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Intrinsicaily Bactericidal Absorbent Dressing and Method of Fabrication

Dield of the Invention
This invention reiates generally to absorbent dressings, and more particularly highly-
absorbent synthetic polymer dressings having antimicrobial agents artached thereto.

Background of the Invention

Bacterial growth in absorbent dressings for wounds, urinary incontinence digpers, and
menstruation pads can lead to serious medical complications as well as social difficulties. For
example, bacterial growth in urinary incontineace diapers or menstruarion pads usually
produces strong, unpleasant odors that are socially unacceptable and can cause persons to alter
their lifestyle. Cmmﬁmdlbwrbmtpadsforuﬁmrymmmmwmnot
inherently bactericidal. Consequently, the only way to avoid growth of bactesia in the

. abmbm:d:mnpuwchugethm&ﬁequutmvﬂs.mifthubmmyof
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not desimable. Fer instancs, bactesicidal agsats applied wopically o wound AT2JINGS have a
5 tendency to seep into the wound being treated. Furthermore, many antimicrovial drugs, such
as 1odine, are cytotoxic and will rewrd wound healing if used repetitively or at hish
concentrations.
A composition comprising a superabsorbest polymer baving a monolayer (Or near

10

urn, these reactions may weaken or destroy bonds between the silane antimicrobial sgent and
the underlying polymer. Consaqueatly, antimicrobial agent may seep into a wound and retard
wound healing.
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Summary of the [nvention

It is an object of the present invention to provide an inherently bactericidal

superabsorsant dressing Aaving an énaancad surfacs area.
It is another object of the present invention to provide an inherendv bactericidal
superabsorbant dressing having an improved bactericidal attachment structure that resists
degradation upon exposure 10 acids or bases produced, for instance, duﬁng bacterial growth.
These and other objects are achieved by the inherenty bactericidal polymer
composition of the present invention. In the preferred embodiment, the composition comprises
4 polymer matrix having quaternary ammeniym groups tethered to its surface through non-
siloxane bonds. The surfaca area of the polymer matrix is eahanced, for instance, by
clactrostatically spinning a fiber-forming synthetic polymer to form a frayed ﬁbet or filament.
Alternatively, the polymer solution can be wet- or dry-spun 10 create a roughened fiber surface
by controlling the choics of solvent and the polymer solution temperature. Additional surface
area enhancement is provided by tethuinzmohcuhrchains of quaternary ammonium peadent
groups to the surface of the polymer matrix. Tethering may be accomplished by known

In an aiternate embodiment of the invention, mn-ion{c bactericidal molamleé,a:e
coupled to the surface of the polymer matrix, in lieu of ionically-charged molecules.
Ionically-charged molecules anprone’to being neutralized upon encountering oppositely-
charged molecules, For instance, positivaly-charged quaternary ammonium groups may be
neutralized by negatively-charged chioride ions present in physiological fluids. In instances
were such neutralization is significant enough to reduce the bactericidal properties of the
dressing below an acceptable level, non-jonic surface groups may be preferable.

A N SN S ——————
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Detalien Jiessnnnaon C

A novel antibacterial polymer composition is fabricated to have an enhanced surface
area and superabsorbent capacity for biological fluids, including urine, blood, and wound
enudare. '

In the preferred embodiment of the present invention, the compeosition includes a
polymer matrix having quaternary ammeonium compounds attached to the surface of the
polymer matrix. The polymer mamx is comprised of a plurality of hydrophilic fibers or
filaments which can be fabricated in any suitable manner. For example, suitable fibers or
Slaments can be fabricated by wet- or dry-spinning a fiber-forming synthetic polymer from a
spmmng solvent. The resulting polymer has superabsorbent capacity. Generally, polymers

alcohols. For example, methods for spinning polyethylene oxide using acetone solvent' are

well known.

Significantly, the polymer matrix is fabricated to have an enhanced surface area.
Emmsmemm“dmepdmmmmmmvedabmdmofmpw
flinds, mdmaummenvﬁhbﬂiwofﬁmbramchmtofmmm quarernary
ammonium cormpounds. A corresponding increase in the quantity and density of antimicrobial

ﬁm.mm,mmeefﬂmyofmcwmpodmmmhngmismmchubzmm




10

15

20

CA 02353436 2001-06-01

WO 00/33778 PCT/US99/29091

temperasure, tc.

by the speed of precipitation which, in tum, is contralled by salvent interaction parameters,

The surface area of the polymer compositicn is further enhanced by tethering chains oI

antimiccoial groups (o the outer suriace cf we individusi peiymer foers. Fraraacty,

molecular chains of quaternary ammonium peadent groups are fabricated to have 2t ieast cnc

end adapted for attachment to a fiber surfacs. For instance, suriace grafting may be

accomplished by creating surface free radicals as initiation sites from peroxide generation

(0zone or microwave). Alternadvely, surface attachment of an interpenetrating network

be achieved using a2 monomer which swells the substrate polymer. The incorporation of
tethered antimicrobial chains has the further benafit of enhancing the functionality of the

compositmn In particular, memdmmmmmmdmmmeparucum

may

bwbﬁalmlumwbindwmmlbactemlmdﬁnlormnms. In contrast to known
dressing compositions in which 2 monalayer (or near monolayer) of bactericidal compound is

directly attached to0 a fiber surface, the chain strucnures of the present invention, which
function like arms extending outwardly from the fiber surface, meﬁwﬁvdybmdthe

antimicrobial sites to harmful organisms. Preferably, tethering is accomplished by grafting the
antimicrobial chains directly to the matsix surfacs, or by selective adsorption of a copolymer to

the matrix surface,

mmmmgmmmmymmﬁﬁmmmmm
polymedzetoanmdiﬁndpolyahylmmﬁceisdauibedby Yahaioui (Master’s Thesis,
University of Florida, 1980). Yahxomdescribaaguﬁngmhmqueinwhichaplum

Grafting techniques are well known in the art For example, quatemary ammonium

T A
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- the present invention results in a sguctiure which is less prone to reacting with acids and bases
- produced by bacterial growth. As previously mentioned, such reactions can degrade the

attachment betwesn the matix and antimicoobial groups. In instances where the composidon

is appuad 0 & wound drasesing, such degradaticn scuid cesuil in antimicToODIAL 2geais detaching
from the palymer matrix and entering a wound site. In some cases, this can have the
deleterious effect of retarding wound healing.

In an alternate embodiment of the present inveation, anionic antibaciericidal groups are
immobilized on the surface of a superabsorbant dressing to improve the antibactericidal
efficacy of the dressing. The positive charge associated with quaternary ammonium groups,
for example, can be neutralized by negative ions, such as chloride ions present in physiological
fluids such as urine and plasma. For applications where the degree of neutralization will
significantly reduce the effectiveness of the antibactaricidal agent, amomc aurfaae groups ¢an
be substituted for quaternary ammonium groups. Examples of chemical compounds that can
be usad to produce immobilized anionic surface groups include Triton-100, Twean 20 and
deoxychalate. Far instance, Triton-100 contains 2 free hydroxyl group which can be
derivatized into a good leaving group, such as tosyl or chloride, and subsequently reacted with
a base-treated polymer, such as methyl cellulose, to yield a surface immobilized non-jonic

surfal ant | .
Dimethyldially! ammonium chloride is one example of a suitable monomer which may

also suitable. One such example is rimethyl(p-vinyl benzyl) ammonium chloride; the methyl
groups of this monomer can be replaced by other alkyl groups to iropart desired properties.

Alternatively, mothacrylate-based monomers may be used; however, they may suffer from
hydrolytic instability undar acidic and basic conditions in a fashion similar to the stlane-based

treatments of the prior art. Consequently, methacrylate-based monomers are not preferred.
While the preferred embodiments of the invention have been illustrated and described,
it will be clear that the invention is not so limited. Numerous modifications, changes,

6
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vadiations, subsdaitions and equivalents will occur to those skilled in the art without departing
from the spirit and scope of the present invention as described in the claims.
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We claim:

1. A dressing for absorbing biological fluids, comprising:

4 3UTeradscroen: pelymar maii having an amianced susfice ares; and
a pluraiity of antimicrobial compounds coupled by non-siioxane bonds to said pelvmes
matrx.

2. A dressing as recited in claim 1, wherein said plurality of antimicrobial compounds
comprise quatssnary ammeotium compounds.

3. Kdras:ingasmdtedinchim 1, wherein said antimicrobial compounds comprise
chain-liks structures tethered at one end to said polymer matrix.

4. A dressing as rocited in claim 1, wherein said plurality of antimicrobial compounds
are non-ionic compounds. |

5. A dressing as recited in claim 1, wherein said dressing comprises 2 sanitary pad.
6. A dressing as recited in claim 1, wherein said dressing comprises a tampon.

7. A dressing as recited in claim 1, wherein s2id dressing comprises a bandage.

8. A method for fabricating an intrinsically antimicrobial absorbent dressing,

comprising the steps of: ~
forming a superabsorbent synthetic polymer matrix having an enhanced surface area;

and
attaching a pluralicy of antimicrobial compounds to the enhanced susface area of said

polymer matrix.
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