method for
impregnating a plastic material. The method includes the
step of delivering,iodine.crystais in an enclosed vessel.
Then, the plastic material to be impregnated is placed



34 The present invention also provides a nethod for inpregnating a
plastic material. The nethod includes the step of delivering iodine

crrystal s |‘MOQWQ:I osed vessel. Then, the plastic material ptgro§sns1y
|npregnated is placed WD 96/ 20019

PCT/ US95/ 16217 in the encl osed vessel for a tinme sufficient to allow iodine
to absorb into the plastic material. An advantage of the present invention
is that it provides an inproved antimcrobial_material. 5 Anot her
advantage of the present invention is that it prOV|des t he i npregnation of
hal ogen gases into a plastic material, resulting in an increased uptake of
t he nol ecul ar hal ogens. Yet another advantage of the present invention is
10 that it provides a directional release material that effectively
allows for the control of the site and rate of hal ogen delivery StiH

further, an advantage Qf the pre nveniion t hat i r,0

agti ni crobi al \pgol y e "%E? eqq&séwgll%?%l ‘:"i’él BgiﬁmFoF“'ﬁé% ?ngn o Allow
antim crobi al substiadife Roaabsorbolitied hhenplasﬁm emvtsrizl, advant age of
t he present invention i saﬁ_‘hgtd‘;?btgr %w (}e%h%dgﬁ'\gs que?ﬁ,_m“p %gra{d@gl@

plastic material wth io ures
advant ages of the pmegédeS|nnenmpquadeaubém;ctmhﬁalmma#ﬁrma14 be appar ent

from the deta | ed descr (o) e
fromthe dr avm%ngs. BRI EFK%EE%RFP'%'?& ON OF é}_i&f‘@%\/\?&@&@ﬁ& %@gﬁeﬂbﬂem Stm

illustrates the abddr RYVHAes cthe JBPERINBELERNPL cﬂa]\Poﬂﬁ”bu‘éaﬁ?ﬁs 1" a
sanpl es treated pumua&hctﬁatéfmxemuﬁwtnom iroyeased ubkuker 6f achd he

absorption rate bynMﬁ %ﬂ&ar halogens.
Yet another advantage of the present invention is

10 that it provides a directional release material that
effectively allows for the control of the site and rate
of halogen delivery.

Still further, an advantage of the present
invention is that it provides an antimicrobial polymer

15 that delivers a halogen for use as an antimicrobial
substance in a controlled manner.

Moreover, an advantage of the present invention is
" that it provides a new method for impregnating a plastic
material with iodine.

20 Additional features and advantages of the present
invention are described in, and will be apparent from,
the detailed description of the presently preferred
enmbodiments and from the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 illustrates the absorption rate by weight

percent for various plastic samples treated pursuant to
the present invention.
Figure 2 iliustrates the absorption rate by weight
percent of various copolyesters and styrene-ethylene-
30 butylene-styrene copolymers at room temperature.



percent of various copol yesters and styrene-ethyl ene- 30

butyl en e copolyners'at room t enperat ure. WO 96/ 20019

PCT/ USQ?Y@%%@& 6- Figure 3 illustrates the absorption r RCEEUSISAEAYNt
percent of a linear |ow density polyethylene at 60[err]C and room
tenperature. Figure 4 illustrates the weight percentage of 5 I odi ne
absorbed and released from various plastic materials while placed under
a lab hood. Figures 5 and 6 illustrate thefhort termrel ease rates by
weight (g) versus time (hrs) of styrene- ethyl ene-butylene-styrene
copol ymer and copol yester, 10 respectively. Figure 7 illustrates the
iodine release rate in weight percent versus days for three plastic
materials tested in the present invention. Figures 8-10 illustrate the
effects of iodine on 15 the el ongation of various plastic materials.
Figure 11 illustrat es Figunenddidfustyrasesathegabsarptionanatesbyweight to

the present invejdddihe g0 §ihear! hw! éﬁﬁit?hg %fﬁﬁ?iéﬂ& &t 66’%%5’y

wei ght percentage versus tine I nto cCopo yeste i gure
13 illustrates HROM KGBREFatPXL-f | odi ne by wei ght percentage versus time

for copol yester sanpl aai.gxﬁreguae ilfustiatesr ams w&agnrtodpaecen&agegrﬁed
AP yei By R PP e SRR SR VS CiaelE ™ ©°
di al ysi s connecmaterﬁiajs avhlidl e |plateditwxiatha viglorhaad es by wei ght (g)
versus time (mn) of aglials WhAPLH NP TUNEAL GHE Ehot AR release
rates by weight (g) versus time (hrs) of styrene- -(
ethylene-butylene-styrene copolymer and copolyester,
10  respectively. . : ' .

_ Figure 7 111ustrates the 1od1ne release rate in
weight percent versus days for_three_plastlc materials
tested in the present invention.

Figures 8-10 illustrate the effects of iodine on
- 15 the elongation of various plastic materials.
Figure .11 illustrates a method of impregnating
plastic samples pursuant to the present invention.
Figure 12 illustrates the absorption of iodine by
weight percentage versus time into qppquéster samples.
20 ~Figure 13 illustrates the release rate of iodine
byﬂweight.percentagefversus.;ime for,éopo;yester samples.
Figure 14 illustrates an iodine impregnated
dialysis cap with-a_cotrespondingsdiéiysislconnector.
Figure 15 illustrates a dialysis cap'including an
25 impregnated disk with a -_cbr_res_pon__ding dialysis connector.
Figure 16 illustratés‘the vapor rates by weight (g)
versus time (min) of alcohol and iodine from an iodine

solution.
Figure 17 1llustrates the absorptlon of iodine into
30 various samples in three testing jars by iodine weight

percentage versus time.



Fi’gure 17 illustrates the absorption of iodine into 30 vari ous sanpl es
in three testing jars by iodine weight percentage versus tine. WO

9@/ 20019 WO 96120019 PCT/ US95/ 16pidpfuseénedty JUr €s
18A-18C illustrate the rel ease of iodine frominpregnated sanples in
testing Jar 1, Jar 2 and Jar 3, respectively, by iodine weight percentage
versus time. DETAILED DESCRI PTION OF THE 5 PRESENTLY
PREFERRED EMBODI MENTS The present invention Q%ovides i mproved net hods and
materials for producing an antimicrobial matefTal. Pursuant to the present
I nvention, a nolecular halogen is inpregnated in a plastic material.

Uilizing a 10 hal ogen gas to inpregnate plastic pronotes the
i mpregnation of |arger anopunts of nol ecul ar hal ogens than the anount that
can be achieved using liquid hal ogens. For illustrative purposes only, the

detai |l ed description focuses on the use of nolecular-iodine as a 15

sui tabl e hal ogen that mafigdressd@A-18C didustrate,the, rakease 9Hgieding ,
kEQYvP gi_crobihci de, ﬂ&'lcfnil”l iaphegndtencsa néQLix?ie&ésﬁndw x ar,, Jﬁls ghase Jadr
skilled in the art \w appreci at e, other, hal ogens, such.as chlorine_an
brom ne, are al so SUi Fﬁﬁpgg{iﬁf'?%a&%rlfglmgg‘éﬁg%éﬁrcenﬁ?&ee?%rgf”st%%" .
present invention enconpasses the use of all such hal ogens. The

antimcrobial material of the prgsegd w\?gcﬁ U ioE @l a plastic
ed thereln.
.—"’_H i

mat eri al having a nol ecul ar hal ogen absor To entrap the

nol ecul ar hal dgen in the 25 PRESENTLY PREFERRED (EMBORIMENESS such as
gaseous iodine, is contaqedpyebnt ihwdirSiorCpfel edes! ingrbvite methedisn®nd ,
lemental odine | g GUiaTed ot N kB3uRAg! ! sk Rl erdbil Hfterial.
el enental iodine
Pursuant to the present invention, a molecular halogen
is impregnated in a plastic material. Utilizing a
10 halogen gas to impregnate plastic promotes the
impregnation of larger amounts of molecular halogens than
the amount that can be achieved using liquid halogens.

For illustrative purposes only, the detailed
description focuses on the use of molecular iodine as a

15 suitable halogen that may be used in the present
invention. 1Iodine is a known microbicide, with a broad
spectrum of action. However, as those skilled in the art
will appreciate, other halogens, such as chlorine and
bromine, are also suitable anti-bacterial agents.

20 Therefore, the present invention encompasses the use of
all such halogens.

The antimicrobial material of the present invention
consists of a plastic material having a molecular halogen
absorbed therein. To entrap the molecular halogen in the

25 plastic material, a halogen'gas, such as gaseous iodine,
is contacted with the plastic material.

In one embodiment, elemental iodine is contacted
with the plastic material. After the elemental iodine
sublimes into iodine gas, molecular iodine is absorbed

30 in the plastic material. Iodine is able to enter and
leave the plastic material without 1losing its
microbicidal activity.



sublimes into iodine gas, nolecular iodine is absorbed 30 in the plastic ;
materi a lodine is able to enter and leave the plastic material

wi t hout WOy i ts nmicrobicidal activity. WO 96/ 20@CY/US9S/16217

PCT/ US95/ 16217 -8- Absorbing iodine gases into the plastic material differs’
fromthe prior treatnments wutilizing iodine solutions and, in fact,

provi des advantages over sane. Pursuant to the present invention, nolecul ar
iodine is 5 | argely entrapped in the ple8¢tic naterial and only sone, if
any, of the iodine fornms a chem cal conplex with such plastic material.

The gradual release of such iodine depends on the nobility of nolecul ar

I odine gas in the plastic material. 10 A physical barri-er, as
opposed to the chem cal barriers of prior treatnents, prevents iodine's
rapid rel ease into the atnosphere or a liquid. Previously, researchers

have fo;:usedl on forni mmfbmcabdiﬁapﬁbaehetwd tl?&ilﬁhéﬁﬂcthﬁterlal
particul ar pl ast chi e i si.nf ec e apparatus.
Wth these pri ora¥$€§#%en ]§°m| oé?%e H"?%’ou\ﬁa’ e%é:mgnrtgs u#ig?‘z&}/‘%pea‘gﬁg
affinity due to shbuhboeeuaad.sﬁmuéhmme<ﬁrQdeqﬁeﬁﬂvantnge5|QVer s@hes
binding resul ts paPEhanEoRdl el Priedierit AnventibAll ind foliifaPPLBALE is

plastic material _and not based on i qdine] ty properties. In

contrast, tfe pr%%ﬁﬂ?lYn%’éﬁF?Bﬂe@ak‘ést%\%ﬁ%@é’ mat[q:é.ql, only gaMgre of

mol ecul ar i odi neif: aﬂjm Sot i @ hiddineaotims @ Imwallee:wxme:p%m BQch
perneate into pl ai ge‘g ln,a_r.eversi

embedded pl asti cP prkeridds ne 'gh FregPﬁloFﬁlﬁﬁsﬁe éli'hﬁu?ét dogine |
i odi ne delivery depends opothecwmaldll iftyctafi sno¥erulamnjddineugasf ant ¢he ‘

i ngl_ude, anmng plastic material. _ _

10 - A physical barr1er, as opposed to 'the_ chemical
barr:.ers of prior treatments, prevents iodine’s rapid
release:inﬁo the atmosphere or a liguid. Previously,
researchers have focused .' on forming a chemical complex
between iodine and the particular plastic material to

18 achieve a disinfecting type app_aratus.' With these prior

' treatments, iodine is bound as a result of a specific

affinity due to the molecular structure of the plastic
_material. This binding results from a bonding action
~ that is unique to the specific plastic material and not

20  based on iodine’s solubility properties,

In contrast, the present invention takes advantage
of the lipophillc nature of molecular iodine. This
‘lipophilic nature allows molecular iodine to permeate

_ into plastics in a reversible manner. The iodine
25 embedded plastic allows the sustained delivery of iodine.

The rate of iodine dél:ivery depends upon several
factors. For example, such factors include, among
others, iodine concentration, temperature, pressure,

_ materials, surface area. Manipulation of these factors

- 30 provides a basis for controlling iodine delivery to
‘materials to be disinfected.  For example, adding
potassium iodide to aqueous solutions increases the rate
at which iodine is released from the plastic material.

=)



Ot hers, iodine concentration, tenperature, pressure, materials, surface

area. Manipulation of these factors 30 provides a basis for controlling
i odi ne detwiowgrpoibo materials to be disinfected. For peXARpéfse1y addi ng
pot assi um i odi de to aqueous sol utions increases the rate at which iodine is
rel eased fromthe plastic material. WO 96/ 20019

PCT/ US95/ 16217 -9- The sel ection of polyner or polyner fornul ations maki ng
up the plastic material allows control of the iodine uptake and rel ease
properties. The inventors have discovered that different plastics have
different 5 solubility properties for iodine. Sone plastics will take
up larger anmounts of iodine than other plastics (e.g. polypropyl ene versus
pol ystyrene) to create a |larger reservoir for sustained delivery of iodine.
Plastic materials suitable in the present i nvention 10 can be classified
according to the foll ow hi erarchy: lLodipe | npregnated Materials |

| odi ne Conpati bl e Nhter?%?ss?}ecFBﬁgn@flHeaﬂﬁﬁflBFe YBEF 5 fOTTR 1k jons
Absor ption ProperﬁakihtghmehHFﬁli&tf&oaatéyzﬁ@ allows control of thelow

Rel ease S n o

material s incl udeiﬂ bﬂ? p‘l}{]‘agéa%t u?‘ gﬁfég er| ATR erﬂi%@ , e'rll‘% Weq{réu%osﬁ%ave
wher eas saturateddbsagvetsdortbahstﬁ@tfarentlon&BSVécs ohawesadifferemtar e
i odi ne conpaki bl ego BXBIP yprogé?giéésf&‘ i odial, argom&dbmsswanawille

and have | ow uptake are p ne and pol ystyrene. Plastics which have
hi gh uptake of iobfke MRy L ARAST RARUMYS hen fadine (than f pERer plastics

SIhgnl LI canL! yh | petfei rpdlqdmlreaiee vérsodi rpblysulyreemrrpte crlirez&tast lacs
t hat have high up rele C [S.s astics
whi ch have hi gh u%%gtg% %égl\%on' f%s usta:.r{ cf)e[ﬂ.‘)éw %fsl ine.
Plastlc materials suitable in the present invention
10 can be classified according to the following hierarchy:

Iodine ImpregnTted Materials

15 I. Iodine Compatible Ma%erials I1. Iodine Incompatible Materials

Low Absorption Property High Absorftion Property

20 Low Relaase High Release

Examples of iodine incompatible materials include highly
unsaturated materials (e.g., natural rubber), whereas
saturated plastics or plastics with low levels of
unsaturation are iodine compatible. Examples of plastics

25 that are iodine compatible and have low uptake are
polypropylene and polystyrene. Plastics which have high
uptake of iodine havé unexpectedly been found to differ,
significantly, in their release rate of iodine. An
example of plastics that have high uptake and low release

30 is copolyesters. Plastics which have high uptake and
high release are styrene-ethylene-butylene-styrene
copolymers. The mechanical properties of these various
plastic materials do not significantly change with high
iodine impregnation.



high release are styrene-ethylene-butylene-styrene copolyners. The
nmechani cal @ﬁrties of these various plastic nmaterials do not

si gni fi & ﬁ%m ange with high iodine inpregnation. WBCTAISII6Re7

PCT/ US95/ 16217 -10- Due to the recognized variety of materials that respond
differently to iodine inpregnation, the present invention also provides a
directional release material that controls the site and rate of i odine
delivery. To 5 this end, plastics of OtPrerent conpositions can be

| ayered to create barriers for iodine release. Further, plastics can be

I mpregnated with iodine at different tinmes in the manufacturing process of
“useful products to confer an anti-mcrobial (bacteriocidal, virucidal, and
10 fungicidal) property to the material. Naturally, the selection of a
suitable plastic material depends |argely on the intended use of such
material . For exanpl e Due pt@t thel yeqsgndized maniety afy maderdads cthat

because it has &-éﬁﬁn&lfﬂ%éﬂﬁﬁ% rﬁﬁnelimpréﬁsmedtﬁé’ PrEsERE

t hat has a sl owhal ogen rel ease rate. Anong.others, the f.ol | ow ng pl astlc

material s may bdN¥gARion Al ﬂareaamde%oa é'ecﬁﬂ-@?éﬂ-t relgasg pateri
pol yur et hane; painew Q'mﬂtﬁftﬁ.s EHey Biteemrid Qe Ve tigdine | del ivéeye; To

Bopa o hecn Bt ha' HEadles’ HDRLefPrens - dieiitine SRERIEC"G,
iodine as m crleuremﬂalto sreate haa'cmnca fpreijpding releasecs Fuxther a
broad appl i cat 'mséﬁs "edhCale iREHaGhhBEA fvﬁ% af&dm&e at! ' &R FERL

Exanpl es 25 of, 1 odine i npregnat i ng terirals that can generated are:
| eukocyt e filtertimgs inyithe sadbufacturipg. PEP&§FFC°§e‘&€§f¥‘b %R@“ﬁtéotﬁnn K|
for treating aqwiﬁeﬁdmtaﬁlﬁ-rmicrobial (bacteriocidal, virucidal, and

10 funglca.dal) property to’ the mater:.al.

Naturally, the selection of a suitable plastlc
material depends --largely on the intended use of such
material. For example, a part;cular plast:.c material may
be selected because it has a fast halogen release rate,

15 as opposed to another that has a slow halogen release
rate. Among others, the follow:.ng plastic materials may
be wutilized pursuant to the present invention:
polyurethane; polypropylene; polystYrene; copolyester;
polyethylene; polycarbonate/polyester blend and styrene-

.20 ethylene-butylene-styrene copolymer.

Because of the diversity of plastics. and the potent
act:.v:.ty :|.od1ne as . microbicidal agent, iodine
1mpregnated plastics have a broad application for
medlcal, industrial, food and water treatments. Examples

'25 of iodine impregnating mater;_als that can be generated
are: leukocyte filter pads; dialysis membranes; plastic
beads to make a column for treat.ing agueous solutions;
plaétic_ b_alls used  in water baths; blood bags; blood
tubing ; medical gloves"; 'periton.e_al dialysis catheters; -

30 and peritoneal d:.alys:.s ~ connectors. | Examples of
materials to be dlsinfected with iodine impregnated
plastics include: blood and its components including
whole blood, red cell concentrates, plasma, platelet

«)



pPastic balls used in water baths; blood bags; blood tubing; nedical

gl oves; peritoneal dialysis catheters; 30 and peritoneal dialysis
c@nnect or Wosé2diranpl es of materials to be disinfected W pbrigihesns

i npregnat ed pl astics include: bl ood and its conponents including whol e
bl ood, red cell concentrates, plasm, platelet WO 96/ 20019

PCT/ US95/ 16217 concentrates, plasnma fractionation products including gamma
gl obulin, coagulation products (e.g., FactorqMII, Factor IX, protein C
etc.), and al bum n; reconbi nant products generated in tissue culture nedia;
animal sera 5 used in tissue culture nedia preparation (fetal calf,
newborn cal f, human sera); dairy products including mlk; sw mm ng pool

wat er; industrial water (e.g. cooling tower water); sewage treatnent water
tooth brush bristles; tel ephone handpi eces; and bench tops. 10 By

wa of exanple, _a not, limtation an ,e ent. strat t he

[ rr%r egnat i )(;nm(;f nﬁ@lﬁﬁ%rqt&ﬁ’lnep#ﬂﬁﬂa fﬁ?&&‘))égﬁéf’gr |pzﬁ°4}dq I dfﬁ“@en
Experi ment No. 1 THamma g@lodulimnt codgnkamnn(prddwztsamel gty Factd:ﬁ VIII,

I npregnat e pol ypr t th n

vohi cloa ¢ PPLYPUFNGES 17 phibgin e N et Mand [a Bk redbiibinant

i npregnat ed test tREAENGHS @enerateddimEissye F%Fﬁﬁﬁaﬂédlﬁol?ﬁ%%M%Wéa
0.25 grams ®f 2Qsed elgnentsbei wmeréd&rdewq»reyataﬁcﬂ (escapl egeg, i n

filt The fi Lt t t
ecurel ) coni ai (NG RBLE ARkt Kb RLEY Hradis, rduniiad btk
i odi ne was then plsacashing pobQ water} \ipdustirdad wateri feigr. mbaanStower

As the i odi i
by the pol 'ygfog;‘fene e easeged " eTebbfene! WIS Ldotl rudd BPESERLED UP

telephone handpieces; and bench tops.

10 By way of example, and not 1limitation, an
experiment illustrating the impregnation of molecular
iodine into a plastic material will now be given.

Experiment No. 1
This experiment determined the ability to

15 impregnate polypropylene test tubes with iodine in
various fluid vehicles. In addition, the experiment
evaluated the ability of the impregnated test tubes to
release iodine.

To impregnate polypropylene, 0.25 grams of

20 elemental iodine (dark gray crystals) were placed in
filter paper. The filter paper was then folded and taped
shut so as to securely contain the iodine crystals. The
filter paper containing the iodine was then placed in a
50 ml polypropylene centrifuge tube.

25 As the iodine gas was released from the solid phase
iodine, it was taken up by the polypropylene. The color
of polypropylene turned a light brown initially and
progressively became a dark chocolate brown. A total of
24 tubes were treated in this manner. The tubes were

30 allowed to incubate at room temperature for about two
days. After the two days, the tubes were observed to be
a uniform, dark chocolate brown color. This result
indicated a substantial uptake of iodine had occurred.



urned a light brown initially and progressively becanme a
SLrEOLﬁggggéL;;E gmn A tota? of 24 tubes were treated in this manner. The
t ubes -were 30 allowed to incubate at roomtenperature fnmn?ﬁmu&ngmok
days. After the two days, the tubes were observed to be a uni ornL a;
chocol ate brown col or. Thi s regggt i ndi cated a substantial uptake o
i odi i rred. WO 96/ 20
ng}BEQE?gGSi$U-12- However, the iodine in ob2-of the envelopes m?s opened
and 0.2 granms of iodine could be recovered, denpbnstrating that a Targe
anount of iodine was still present as solid crystals. 5 t 3
demonstrate that iodine could be released by the iodine inpregna ?he
pol ypr opyl ene tube, the follow ng experinent was conducted uFlng ne ion
preparations 1-3 bel ow as extraction solutions. (1) A saline s

(0.9% NaCl) was uHeweveg, theodiaddrnies immne tof ber;gné“vghbgggl g§o| ﬁé&d n.

saline. (2) Aai\a%ﬁ)'é’l‘éﬁ‘dfflaaiﬁéségig del)%egc% 8 Isﬁése i

is known to be hi Bg o) | e in aqueous,

(3
ll'(f)lgl ngesc(anée of eCEyrshams I.odi ne can. be detected using the characteristic

color reactign. of anylo

from g white material to a tan, violet and
“purple color in the ‘fgncg%mo}?sifrmﬁ% 3t iodimenceulddpe mlem:hdlehy 2he |

The fol |l owi ng steped ee iprhagristed Opdﬂyﬁﬂﬁb e\‘%?tngﬁbe' ggdrl-it?ee %18 ﬁgv}lﬂg
recovered and al sexbéej ﬁ,é}.é .,;gs rcgn%%%e§dggucﬁt O%%R.ﬁ’@‘-’r’cﬂﬂﬁ@* below

traction sol ution 1-
?ﬁpiggnated 50 n1350?§ %S?%@hes@bﬁtlbnage tubes. The

(1) A saline solution (0.9% Nac1) was used.
10 Iodine is known to be- only slightly soluble in saline.
(2) A 10% solution of potassium iodide (KI) was

used. Iodine is known to be highly soluble in agueous
solutions containing potassium iodide. o
(3) . A 200 mg/ml suspen51on-of amylose in saline

15 was used. The presence of elemental iodine can be
detected using. the characterlstlc color reaction of
amylose going from a white material to a tan, violet and
Purple color in the presence of increasing concentrations
of iodine. L

20 : ‘The follow1ng steps were conducted to determine
whether iodine could be recovered. and also the rate of
release of such iodine. "Forty ml of an extraction
solution (1-3 above) was: added into separate iodine
impregnated 50 ml. polypropylene centrifuge tubes. The

25 tubes were then placed on an end-over-end mixer. One ml

- samples were collected for 'all. tubes after 45 minutes,
7.5 hours, 18 hours and 30 hours of - ‘rotation.
- The following observations demonstrate_d that iodine
could be recovered from the plastic and that the rate of
" 30 release depends,. among other factors, ‘upon the solubility

of iodine in the extraction media. First, only slight
yellow discoloration of the saline solution was observed
after 30 hours of rotation, 1nd1cat1ng a sllght amount

AFIE AMPRMAYL HE dfochme oS istiddl presknt asied14yged.

- )



25 tubes were then placed on an end-over-end mxer. One nl sanples were
collected for all tubes after 45 mnutes, 7.5 hours, 18 hours and 30 hours
o% rot at i owo sgigoe1d ol | owi ng observations denonstrated that i@ﬂﬁ%ﬂﬁﬂ‘}' d be
recovered fromthe plastic and that the rate of 30 rel ease depends,
anong ot her factors, upon the solubility of iodine in the extraction nedia.
First, only slight yellow discoloration of the saline solution was observed
after 30 hours of rotation, indicating a slight anount WO 96/ 20019

PCT/ US95/ 16217 -13- of iodine was present in-the saline. The pot assi um

| odi de sol ution extracted out nore iodine as indicated by a strong yell ow
color after 30 hours of rotation. The yellow color intensity was detectable
after 45 mnutes 5 of rotation and becanme progressively stronger with
time. This result denonstrated a sustained delivery of iodine into the
solution. Still further, ,the anyl ose extractiqgn solufion becane slightl

di scolored with yet ogPébT‘Sr was present dpothe $3LIMRt i 0k P BP'é?gﬁf‘B%n
gfter 7 10 Eourfcrdiiﬁ ks:}m_wid@ aé:tﬁ‘a%té_ww@t anélré hﬁ?&ﬁﬁé eds inbisatedult
enonstrates that .el enental iodine was, bei re r I t.ubes to

t he saline nedia, %d’ Pﬁgﬁ’“gaﬁ?gigﬂ T thé I Lo’ggﬁ%gr%r"%]ﬁc?g%t%@%’ The
characteristic chaeklon colar iDitemylty wasudetedtabhleli after 545 minutesBy

way of exanpleg, a ;1 ' 5%@ ' t3loin @Q bg kg of
t he antim crobi al r}srjrfa‘t&?rt"léa‘l!llraé# %h]hgﬂﬁﬁgégﬁéfl veénstil"é‘l'nll&tso I na tﬁ/glégte:ﬁyﬂ}hégs
will now be given. TIB&dresitit deponstrated a sustpinedodplivAEkt ofeiefinfed

the rate of vesicuito tnaTBblOtSONL T ELiNMSYhrtRas) it iatiylowe estPgction
| npregnated pol yurginang beads. nd LS5V d1ecs 1T dh Ui e 1049
after 45 minutes of incubation, violet/brown after 7

10 hours, dark purple after 8 hours and thereafter. This

result demonstrates that elemental iodine was being

released from the tubes into the saline media, and then

captured by the amylose to produce the characteristic

color

change in color of amylose caused by iodine.

15 By way of example, and not limitation, experiments
illustrating the ability of the antimicrobial material
of the present invention to inactivate viruses will now
be given.

Experiment No. 2

20 This experiment determined the rate of vesicular
stomatitis virus (VSV) inactivation by iodine impregnated
polyurethane beads in tissue culture medium (RPMI 1640)

. at room temperature. The iodine impregnated polyurethane
beads were prepared by incubating 100 grams of

25 polyurethane pellets with 2 grams of crystal iodine at
room temperature for 3-4 days.

TESTING PROCEDURE:
30 ml1 of RPMI 1640 medium was placed into a 50 ml
test tube. VSV (Indiana strain) was added to the media
30 at 17500 dilution.
Three (3) 50 ml test tubes were utilized for
testing. 2.5 g of I,~PU beads was added to the first



at roomterrperature The i odi ne i npregnated pol yuret hane beads were

pr epare |ncubat| ng 100 grams of 25 pol yur-et hane pellets with 2 grans
of cryst %he at roomtenperature for 3-4 days. TESTRGEUSSSMRURE: 30 ¢
m of RPM 1640 medi um was placed into-a 50 m test tube. VSV (Indiana :
strain) was added to the nedia 30 at 1/500 dilution. Three (3) 50 m

test tubes were utilized for testing. 2.5 g of I[err]-PU beads was added

to the first WD 96/ 20019 -

PCT/ US95/ 16217 -14- test tube. 1 g of I[err]-PU beads was added to the
second test tube. 2.5 g of PU beads (PU bead control) was added to the
third test tube. Each test tube was washed twice with 20 m PBS each tine.
(Each gram of 5 pol yur et hane beads contai ns about 30 pellets.) 10 m of
virus nmedi um was added to each tube. The reaction incubation was carried

out in end-over - eedtr ukie.on ﬂtgapprmgemtmégdézwaspnadﬂeddto tihier exichd

virus sanpl es we olJected a e n [

hr, 2 hr and ovef’%ﬁ%httl hr)s" % e‘f %fssaorr?e%gasnp&eumggad Sﬁ"&g‘g&g‘ 19"raosl
-each group. The pddeds§°cth3rbhiMStestl'Q%bed ‘Rachccastrtube oram washee
sanpl es were que@glieg Wtj_lehl 5% sqyli ughghlggeﬂ,f o md O chepigail | Ygrtawt ¢ | ze

i odi ne present I n he contral s and sampl es were all

then testedSin VPP&YMW Qqaidrﬁ ﬂ%a&qsuﬁr{ﬂ\’%gsoa}’e lef& \irus input,
based.on the untreatedijp adcog eirusomedian ﬂtﬁéeaadle,&(]:oﬁ) &l tubdéed! erhe

bel ow .dEt a! Is t h?‘gla?:]%%ar Eig&ilﬁ?tIégLEw&s Z%arrJ.%admogt rus 1& to::ver né)nc{

Log Reduction 10 _
rotation at apprqxlm_ately__zo rpm speed. Untreated virus '

. samples were collected as process control.

10 - ~ At 30 min, 1 hr, 2 hr and overnight (18 hr)
intervals, one sample was collected from each group. The
process control was collected at the 1 hr interval. The

- samples were guenched withll,s%.sodium~thiosu1fate to
chemically neutralize iodine present in the sample.

15 The controls and samples were all then tested in
Vero cells by a 1limiting dilution assay. The. virus
input, based on the untreated process control, was 10%%

TCID 50/ml. Table 1 below details the assay results.

IABLE 1

20 Sample Virus Titer I'_qput - ' o . Log Reduction
. | 10%% TEID 50/mi _ _ . :
Bead 05h. | 1he. | 2n.  J 8. JOSH. | 1he 2hr. 18 hr.
Preparation
Bead 725 | 7.08 428 | 533 0 0 2.27 1.22
Control . I . ) )

25 “ 0.25 g/mi 463 | 183 | <183 1] <183 | 192 | 472 | 5472 | >a72

. 55 | 620 <183 | '<183:| o 035 | >472] >4.72

0.1 g/mi s. . _ .

* = below the detection limit, no recoverable virus.



Bead 0.5 hr. 1 hr. 2 hr. 18 hr 0.5 hr. 1 hr. 2 hr. 18 hr.
Prepar ati on Bead 7.25 7.08 4.28 5.33 O 0 2.27 1.22 Control 25

0,25 g/ M wéebiosl. 83  <1.83 <1.83 1.92 4.72 >4 7 0.1
ofm 6.55 6.20 <1.83 <1.83 0 0.35  >4.72 >4 72 foropfish? -

detection limt, no recoverable virus. WD 96/ 20019

PCT/ US95/ 16217 -15- Experinment No. 3 This experinment determ ned the rate of
VSV inactivation by iodine inpregnated polyg&gghane beads in normal hunman
pl asma at room t enperat ure. The iodine 5 I npregnat ed pol yur et hane
beads were prepared by incubating 100 granms of polyurethane pellets with
2 granms of crystal iodine at roomtenperature for 3-4 days. TESTING
PROCEDURE: 40 m of normal human plasnma was placed into a 50 10 m test
tube. VSV (Indiana strain) was added to the nmedia. Three (3) 50 m test

tubes were utilized for testing. 2.5 g of I!errI-PU beads was added to the
first test tube. 1 g of I[err]-PU be . the second 15 t est
t ube. 2.5 g of PU bea®hiéPUexpatimentr odpteaminddedthe t ratehi of t &8V
tube. Each test tu d j ce. Wt P, ' (Fach
gram of poIyurethgﬁgwgégggiggn?gﬁhgfgﬁ%égmgégggkfgtEﬁ}yﬁggﬁyéggfkﬁ?ﬁg,éﬁi
pl asma was added t3ormeh thuman Thtaswp aty FAOM SiemRRNATATCON wIbec A9d e
out in end-ove - endppeeghhBdal pWRAPdtHHY Y BPad®™M SigRd. prepared 2y Of

Gont rol (o end- bvaRCERECIEBLLP8 Eans o3Pt Yurathane PeniShRivEsE: 4GS 13
hr) of crystal iodine at room temperature for 3-4 days.
TESTING PROCEDURE:
40 ml of normal human plasma was placed into a 50
10 ml test tube. VSV (Indiana strain) was added to the
media.

Three (3) 50 ml test tubes were utilized for
testing. 2.5 g of I,-PU beads was added to the first
test tube. 1 g of I,-PU beads was added to the second

15 test tube. 2.5 g of PU beads (PU bead control) was
added to the third test tube. Each test tube was washed
twice with 20 ml PBS each time. (Each gram of

) polyurethane beads contains about 30 pellets.)

10 ml of virus plasma was added to each tube. The

20 reaction incubation was carried out in end-over-end
rotation at approximately 20 rpm speed. 2nl of
untreated virus plasma was placed in a sterile tube and
was used as process control {(no end-over-end rotation).

At 30 min, 1 hr, 2 hr and overnight (18 hr)

25 intervals, one samble was collected from each group. The
process control was collected at the 1 hr interval. The
samples were quenched with 1.5% sodium thiosulfate to
chemically neutralize iodine present in the sample.

The controls and samples were all then tested in

30 Vero cells by a 1limiting dilution assay. The virus
input, based on the untreated process control, was 10%7
TCID 50/ml. Table 2 below details the assay results.




25 I nterval s, one sanple was collected fromeach group. The process
control _was collected at the 1 hr interval. The sarrpl es were quenched with

1. 5% so¥MAR2%sul fate to chemically neutralize iodine BECESBAVIEH t he g
sanple. The controls and sanples were all then tested in 30 Vero cells

by a'limting dilution assay. The virus input, based on the untreated
process control, was 10[err] TCID 50/m . Table 2 bel ow details the assay
results. WD 96/ 20019 ~-16~- PCT/ US95/ 16217

-16- TABLE 2 Sanpl e Virus Titer Input = Log Reduction 10[err] TC D
50/mM Bead 0.5 1 hr. 2 hr. 4 hr. 18 hr. 0.5 1 hr. 2 hr. 4

hr . 18 Preper- hr . hr . hr. 5 ation

Bead 6.90 6. 55 6.73 6.73 6.73 0 0.18 0 0 0

Control 0.25 5.15 5.15 4.80 4.98 2.0 1.58 1.58  1.93 1.75
4.739/m 10 . 0.10 5.33 ~ 4.98 .4 QRprpip8  3.57 1.4 175

1.75 2.45 Jl-i nent No 4 This 7751-7 pent determ ned —L0e
rate of H Vi n \,QJ;ITRY.“&,QQI ne i npregnat d pol yur gfhafiGioeads in 05
tissue culture ng IU rcnb&éﬁ) at room tenpgrature. The iodi ne |

pol yur et hane pel | &. M D 2 gra ryst d,g, om 't pnper 1‘q,f_1refor
3-4 days.  TBESTI N ,R%O: FDURH - 20 B f “RPM 162L0 medi um ywas
pl aced into a 50f! ‘

| npr egnat ed pol y Bel, _a(é heRds ﬁfrggra e bﬁ upug?;‘lr%m ara 0 l

ol SPleooUP%ss Meva(ll pdded 10 [he ngdia.
Nine (9) 15 m t %,,,,t,.u séstb_ f‘é?%&)%‘" égi? % tlhree grg'gﬁps." To%th i r Bt
group, 0.5 g of 515 | 6.5 f’s_o 4.98 158 | 188 | 193 | 175 | 4.73 X |
10 l!‘bnd 633 | 498 | 498 | 4.28'| 357 | 14 | 175 | 175 | 245 | 3.8
@/mi 4. 1 N B : :

Experiment No. 4

This experiment determined the rate of HIV

inactivation by iodine impregnated polyurethane beads in

.15 tissue culture medium (RPMI 1640) at room temperature.
The 1od1ne impregnated polyurethane beads were prepared

by 1ncubat1ng 100 grams of polyurethane pellets with 2

grams of crystal iodine at room temperature for 3-4 days.

_ TESTING PROCEDURE'
- 20 18 ml of RPMI 1640 medium was placed into a 50 ml
test tube. HIV (IIIB) was added to the medla.

| 'Nine (2) 15 ml test tubes were_separated into three

groups. To the first group, 0.5 g of I,~PU beads was

added to each test tube. 0.1 g of I,-PU beads was added

25 to each test tube in the second group. 0.5 g of PU
B beads (PU bead control) was added to each test tube in
‘the third group. Each test tube was washed twice with

20 ml PBS each time. (Each gram of polyurethane beads
contains about 30 pellets.) '

30 -2 ml of virus medium was. added to each tube. The

| reactlon incubation was carried out in end-over-end
rotation at approximately 20 rpm speed. 2 ml of



added to each test tube. 0.1 g of I[err]-PU beads was added 25 to each

test tube in the second group. 0.5 g of PU beads (PU bead control) mas
ed to ewoWbekowys tube in the third group. Each test tubg CE)%

twce with 20 mM PBS each tine. (Each gram of pol yurethane éﬁ% contalns

about 30 pellets.) 30 2 m of virus nediumwas added to each tube.
The reaction incubation was carried out in end-over-end rotation at
approxi mately 20 rpm speed. 2 m of MQ 96/ 20019

PCT/ US95/ 16217 -17- untreated virus nedlun1mas placed in a sterile tube and
used as the process control. At 1 hr, 2 hr and overnight (18 hr) intervals,
one sanple fromeach group was coIIected. The process 5 control was
collected at the 1 hr interval. The sanples were quenched with 1.5% sodi um
thiosulfate to chemcally neutralize iodine present in the sanple. The
control s and sanpl e

th ted i 2 i al
formati on assay. 'I'Fﬁ%' e?%’?ﬂsviﬁuseﬂ?%gs ew%%;]% esd tcﬁé %rﬁ%ﬁﬁ%%e d
control, was 10[ euspdT@sDthe/ procéabl eoBtbelow details the assay results.

TABLE 3 Sanpl e Vir I Ler 0 r] Cl D
50/m Bead 1 e 381 BF) 338 ana oyernight? QEoRES A ffer YEE  ond
Preprati on Bead sample sfxom each group was collectedg 3 The pPYPEesf ol

0.25 g/ $l. 7] gohbkrotlwibetbliected a7t£ Gmé 3rlintervaid TRS. éa'inxﬁléE

/m 2.6 <1. >3, 20
getection limt, Hggégggggpgﬁgéwyy LE;S% sodlum thlosulgate to chemf%ally

neutralize iodine present in the sample.
The controls and samples were all then tested in
MT-2 cells by a syncytial formation assay. This virus

10 input, based on the untreated process control, was 10%%
TCID 50/ml. Table 3 below details the assay results.
IABLE 3
Sample Virus Titer Input = Log Reduction
-104% TCID 50/ml
Bead 1 hr. |2 hr. | 18 hr. 1 hr. 2 hr. | 18 hr.
15 Prepration
Bead 4.7 4.7 4,7 0.15 0.3 0
Control
10.25 g/ml <1,7° | <1.7° | <1.7° >3.15 | >3.15 | >3.15
0.05 g/ml 2.6 | <1.7} <«1.7° 2.25 >3.15 | >3.15
B e

20 .
= below detection limit, no recoverable virus.

Experiment No. §
This experiment determined the rate of HIV
inactivation by iodine impregnated polyurethane beads in
25 100% normal human plasma at room temperature. The iodine
impregnated polyurethane beads were prepared by
incubating 100 grams of polyurethane pellets with 2 granms
of crystal iocdine at room temperature for 3-4 days.



Experiment No. 5 This experiment determined the rate of HV inactivation by *
I odi ne | anat ed pol yuret hane beads in 25 100% nor mal human pl asma at
room teﬁgtg The i odi ne inpregnated pol yuret hane bParUsssM€1prepared g
by incubating 100 granms of pol yurethane pellets with 2 grans of crystal

I odine at roomtenperature for .3-4 days. WO 96/ 20019

PCT/ US95/ 16217 -18- TESTI NG PROCEDURE: 18 ml of nornal human plasma was
placed into a 50 m test tube. HYV (Il1[eaB}) was added to the nedia. N ne
(9) 15 nl test tubes were separated into three 5 groups. To the first
group, 0.5 g of I[err]-PU beads was added to each test tube. 0.1 g of
I[err]-PU beads was added to each test tube in the second group. 0.5 g of
PU beads (PU bead control) was added to each test tube in the third group.
Each test tube was washed twice with 10 20 mM PBS each time. (Each gram

of pol yurethane beads contai ns abogrsdengepRBEEDURE:N Of Virus plasnma was
added to each tube. The reaction i ncubation was carried out in, end-over-end

rotation at approxi matl Yo Py RSk human plasyy vas placed fRteed %0 us
pl asma was pl acasl itest stubel e nme(mmum amddaew manezﬁrat.r ol. At 1

hr, 2 hr and overni ght; rvaI m,e ro S
coI | ect ed. The prgc )(Sn ﬁ)) 5@2 I% ee%%'zf?oe[ nga_ ﬁféngggﬁaggr%
sanmpl es 20 5 wergranpsiche@owitite Jf.iawsogrqupt hDe5ngf aft IgRihdreads | yas
neutral i ze iodi ﬁacgé te%éh té@sé%é B9 pﬁ”ﬂeé&ﬁ%ﬁé 48agqd! |

then tested in formd |on Vi rus 1 nput,
based on the untﬁ%a?é@hpméis§%t @Ithﬁfa§399[‘l€r rqroup- 0.5 g of PU

beads (PU bead control) was added to each test tube in ‘
the third group. Each test tube was washed twice with
10 20 ml PBS each time. (Each gram of polyurethane beads
' ‘contains about 30 pellets.) | _
2 ml of virus plasma was added to each tube. The
‘reaction incubation was carried out in end-over-end
rotation ‘at .approximately 20 rpm speed. 2 ml of
15 untreated virus plasma was placed in a sterile tube and
used as the process control. |
At 1 hr, 2 hr and overnight (18 hr) intervals, one
sample from each group was collected.. The process
control was collected at the'l hr interval. The samples
20 ‘were quenched with 1. 5% sodlum thiosulfate to chemically
neutralize iodine present 1n the sample.
The controls and samples were all then tested in
MT-2 cells by'e syncytial formation assay. The virus
input,'based on the untreated process control, was 10%°
25 TCID 50/ml. Table 4 below details the assay results.

Virus Titer Input = )
10%¢ TCID 5O/mi

| Boad T1n. 2. | 180 | Ve 2hr. 18 hr.
Prepration

30 Il 5.2 83 5.0 0.3 0.2 0.5

Control

0.1 g/mi 5.2 5.3 4.1 03 | o2 1.4




25 TG D 50/mM. Table 4 below details the assay results. TABLE 4 Sanple

Virus Titer |nput = Log Reduction 10[err] TCID 50/m Bead 1 hr 2hr
18hr. 1 hwogs2ooy. 18 hr. Preparation 30 5. 2pchrusesnsd 0.3
0%2 0.5 Control 0.1 g/mM 5.2 5.3 4.1 0.3 0.2 1.4 WD 96/ 20019
PCT/ US95/ 16217 -19- 0.5 g/ m < 1l.7[err] < 1l.7[err] <1.7[err]

>3.8 >3.8 * = below detection |imt, no recoverable virus. By way of
exanple, and not limtation, the resul ts fromexperiments determning the
di ffering absorption and 5 rel ease properti®s of various iodine

| mpregnated plastics will now be given. Various plastics were tested to
determ ne their respective absorption and rel ease properties with respect
to iodine. For exanple, the followi ng plastics were 10 t est ed:

pol yur et hane; polypropylene' polystyrene' copolyester' pol yet hyl ene;
polycarbonate/poly-, : : ene s ene-
copolyrer. Based of sigh feshond. <sopfl vast of i ool 41 rida o
styrene- et hyl ene- bf;f“ -~ e tetionTs E D Te = f ound
to be the nost effectlve plastlc naterlals + é copo yesters usegfﬁn t he

present invention are so uagesft&ﬁaﬁﬁﬁé6ﬁﬁkknwuiash&eathoandtﬁayrégults
obt ai ned from DuPont | oca ed||1\N:4gr|ton gma .The % "
et hyl ene- but yl ene- SEAREPEEHBEYHE ning é&fé"rﬁl abs Fﬁ&éﬁf‘l%‘?‘l
are sol d unders t he relzdsmpiopent bag af azidustiodine impregratednpGistics

Lﬁggged I n I—Ioustonwi qxg&w'ggeggg%&ﬂiption bel ow focuses on the use of

Various plastics were tested to determine their
respective absorption and release properties with respect
to iodine. For example, the following plastics were

10 tested: pelyurethane; polypropylene; polystyrene;
copolyester; polyethylene; polycarbonate/polyester blend
and styrene-ethylene-butylene-styrene copolymer.

Based on such testing, copolyesters (Hytrel™) and
styrene-ethylene-butylene-styrene copolymers (Kraton™)

15 were found to be the most effective plastic materials.
The copolyesters used in the present invention are sold
under the trademark Hytrel™ and may be obtained from
DuPont located in Wilmington, Delaware. The styrene-
ethylene-butylene-styrene copolymers used in the present

20 invention are sold under the trademark Kraton™ and may
be obtained from Shell located in Houston, Texas.

The description below focuses on the use of these
particular plastic materials. However, the invention is
not intended to be restricted to these materials, but

25 extends to the breadth of the foregoing specification and
the following claims. As one skilled in the art will
appreciate, selection of a suitable plastic material
depends largely on the use of such material. Therefore,
the experimental results below simply provide

30 illustrative detaiis and should be understood to not
restrict the present invention.



particular plastic materials. However, the invention is not intended to be
restri ctﬁg !Pese materials, but 25 extends to the breadth of the
foregoi ng Specitication and the follow ng clains. As one BKI/USHSH63IR t he art
wi |l appreciate, selection of a suitable plastic material depends |argely

on the use of such material. Therefore, the experinental results
below sinply provi de 30 illustrative details and should be
understood to not restrict the present invegtion. WO 96/ 20019

PCT/ US95/ 16217 -20- The absorption of iodine in plastics was first tracked
by weight percentage. In various tests conducted, plastic sanples
were wei ghed before and after inpregnation with iodine. Based on the
difference in 5 wei ght, the inventors were able to determ ne the anpunt

of iodine absorbed into the plastic sanple. Based on the several studies
that were initially ewNelodBsorg®ehy et eidaindt ial [(Iddticedwas first

‘st yr ene- et hyl en%F b% e(rhe st‘yrfﬁi co oI {1% %Krato Lerréjé) bot h bsorb

hi gh 10 anou Yhe ft i FFtori ng afr

these two mat er icansiucded ,diplastdat sampdeseweneeneighed before and after |

Styr ene- et hyl engepiod i YA $0RPhLT! silldek!dn | ERES dilfR llidl® in
ai ns |o ven ate hoo

copol yester ret I e even un a- wel |
The next e¥peri medghdot &he rdgwentons mane @ble din detienminethe rArneunt

properties of Vys Géaiile? Hhdorbed AHEW the %ﬂaﬁﬂf&%% M &xi dative agent
and readily attacks unsaturate Fl}golgrrers Based:,on various: te{ ] odi ne
was found to degrade B3 d ke §¥1ﬁf6br§ﬁ9dle§| til’@(}'n nitipt}

Ecdel, PCCE ardizalm&tred | |dﬁpﬁlyé§bﬁrsie(fw'ﬁ:3eml mawwm(émnﬁm I |
butylene-styrene copolymers (Kraton"') both absorb high .

10 amounts of J.od:.ne. cOntlnuous mom.tor:.ng also showed
that these two mater:.als have dlfferent release rates.
styrene-ethylene-butylene-styrene copolymer quickly loses
the 1od1ne, copolyester reta:.ns 1od1ne even under a well

' ventllated hood. '_

15 _ The next ‘experiment determ.ned the effect of iodine
on the mechan:.cal properties of var:.ous plast:.cs. Iodine
is an aggress1ve oxidat:.ve agent and readily attacks
unsaturated polymers. Based on var:.ous tests, iodine was
found to degrade polylsoprene, santoprene, silicone

20 rubber, Ecdel, PCCE and even linear 1low density
polyethylene (Insite CGCT) . | '

| Experiment No. 6 - ABSORPTION TESTS
Figures 1-3 are 1llustrative absorption curves of
d:Lfferent plastic materials. ' Figure 1 is a graph of

25 weight percent iodine absorbed versus time (hrs) samples
of a linear, low dens:.ty polyethylene (cGeT), a
polypropylene (Esoorene"") . Q copolyester (Hytrel™), a

' polycarbonate/polyester blend (Makroblend“') . and a
polystyren_e_. F:Lgure 2 is a graph of weight percent

30 iodine absorbed versus '_ time (day) for various
copolyesters (Hytrel“)' | and Est'yrene--ethylene-lm.i'tylene-
styrene copolymers (Kraton™) “at roem temperature. The
copolyesters absorbed a greater percentage of iodine and



EXperi ment No. 6 - ABSORPTI ON TESTS Figures 1-3 are illustrative absorption
curves of different plastic materials. Figure 1 is a graph of 25

wej ght per weme/200m9i ne absorbed versus time (hrs) sanpl es ofperusob/idagpr .

|l ow density polyethylene (CGCT), a polypropylene (Escorene[err]), a
copol yester (Hytrel[err]), a polycarbonate/pol yester blend

(Makrobl end[err]), and a polystyrene. Figure 2 is a graph of weight

percent 30 i odine absorbed versus ting _jday) for wvarious
copol yesters (Hytrel[err]) and styrene- eth% ene- butyl ene- styrene
copolynmers (Kraton[err]) at roomtenperature. The copol yesters absorbed a

greater percentage of iodine and WO 96/ 20019
PCT/ US95/ 16217 -21- are graphically represented on the upper portion of the
graph. Wereas, the styrene-ethyl ene-butyl ene-styrene copol yners absorbed a

I t f di hi call t ed th
portion of the o arg SmabhiRdlIY FeBraBantay, bui ERe, GoReT RFTHHER of B
materials differ. @maphr1fWhtrzsanyhafEeytenbeeabsben&*hmtyh;ne—styténse
il .
materials. Factors c%% éi:sgﬁﬁgﬁé ¥1eé ?Erﬁ&ﬁéﬁéofﬁ“ﬁdﬁr hadire

content and tenper at %# on. echani sm
As illustrated in rar@mhéca 1yhcrepresen dt@ﬁpe‘ﬁ%& upReves cﬁﬁ’lf%l@ilgﬁiff i Bt

on the absorptg on fadapn. ae&m SERES abBerpeE6hPrates For Rheevahious
per cent age versus tine (,hrs (LLDPE) at 60[err]C and room

tenperature. 15 ™ aferial S%ent No. 7 - |1 ODI NE RELEASE TESTS After
materi al s have been treami-wltrhfaodbne nayl affentethie absblptdbaoratesnof

brocess, the iodi ngidd ok i2vapghate Ll QLhNgs SAURL Cedfller Y aP8E 8L O

or rel ease of iodine prOV| act
vessel contalner, iod1ne content and temperature may

10 likely affect the absorption mechanism. As illustrated
in Figure 3, the effect of temperature is quite
significant on the absorption rate. Figure 3 shows the
absorption rate by weight percentage versus time (hrs)
of CGCT (LLDPE) at 60°C and room temperature,

15 Experiment No. - IODINE RELEASE TESTS

After materials have been treated with iodine and
removed from the absorption process, the iodine will
slowly evaporate from the sample. This evaporation or
release of iodine provides the anti-microbial action

20 needed to keep components sterile. The rate of release
is material dependent.

Figure 4 illustrates the release properties of
various materials while placed under a 1ladb hood.
Specifically, Figure 4 illustrates the weight percentage

25 of iodine absorbed and released from various materials
over an extended period of time (i.e. three plus months).
The absorption levels indicated in Figure 4 are not the
maximum absorbency levels. However, the absorption
levels give an indication of the release rates of

30 different materials.

Figures 5 and 6 illustrate the short term release
rates of styrene-ethylene-butylene-styrene copolymer and
copolyester, respectively at 25°C. Figure 6 illustrates



20 needed to

dependent. Figure 4 illustrates the rel ease properties of various materials

keep conponents sterile. The rate of release is materi al

whi | e pWVRI6@IAder a | ab hood. Specifically, Figure 4 il POEUSAIS2IT he
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es of styrene-ethyl ene-butyl ene-styrene copol yner and

t he absorption | evels gid2- an indication of the rel ease

pectively at 25[err]C. Figure 6 illustrates WO 96/ 20019

-22- how wel |l the copolyester retains the absorbed i odine.

retai-n at |least 30% i npregnated iodine after 6 nonths under
a hood in an opehowi alellExes i copblestér- reEaias @lie PROBEFBEAESiDdine.

EoBELYAstEE TRE" Faeain RPRRLALE 0o 6}  TRKFRONARRRY T3 pE0:
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affected the ut;lity and performance of the impregnated
plastid material for industrial-and medical uses. While
jodine can readily degrade some polymers, others seenm
relatively unaffected. The following information details
the experiments conducted to test the mechanical
stability of the various treated plastics.- Various
plastics were tested in both an open as well as a closed
type system.
Pre ation: _ _ _

Samples, injection molded tensile bars, were placed

-in conical flasks sealed by glass stoppers. The iodine

20

25

30

was weighed, at least 2g, and packaged in filter paper
pouches. The pouches were then placed in the glass
containers. In order to accelerate the absorption, some
samples were placed in an oven at 60°C. '

e em _vs. Clos stem:

In order to survive the shelf and service life, it
is desirable for the impregnated materials to be shrouded
to minimize iodine diffusion. The open system repreéents
the service life of the material after the product has
been opened. The closed system.represents the effect of
iodine during the shelf life of the product. Testing
within a closed system is expected to be more severe on
the mechanical properties since the iodine content
remains high throughout the testing period. '



il conical flasks sealed by glass stoppers. The iodine was wei ghed, at

| east 2g, and packaged in filter paper 20 pouches. The pouches were
then pl aceWO96/0athe gl ass containers. In order to accel er pCerUsSHS16217
absorption, sone sanples were placed in an oven at 60C. Open system vs.

Cl osed system In order to survive the shelf and service life, it 25 S
desirable for the inpregnated materials to be shrouded to mnimze iodine
di ffusion. The open systemrepresents the sggche life of the materi al
after the product has been opened. The cl osed systemrepresents the effect
of 1odine during the shelf |life of the product. Testing 30 within a

cl osed systemis expected to be nore severe on the mechanical properties
since the iodine content renains high throughout the testing period. WO
96/ 20019 PCT/ US95/ 16217 -23- Tabl es

mechant cal  proper {1 es of TERASaACEE sk fEat L' PR IR RerdELs or,
effect of not onlyiblénet dmpyegnatiioni onsthegrechanmicakipropaxhics oflthe
the iodine content vai'reggﬁ‘ér ?tlws%iaé ! n%%gn%gﬁgt ‘ﬂﬁ 1A eBX RO T i Uk

For each plastic sa the tensile stre and the el ongation percentage
were al so deter ni nB8t Padyedhen sterage | cPaditions neePanPPan EY&temy Rt

conducted in gn opaissytheddine aohtERe] Adiiperitur® oe0apreégnatioRN . and As
t hese tables iIIusH’ate I—A/trel [ergjflP anpl %s‘? absor bed .for .3 dags #o 8%h

i odi ne show no si gif*fi CEROWFecPe ¢ 4 K5kt nEach WRIaEtic | BaPRiE,, She
sanpl es absorbed f &en8ideystrengtfoamtiithe edoagatibn percentagelwere idlsce.

Kraton[err] sanpl eaﬁgggﬁgg&for 3 days to 5% i odi ne show no significant

effect after 4 nont
Tables 5A and 5B illustrate mechanical testing

10 conducted in an open system with a temperature of
impregnation of 60°C. As these tables illustrate,
Hytrel™ samples absorbed for 3 days to 8% iodine show no
gsignificant effect after 4 months. Whereas, Hytrel™
samples absorbed for 5 days to 14% iodine became

15 immediately brittle. Xraton™ samples absorbed for 3 days
to 5% iodine show no significant effect after 4 months.
Polypropylene samples absorbed for 12 days to 2.6% iodine
show a 30% decrease in percent elongation at break.
Still further, linear low density polyethylene (LLDPE)

20 samples absorbed for 12 days to 4.56% iodine show a 35%
decrease in percent elongation at break.

Table SA
Original lodine Tensile $td. Dev.
lodine Time content at strength, PS!
Material Content % to Test tast {%) .
Kraton G 2705 Control - . - 8175 14.85
4.2 2 weeks 0.35 - 901 63.69
' ‘[ 7.99 2 weeks 0.86 944.32 51,64
4.88 4 months 0.8 898.7% 44.7
I[ 4.2 4 months 0.27 910.6 19.73
25 Polystyrene Control - - 7163.44 30.8
4.21 4 months 1 81525 358.13




Pol ypr opyl ene sanpl es absorbed for 12 days to 2.6% i odi ne show a 30%
decreas§1 i R Bercent el ongation at break. Still further, linear |ow density

pol yet h lE’LDPE) 20 sanples absorbed for 12 days t &CX/US8%4628Hi ne show ,
a 35% decrease in percent elongation at break. Table 5A Oiginal | odi ne
Tensil e Std. Dev. Iodine Ti me content at strength, PSI Materi al
Content % to Test test (% Kraton G 2705 Control ' 817.5
14.85 4.2 2 weeks 0.35 901 - 63282 7.99 2 weeks 0. 66

944. 33 51.64 4.86 4 nont hs 0.8 895. 75 44.7 4.2 4 nont hs

0. 27 910. 6 19.73 25 Pol ystyrene Control - 7163. 44
30.8 4.21 4 nmonths 1 6152.5  356. 13 WD 96/ 20019

PCT/ US95/ 16217 -24- Hytrel 4056 Cont r ol - -

4264.5 323.15 7.55 2 weeks 4 4315 82.02
14. 27 2 Weghs ——i ~+456—33~ ok B CAram o ——

nont hs . 3.8 4148, 5 1 135 57

2730.5 S4MARuéteefs | ZcoabiRksS '

Escorene PDO214 comtTor— 1 S M ;

142.13 (PP) 1.4 A oonihs 758 @ woeks |

4 nont hs 1.5 - 56491827 2 whéks 82]

lodine = Tim R Y

test (% Kraton{G 2705 1Cont r ol -

21. 43

CGCT (LLDPE) Control .

“ _ 456 . | 2 weeks

Escorene PD9214 Control
L ' :
“ b 268 ~4qmonths | - 15 | seds.s 24.82 ll

5 ' - Table 5B

.. { lodine . Elong_atio_h %
lodine Time content at

Material -1 Content % to.Test test (%)

Std. Dev.

|
Kraton G 2705 Control ) - _ 179.95 2143 |
4.2 2 weeks 0.35 211.83 45.83 n
- 7.99 2weeks | 088 167.53 23.05
. 486 amonthe | | 08 206,63 34.88
a2 Camonths . | . 027 | 10as 17.67
Polystyrens Conod | - - | . . 13.28 0.88 i )
421 .| 4months ! 5.64 054

Hytrel 4056 Control | -+ - D 268.55 . 30.19

. 785- | 2weeks | 4 3147 8.65 n
| ' 1427 |  2wesks | 11 11,46 021 |
“ o 755 | amoathe | ' 388 316.4 24.58




4." 2 weeks 0.35 211. 83 45.83 7.99 2 weeks

0. 66 167. 53 23.05 4.86 4 mont hs 0.8 206. 53
34, 88 4.2 WO0962081n0nt hs 0.27 194. 8 17. ﬁﬁ@kyy@wrene
Cont r ol - - 13. 28 0.88 4.21

nont hs 1 5. 64 0.54 Hytrel 4056 Cont roI

- 268. 55 30.19 7.55 2 weeks 4

314.7 6. 65 14. 27 2 weeks 11 11. 46 0.21
7.55 4 mont hs 3.88 316.4 ~25= 24 58 V\D 96/ 20019

PCT/ US95/ 16217 -25- CGCT (LLDPE) Cont r ol 376. 85
2.33 4.56 2 weeks 4 251 3. 68 Escorene PD9214
Cont r ol - 46. 75 1.48 1.4 4 mont hs 0.9
41. 82 3.03 2.6 4 nonths 1.5 34. 33 3.64 Tables 6A
and 6B illustrate__nechanical testing 5 conducted in_an closed
system with a &rrperat ure {of i rrpregnat lon pf 25[¢rr]C

such a closed system iyt IL[EI 1 ] S Ilp'l es—aborbed . '

not show any effecl CCEEHBPE i Cemros Lsopl ast 3788Eyur

(PU) sanpl es absorfped to 0.08% i oglggne fi d;.,n,w, showgany |10 281 si gni fslegan

effect after nin VWEEeKS. —1Nn_ CoNntrasyg, ePrevail
pol yur et hane sanpl ps—absowbediio14% b di-nebeckre—bri '

weeks. Wher eas, [ Pehbetrbeme {polcyarsiet hane -sanp|] es -absqr beds.ro 4.6%i4adi e
did not show any sjfd#®ficant fect 1h

Tabl e 6A Tensil e Std. Dev.} | odjgne & months o9 Streagsh, HSI 303
Mat eri al Coffitent T TO _Test|Hylrel 5pooHs COntronr
4737. 28 268. 2 2.6 4 months 1.5 34.33 3.64

et 1+ [ |

Tables 6A and 6B illustrate mechanical testing
5 conducted in an closed system with a temperature of
impregnation of 25°C.. Under such a closed systen,
Hytrel™ samples absorbed to 4.3% iodine did not show any
effect after six days. Isoplast polyurethane (PU)
samples absorbed to 0.08% iodine did not show any
10 significant effect after nine weeks. In contrast,
" Prevail polyurethane samples absorbed to 14% iodine
become brittle after nine weeks. Whereas, Pellethane
polyurethane samples absorbed to 4.6% iodine did not show

any significant effect.

15 Table 6A

- ———. o _
Tensile Sid. Dev.
lndine strength, PSI
Material Content Time to Test
{%) :
Hytrd S55HS Control - 4737.28 288.21 “
E
1.14 3 days 44886 335.93 j
4.27 6 days 4685.22 438,98
Isopiast 2510 {PU) Control - 8508.8 1398.56
I{ 0.08 4 weoks 8472.32 8897




1.14 3 days 4486 335.93 4.27 6 days 4685. 22
438. 98 | WW6RBH192510 (PU) Cont r ol - 8505. 8 139.56 0.08
4 weeks 8472.33 6897 WO 96/ 20019 PCT/US95/16217 -
PCT/ US95/ 16217 -26- 0.08 9 weeks 8315 0 LDPE
Cont r ol - 1539. 2 23.26 0.6 3 weeks
1516 22.63 Prevail 3150 (PU) Control 3904.5
12.02 14 9 weeks - 3484.5 =26-68.59 Pel | et hane (PU)
Cont r ol 6061. 32 296.18 1.85 10 days
5595. 9 182.93 4.6 1 nmonth 5591. 81 199. 99
PP/ Kraton bl end 5 70% Escor ene Contr ol o
3507. 46 . B55.47 PDO214 30% Kraton &705 1 10 days
4486 150.35 4. .27 1 nonth 4685. 22 438. 98 PP/ Kr at on-
bl end Controlf -~ = . 008 | 24438 0% Esgos ene 7
10 days . 48007 T 1 _ — % ra t 5
2.6 1 2689 283 36.58 PP/ Kraton Escorene
Cont r ol LDPE S]] 6 3Rttt . 67. 8] PD9zh34 19 % Kr at on
&705 2.2 I0 Jday3y 100638, 48 .| 715 1
nmont h 1748 Wo.ad/ >cf8 o 3 weeks 1516
PCT/ US95/ 16217 -p7-. ' :
- Prevail 3150 (PU) -:COntrq! 3504.5 12.02 ||
II 14 9 woeks 3484.5 68.59 |
Pellethane-(PU) Control 6061.32 296.18
1.85 10 days 5595.9 182.93
_ 4.8 1 'month " 5591.81 199.99
“ fP)Knton blénd .
5 70% Escorene Control . 3507.46 55.47
PD9214
“ 30% Kraton G2705 1 10 days - 4488 150.35
4.27 1 month | 4688.22 438,98 ll
PP/Kraton blend Control o 2443.01
'80% Escorene 1.7 10 days 2600.7 119.16
10 PD9214 ' o -
50% Kraton G2705 2.6 1 month 2689.28 |  36.58
..PP_IKraton biend .
30% Escorene Control 1659.14 67.8 |I
PD9214
15 70% Kraton G2705 2.2 10 days 1668.48 715
3.2 1 month 1748.48

t




Table 6B % El ongation, % Std. Dev. |odine Materi al Cont ent

Time to Test Hytrel 5555HS Contr ol - 335
20, 811 1. 13¥096/20019 3 days 150. 35 18. 64 4.pbhrosesne217 6
days 351.5 50. 2 Isoplast 2510 Cont r ol
127. 89 47.15 5 PU 0. 08 4 weeks
154. 37 35.1 0.08 - 9 weeks 98.9 30.12
LDPE Cont r ol —27= 108. 48 12.26 0.6
3 weeks 137.5 93.34 PrevaiT2 5150 Cont r ol
90. 6 1.23 PU 14 9 weeks
0.99 Pel |l et hane TPU Contr ol - 258. 98 8.
1.85 10 days 269. 32 11.96 4.6 1 nmonth
251. 2 : 16.18 10 PP/ Kr at on bl end 70% Escor ene Contro
372.44 16. 23 PD9214 30% &X2705 B 1 10 days
335. 93 18. 64 4.27 1 nonth Table 6B 35, o 50. 2
PP/ Kr at on bl end STIL 51 oo Bscoreney . o117 -
days 308. 4%
nont h 325}
PCT/ US95/ 16217 -28
248. 98 29. 94 PD4214 70% @&70pb 212 10 days 239. 45
3.2 1 nonth 201.3
Hytrel ES55HS Control - 335 20.811
1.14 3 days 150.35 18.64
4.27 6 days 351.5 502 |
i n
Isoplast 2510 Control . 127.89 47.15 "
5 | PY 0.08 4 weoks 154.37 35.1 I
u 0.08 9 weeks 98.9 30,12
LDPE Control - 108.48 12.26
0.6 3 weseks 187.8 83.34
1
-Prevail 3150 Controt 90.6 1.23 |
| pu 14 9 waoks 5.2 0.99
" Pelisthane TPU Control - 258.98 2.96
ll 1.85 10 days 269.32 11.96
u 4.6 1 month 251.2 18.18
|
10 f| PP/raton blend
F 70% Escorens Control -, 372.44 16.23
PD9214
30% 62705 1 10 days 335.93 18.64
4.27 1 month 351.8 50.2 l*
| #piraton biend Control I
15 n 50% Escorene 1.7 10 daye 308.48 39.85 "
PD3214
II 50% G2705 2.6 1 month 3252 10.45 “

5.
96

.45



5 Tabl es 5A-6B illustrate that inpregnating iodine into various
polymeric materials does not adversely effect the mechanical properties of
the var V229 neric materials. Wile nechanical proper tAoTsUSssw62d? NENSi ONS

changed after inpregnation, they were still acceptable. 10 As a result
t hereof, various polyneric materials can be inpregnated with iodi ne and
still be utilized to produce, for exanple, nedical and industrial _
apparatuses. |Inpregnation results: This —ggperinent presents results
from a 15 i mpregnation feasibility exam nation. The fol |l ow ng

materials or Dblends were chosen for the iodine inpregnation study:
(1) copolyester; (2) polyurethane; (3) styrene-ethyl ene-butyl ene-styrene
copol ymer; (4) PVP/copol yester; and (5) PVOH styrene-ethyl ene-butyl ene- 20
styrene copol yner. Disks and nini tenS|Ie bars were cut froma conpreSS|on

nol ded sheet. | goh T PT EgnEt oS dome—T1T vacuTTt—{5—to DS )
oven with a temjerature of 106, 4+/- JIlerr1FE for dabout ?

were first kept || Zpxratonbigngd C osed vilal and t henr
After iodine € _—TOorrowng _ tnrge paraner-

3 o-ss “t%

properties; and

VWO 96/ 20019 70% G2705 . . .

PCT/ US95/ 16217 429- rate for}thgge dOIngﬁhp nGtérQaLg;mhile under |k vented
hood. Tabl es WA 7B and 7 Set TOTICIT e Per T nTage WET gt ht a
col | ected over . '

effects of jodine 5 _on the el.ong gflonof a:copolyester polyurethane

and a st¥rene- et hyl'ré?%l?ﬁjt%‘eﬁ% tjngkEate thay Wegnatmg jodine

into various -polymeric materials does not adversely
- effect the mechanical properties of the various polymeric
materials. While mechanical properties and dimensions
changed after impregnation, they were still acceptable.
10 As a result thereof, various polymeric materials can be
1mpregnated.with iodine and still be utilized to produce,
for example, medical and induStrial apparatuses.
m ion .. su. s - . ’
This experiment  presents results from a
15 impregnation feasibility examination. The following
materials or blends were chosen for the iodine
impregnation study: (1) copolyester; (2) polyurethane;
(3) styrene-ethylene-butylene-styrene copolymer; (4)
'PVP/copolyester7 and .(5) PVOH/styrene-ethylene-butylene-
20 styrene-copolyﬁer, :

Disks and mini tensile bars were cut from a
compression molded sheet. .Iodine impregnation was done
in a vacuum (-15 to -25 psi) oven with a temperature of

o 116 +/- 3°F for about 24 hours. Samples were first kept
25  in a closed vial and then placed in the vacuum oven.

After iodine treatment, the following three
parameters were monitored for_e period of two months:
(1) iodine'weight,loss;m(z) mechanical properties; and

-(3) dimension. Figure 7 illustrates the iodine release



réspectively. )
el ongation data collected over the two nonth period. 10

Tabl e 7A SWON6E001D

Thi ckness
Hytrel

15. 86
1.72 15
1.29 98-5
Hytrel
34.03
2.49

0 98-10
32.57

3.7

-1.37 25

-0.68 98-15

Kr at on
6. 69
Kr at on

Di ssi pation Syst em

Hytrel

15. 65

0. 88

98-4

Hytrel
18. 07

0.81

0.36 20

Li kewi se, t

Mat eri al

abl e

8 sets

forth

% | odi ne %
Thi ckness Change Change 0 day 19
3. 47 1.93 98-2
1.75 98-3 Hyt rel
Hyt rel . 89 2.1
17.8 27
1.68 0.84 98.7
0.81 98-8 PU
98- 9 PU
30. 05 1.54

PU

t he nechani cal

PCT/USYS/E6217
days 98-1

Hytrel
18. 74
5

0.42 98-6

PU
28.13
32. 23
0 99-11

1.61
PU

0 ¥@tpsfor thg'e%lgggi{%%ric mat%;gals' whiI% unclezrf'3 'al vented

98hbébd.

Tablés aVAp 7B and TCo6set forth the percentage

7 Bgéx%%n l%ss data7 c,zollectfd%g\ﬁr the t!r{: Eno}:tﬁS g@u&}?

-0.69 period.

10

15

20

25

%8 odi n

RiguresD 830/ gdimstratesddyel gfifectzn-ofpgiadine
5 /. 3z>n the elvhgdtion of o copglggb{:ér Ba%‘@?}@ré&anéfgtﬁd al

d oe st:yrenez-ethxgegg(l utylerYe-styrene copoylymer,
respectively. Likewise, table 8 sets forth the
mechanical elongation data collected over the two month
period.

Table 7A
——
Sample 1D Material % lodine % %
Thickness Thickness Change
Change
0 day 19 days
98-1 Hytrel 15.65 3.47 1.93
“ 98-2 Hytrel 15.86 0.88 1.75
Fs-a Hytrel 18.74 1.72 "
88-4 Hytret 12.89 2.15 1.29
I 98-5 Hytrel 17.8 1.27 0.42
98-6 Hytrel 18.07 1.68 0.84
|
I 98-7 PU 34,03 0.81 0.81
“ 98-8 PU 26.13 2.49 0.36 |
“ 98-9 PU 32.23 1.61 )
88-10 PU 30.05 1.54 o i
28-11 Py 32.57 o -0.81 ||
98-12 PU 28.1 37 0
I[ 9813 Kraton a5 ) -1.37 "
“ 98-14 Kraton 8.6 0 -0.88 “
“ 88-18 Kraton 7.27 0 1.35
“9846 Kraton 7.38 0 0 |
88-17 Kraton 8.63 -0.89 Q ll




5 98- 2 Hytrel "Cl ose 98-3 Hytrel
C ose 98whbosnoere Hytrel Open 14. 23
10. 27 98-5 Hyt rel Open 13. PET/US9S/16217
10. 19 98-6 Hytr el - Open 14. 15
10.25 10 98-7 PU d ose 98-8 PU
Cl ose 98-9 PU _ Cl ose 98-10 PU Open
21.91 13.45 98-11 - PU -=-30- Open
22.32 13.80 15 98-12 PU Open’
20.71 12. 38 98-13 Kr at on Cl ose 98-14
Kr et on ~Close 98-15 Kr et on Cl ose 98-16 Kr at on
Open 3.04 0.92 20 ©98-17 Kr at on
Open 2.73 0. 76 98- 18 Kr at on Open
3.11 )
%4 odi ne o 1go _:5 3
15. 18 15. 03 ~ 15%{cl ose 5 - 98-2 Hyt rel
15. 44 - 1 : qB 1%- 1 _ _ -
Hyt rel 7 53:\_9!0 o 3 Materfa. 31 Dissipstion @nt%[e r*l]uﬁveow)/‘( _QpE nallodino WO
96/ 20019 _ _ Dey1 Day 5
PCT/ US95/ 16217 -jR1..93.5 . _Hdirel . 49: 6.18 98-6
Hytrel - 7.bésr uwﬁ 24 98 dhose PU{ 1522 26.6[err]
22.03 -2 @gk osed) ;:.3 PO 23. 78 22"
- 5 38 ytrel Close 55 —24.06
- 98-10 [JI 98:3 © | Hywei8. 73 | Close - - 2.28¢ -
4.97% err]0.53(opggd 98- Uly e PU open - 1453 1229 °
98-5 Hytrel ‘Open 1375 10.19
98-6 Hytrel _"’b‘p.n bl RISLE 10.25
'10 98-7 PU Close
98-8 PU - t,;_lqsa i
98-9 PV Close
98-10 - PU Open | 2191 13.45
98-11 PU Open 22.32 13.80
15 98-12 PU Open ' 2071 12.38 _
98-13 Kraton Clo-so
98-14 Kraton Close ’
98-15 Kraton Close
98-16 Kraton Open 3.04 0.92
20 98-17 Kraton Open 273 0.76
Kraton -
98-1 Hytrel 15.18 1 é.csf ' ~ 15%(closed)
25 98-2 Hytrel 15.44 15.45 - .
98-3 Hytrel 9.12° 9.20
98-4 Hytrel 7.58 6.31 6.24 +0.07%{open)




98- 12 PU 7.59 4.36 98-13 Kr at on

5.59 5. 36 5.57 0.3(closed) 10 98- 14 Kr at on
5,41 WO 9620048 98- 15 Krat on 6. 08 PCE/USIS/RB1716
Krat on 0. 38# 0.19 0.20 [err]0.04(open) 98-17
Kr at on 0. 24# 0.17 98-18 Kr at on 0. 33#
0.25 15 * Leak, alum numrusted # Col or back to clear
(al nost) Table 8A Sanple ID MAt eri al -31- % | odi ne 89-1T _
PVOH Kr at on 37.4 20 89- 2T Hytrel 20.6
89- 3T PE192 N A 89-4T Kr at on 6.7
89-5T PVP/ Hyt r el 13.02 95-2 PE192
11.60 25 93-1 PU 0.83 93-2
PVOH Kr at on 0.66 93-3 PVP/ Hyt r el 0. 87 WO
96/ 20019 PCT/ US95/ < | " Ooret-3 03—5—n
Kr at on 985 66 TqlHyes 8B Safpplee | D | shdateri gl - %
El ongation w o ] It.h, non | odi ng mon .
mon 5 oo. 171 S Y e e *#60 760 “
659 89-2T trel 784 800 448
468(n=4) 89-3T 9s.7 PE193 5y 26.8" 22.03 ° ~23%iclased) - 89-4T
Kraton - 077 088" 627 = =
PVP/ Hyt r el Leahon [ 23728 22,08 .
5 l 28-9 1 PU 27.45 24.06 -
irsa-m PU 8.73 5.28 4.97%£0.53iopen) TJ
“ 98-11 PU 8.81 5.26 -
ll 98-12 PU 7.59, 4.36 .
88-13 Kraton 5.59 5.38 5.57 2 0.3(closed)}
10 98-14 Kraton 5.41 5.43 " —"
" 98-15 Kraton 6.08 5.91 . "
93-16 Kraton 0.38# 0.18 0.20 £ 0.04lopen) "
" 98-17 Kraton 0.24# 0.17 - “
ll 98.18 Kraton 0.33# 0.25 .
15 * Leak, aluminum rusted
# Color back to clear (almost)
Table 8A
“ Sample ID Material % lodine
Ps-ﬁ PVOH/Krston 37.4 h
20 89-2T Hytrel 20.6
89-37 PE192 N/A f
§9-4T Kraton 8.7 JI
§9-5T PVP/Hytrel 13.02 “
It 952 PE192 11.80 ll
25 "sm PU 0.83
I{ 93-2 PVOH/Krston 0.66
I[ 93-3 PVPHytrel 0.87 "




10 - 95-2 PE192 - - >1000

294 =2) 93-1 PU 835 _

994 93-?0&;2%{; PVOH Kr at on >1000 9FCI/USIVIRIEY Hyt r el
847 98-4 Hytrel 0 15

98-5 Kr at on >1000 >1000
Based on the nmnultitude of tests conducted, copolyester and

st yrene- et hyl ene- but yl ene-styrene copol yned2proved to be the nost effective
materials. Table 9 below details the key properties of these 20

materials as well as those of polyurethane. Table 9 Materi al Fl exi -

% odi ne Description 0.26 nonths open [err] elongation retention 0. 1,
2 bility capacity system Kraton-2705 Very - 7% 7%

0.2% <0.1% excel | ent - 100% 56% 68% Hyt rel - 5555 sem >20%
18% 6.2% >f%_ ., ' T _ 25 ~ Pol yur et hane
flexible Te . Ll S0 sd Pol yuret hane

100% 20% 2Q%e-s \ IR o

PCT/ US95/ 16217 -33- By way- . €, and not | |mtat|on test results
illustrating the mcrobicidal activity ®abilee8pr esent [ nventvi on will now be
gi ven. Experi nent No. 9 - M CROBI Cl DAL RESULTS 5. - ___This exper i nment
presents resul . m-Cr oDl oy LTy Exam n n. he
tests were perf srs%'ﬂ ' tén'g':je of pl ﬁ,,w“’?’r‘x’i't"é° i .'é,-, : a?'sf"ﬁ"g iﬁ
concentrations ¢f _ PTOCESS P 10
The test Sheth BT b r?vo'ﬂlﬂt'ﬂ‘ has#d3%n the Qui rpB8nt tlhat 'an\/

anti m crobial iftexed f ruyw;e on thelexternal arfsm of auscertatsatnﬁmdl al ‘

devi ce, nanely oL, UOUS Peggﬁurat Ory| perT rTonear| drarysrs (CAPD)

[ ss-ar Kraton . ioi7 " |less. |e24 - | s70in=2)
“ 89.5T | PVPMHytel 1000 |4 2.

10 fes2 PE182  |>1000. | {294 212in=2)
“ 93_{ - - bu RR . -. y o g, 835 294
93-2 PVOH/Krston .| . - .' >1000
e PVPIHy!roI 1 - Teor -
984 | bywel N ' e
15 o
Based on the multitude of tests conducted,
copolyester and styrene-ethylene-butyiene-styrene
copolymer proved to be the most effective materials.
Table 9 below detalls the key properties of these
20 materials as well as those of polyurethane.
‘Table 9 '
Meterisl Flaxk Siotine | Dissipstion 0,2 6 monthe-open | ses!  elengetion retention 0, 1, 2
- bility capecity system . ... . . - ’ monthe
Kraton-2706 Very 1 " |x Jo2s | conx | excobem | 00% | sex | sex
Rexible :
Hytrel-6E66 et >z20% | % | s2x | > poor-tair s4% 8% | 53%
25 Polyurethane Hexible >30n | sow |ex | >« Good
Polywsthane 3 C 100% | 20% 20%




connectors, have the role of preventing bioburden 15 accurul ation. For
exanpl e, accidental contam nation of ‘the connector external areas during an
exchange sMsu$6hobrs el i minated within the dwell tinme period scniNo§ Y&t
bi'obor der accunul ation. The initial testing of materials consisted of the
20 followng test paraneters: 1) direct surface contam nation
2) Staphyl ococcus aureus as the contamnating organismat a | evel of
10[err] colony formng units; and 3) exposu=gstine of 15 mi nutes. These
initial paraneters were chosen for the 25 foll owi ng reasons. The
initial concept was to use an antim crobial substance on areas prone to
touch contam nation. Staphylococcus aureus is the second nost preval ent
cause of CAPD peritonitis. It was chosen because it is conparable to S.
epidermdis in sensitivity 30 to iodine but is less likely to be an
extraneous contam nant that may result in false test-failures. A five

log[err] reduction of vi ﬁ?‘ Ray U %%ﬁﬁ'ibs, 4R rfdeRitation VX E8SE XL P ts
PCT/ US95/ 16217 - 34- resent t case touch or bor ne gon an1nat|oqi
di

Publ i shed |iter aturiérlﬁﬁarams%%wm ﬁ%{‘ﬂ’g‘% P @hesen

effectively disinfdnaventibaceilinnewl Bergjvehort exposure tinme (less that

10 min). 5 The test g e for _sybseqiler ' s nodified

slightly. First, the tesiﬁﬁ%ﬁm*rgos e T (DAL 2x

i npregnated m& erial is Mbiisdi r expeyimepbsedpresentsuchreswltsni nirémn Hut

contacts other supf i { uat @, % tfe
hz@?@%lba@éan“a%t g%‘ibﬁ)gg??%gfaénlmﬁ%ﬂ hy . %\é%l’%aan Jj@

this .scenario, non-1 npr were contani nate (
t hen i npregnat ed nREEEPEMEd\cPR # a&8AIEN ¢Hp RIASHICsRALRERALS, varying

configuration. Seededntraltéons of iodine, and several impregnation
process parameters.

10 The test methods chosen were based on the
requirement that any antimicrobial intended for use on
the external areas of a certain medical device, namely
continuous ambulatory peritoneal dialysis  (CAPD)
connectors, have the 1role of preventing bioburden

15 accumulation. For example, accidental contamination of
the connector external areas during an exchange should
be eliminated within the dwell time period to prevent
bioborder accumulation.

The initial testing of materials consisted of the

20 following test parameters: 1) direct surface
contamination; 2) Sstaphylococcus aureus as the
contaminating organism at a level of 10° colony forming
units; and 3) exposure time of 15 minutes.

These initial parameters were chosen for the

25 following reasons. The initial concept was to use an
antimicrobial substance on areas prone to touch
contamination. Staphylococcus aureus is the second most
prevalent cause of CAPD peritonitis. It was chosen
because it is comparable to S. epidermidis in sensitivity

30 to iodine but is less 1likely to be an extraneous
contaminant that may result in false test failures. A
five log,, reduction of viable contaminants was chosen to



exposure time was |engthened to one hour. Realistically, the CAPD dwell
period | s approximately four hours; 15 testing one hour instead of 15
m nut es™ &q‘iﬁﬁo ives a large safety factor. Tables 10A anBCTUBYMGZY! ay t he
various materials evaluated for antimcrobial effectiveness. Copol yesters
(Hytrel[err]) and styrene- et hyl ene-butyl ene-styrene 20 copol yners
(Kraton[err]) materials were nost extensively studied. These materials
i npregnated with even very |ow tevels of=34+ 0dine (appr ox. 199 were
effective. Copol yester sanples with an original iodine concentration of
7.55% were still effective after 4 nonths of storage 25 I n a container
open to the atnosphere. Both copol yester and

styrene- et hyl ene- but yl ene-styrene copol yner sanples with original iodine
concentrations of 1.25% and 1.21% respectively were effective after 6 weeks

storage in a clgg eseﬁtauwyst casﬂ)ﬂéﬁaﬁoﬁi airborne contamination.
PCT/ US95/ 16217 -3

T OA I ne
| npregna- St PR 11;* ﬁed 1#‘ a Brefé’ﬂd %&Véﬁp@/yorkgshow ttll'@ﬂ: pe)vido
Condi ti on Hytreiodb€ can efﬁe&:.vely disinfect2Ssurfaces in a fai@llysed

of

0O Hytrel 4056 0 "~ Cl osed 0
5 trelsﬂgg% exﬁosurs gime (1es§ that 180m1n). d osed
0 Hytrel 4856 ?hg5test parametegg for subsequent t*gming was

20dys Hytrel 5555dified shdghtly. First, the testing examinef ¢hRfEe
2wks Hytrel 555

47
owks Hytrel 555gcenarioslyh§ge the 1mpregng§eévacuu al is not.grﬁgéily
5wks 10 éxposked558b6 touch cofitamination buf5 contacts other ‘

.&gf‘ed %?aﬁé%r ghaéségay be ex} %gd To adequagg ga evar;huate
Cl osed 10 thiis Kr sesnaxyie, non-gmpregnated ~matesials were
C osed - Qontaminated_and then 1mpregnated_materials were placed
~on top of a “sandwich"'-coﬁfiguration.' Second, the
exposure time was lengthened to one hour. Realistically,
the CAPD dwell period is approximately' four hours;
15 testing one hour instead of 15 minutes 'still gives a
'large safety factor.

~ Tables 10A and 108 display the various materials
'.evaluated for antim1crob1a1 effectiveness. Copolyesters
o (Hytrel™) and styrene-ethylene-butylene-styrene
20 copolymers (Kraton“‘) materials were most extensively
studied. These materials 1mpregnated with even very low
leVels ~of 1odine ' (approx. 1%) were effective.
Copolyester samples with an original iodine concentration
of 7.55% were still effective after 4 months of storage
25 ' in a container open to the atmosphere. Both copolyester
and styrene-ethylene-hutylene-styrene copolymer samples
with original iodine coqoentrations of 1.25% and 1.21%
respectively were effective after 6 weeks storage in a

closed container.'_ )



Kraton 2705 3.4 25 Cl osed
2nmos 15 Kraton 2705 3.4 25
Cl osed WO 9620485 Kr at on 2705 3.4 PET/US9S/16217
Cl' osed 4nmps Kraton 2705 0.3 60
Cl osed 0 Kraton 2705 0. 788 60
Cl osed 0 Kraton 2705 5.0 60
Open 2wks 20 Kraton 2705 -35- 1.0 60
Open 2nmos Kraton 2705 4.8 60
Open 2wks Kraton 2705 4.8 60
Open 10wks Kraton 2705 4.8 60
Open 10wks Kraton 2705 2.5 25
Cl osed 1no 25 Kraton 2705 2.95
47(vacuum C osed 2vwks Kb pd Y05 - 2.95
47(vacuum JL.osed _Dbwks Kraton 270 .
25 REd i Kr attOfme éQmprogne- | Storkge?L | Time to T
47(vacuum Ssed Conta 'g Kr 't.gBiQ?OPS"W c.:%fd:,,Q tme to Test
47(vacuum TIrosed IWKS %be/ Z0019
PCT/ US95/ 16217 - 36 s )>-S L Clogyd
Qpen 1no 14066 DPE) {13 5.8 80 6{) Closed 0 41
Open 5420y Sldabsd LLDPH) o ¢ 5. 8| g el
Q)en 4nos JEa!.,U|t||c*J\ = -t oU
Open 2wk sl Bytret 4058 500 Qukratof & 1.7 Open 2peys
C osed 2wk nykiPE8E¥ 30%Kr lajgn 1.0 25 Cidead 2wks
Cl osed 2WKS|PE 192 - 84 a7 vacuu
c osed 2wks | Hyrel 8585 17.28 19 qf 47ivacuum) qe@,am“, ) 2wks
d osed 5wk si Hikorsses 10 17.28 det er i 478sbuwikabl e 1DBiodviat eri dlswks
| odi ne Conte pST od SITerr]f,..redauctron pt, SA at fkest (N
(Y'N) Hytrel rl3’056 F""ﬁ% 87 SurideBibmiA L PUPRON fAf'}é%e;
Sarme Sul HaepsosS i N 7.55 80 Open 4mos
Hytrel 5855 1.23 47ivacuum} Cloged Bwks
I
" Kraton 2705 3.4 25 Cloged o
Kraton 2705 34 25 Closed 2mos
15 Kraton 2705 3.4 25 Closed 4mos
) Il Kraton 2705 3.4 25 Closed 4mos
I Kraton 2705 0.3 60 Closed 0
Kraton 2705 0.788 60 Closed (¢}
Kraton 2705 50 80 Open 2wks
20 Kraton 2705 10 60 Opean 2mos
Kraton 2705 4.8 60 Open 2wks
Kraton 2705 4.8 60 Open 10wks
Kraton 2705 4.8 60 Open 10wks
Kraton 2708 25 2'5 Closed 1mo
25 Kraton 2705 2.0% 47 (vacuum) Cloaed 2wks
Kraton 2708 298 47{vacuum) Closed Swks
[ Kraton 2708 254 25 Closed Bwks
" Kraton 2705 1.2% 47{vacuum} Clossd 6wks
u?rmon 2705 4.8 47(vacuum) Closed 4wks




15 Hytrel 4056 Same Surfacel5m n Y Hytrel 4056 ‘

4.1 Surfac315nin Y Hytrel 5555 N _
Sandwi cl{93R2ep19 Y Hytrel 5555 ND SanPGIESIsH62T Y .
Hytrel 5555 ND Sandwi ch60mi n Y 20 Hytrel 5555
ND : Sandwi ch60m n Y Hytrel 4056 3.9

Sandwi ch60m n Y Hytrel 5555 ND Sandwi ch60m n Y
Kraton 2705 Sane Sur f acel5d 6 Y Kraton 2705 0. 625
Surfcel5mn Y 25 Kraton 2705 ND

Surf+G | 15m n Y Kraton 2705 ND _ Surf/no oil 15mn Y
Kraton 2705 Sane Sur facel5m n Y WO 96/ 20019 .
PCT/ US95/ 16217 -37- Kraton 2705 Sane Surfacel5m n Y
Kraton 2705 0.48 . Surfacelbmin . N (1ll[err] reduc) Kraton
2705 0. 88 o SUfrtaceromin 60 Y Rrat oy 2705 U. 9 “
Sur f acel5mi n CGCT iOoPt e Kraton PRS 1, |
Surf+QO 115m m | cecr dope)91[ ef 8B reduc) K| as.on- 2705 OpefND 42dys “
Surf/no oil 15 1l erfLreduc) Krpton 2705 D

Sandw ohi5min I8 g 1%-65—94&“) — e i-ehd s

Kraton 2705 §{_ND |~ sandwi ch6omin. Y 10 Kr at on
2705 ND Escorene (PP} OANIQWI-ChEOMI N | g9 Y-Kraton ggR5 - N

Sandw ch60m n . D - D 1 _

CGCT ( LLDPE) Q.26 Surfa Soin (21[err]

5 50%PP/S0%Kraton | 1.7 - s Closed 2wks
20%PP/30%Krston " | 1.0 28 Closed 2wke- ‘
pe1ez. | 1888 | artvecuum - _Clo‘cd ] 2wks

[ revs2 1885 | 47(vacuum - Closed Swks
*ND=not B : '
10 determined
Table 10B
lodine Content Slog,q reduction of SA
_ at Test (%) (YIN)
Hytrel 4056 Same Stlrf;ce‘lsmin oy
“ Hytrol 4056 sSame . | SufacelSmin . | Y
15 Hytfql 40_-56. Seme : Sur;accjﬁmi_n Y
Mywe1 4056 | 41 | surfaceiSmin - Y.
Hytrel 5555 wND* SendwichiSmin | Y
Hytrel S555 ND | Sandwich15min v |
wywetssss | wo _| sondwicheomin | v
20 Hywei5555 | ND | sandwicheomin v |
" Huweisose  J39 | ssnawicheomin Y. |
Hytrel 5555 ND | sandwicheomin | ¥
K_utén-”OS ’ Sm ) : .s.u;fucﬁst.v:lin | Y
Krston 2705 | 0.625 . SurfscetSmin . | Y
25 Kraton 2705 ND Sun#‘bm.suiﬁ;- 1y
Kraton 2705 ND ' Surtino oil 15min | ¥
H Kraton 2705 - ISoma ' " éuﬂ.eﬂS}nin Y




GCCT (LLDPE) 1.78 Surface 15mn N (1.51[err] reduc) 15

CGCT (LLDPE) 1.19 Sandwi ch15m n Y Escorene (PP) 1.4
Sur facelSwipweroery N (.61[err] reduc) 50%°P/ NDpcTrus9sig217
Sandwi ch15m n Y 50% Kr at on 70%°P/ ND

Sandwi ch15m n Y 20 30% Kreton PE 192 ND

Sandwi ch15m n Y PE 192 ND Sandwi ch60m n

*ND=not determ ned WD 96/ 20019

PCT/ US9/ 16217 -38- A few sanples of polypr opyl ene- kraton bl ends and

pol yuret hane also showed effectiveness. The two materials that did
not show consistent 5 log[err] reduction of S. aureus were |linear |ow
density pol yet hyl ene (CGCT) 5 and pol ypropyl ene (Escorene[err]). In
addition to the above test paraneters, prelimnary testing on the

effects of gly | At g—boehra ‘ SR—ait-rbaeteral—aetvi ty as
well as the ef fipgiston27bs t eh®dwat ur e mmmral uatiet. An 10
eval uation of thel pff eﬁ,@ off gkycerol bg antdhacterial activity
i npregnat ed mat er al "showed } hat oils can reduce tjheog@ddbeeCt i verjess.
However, reducti|pmm Ol _erreftiveness s nNot Qbser\,evd when di ne
level is high, pr Y il B ce i 15
concentration. kdtae2708 Nnvehbors bel | swacersnvat  tlhe t enperaturg used in
the iodine inpregpation prockss may jnbact either gftfieawtredyshnegg d/ or
longevity. TBe prgeafzsodvent won al so peeidifssind Mgtiod for
{.910g,, reduc)
Kraton 2705 ND Surtinooil 15min | N
{2iog,, reduc)
|| Kraton 2705 ND Sandwich15min Y
IL Kraton 2705 ND _ Sandwich1Smin LY
I[ Kraton 2705 ND Sandwich&0min Y
10 Kraton 2705 ND Sandwich80min Y
Kraton 2708 ND Sandwich80min Y
Kraton 2705 ND Sandwich80min Y
CGCT (LLDPE)} 0.26 Surfacel5min N
{.2logy, reduc)
)
CGCT (LLDPE} 1.78 Surface15min N
11.5l0g,, reduc)
15 CGCT {LLDPE) 1.18 Sandwich15min Y
Escorene (PP) 1.4 Surface15min N
{.8log, reduc)
S0%PP/ ND Sandwich15min Y |
50% Kraton
70%PP/ ND Sandwich15min Y
20 30% Kraton
PE 192 ND Sandwich15min |
PE 192 ND Sandwich80min Y
*ND =not
d.t‘m“.‘ #‘
—




maki ng an antimcrobial material. The nethod includes 20 the step of -
contactlng a‘ﬁlastic material with a halogen gas that is thereby absorbed
6299 mat erial . As set forth above, iodine inprRgHESSH6MTastics

in the §P

have a broad application for nmedical, industrial, food and water

treat nent s.

into a nedical

In an enbodi nent, the plastic 25 material may be formed

apparatus prior to contacting sane with the hal ogen gas.

Li kewi se, the present invention provides~38Tethod for inpregnating a

plastic material. Pursuant to this nethod, iodine crystals are initially
delivered in an 30 encl osed vessel . Then, the plastic material to be
I npregnated is placed in the enclosed vessel for a tine sufficient to all ow

the iodine to absorb into the plastic material. WO 96/ 20019
PCT/ US95/ 16217 -39- By way of exanple, and not imtation, different

concept ual

11, exp05|
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to the present pGY§ﬁfé€ﬁaﬂe||aﬁﬂw banaheen ef£@@éf»éﬂéeécﬂlowrﬁa exaep! es
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di al ysis systeﬁ?a?ﬂ€1ﬁ;

g pl as

gnat I on sis connector -fo

vessel 12 npr%ﬂéa?ggygﬁgpgﬁﬁge iEﬁF?ﬁeP Fentalnltlally, a source of

gaseous iodlne 10,
vessel 12. The

atinm 15
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25

30

I cl.ent |netoasor |nt0thep

as the effect of temperature was evaluated. An

evaluation of the effects of giioerol'on antibacterial

activ;ty of impregnated. material showed that oils can
reduce  the .effectiveness. However,' reductlon of
effectiveness is not observed when the iodine level is
high, presumebly in excess of thetnecessery-bactericidal
concentration.  The 'inventors believe that the

temperature used in. the iodine impregnatlon process may

impact either effectiveness and/or longevity.

The present inventlon also provides a method for
making an antimicrobial material. The method includes
the step of contacting a plastic material with a halogen
gas that is thereby absorbed in the plastic material.

As set forth above, iodine impregnated plastics
have a broad application for medical, industrial, food
and water treatments. In an embodiment, the plastic
material may be formed lnto a medlcal apparatus prior to
contacting same with the halogen gas.

Likewise, the present invention provides a method
for impregnating a plastic material. Pursuant to this
method, iodihe-érYsteIs?are initially delivered in an
enclosed vessel. Then, the piastic material to be
impregnated is placed in the enclosed vessel for a time

sufficient to allow the iodine to absorb into the plastlc _

material.

sehat; ﬁgé "Bt ns?‘é"nGP"FﬁFSﬁBEd5t &°Heo F'PF?PFE&%‘y

these exanpl es. of09rediirdus werh Ndnedy waeeks@w P lyelthyllenecqcoeTii gur e
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suth aadﬁm¢Mdnnrtocryhealapowe;ﬂtgsu | parameterssed

n?.f.giﬁghg % ﬁf% Ce%ﬂél tggfg gkosegle vegy: ?lcs;%f or

tic caps
14. Effectivel y(smeleténsnbaﬁm eéilheoguaptnsbgcitﬁréal activity as wel

~



t he encl osed vessel 12 and then absorbs into the plastic caps 14. The

I odine is absorbed into the plastic caps 14 20 over tinme at a rate that
isg dependewosr20eenper at ure, the amount of iodine in the vegyalsydts2iand t he
type of plastic. Figure 12 illustrates iodine absorption by weight
percentage versus tine into Hytrel[err] caps at 25C. Rel ease of iodine from
the cap occurs when the cap is 25 renmoved from the iodine source

and open to the atnosphere. The rate of L?gLne rel ease i s dependent on

i odine concentration in the plastic, tenperafidre and the type of plastic.

Figure 13 shows the iodine rel ease rate by wei ght percentage versus tine

for Hytrel caps at 30 25C. Antimcrobial testing conducted on sanples
produced in this manner exhibited a 5 log[err] reduction of S. aureus WO
96/ 20019 PCT/ US95/ 16217 -40- at

| odi ne concentrations as_l ow as _.43% Thi s _test . pr. r.el i m
feasibility of this concBﬁtUﬁV Rﬁtﬁﬁﬁﬂpﬂﬁ'aﬁﬁgﬁﬁﬂ&|#§ﬁ1%4§§§ﬁ'lﬂﬁﬁﬁéﬁﬁ?ﬁ n
Figure 14, a di sconspnceptupl bethodpaf timpreignatingsicdine imts a plastic

i mpregnated with i gdiRes .1 Thec0dhPes+kS (o] e : di ct
cap 16 and disinfegggg?ﬁgldP§ﬁ§§ggecghng?%op&%géﬁgo%E?%gg??gghag% {ﬁﬁpQﬂﬁ
connector 18 into gh¥edap 1&hidencEhe 2follpwingpexgmples DESRuUSn eh chhelo

For nost appl scati efpre§h@€kbAY o@dianeaighoass fésnpdtrmnt edrarass, sich as
onto the user's flageﬁs gr gl ot hi ng, %nd c%ncgnt.r atelnng the rel as%%éq%%l#;e
at the disinfectiofil8L¥E1FsSYEEPPablthe PEESERENIPYENELPD,dis, Bt di
the inside of a capoabd hamitéd byt thesewexdmplés. be beneficial.
Concept 1 - Iodine Impregnated Cap
As illustrated in Figure 11, exposing plastic caps
10 14 to elemental iodine in an enclosed vessel 12
impregnates the caps 14 with iodine. Initially, a source
of gaseous iodine 10, such as dry iodine crystals, is
placed in an enclosed vessel 12. Then, plastic caps 14
are placed .in the enclosed vessel 12 for a time
15 sufficient to allow the iodine to absorb into the plastic
caps 14. Effectively, the elemental iodine sublimes into
the enclosed vessel 12 and then absorbs into the plastic

caps 14.
The iodine is absorbed into the plastic caps 14
20 over time at a rate that is dependent on temperature, the

amount of iodine in the vessel 12, and the type of
plastic. Figure 12 illustrates iodine absorption by
weight percentage versus time into Hytrel® caps at 25°C.
Release of iodine from the cap occurs when the cap is
25 removed from the iodine source and open to the
atmosphere. The rate of iodine release is dependent on
iodine concentration in the plastic, temperature and the
type of plastic. Figure 13 shows the iodine release rate
by weight percentage versus time for Hytrel® caps at

30 25°C.
Antimicrobial testing conducted on samples produced
in this manner exhibited a 5 log,, reduction of S. aureus



In this concept, a plastic disk is inpregnated with iodine by the sane
met hod%&g% the cap is inpregnated in Concept 1. As illustrated in Figure
15, aft Wisk 20 is i npregnated, the disk 20 is pldﬁgﬂu$ﬁgﬁﬂé t he 20
bottom of an iodine resistant cap 22 and seal ed inside an iodine barrier
package. The di sk 20 contains the iodine and the cap 22 serves as a
barrier to. prevent the iodine fromescaping while the product is in use,.
thus elimnating any staining problem anc4oencentrating i odi ne 25 i nsi de
the cap. Concent 3: Post assenbly inpregnation process Here, the cap disk
concept is used as before, but instead of preinpregnation of the disk,

el emrental iodine is added to the systemat the point of assenbly. A snal
30 anount of iodine is dispensed into the cap and a disk is placed on
top of the iodine capturing the iodine between the two conponents. The

assenbly is thestpdoddmerd eoncéfitrationg iamrbgmaaes [4®tdi skrnbs! eest t he
package WO 96/ 200

-41- prior to r%ﬁ%ﬁ?%fﬁ%%ﬂﬁMFaSibﬁWeﬁﬁaﬁq%ﬁ W?wﬁ%@%lwﬂ

conpl ete within one wkskah e¥bosizentiblas niskIustrated nimeBighrenadqd feor
i npregnat i on eq&igagﬂﬂecendcﬁg ”laatférthﬁekEFSHEQiy gﬁaQ&§ﬁ§ tlah akfe held

up 5 during an regnati as contai nnent
is greatly si mpwgeated wikhi ﬁrpémsu-m Ther 4edinendss sdpwly released

gonf i gur. gt i 03 wepohethed algedomineed dap brs e&xfn&caiyﬁnbfseageahe4df1§quéqr§
arspensed | od! 1eobABLEYR"L b pdS snaertion E TS RS SR LS
as isopropyl alcapolté¢l PA), and volunetrically dispensed into the cap The‘
disk is then placed Oﬁﬁﬁgéﬂﬁ_zod'B?e-lmpregnated Disk in a cap
10 . - . For most applications, blocklng iodine release from
unwanted areas, such as onto the user’s flngers or
clothing, and concentrating the released iodine at the
disinfection site is desirable. For example, releasing
iodine from the inside of a cap and not the outslde would
1S be beneficial. . _
' In this concept, a plastic disk is tmpregnated with
iodine by the same method that:the cap is impregnated in
Concept 1. As illustrated in Figure 15, after the disk
20 is impregnated, the disk 20 is placed inside the
20  bottom of an iodine resistant cap 22 and sealed inside
an iodine barrier package. The disk 20 contains the
iodine and the cap 22 serves as a barrier to prevent the
iodine from escaping while the product is in use,'thus
eliminating any staining problem and concentrating iodine
25 inside the cap. o _
concept 3: Post assembly impregnation process
Here, the cap disk concept is used as before, but
instead of preimpregnation of the disk, elemental iodine
is added to the system at the point of assembly. A small
30 amount of iodine is dispensed into the cap and a disk is
placed on top of the iodine capturing the iodine between
the two components. The assembly is then packaged and
the iodine impregnates the disk while in the package



sdlution and the assenbly is packaged. The al cohol 15 qui ckly
evaporates into the package and the iodine, now dry, begins to diffuse into
the di sk. WOowii290t9% 16 illustrates the two distinct vapor #oTUsesaéns by
wei ght versus tinme of alcohol and the iodine fromthe sol ution.

I ncorporating the iodine solution into the 20 manuf acturi ng process
allows for the dispensing of small anmounts of iodine at production speeds.
Moreover, it utilizes nuch of the current mapyfacturing equi pment and
technol ogy in standard plants, thereby decreasing the capital costs of
produci ng the product. Over tine, the 25 di sconnect cap wll rel ease

I odi ne gas to disinfect mating conponents. this design

advant ageously elimnates the |iquid nmedium and maintains antim crobial
effectiveness. By way of exanple, and not limtation, experinments 30

denonstrating the Lbidit k oor at | asti of
di al ysi s di sconnec%gggg vé? h¥Fgé¥1#ﬁgBa§g\%el¢d%soq'[%é ef f(ggﬁ?\%ﬁgggbgf "s%nléd to
Kill viruses will prabeblyi ken complybeoritioiry one week.) This assembly

PCT/ US95/ 16217 - 424t idTBHinitesl Gnbineddt Y "B HEVYIH B4t gikht,
ability to inpregnate Hytrel|err | odi ne. Th

experi ment al so ex&h&dimid ek@F ?a @@%gggigioé&%&QStha?riﬁﬁthﬁ}d(%P
sanpl es. S5 |1 dlringer an t hopregndeioneironedsiat edalsby Desinei aps
LY L L kLBt ST EARAL: | LA e gl 7
sanpl es were utili effeictivenessngf ithishconfiguratibon wassgesttiedcandyprovede
sanple jars with nit%ebe effective.
Concept 4: Solvent dispensed iodine impregnation
10 The assembly process from concept 3 is used except
that the elemental iodine is dissolved in a solvent, such
as isopropyl alcohol (IPA), and volumetrically dispensed
into the cap. The disk is then placed over the iodine
solution and the assembly is packaged. The alcohol
15 quickly evaporates into the package and the iodine, now
dry, begins to diffuse into the disk. Figure 16
illustrates the two distinct vaporation rates by weight
versus time of alcohol and the iodine from the solution.
Incorporating the iodine solution into the
20 manufacturing process allows for the dispensing of small
amounts of iodine at production speeds. Moreover, it
utilizes much of the current manufacturing equipment and
technology in standard plants, thereby decreasing the
capital costs of producing the product. Over time, the
25 disconnect cap will release iodine gas to disinfect
mating components. This design advantageously
eliminates the liquid medium and maintains antimicrobial
effectiveness.
By way of example, and not limitation, experiments
30 demonstrating the feasibility of impregnating a plastic
component of a dialysis disconnect cap with iodine as
well as the effectiveness of same to kill viruses will
now be given.



sanpl es in each jar were utilized. Prior to placing the sanples in the
three j s2ob Wei ght of each sanple was recorded. Appr 5g 15
of |od|ﬂ§§%as placed in a small filter paper pouches. g?&ﬂﬁ+§%%helghed -
sanpl es were placed in each jar and an iodi ne pouch was placed in the neck
of each jar. The cover on each jar was then tightly closed to create an
encl osed vessel. 20 The tine and tenperature of exposure was
recorded for. each sanple in each jar. TO0 4@t ermine the amount of iodine
content, each sanple was periodically wei ghed and changes were recorded.
Tabl es 11A-13 detail the results fromthis absorption study. Figure 17
illustrates the 25 | odi ne absorption for the sanples in the three jars

by i odi ne wei ght percentage versus tinme. The sanples in jar 1 were exposed
to iodine for 72 hours at apprOX|nater 60[err]C and absorbed 2.29% i odi ne
by weight. The sanples in jars-2 Je¥periment Noqsk® at approxi mately 27C-

for 30 72 hours anh{d heypérineRer baemochsee¥tand GHB%dRditey to
respectlvely . WD 96/20019 °

PCT/ US95/ 16217 1BPregnate Hytnel® ,icap samples @ith ipdine. ; sThe

Ti me 17.7 experiment alP8o9ekhmihed the rate (df YYelease of iodine

%QLE) 2%?2?3] anfﬁ [(gﬁﬁé;ﬁs"rgggﬁéll26%s£%bgfrodIﬁgB ﬁ%ﬁzkﬁﬁébodlne

Wélght_ | odi ne qyaluated the meegﬁplca@t s%p of wthe, iod

% (9mM  impre naﬁ/éée' caps énc?l%'ixe @fQ‘eé’tlve%e%%ﬁ?’ of0. Eaﬁe té 9300
0 9296 1. 9316, 1 0.00% 1.9274 0.57% 1.9325
0.83%  1.9340inagt ‘I%'ﬂ Vlrusesi 9101 0.00%  1.9183 0.43% 1.9234
0.69% - 1.925: o__ g tionls®d '0.00% .. 1.9213 0.53% 1.9278
0. 87% 9288 «9248. 0.63%
1 9303 %10 %@%2% 9%3m91é§ were ut{19263 £ol L3¢ tinglin tRis

experlment. Specifzcally, ‘three sample jars with nine
'samples in each jar were util;zed.._
Prior to placing the samples: in the three jars, the

_ welght of each. sample was recorded. Approximately 2.5g

15 of iodine was placed in a small filter paper pouches.
Next, nine-weighed samples were placed in each jar and |
an.iedine pouch was placed in the neck of each jar. The
1cover on each jar was then tightly closed to create an

_ enclosed vessel. :

20. . The time and temperature of exposure was recorded
for each. sample in each jar. To determine the amount of
iodine content, each sample was periodically weighed and
ehanges were recorded. Tables ilA-lB_detail the results
from this ahserption,etudy. ~Figure 17 illustrates the

25 jodine absorption for the samples in the three jars by
iodine weight percentage versus time. The samples in jar
1 were exposed to iodine for 72 hours at approximately
60°C and absorbed 2.29% iodine by weight. The samples
in jars 2 and 3 were exposed at approximately 27°C for

30 72 hours and 13 hours, absorbing 1.06% and 0.43% iodine,
respectively. . : '



13 1. 9115 0. 00% 1.9205 0.47% 1. 9256 0.74% 1. 9270 0.81%

20 1.9125 0. 00% 1.9215 0.47% 1.9282 0.82% 1. 9300 0.92%
31 WO 0620019 0. 00% 1.9172 0.40% 1.9242 0. 40% perrbsédaehy 0. 84%
19 1.9095 0. 00% 1.9226 0.69% 1.9265 0.89% 1.9288 1.01%
15 Aver age 0. 00% 0. 55% 0. 83%
0.91% Std. Dev. 0. 0000 0. 0011 0. 0008
0. 0007 TABLE 11B Jar #1 Ti ne 46. 4 Thse 49.5 Ti ne 71.6
hr s) (hrs) (hrs) Tenp. 27[err]C  Tenp. 60[err] C
Tenp. 27[err] C 20 Sampl e Wei ght | odi ne Wei ght | odi ne
Wei ght Il odine # (gm wt . % (gm wt . % (gm wt . % 28
1.9343 1.14% 1.9508 2.00% 1.9551 2.23% 16 1.9372 1.08%
1.9598 2.26% 1.9630 2.43% 4 1.9284 0. 96% 1.9475 1.96%
1.9522 2.21% 25 18 1.932 % 1.9498 2.02% 1. 9556
2.33% 12 1.9349 1.15% 1.9503 %%éé‘é 1.9563 2.27% 13
1.9312 1.9464 . . . 0 . . 0 } 8
2.00% 1.9560 2.f¥6dia1 Tme [ ¥002dglme 1 1dPoe | oqe 94757 1.J08% | % 053
2.31% WO 96/ 20G19 .
PCT/ US95/ 16217 - 44~ 19 |- — 1,9379 - —T{Z1% | L. 9270, —T.[05% | £.95
2. 37% Aver age s — V.
0.0007 s.ﬂ&ll Weight | lodine (. WEIRO | Todi-E| Wéidw 3 todine | welght [fiddine [[1 ME
0.0 Time 5 1. {ohl ef wt. % 1i7igd wt B npgm 2@, 8 (jhow) wt. %
(hrs) KHS) 10125 | 000w ({4281 | bS9R: J,g‘%z[eééils@ Q@T?”pt.oc;%
27[err]C Tenp. LILU T 1 P~ TS Ve gt 170
Wei ght | odi ne I ght ! 1PH§| npoo% h§923hd 0S7%d) h8328 | 33% 13448 | o9t %
(gm w. % (jom 1.5 | Boos |(0Wha | o439t | 190330 c.ees [ HeR112.7990. PO%
1.9125 0.07% 9101 0. 200 17919 ~0. 4P7% 10 17
1. 9095 O OO% 11&31 N LBLM%.DO% 1j bizi% O.SH%Q %278 1@% 1.9%8 3%
10 12 19128 | 0.00% } 1.9248 | 0.63% | 1.9303 | 0.91% | 1.9311 | 0.96% |
13 1.9115 | 0.00% .| 1.9208 | 0.47% | 1.9256 | 0.74% | 1.9270 o.smj.
20 19125 | 0.00% | 19215 | 0.47% | 1.9282 | 0.s2% | 1.9300 | 0.92%
31 19005 | 0.00% | 18172 | 0.40% | 1.9242 | 0.40% | 1.9255 | 0.84%
18 1.9095 | 0.00% | 1.8226 | 0.69% | 1.9265 | 0.89% | 1.9288 | 1.01%
15 Average 0.00% 0.55% 0.83% 0.91%
‘ggi"‘—é'& L0000 o= 20
e
TABLE 118
Jar #1 Time 46.4 Time 48.5 Time 71.6
{hrs) {hes) thts)
20 Weight
{gm) wt. % - } {gm) wt. % {gm) wt. %
i 28 19343 | 1.14% | 1.9508 | 200% | 198581 | 2.23% |
I 16 19372 | 1.08% | 19898 | 2.26% | 19630 | 2.43%
19284 | 0.96% J 19475 | 1.96% | 198522 | 2.21%
25 18 1.9328 | 11360 ] 19408 | 2.02% .| 10588 | 2.33%
12 19249 |.1.18% 1 19803} 1.96% | 19563 | 2.27%
I 13 1.9312 | v0a8 | 1p4dd -} 1esw 19518 | 211%
I 20 19338 | 1.10% | 1.0508 | 2.00%. | 1.9589 | 2.32%
31 19288 | 1.01% } 19475 | 1.99% | 18538 | 2.31% II



25

15 1.9173 0.00% 1.9188 0.08%  1.0233 0.31% 1.9266
0.48% 1.9180 0. 00% 1.9191 0.06% 1.9238 9 1.9264
0. 44% 12&0961200191 9153 0.00%  1.9166 0.07% 1. 9218PCT'8$§’46 17 1.9245
0.48% 8 1.9121 0. 00% 1.9128 0. 04% 1.9168 0. 25% 1.9196
0.39% 15 13 1.9124 0. 00% 1.9137 0.07% 1.9185 0.32%
1.9210 0.45% 31 1. 9089 0. 00% 1. 9101 O0.06% 1.9139 0.26%
1.9161 0.38% 23 1.9133 = 0.00% =4%-90144 0.06%  1.9192 0.31%
1.9216 0. 43% Aver age 0. 00% 0. 06% 0. 30%
0.43% Std. Dev. 0. 0000 : 0. 0001 0. 0003
0. 0003 20 _ TABLE 12B Jar #2
Ti me’ 46. 3 Ti me 49. 2 Ti me 71.4 (hrs) (hrs)
(hrs) Tenp. 27[err] C Tenp. 27[err] C Teng 27[err] C Sanpl e
Veight lodinef ., Veiph DA, NE wngh | _ 1 (gm w. %
(gm RTSERY) RLISES & Road qigg rl k) ‘t’”" d"%%’ 237% 9239 0.66%
1.9244 1 9244 JOT%o 14 20015 g2, . | . 1.9245 0. 78%
1.9312 1.14% . ; Y 1.9371 1.03%
11 - 1. 931 Aottt S i el et = ST et ,
1.9310 0.82% . 1. 9316 0 85% 1 938 Q,g ;Al 11% V\D 96/ 20019 :
PCT/ US95/ 16217 -45- '8 , 40 : . 9251 0.68% 305
0.96% 13 926 % ' 3 1.108% 31
Y 9531 Prave| # o {}2;, | %08% 3?,',';1 9 b§ ..',Efg% % ome 1.19%56 0. 64%
1.9271 0.72%} _1.9840 1.08% E Avdrage . 712% ‘
0.75% T 0825t 170 V] vere. | z9ec 4105 | 270 0,.0005 |
0. 0005 TABLE 1 AL 2,@ R ol 27°C % = Tome._| 2% |
13.3 (hrs) - Sample | We(ghr | todine | Weight | lodine( Hr@igiontT ¢ miatine | Wefgher|ripdine || Tenp.
27[err]C fTenpllom 27l enty Cl da | we % pl g we %\ @t || we
Vi ght [ odine | zo Vi bhtsnd DBioo 19125 | 0.07% | 19161 | 0.26% | 1.9192 | 0.42%
10 - 14’ 1.9095 | 0.00% | 1.9108 | 0.06% | 19157 | 0.32% [ 18177 | 0.43% "
H1s 19173 | 000 | 19188 {008% | 19233 | 0.31% | 19266 | 0.0e |
I 11 1.9180 | 0.00% | 1.9191 | 0.06% | 1.9238 | 0.20% | 1.9264 | 0.44%
2 19163 | 0.00% | 1.9166 ] 0.07% | 1.9218 | 0.34% | 1.9245 | 0.48%
8 1.9121 | 0.00% | 1.9128 | 0.04% | 1.9168 | 0.25% | 1.9198 | 0.39%
15 s 1.9124 | 0.00% | 1.9137 | 0.07% | 1.9185 | 0.32% | 1.9210 | 0.45%
' 31 1.9089 | 0.00% | 1.8101 | 0.06% | 1.9139 | 0.26% | 1.9161 | 0.38%
23 1.9133 | 0.00% | 1.9144 | 0.08% | 1.9192 | 0.31% | 1.9216 | 0.43%
Average 0.00% . 0.06% 0.30% .| - 0.43% | _
Std. Dev. 0. ;gij _
20

*



#* (gm w. % (gm w. % (gm w. %12

1.9137 0.00% 1.9161 0.13% 1.9213 0.40% 21 1.9219 0.00%
1.9245  (OWOIr00191. 9300 0.42% 18 1.9128 0.00% pcris®irs17 0. 11%
1.9229  0.53% 15 30 . 1.9111 0.00% 1.9127 0.08%

1.9200 0.47% 31 1.9089 0.00% 1.9111 0.11% 1.9171 0.43%
28 1.9124 0.00% 1.9144 0.11% 1.9225 0.53%8

1.9122 0.00% 1.9144 0.11% 1.9192 _ éS)_. 37% 19 1.9098 0.00%
1.9118 0.10% 1.9170 0.38% 20 41 1.9172  0.00%

1.9188 0.08% 1.9244 0. 38% Aver age 0. 00%

0.11% 0.43% Std. Dev. 0. 0000 0. 0002

0. 0006 1 odi ne Rel ease Study: This study neasured the rate of rel ease of

i odi ne 25

oredd

fromthe sanples prepared in the previous absorption study. To

en plastic
the Hytrel[err]
e WO

he results of
e fromthe

i ght

14A Jar #1

(hrs)
r] C Sanpl e
(gm  w.
0. 00%
.9505 0.14%

%

neasure the iodin SC.tb
beaker under a fu hood t.sesalil cswst ha.sesid| n.esst d £mos | e).dmom
material. The samilgs VAP o ET|AIRe $ akon | Boat ] Fores | Tods [
PCT/ US95/ 16217 - 4§-311 el dakeest dtare% disksss| oa9% -| nees datoakl
this st udy Fi gu 63 18 %I | d dast | 3la8r1t NB74:L! [EASR0 Bf1 daRd
sanples in Jar Jar—2-armIgr—3, fespecf T Ve, by fodr e
per cent age vetsus “fﬁ,vm 5 0.72% . 0.75% 1.06%P|
Ti e 0.0 TuBev. 31. ( o0.000d i} NE 0.00089. S5 (] 9)ooos
(hrs) Tenp. 27] 2
Wei ght | odi ne V\él ght | odi ne Vi ghtI_ELmil ne #
(gm w % : [0 I 0
1.9530 -0.16%
1.9442 -0.47%
10 lodine i lodine
wt, % {gm) wt. % {om} wt. %
“ 12 1.9137 | 0.00% | 1.9161 | 0.13% | 1.8213 | 0.40%
“ 21 1.9218 | 0.00% | 1.9245 § 0.13% | 1.9300 | 0.42%
H 18 1.8128 § 000% | 1.9149 { 0.11% | 1.9228 | 0.52%
15 | 30 18111 | 0.00% | 19127 | 0.08% | 1.9200 | 0.47% i
" a1 1.9083 | 0.00% { 1.8111 } 0.11% | 1.9171 | 0.43% ﬂ
28 1.9124 | 0.00% | 1.9144 | 0.11% | 1.9225 } 0.53%
I 8 1.8122 | 0.00% | 1.9144 | 0.11% | 19192 | 0.37%
lhs 1.9098 | 0.00% { 1.9118 | 0.10% | 1.9170 | 0.38% ||
20 || 15 1.9172 } 0.00% | 1.9188 { 0.08% | 1.8244 o.aa%—“
Avsrage 0.00% 0.11% 0.43% “
Std. Dev. ©.0000 0.0002 0.0006
Iodine Release Study:
This study measured the rate of release of iodine
25

study.

from the samples prépared in the previous absorption
To measure the iodine release, the samples were

stored in an open plastic beaker under a fume hood to
allow the iodine to escape from the Hytrel® material.
The samples were weighed over time to determine the



18 1. 9546 0. 00% 1.9520 -0.13% 1.9448 -0.50%4 1. 9526

0. 00% W°J9f’%§§g -0.15% 1.9446 -0.41% 16 1.9621 0. 00% - 1.9596
-0.13% 9526 -0.48% 15 13 © 1.9508 OPGHYSIS6ITG,7g .
-0.15% 1.9420 -0.45% 12 1. 9552 0. 00% 1.9517 -0.18% 1.9450

- -0.52% 28 1.9554 0. 00% 1. 9520 -0.17% 1.9460 -0.48% 31
1.9524 0. 00% 1.9499 -0.13% 1.9441  -0.43% Average 0. 00%
-0.15% -0.47% 20 - St d.m48sv. 0. 0000 |
0. 0002 _ 0. 0003 TABLE 14B Jar #1 Ti me - 147.8 Ti me 622.0
(hrs) (hrs) Tenp. 27[err] C Tenp. 27[err] C Sanpl e
Wi ght 1 odi ne Wi ght 1 odine 25 # (gm wt . % (gm
w . % 20 1.9435 -0.65% 1.9373 -0.97% 19 1. 9406 -0.65%
1.9344 -0.97% 18 1.9413 -0.68% - 1.9355 -0.98% 14 1.9414

-0.58% 1. 934%elegseryate.\\OBabla® D4R -~ 16B detail the results of

PCT/ US95/ 16217 ehis é@ud!. h%%s fhnﬁ-ﬁw 1 PAROLr£bd 7¢hd 3releagel 02391
-0.60% 1.9339, - 68%. -1.9366 _-0.95% 28

1.9429 -0.64% 1°§1933zf°r°“1 the, 5‘&‘“!;}193 %’1 Jar 1, Jags 2.@ngiodar3g33;
-0. 99% Aver age respectively64tly iodine we:.@h‘&&’eﬁbént@g! versus tAmeQ03

0. 0007 TAB%E 15A Jar- #2 Ti rre S ‘ ) .0 Ti me 99.5 _
(hrs) (hrs) - (hrs)®f0———"=""" _____Tenp. 27[err] C
Tenp. 27[ err )i~ €. 12 T LC Sappl-e™ 1 Vel gh Sall ne Wi ght
| odi ne Wi ght I ) ' el ; .
_ Weight - in ne
] {gm} wt. % (gm) Wt % gm) | wt. %
10 20 | 19862 | 0.00% | 1.9530 | -0.18% | 1.9473 | -0.45% "
19 1.9533 | 0.00% | 1.9505 | ‘0.14% | 194427 0.47% ||
1 | 1.9546 | 0.00% | 1.9520 | -0.13% | 1.9448 | -080% ||
i o 1.9526 | 0.00% | 1.9496 | -0.15% | 1.9448 | -0.41%
16 1.9621 | 0.00% | 1.9596 | -0.13% | 1.9526 | -0.48%
15 13 .1.9508 | 0.00% | 1.9479 | -0.15% | 1.9420 | -0.45%
“12 .} 19852 | 0.00% | 1.9517 | -0.18% | 1.9450 | -0.829%
28 1.9884 | 0.00% | 1.9520 ] -0.17% | 1.9460 | 0.48% |
20
Weight
igm)

25
' 1.9438
19 1.9406 | -0.65% | 1.9344 | -0.97% J
18 19413 | -0.68% | 1.9355 | -0.08% |

4 19414 | -0.58% | 1.9346 | -0.92% ﬂ B



(dgm Ww. % (gm W. %  (gm . w. %14 1.9300 0.00%

1.9282 -0.09% 1.9256 -0.23% 31 - 1.9303 0.00% 1.9282 -0.11%
1.9247 - 09620619 8 1.9305 0.00% 1.9285 pdrni$dhsai. 9265
-0.21% 2 1.9357 0.00% 1.9340 -0.09% 1.9312 -0.23%15
1.9328 0.00% 1.9342 -0.07% 1.9321 -0.04% 20 1.9312 0.00%
1.9288 -0.12% 1.9259 -0.27% 13 1.9323 0.00% 1.9302 -0.11%
1.9276 -0.24% 20 11 1.9374 Q0Q% 1.9353 -0.11% 1.9321
-0.27% 23 1.9332 0.00% 1.9311 -0.11% 1.9283 -0.25% Average
0. 00% -0.09% -0.23% Std. Dev. 0. 0000

0. 0006 0. 0007 TABLE 15B 25 Jar #2 Ti me 147. 8 Ti me
622.0 (hrs) (hrs) Tenp. 27[err] C Tenp. 27[err] C Sanpl e
Wei ght 1 odi ne Weight 1odine # (gm w . % (gm w. % 14

1.9229 -0.37% 15702600474 \.og-ga-z‘?o;g—b :
PCT/ US95/ 16217 - 48] 181 | 18492 | omems. | 1843000k0.97% . 178 - 0. 65% 8
1.9239 -0.34% 19223 [~ 04206 2eon 1_93393.33;1,9{0. 35% 1.9265 -0.48% 15

1.9298 -0.18% 1|Fo2%e—t0—26%5 1.9238 -0.38% 1.9219
-0.48% 13 1. 0282 la.ssymd -o.e8%0b2p3ss_ jo0a5%cfh 1 1.9302 -0.37%
1.9285 -0.46% 23 | 25 1..%363 | 0.4h3pYasszl} 924 | - 0. 45% Aver age

- .35% - 0. 5o To- ST o ~ 0.0007 0. 0009
TABLE 16A Jar 2#3 [.3%i 1.94p5 4 -0.61% [r184331 | -049% Ti me 99. 5

Aversge -0.84% -0.97%

Std. Dev.

10
31 1.9303 { 0.00% | t.8282 | -0.11% | 1.8247 | :0.29% "
15 8 1.9306 | 0.00% | 1.9285 | -0.10% } 1.9265 | -0.21% Il
2 1.9357 | 0.00% | 1.9340 | -0.08% | 1.9312 | -0.23% il
15 1.9328 { 0.00% | 1.9342 | .0.07% | 1.9321 | -0.04%
“ 20 198312 { 0.00% | 1.9288 { -0.12% | 1.9259 | -0.27%
13 1.9823 | 0.00% | 1.9302 | -0.11% | 1.9276 | -0.24%
20 1 19374 | 0.00% { 1.9383 | -0.11% | 1.9321 | -0.27%
23 1.9332 { 0.00% | 1.9311 | -0.11% | 1.9283 | -0.25% "
Average 0.00% -0.09% -0.23%
Std, Dev. 0.0000 | 0.0006 0.0007
TABLF 158
25 622.0

-0.47% “




25

~(hrs) (hrs) (hrs) Tenp. 27[err] C Tenp.
27] err]v%3 Terrp 27C Sanpl e Wei ght | odi ne Wei ght | odi ne . Wi ght
| odi ne M®96/20019- (gm w. % PCT/USOHMG217  wt. % -
(gm w. % 12 1.9224 0.00%  1.91216 -0.04% 1.9199 -0.13% 18
1.9229 0. 00% 1.9215 -0.07% 1.9164 -0.34% 15 1.9251 0. 00%
1.9243 0.04% 1.9227 -0.12% 28 1.9221 0. 00% 1.9206 0.08%
1.9191 -0.16% 20 19 1.917048-0. 00% 1.9163 -0.04%
1.9152 -0.09% 30 1.9199 0.00% 1.9186 -0.07% 1.9175 -0.13%
21 1.9301 0.00% 1.9292 -0.05% 1.9284 -0.09%8 . 1.9197
0. 00% 1.9193 -0.02% 1.9179 -0.09% 31 1.9173 0. 00% 1.9160
-0.07% 1.9147 -0.14% 25 Aver age 0. 00% -0. 05%
-0.14% Std. Dev. 0. 0000 0 0002 0. 0007 TABLE 16B
Jar #3 Time " ONRLCY PN g WO 96/ 20019 . '
PCT/ US95/ 1621 7240~ ,az _ pi—adi err] C Sanpl e Wi ght | odine
Wi ght | odi nfp s# 1S(zqs’r) -0.34% |- % _. %12  1.9180 -0.22%
1.9187  -0.19f6,5 Tt ) 1 1.9183 -0.24% 15 1. 9209
20.22%  1.92 f.’%%@?, 239"3&1L S5l 1. 9157 -0.33% 19 1.9135 -
-0.18% 1.914Q5 V298 J00-18% . ;-2% 1.9180 -0.20% 10 21
1.9265 0. 190650 1.|9268s | 0985 o4desd¥57 - -0.21%  1.9167 -0.16%
31 1.9132 : 9130 o0 AV ETjage -0.22% -0. 20%
_ 13 1.9252 | -0.37% -0.47% .
11 19302 | -0.37% | 1.9285 | -0.a6% | P
23 1.9263 | -0.36% | 1.9245 | -0.5% ]I
Avenﬁe -0.35% -0.46% u o
10 ) '
.15
20



St*d. Dev. 0. 0002 0. 0005 15 Mechani cal Testina Study: This study
nmeasured the tensile properties of the sanples prepared in the previous
absor pti orwet9erge1 The sanme control group utilized in the abemupssnemrst udy
was al so used as a control in this study. Each of the 20 sanpl es were
eval uated based on a pull test on an Instromtensile tester. Tables 17 - 20
detail the results of this study. Table 17 shows testing results on the
control group, dry uninpregnated Hytrel[err] §anp|es Tabl e 18 shows
testing 25 results on Hytrel[err] sanples | npregnated with .43%dry

I odi ne. Tabl e 19 shows testing results on Hytrel[err] sanples | npr egnat ed
wth 1.06%dry iodine. Lastly, table 20 shows testing results on
Hytrel[err] sanples inpregnated with 2.29%dry i odi ne. WO 96/ 20019
PCT/ US95/ 16217 -50- TABLE 17 Unlnpregnated Hytrel [err] -control group
Speci nmen Peek d ngathon at % Strain at
D spl acenent Nunb: ’ Break (in) Aut o,
Br eak at ThresHf 1 126. 8
126. 6 5. 17( . : , 123.9 123.9
4.990 998.1e o 116.7 4.810
962. 0 . 4849 | 5. 100 1020.0
L4776 5 5 954. 0 . 4515
10 4. 980 996. 0
. 4450 7 1014.0 . 4615
8 126.2 | 28 129173 | -0.25% | £e18P0 -0.33% 1040.0 4615 9
122. 2 122. 97 . ' . 4687 Mean:
1.9156 { -0.22% | 1.9160 } -0.20%
10 “ 21 1.9265 | -0.19% | 1.9267 | -0.18%
1.9157 | -0.21% } 1.9167 | -0.16% ]‘
31 19132 { -0.21% | 1.9136 | -0.19% "
Aversge 0.22% -0.20%
Std. Dov. 0.0002 0.0005

15 Mechanical Testing Study:

This study measured the tensile properties of the
samples prepared in the previous absorption study. The
same control group utilized in the absorption study was
also used as a control in this study. Each of the

20 samples were evaluated based on a pull test on an Instron
tensile tester.

Tables 17 - 20 detail the results of this study.
Table 17 shows testing results on the control group, dry
unimpregnated Hytrel® samples. Table 18 shows testing

25 results on Hytrel® samples impregnated with .43% dry
iodine. Table 19 shows testing results on Hytrel®
samples impregnated with 1.06% dry iodine. Lastly, table
20 shows testing results on Hytrel® samples impregnated
with 2.29% dry iodine.



15 St andar d 3.8 3.8 . 147 29.5

. 0134 i .on: M ni mum 116.7 116.7 4.770
954. 0 %E”x’%‘ﬁ%o Maxi mum 126.9 126.9  PCT/USS/16H4F
1040.0 . 4849 TABLE 18 20 Hytrel[err] | npregnated
with .43%dry iodine Specinen Peak Load . Break Load " El ongat i on
at % Strain at . Di spl acenent Nunber (I bs) (I bs)
Break (in) Aut 0, Break at Thresh (9§29 Yield (in) 119.10 _
118. 90 4. 960 992.0 . 4646 2 117.70 117. 40.
4.990 980.0 . 4983 25 ' Excl uded' 60. 50
59. 15 2.430 .486.0 . 5150 4 121.70 121.70
5.070. 1014.0 . 4646 5 118.80 118. 50 4.930 :
986. 0 . 4781 6 126. 70 126.60 5. 300 1060. 0
4781 7 120. 70 120.70 IABLE 37060 = = 1012.0 . 4853
30 8 11@nithpregnatelll Bytdel® —conthot 3fabd 972.0
. 4937 WO 96/ 20019 . S o |

- PCT/ US95/ 16217 pm& . d =02 986. 0
. 4944 Mean: Spocimonll ) irg _ maament
4821 St andar d fi Number 3 [3{hs) ) - () 36 Break (in) . ] 4 Auto, Break | sPThreph
. 0131 Derivati dfs M- 11601 1% 315 gg viedin 4 _ds0
972. 0 5 . A646 Maxi fum izes | 126260 51206. 60 10340 |5. 3004
1060. 0 %49% TAHCE J3Fhtf b T{06%Jry ifodi ne
Speci men Pe d—toad- Br-etk—tp i _ '
Di spl acenment 1 3 J#unhél” : (i n)‘
Aut o, Break t Thresh (%aee ] 124598
124.8 54270 OS540 T8 AT 1237 23.0 -
5220 1 A1 N0S W8, 2 117.6 1 jd7?0 . 95499 - 4515 040 -
1008.0 10 .4683 s 128 | 1237 | 4980 | 960 4450

7 125.4 1253 | . sor0 | 10140 4815
8 1262 | . 1262 ']. s.200 1040.0 4615 -

15
- ~ TABLE 18 @ . _
20 Hytrel® Impregnated with .43% dry iodine
Specimen Peak Load - "Bno'k'l.'o.a::d"'. Elongatio'h at %.Strain at Displacement
Number _(ibs) Ubs) - _ Break (in) Auto, Break at Thresh
(%) . ¥ Yield (in)
v ] veao | vieso | ase 9920 4646
| | 2 117.70 1740 | ase0 |  eso0 4983
25 “Exciuded* | 6080 | 8915 | 2430 | ‘ass0 | 0
4 a0 | a0 | sow 1014.0 4648
5 11880 | 11850 " 4930 986.0 4781
6 12670 | 12660 | 5300 10600 4781
7 120.70 120.70. 5.060 1012.0 4853
30 8 116.00 115.80 4.860 972.0 4937 “




4. 111. 4 111. 4 4.770 954. 0 . 4659 15

5 122. 8 122.5 5.110 1022.0 . 4691 6
119.5 WO 96120018 4.990 998.0 . 4656 PCTI/USIS/I6217 117, 1
117.0 4. 920 984.0 .4822 8 118. 6 118.4
5. 020 1004.0 . 4786 9 118.2 118.2 4. 950
990.0 . 4822 20 Mean: 119.5 119. 4

5. 032 1006. 0 . 4742 Standard -51-4.0 3.9

. 153 30.7 . 0069 Derivation: M ninmm 111. 4

111. 4 4.770 954.0 4656 Maxi mum 124. 8

124. 8 5.270 1054.0 . 4822 25

TABLE 20 Hytrel[err] Inpregnated with 2.29% dry i odi ne Speci nen Peak
Lead Break Load El ongat [ on at % Strain at Di spl acenment Nunber

(1 bs) (|bS) Break \||| AUT O, 1 Dr cak a[ |nres (‘Vgs Yl|d
(in) 1 11p. 6 9® 8¢ 117.8@ 15 4.930 355 na/ ¥
0 o 96,2200_%% -som 5 -401 -104?*81 0

! } = = ! S 1
52- 3 105.9 20 ot | 19931 0
104. 0 4. 900 ‘ ‘.n.. ____aC _adin ool
- ggzé 6 03%3- 5 —Mlmm;]n13 —1155 -0 115,880 -0 4860 - 4 _5 992.0 _5646
103. 103.9 |FF=r8O=—y——95Z- 0 | . Frez. of

4.870  .974.0 | N o rosoppp] ) asss ol
Mean: 108. 3 . . 993. 6 4781 St andard .

3.9 .144  28.8 . 0065 10 De/BABLE &2 M nimum  103.9 103.9
4.760 952.0 . 4654

%‘1‘ Im i-lénﬁted wi‘éﬁ 3. 06% &r¢490dinéd28. 0

. 4825 Based on these nt

Bresk Load Elongation at % Strain at Displacement
10 {ibs) Break {in} Auto, Break at Thresh
(%6} Yield {in}
“ 1 124.8 124.8 5.270 1054.0 4777
“ 2 123.2 123.0 5.220 1044.0 L4784
“ 3 119.7 119.7 5.040 1008.0 4683
4 111.4 111.4 4.770 954.0 4659
15 I‘ 5 122.8 1225 5.110 1022.0 .4691 ‘
“ 6 119.5 119.3 4,990 998.0 4656
" 7 117.1 117.0 4,920 984.0 4822
8 118.6 118.4 5.020 1004.0 4786
9 4822
20
25
Specimen Peoek Load Break Load Elongation at % Strain st Displacemeant
Number (Ibs) Ubs} Breek (in} Auto, Break at Thresh
{%} Yield (in}
1 110.8 110.5 $.110 1022.0 4688
30 ﬂ 2 111.8 111.5 5.140 1028.0 4822




was f ound to not adversely affect the elongation at 15 br eak. Fbmever,\
t he brq@# % ﬁ; decreased slightly in the 2.29% i odi ne caps. The inventors
bel i eve a's esult is possibly due to the 60[err] F teﬂﬁﬁ' l%xposure .
during absorption. Antibacterial Effectiveness Study: 20 To

measure the ability of the inpregnated plastic conponents to elimnate

m croorgani sns, two experinental anal yses were conducted. The first
experiment used the inpregnated caps prep&2&d in the prior absorption study
to disinfect approximately 10[err] colony form ng units of 25

St aphyl ococcus aureus bacteria. Connecting devices were purposely

contam nated with 10[err] (colony formng units) of S. aureus. Caps
i npregnated with the three |l evels of iodine were then placed onto the’
connecting devices and left on for one 30 hour. After one hour, the
caps were renpjed apd the cqpRect) ng,gqvi cps ghared| i nig, hacieri ghogi fal
grow h medi um- =170 ~TOtT HTact TRt Ty agert—t ot Yo '
96/ 20019 4 ] 1040 | 1040 _ASMCT) LSO9EA® 21 - 54854 an
continuing bactericgdal jactigsisty.| They.sred] a uRse | Ncukgéed at 3Re, an
observed for g =g aureus. [ TNE_Tesu TS _are atsprayedim 1.
Table 21 5 T . P38l o Wnyi ho B89 b 190BR ¢ lop 482 | es
tested Gagp 1§ 7 7/ 7rdasoup| 2 1038 . | © 4hé. G pupeBao - .a786/ 7 |10
The second expdrinment evalu d the ant) m Erohi et off 1odlpe
| npr egnat ed pl —e—ch p.%‘%ed et ?Qfeg be%cgiss <t 34 o2y to
I odi ne i npregndted @ 113.0 .. 1o - '6.140 1028.0 4825

Mean: .- 1083 | . 1082 4968 - 993.6 4781 '

- Standard ST Y Ry - 28.8 0065

10 Derivation: . S . - R S
| Minimum: 1039 || 1029 4760 9520 4654
Maximum: | 1135 J| 133 | sas0 0 || 10280 .4825

Based on these meéha_nic_:al “te's“_ting ‘methods, iodine
was foﬁ_nd to not advefsély a_ffect the elongation at

15 = break. However, the break force decreased slightly in
the ',_2.29% iodine caps. ‘The inventors believe this result
is p_ossi’bly'due to the 60° F temperature exposure during

- absorption. |
Antibacterial Effectiveness Study:

20 .~ 7o measure the ability of the impregnated plastic
cb‘inbonehts to eliminate miéroorganisms, two experimental
analyses were conducted. ‘The first experiment used the
impregnated c_ari_s'-_:' prepared in the prior absorption study
to disih’fegﬁ approximately 10° cbl’ény 'f"o'rming units of

25 Staphylococcus aureus bacteria. _
Connecting devices were purposely co_ntaminated with
loscfu (colony formj_.ng units) of 8. aureus. Caps

impregnated ‘'with the three levels of iodine were then
pléée_.d onto the "conhect"ing devices and left on for one
30 hour. After one h'ou_r," the caps were removed and the
ddrinéct_ing devices "placed into bacteriological growth
mediﬁm containing an iodine inactivating agent to halt



caps. The test design was essentially the same as for inpregnated caps.

Test results indicated that the iodine 15 vapors fromthe di sks were

suf fi ci ent wometosmenf ect t he connecting devices. It shoul d reTaSdSIE21DOd

t hat various changes and nodifications to the presently preferred

enbodi ments described herein will be apparent to those skilled in the 20
art. Such changes and nodifications can be nade without departing fromthe
spirit and scope of the present invention agg- without dimnishing .its
attendant advantages. It is therefore intended that such changes and

nodi fications be covered by the appended cl ai ns. WO 96/ 20019

PCT/ US95/ 16217 -54- WE CLAIM : 1. An antim crobial material conprising:
a plastic material; and a nol ecul ar hal ogen entrapped within the plastic 5
material, the nDIecuIar hal ogen not being conplexed with the plastic
material. 2. 88hkThE3AN! BackRLeEiah) Gocsditiyn Inpbonghoa! Were
plastic materi al |s hosen t consi st ol yet hyl ene;

pol ypropyl ene; pol incybaked ab 35Cc§9@|9g§§§YedpSP§caFSHF§t9Fp§|yéﬁﬁﬁn
bllend and styrene-pgpé hylonpedUye efspiayedein aplemns. 3. The
antimcrobial material of Caim 1 wherein inEiX|nately 0 to 40% of the
nol ecul ar hal ogen is entrapped in the pla eri al 15 4

The antim crobi al Tesersahples G o | e ntfdct nis
i odi ne. 5. The_ant|n1crob|a* teégeé]emlﬂ 1 mhereln the pl astic
material is shaped into a nedica a us.
Group 1 717
Group 2 7/7
Group 3 6/7
10 The second experiment evaluated the antimicrobial

efficacy of iodine impregnated plastic disks placed at
the bottom of the caps as opposed to iocdine impregnated
caps. The test design was essentially the same as for
impregnated caps. Test results indicated that the iodine

15 vapors from the disks were sufficient to disinfect the
connecting devices.

It should be understood that various changes and
modifications to the presently preferred embodinents
described herein will be apparent to those skilled in the

20 art. Such changes and modifications can be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant
advantages. It is therefore intended that such changes
and modifications be covered by the appended claims.



20 The antimcrobial material of Claim 1 wherein the

mol ecul Qﬂo@ en is partially conplexed with the plastic material. 7. .

A dial sq nne_ctor cap for wuse in dialysis conpri M@S!‘i’!ﬁz“ a,
plastic material; and a nol ecul ar hal ogen entrapped within the plastic
material. 8. ‘The connector cap of Claim7 wherein the plastic materi al
I's chosen fromthe group consisting of: 30 pol yet hyl ene; pol yur et hane;
polypropylene Qoly tyrene; copol yester; p®#ycarbonate/ pol yester blend and
styrene- eth G “ﬂ ylene styrene copol yners. WO 96/ 20019

l The connector cap of Claim 7 wherein

app % of the nol ecular halogen is entrapped in the plastic
naterlal The connector cap of Claim?7 wherein the 5 nmol ecul ar

hal ogen is |od|ne 11. The connector cap of Caim.,7 wherein the connector
Is used in dlaIﬁELszﬁazL_A directional rel ease materi al conprising a first

plastic material. haV| i ”pre%?‘tag'&ffuﬁgﬁﬁla]lo materid % J rst

pl astic material. and t e halogen I.ning an outer surf aV|ng a first
rel ease rate for the RaRIgHEicy 15 @&nd.c material having i npregnat ed

therein the hal ogen, Hﬂﬁumﬁ)'ﬁ&lb@eﬁaéﬂtrabpéﬂdwﬁhﬁﬂﬁ the fmwﬁb
defining a rel ease, rate for th

Ri
o tond Pel Gase Matariale cha! med etu RS RE165pE RSt K6 nd eomp fexsa HER
di recti onal relﬁﬂ&ey@hdﬁﬁt|ﬂﬂtﬁﬁiﬁl. R

2. The antimicrobial material of  Claim 1
wherein the plastic material is chosen from the group ‘
consisting of: polyethylene; polypropylene; polystyrene;

t he -

10 copolyester;.polyca:bonate/polyester blend and styrene-
ethylene~butylene-styrene copolymers.
3. The antimicrobial~ material of Claim 1

wherein approximately 0 to 40% of the molecular halogen
is entrapped in the plastlc materlal.

15 4. The antimicrobial material of Claim 1
wherein the molecular halogen is iodine. '
5. The antimicrobial material of Claim 1
" wherein the plastic material is shaped into a medical
apparatus. '
20 . 6. The antimicrobial material of Claim 1

wherein the molecular halogen is partially complexed with
the plastic material.

7. A  dialysis connector cap for use in
dialysis comprising:
25 a plastic material; and
a mblecular_halogen entrapped within the plastic
material. _ '
8. The connector cap of Claim 7 wherein the

plastic material is chosen from the group consisting of:
30 polyethylene; polyurethane; polypropylene; polystyrene;

copolyester; polycarbonate/polyester blend and styrene-

ethylene-butylene-styrene copolymers.



13. The directional release material of Caim12 20 wherein the first
and the second plastic material are each chosen fromthe group consisting

of : pol yet WQ2620019p0l yur et hane; pol ypropyl ene; pol ystyr ene;pcxarsokiesdt er ;

pol ycar bonat e/ pol yester bl end and styrene-ethyl ene- butyl ene-styrene

copol yners. 25 14. The directional release material of Caim 12
wherein approximately 0 to 40% of the halogen is inpregnated in each of the

first ant—the—secondpfastic material. 15. Jhe_directional release material
of Claim: "a“ | 3 §§ he hal ogen is iodine. 16. A nethod for making a
di si nf ect L sl i i sing the step of contacting a plastic materi al
with V\D*96/‘20619" 5o PCT/ US95/ 16217

-56- a hal ogen gas, the hal ogen gas absorbing in the plastic material. 17.
The met hod of Claim 16 further defined by contacti ng the plastic material

with an elemental 5 hal ogen, 'Itrpaasu e dl hg&s S%dﬁl 9 g,*,lgg?in

hal ogen gas that absorbs in the ter The Te
16 wherein the pl approXxinately 0| sto c4®%cnof f the mnbecvglbnp hagogant igg

of : pol yet hyl ene; ; hystyrene; 10
AU Do it et

copol yester; poly yest Iend and styrene-
et hyl ene- but yl ene-styre 'copol Fher §on1!§c PR GAR IRfd ©Yam o7 n¥PRErGAR, EPR
approxi mat el ys0 t amciBowiay hea Tuenpcis daime.absorbed in the plastic

Todi ne. 21, The et hod of- 0 19 TEANERERE Chhp e Caothe 7 WHELEH &B8 '°

connector is used in dialysis.

12, A directional release material comprising:

a first plastic material having impregnated therein

10 a halogen, the first plastic material and the halogen

defining an outer surface having a first release rate for
the halogen;

a second plastic material having impregnated

therein the halogen, the second plastic material and the

15 halogen defining an inner surface having a second release
rate for the halogen, the second release rate being
faster than the first release rate to achieve directional
release of the halogen.

13. The directional release material of Claim 12

20 wherein the first and the second plastic material are
each chosen from the group consisting of: polyethylene;
polyurethane; polypropylene; polystyrene; copolyester;
polycarbonate/polyester blend and styrene-~ethylene-
butylene-styrene copolymers.

25 14. The directional release material of Claim 12
wherein approximately 0 to 40% of the halogen is
impregnated in each of the first and the second plastic
material.

15. The directional release material of Claim 12

30 wherein the halogen is iocdine.

16. A method for making a disinfectant material
comprising the step of contacting a plastic material with



step of controlling a rate at which the hal ogen gas diffuses fromthe
plastlg, %ﬁ 22. The method of daim 16 further conpr|5|ng
the st 6{% rmngthe plastic material into a nedical P&SEEP¥I4R7 23. A |
met hod for inpregnating a plastic material conprising the steps of 25
delivering iodine crystals in an enclosed vessel; and placing the plastic
naterlal in the enclosed vessel for a tine sufficient to allow iodine to

c material. 30 =56= 24. The method of Caim 23

furt “ e step of delivering dry iodine crystals in the
encl ﬁ@u mﬂl 96/ 20019

A -57-*25 The nethod of O aim23 further conprising the steps
of. dellverlng a solution of elenmental iodine in the enclosed vessel; and 5
allow ng solution to evaporate to formiodine crystals. 26. The met hod of
Cl ai m 23 wher ei a hazogenl gas¢ thesbhlbgen gasl abserbingednothenplastic??.
The net hod of QEQS ?Q jWherein the plastic 10 material is a plastic
di sk. 28. A net |npregnat|ng a plastic disk for use in a peritoneal

di al ysi s connector cohpriShig mefhad epf oFlaim| ilfer FHytheni idetinedaky in a
cap for the 15 conaeetiﬁgeatnél apyaktigonpaeeeialPl @githy ahe Rhawentadl Sk

over the |gd|ne CiXég%LSthe elemental halogen subliming into a halogen
gas that absorbs 'in the plastic material.

18. The method of c1aim_16 wherein the plastic
material is chosen from the group consisting of: "
polyethylene; polyurethane; polypropylene; polystyrene;

10 copolyester; polycarbonate/polyester blend and styrene-
ethylene-butylene-styrene copolymers.

19. The method of Claim 16 wherein approximately
0 to 40% of the halogen gas is absorbed in the plastic
material. .

15 _ 20. The method of c1a1m 16 whereln the halogen gas
is iodine. :

21. The method of Claim 16 further comprising the
step of .controll:.ng a rate at which the halogen gas
diffuses from the plastic material. '

20 -22. The method of Claim 16 further comprising the

step of forming the plastic material into a medical
. apparatus.

23. A method for 1mpregnat1nq a plastic material
comprising the steps of: . _
25 : deliverihg-iodine.crystals;in an enclosed vessel;
and e
- placing the plastic material in the enclosed vessel
for a time sufficient to allow iodine to absorb into the
plastic material.
30 24. The method of Claim 23 further comprising the
step of delivering dry iodine crystals in the enclosed
vessel. o '



I n the cap; and securing the cap on the peritoneal dialysis connector. 20
29. The nmethod of Claim28 further conprising the step of delivering dry

i odi ne cr y¢d sgmeion the cap. 30. The method of C aim 28 f uplchrisegAPy | Si ng
the steps of: delivering a solution of elenental iodine in the 25 cap;
and allow ng solution to evaporate to formiodine crystals.

I

-R7=-

25. The method of Claim 23 further comprising the
steps of:

delivering a solution of elemental iodine in the
enclosed vessel; and

5 allowing . solution to evaporate to form iodine
crystals.

26. The method of Claim 23 wherein the enclosed
vessel is a dialysis connector and cap.

27. The method of Claim 23 wherein the plastic

10 material is a plastic disk.

28. A method of impregnating a plastic disk for use
in a peritoneal dialysis connector comprising the steps
of:

delivering iodine crystals in a cap for the

15 peritoneal dialysis connector;

placing the plastic disk over the iodine crystals
in the cap; and

securing the cap on the peritoneal dialysis
connector.

20 29. The method of Claim 28 further comprising the
step of delivering dry iodine crystals in the cap.

30. The method of Claim 28 further comprising the
steps of:

delivering a solution of elemental iodine in the

25 cap; and

allowing solution to evaporate to form iodine

crystals.



