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inflammation de la peau, chez un individu portant ledit
article, cette 1nflammation pouvant entrainer un
¢rytheme fessier ou papulo-¢rosif. L’article de cette
invention comprend de préférence un systeme d’apport
destin¢ a contenir ledit inhibiteur de protéase, et a
apporter ce demier a au moins une partie de la peau de
["utilisateur. Id¢alement, ce systeme d’apport renferme
une composition de somn de la peau, dont au moins une
partie, notamment 1'inhibiteur de protéase, est
automatiquement transtérce de 1’article a la peau de
I’utilisateur, et ce sans aucune intervention manuelle au
cours de 'utilisation normale dudit article, formant ainsi
une protection contre les proteases fecales a I'interface
peau-feces. Une application répetee d articles traites de
maniere similaire sur la peau d’un utilisateur constitue
1dealement une source disponible, a partir de laquelle
ledit inhibiteur de protéase est progressivement transtere
vers la peau, pour ensuite s’accumuler et constituer une
protection proactive contre les protéases fecales, ce qui
permet de réduire ou de prévenir 1'érytheme papulo-
¢rosit provoque par des enzymes proteolytiques.
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the skin of a wearer of the article resulting 1n diaper rash
or diaper dermatitis. Preferably the article further
comprises a delivery system for releasably containing
and delivering the protease inhibitor to at least a portion
of the skin of the wearer. More preferably, the delivery
system comprises a skin care composition and at least a
portion of the composition, mcluding the protease
inhibitor, 1s automatically transterred from the article to
the wearer’s skin without manual mtervention during
normal usage of the article to form a defense against
fecal proteases at the skin-feces interface. Most
preferably, repeated application of smmilarly treated
articles to the wearer’s skin provides an available source
from which the protease inhibitor continuously transfers
onto the skin over time and accumulates to provide a
proactive defense agaimnst fecal proteases for the
reduction or prevention of diaper dermatitis due to
proteolytic enzymes.
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PROTEASE INHIBITORS IN ABSORBENT ARTICLES

BACKGROUND OF THE INVENTION

The invention relates to absorbent articles such as diapers, training pants, adult
incontinence briefs, feminine hygiene products, and the like. In particular, the absorbent
articles of the invention contain fecal protease inhibitors and are useful for the prevention and
treatment of diaper rash.

Diaper rash is a common form of irritation and inflammation of those parts of an
infant's body normally covered by a diaper. This condition is also referred to as diaper
dermatitis, napkin dermatitis, napkin rash and nappy rash. While certainly more common in
infants, this condition is not, in fact, limited to infants. Any individual w};o suffers from
incontinence to the extent that the use of absorbent articles 1s required may develop this
condition. Susceptible individuals range from newborns, to the elderly, to cntically ill, to
nonambulatory individuals.

Many types of disposable absorbent products, such as diapers, training pants, aduit
incontinence devices, sanitary napkins, panty liners, and the like, are available that have a
high capacity for absorbing urine and other body exudates. Disposable products of this type
generally comprise some sort of liquid-pervious topsheet material, an absorbent core, and a
liquid-impervious backsheet material. Although these types of absorbent structures may be
highly efficient for the absorption of liquids, it is well recognized that long-term wear of such
absorbent articles may compromise the underlying skin in terms of overhydration or exposure
to skin irritants commonly found in body exudates. Part 21, Section 333.503 of the Code of
Federal Regulations defines diaper rash as "[a]n inflammatory skin condition in the diaper
area (perineum, buttocks, lower abdomen, and inner thighs) caused by one or more of the
following factors: moisture, occlusion, chafing, continued contact with urine or feces or both,
or mechanical or chemical irnitation." It is generally accepted by the medical profession that
true diaper rash or diaper dermatitis is a condition which is, in its most simple stages, a
contact irritant dermatitis resulting from extended contact of the skin with urine, or feces, or
both. Among the most commonly accepted factors linked to diaper rash are ammonia, fecal
enzymes, bacteria, the products of bacterial action, unine pH, and Candida albicans.

As discussed in Buckingham, U.S. Patent No. 4,556,560; Zimmerer, U.S. Patent No.
4,657,537, Berg and Stewart, U.S. Patent No. 4,685,909; Jordan and Ryan, U.S. Patent No.
4 842.593: Andersen et al. (Contact Dermatitis 30:152-158, 1994); MacFarlane et al. (J.

PCT/US99/05315
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No. 4,842,593; Andersen et al. (Contact Dermatitis 30:152-158, 1994); MacFarlane et al. (J.
Appl. Bacteriol. 64:37-46, 1988);, and Buckingham and Berg, (Pediatric Dermatology
3:107-112, 1986), there 1s evidence that fecal proteolytic and lipolytic enzymes, of intestinal
and/or pancreatic origin, play a direct role in causing the skin irritation and inflammation of
diaper rash. Studies with inhibitors designed to inhibit the enzymatic activity of various
classes of proteases showed that serine proteases, cysteine proteases and metalloproteases
were the most likely to be responsible for the overall proteolytic activity of feces. It is known
that the serine proteases trypsin and chymotrypsin, in particular, are nearly always present in
grossly measurable quantities in the stools of normal young children, and smaller but
detectable quantities are present in normal adult stools.

The irmntating effects of fecal enzymatic activity toward the skin are likely to be
amplified if urine is present and/or if the skin is occluded. The production of ammonium
hydroxide by the action of the bacterial enzyme urease on urine results in an increase in pH,
for example to levels of 7.0 and above, at which the enzymatic activity of proteases and other
enzymes such as lipases present in feces is enhanced. For example, the optimal pH range for
urease activity is 6.4-6.9, for trypsin 7.8 to 8.2, and for lipases 7.5-9.5. At a pH greater than
7.0, free ammonia is released from urine as a toxic additional skin irritant. Urine itself can
also contribute to diaper rash by adding moisture to the diaper environment. Water, and
particularly water in the form of urine, is especially effective at diminishing the barrier
property of skin, thereby enhancing the susceptibility of skin to fecal enzyme irritation. Since
urine and feces are commonly present in the absorbent article at the same time, and exposure
to the skin for several hours is not uncommon, suitable conditions and ample time are
available for this interaction and the resulting skin damage to occur. An alkaline feces pH is a
further contributing factor to enhanced enzymatic activity of feces. For example, it is well
known that although the feces of breast-fed babies are usually acidic, the feces of bottle-fed
and spoon-fed infants are generally alkaline, with a pH ranging from slightly alkaline (pH 7.2-
7.5) to very alkaline (pH 8.7 and above). Thus bottie-fed and spoon-fed infants in particular
may have a propensity to develop diaper rash due to pH-enhanced activity of fecal enzymes.

In view of the foregoing proposed causes of diaper rash, many approaches have been
taken in an attempt to reduce or prevent its occurrence. Many of the most practical
approaches attempt to address multiple causes or important cofactors. Reducing skin
hydration by frequent changing of diapers, the use of moisture absorbing powders, the use of

superabsorbent materials, and improving air flow in diapers are well known approaches. The

use of artificial barriers is also widely practiced. Typical of these is the use of a topical cream,
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ointment, lotion or paste to provide some degree of physical barrier protection to the skin
against fecal or urine irritants, regardless of their specific nature. However, the barrier
approach, while reducing access of irritants to the skin, may be occlusive in itself and can be
aestheticallyunpleasing.

In another approach, attempts have been made to maintain skin pH by the use of pH
control agents, such as buffering agents or acidic ammonia-neutralizing agents, in an
absorbent article or as ingredients in topically applied skin care products. It 1s thought that
effectively maintaining skin pH in its natural acidic state (i.e., about 3.0 to about 5.5) may
counteract the irritating effects of ammonia and reduce the activity of fecal enzymes.
Reducing the enzymatic activity on the skin by this approach, however, is potentially difficult
in the situation where alkaline feces are deposited directly on the skin following a bowel
movement.

Certain anti-enzyme compounds have been included in topically apphed
compositions for treatment or prevention of diaper rash caused by the prolonged contact of
human skin with body wastes. For example, U.S. Patent No. 4,556,560 describes
compositions containing water-soluble lipase inhibitors that are preferably metallic salts such
as zinc chloride in a barrier-like carrier such as polyethylene glycol. U.S. Patent No.
5,091,193 describes compositions for application to the skin at the time of diaper change that
contain a chelating agent such as phytic acid, ethylenediamine tetraacetic acid, (EDTA) and
the like, that restricts the availability of metals that ureases and proteases require as cofactors
for activity. The compositionmay further include a lipase inhibitor such as an ester of a fatty
alcohol or an additional anti-enzyme, such as a saturated or unsaturated, linear or branched
zinc salt of a fatty acid of 2 to 22 carbon atoms or an aminated acylated acid such as
propionylcysteine, propionylhydroxyprolineor caproylcysteine. Cleaning wipes having skin
cleaner compositions that incorporate protease inhibitors have also been described for use in
place of toilet paper for cleansing body excreta from the skin to prevent irritation.

Although there appear to be multiple factors involved in the development of diaper
rash, it is likely that the physiological responses of the skin to irritants such as fecal enzymes,
ammonia, and the like, may involve some common mechanisms. For example, it 1s known
that the production of cytokines by skin cells is a common response to the presence of irritants
and to perturbation of the outer barrier layer of the skin (the stratum corneum). The principal
cell type that appears to be involved in the production of cytokines is the keratinocyte, which
is the cell type found directly beneath the stratum corneum and is the most likely to imtially

encounter an irritant. It has been demonstrated that the keratinocyte secretes a wide variety of

PCT/US99/05313
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different cytokines, including the proinflammatory cytokine interleukin 1-alpha (IL-1a), in
response to irritants. This cytokine and others induce a cascade of events which may
eventually lead to the physiological appearance of erythema, papules, scaling and ulceration
which are collectively described as diaper dermatitis.

While compositions for the treatment or prevention of diaper rash have been
described that include certain inhibitors of urease, lipase and/or protease enzyme activity, it
has not been previously recognized that fecal proteases play an important role in inducing the
initial cytokine response of keratinocytes leading to the inflammatory response cascade and
that the inhibition of proteases, in particular, provides a more specific means of preventing or
treating diaper rash than previously disclosed. In particular, there has been no previous
description of a treatment regimen for the reduction or prevention of diaper dermatitis by
which protease inhibitors are incorporated directly into absorbent articles such as diapers and
the like, or that effective amounts of the protease inhibitors may be delivered automatically to
a wearer's skin from the treated articles without manual intervention. Further, it has not been
previously recognized that the use, preferably the repeated use, of treated absorbent articles
may automatically transfer sufficient levels of the protease inhibitors to selected regions of the

wearer's skin to provide a proactive defense against fecal protease penetration and activity.
SUMMARY OF THE INVENTION

The invention provides an absorbent article, at least a portion of which has a protease
inhibitor incorporated therein to decrease the activity of fecal proteases that may otherwise
initiate or contribute to inflammation of the skin of a wearer of the article resulting in diaper
rash or diaper dermatitis. As used in the context of the invention, the term "protease inhibitor"
means any substance that inhibits protease activity in one or more of the seven assays
described below at (1) an ICs,, as defined below, of about 30 micromolar (uUM) or less,
typically about 0.00001 uM to about 30 uM, more typically about 0.0001 uM to about 20
uM, still more typically about 0.001 pM to about 10 uM, and most typically about 0.01 uM to
about 5 uM, as measured by a Purified Protease Method described below; (ii) at an ICs, of
about 90 pM or less, typically about 0.00001uM to about 90 uM, more typically about
0.0001uM to about 30 uM, still more typically about 0.001uM to about 10 uM, and most
typically about 0.01uM to about 5 uM, as measured by a Specific Fecal Protease Method
described below; or (iii) at an ICy, of less than about 500 uM, more typically less than about
300 uM, and still more typically less than about 100 uM as measured by a General Fecal
Protease Method described below.

PCT/US99/05315
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The protease inhibitor incorporated into the article of the invention preferably
inactivates one or more of the major types of proteases present in feces, 1.€., serine proteases,
metalloproteases, cysteine proteases, and aspartyl proteases. Although any protease inhibitor
or mixture of protease inhibitors that meets the IC,, criteria stated above may be employed in
the absorbent article, it has been discovered and demonstrated herein that inhibition of serine
protease activity in feces by the use of a serine protease inhibitor such as soybean trypsin
inhibitor and hexamidine, in particular, significantly reduces the initial cytokine response by
skin cells to feces. Exemplary suitable protease inhibitors for use in the absorbent articles of
the invention include soybean trypsin inhibitor and hexamidine, as well as aprotinin, p-
aminobenzamidine, leupeptin, pepstatin A, chymostatin,and the like.

The article preferably comprises about 0.0001% to about 30%, preferably 0.0001% to
about 10%, by weight of the protease inhibitor. The inhibitor may be present neat, such as a
powder, flakes, particles and the like, or may be in a carrier vehicle as a solution, suspension,
dispersion, emuision and the like. Moreover, the inhibitor may be releasably contained by a
microcapsule, an absorbent material, a cell, an adhesive, a skin care composition, a sold
support, a nanophase particulate structure, and the like. Preferably the inhibitor in the
absorbent article reduces protease activity, as measured by the Absorbent Article Test Method
(described below), by at least about 10%, more preferably by at least about 20%, even more
preferably by at least about 50%, and most preferably by at least about 80%. Typically the
inhibitor in the absorbent article reduces protease activity by about 10% to about 99%,
more typically by about 20% to about 99%, even more typically by about 50% to about
99%, and most typically by about 80% to about 99%.

The absorbent article preferably further comprises a delivery system for releasably
containing and delivering the protease inhibitor to at least a portion of the skin of the wearer
of the article. The delivery system may be of any configuration including, but not limited to,
one that contains the protease inhibitor in powder, particle or flake form, or 1n a solution, a
dispersion, a suspension, an emulsion, or the like. The delivery system may comprise a
structure such as a microcapsule, an absorbent material, a nanophase particulate structure, a
cell, an adhesive, a solid support, or the like, or a composition such as a skin care
composition. Preferably, the delivery system positions the protease inhibitor in proximity to
the skin during wear of the article and, more preferably, onto at least a portion of the skin of
the wearer of the article, such that the inhibitor can intercept fecal proteases at the skin/feces
interface before they can penetrate to the surface of the stratum cormeum of the skin, thereby

reducing or preventing activation of an inflammatory response.

PCT/US99/033135
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[n a preferred embodiment of the invention, the delivery system comprises a skin care
composition that contains about 0.01% to about 50%, preferably about 0.05% to about 25%,
especially about 0.1% to about 10%, by weight of the protease inhibitor. More preferably, at
least a portion of a wearer-contacting surface of the absorbent article comprises the inhibitor-
containing skin care composition such that a portion of the skin care composition including
the protease inhibitor is automatically transferred from the article to the wearer's skin without
manual intervention during normal usage of the article to form a defense against fecal
proteases at the skin-feces interface. Most preferably, repeated application of similarly
treated articles to the wearer's skin provides an available source from which the protease
inhibitor continuously transfers onto the skin over time and accumulates to provide a
proactive defense against fecal proteases for the reduction or prevention of diaper dermatitis
due to proteolytic enzymes.

An advantage of the protease inhibitor-treated absorbent articles of the invention is
that inhibition of fecal proteases and, therefore, reduction of the skin irritation due to contact
with feces, is a direct result of the inhibitor-enzyme interaction, rather than by any indirect
means, such as a change in pH, the inactivation of a cofactor required for enzyme activity, or
the presence of other skin health-enhancing compounds. By the judicious selection of
inhibitors which inactivate the major types of proteases present in feces, a method for the
treatment and/or prevention of diaper dermatitis is established that requires a very low amount
of the protease inhibitor in the article. Moreover, the inhibitor-enzyme interaction of the
invention is accomplished at high pH levels normally found in soiled diapers and other

absorbent articles under non-buffered conditions.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a schematic illustration of an absorbent article in the form of a diaper
according to the present invention.

Figure 2 is a side view showing placement of a skin analog used in the skin care
composition transfer test and/or the protease inhibitor transfer test.

Figure 3 is a plan view showing placement of the skin analog used in the skin care

composition transfer test and/or the protease inhibitor transfer test.
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DETAILED DESCRIPTION OF THE INVENTION
L. Definitions

As used herein, the term "comprising" means that the various components,
ingredients, or steps can be conjointly employed in practicing the present invention.
Accordingly, the term "comprising" encompasses the more restrictive terms "consisting
essentially of™ and "consisting of”.

As used herein, the term "IC_" means the inhibitory concentration(e.g., a micromolar

concentration, uM) of a substance (inhibitor) which reduces the rate of substrate cleavage by a
protease by 50%, as measured by the standard in vitro protease activity assays described

below. The IC_ 1s calculated according to the equation IC, = [1}/{(v/v)-1], where [I] 1s the

inhibitor concentration tested, v 1s the rate of substrate cleavage in the absence of the inhibitor
and v, 1s the rate of substrate cleavage in the presence of the inhibitor. As described further
below, the IC,, of a protease inhibitor according to the invention may be 'hleasured by a
Purifted Protease Method, by a Specific Fecal Protease Method, or by a General Fecal
Protease Method. .

Other terms are defined herein where initially discussed.

All percentages, ratios and proportions used herein are by weight unless otherwise
specified.
I1. The invention

The invention provides an absorbent article which contains a protease inhibitor that
inhibits one or more proteases found in feces and meets any one of the IC., criteria for
inhibitory activity against trypsin, chymotrypsin and/or leucine aminopeptidase in a Purified
Protease assay, a Specific Fecal Protease assay or a General Fecal Protease assay described
below. More particularly, the invention provides an absorbent articie which contains a
protease inhibitor having an 1C, of about 30 uM or less, typically about 0.00001 uM to about
30 uM, more typically about 0.0001 uM to about 20 uM, still more typically about 0.001 uM
to about 10 uM, and most typically about 0.01 uM to about 5 uM as measured by the Purified
Protease Method. The invention separately provides an absorbent article which contains a
protease inhibitor having an [C,, of about 90 uM or less, typically about 0.00001 M to about
90 1M, more typically about 0.0001 uM to about 30 uM, still more typically about 0.001 pM
to about 10 uM, and most typically about 0.01 uM to about 5 uM as measured by the Specific
Fecal Protease Method. The invention additionally provides an absorbent article which

contains a protease inhibitor or a mixture of protease inhibitors having an 1C,, of less than

about 500 uM, more typically less than about 300 uM, and still more typically less than about
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100 uM as measured by the General Fecal Protease Method. As used in the context of the
Invention, the term "treated article" refers to an absorbent article containing the protease
inhibitor. In one embodiment of the invention, the protease inhibitor is initially available in or
1s migratable to a portion of the absorbent article which may come in contact with feces,
especially runny feces, for direct inhibition of fecal protease activity in that portion of the
article. As discussed below, the inhibitor may be initially in an active form or it may be
initially inactive but activatable by, for example, an extraneous source such as moisture from
urine or feces.

In another embodiment of the invention, the absorbent article comprises a delivery
system that contains a protease inhibitor and that automatically, without manual intervention,
delivers an effective amount of the inhibitor to at least a portion of the skin of a wearer during
wear of the article for the inhibition of fecal proteases at the skin/feces barrier. More
preferably, the use or the repeated use of similar articles having protease inhibitor delivery
systems automatically transfers a sufficient level of the protease inhibitor to selected regions
of the wearer's skin prior to contact with feces to provide a proactive defense against fecal
protease penetration and activity.

It 1s theorized that fecal proteases break down proteinacéous substances present in the
stratum corneum (outer barrier layer) of the skin, resulting in cytokine production by
underlying keratinocytes and activation of an inflammatory response cascade that produces
symptoms of diaper rash. As demonstrated herein, the protease inhibiting substances for use
in the absorbent articles of the present invention have a surprising ability to inhibit the
induction of cytokine production by keratinocytes in the presence of feces that is due to a
direct inhibitor-enzymeinteraction. While not intending to be bound or limited by theory, it is
thought that the presence of a protease inhibitor meeting the IC,, criteria for activity described
above that 1s in contact with feces within the article or at the skin/feces interface reduces or
prevents the occurrence of an initial insult by a fecal protease to the stratum corneum.
Therefore, an absorbent article having a protease inhibitor incorporated therein or preferably
having a delivery system that delivers the protease inhibitor in an effective concentration
directly onto the skin is useful in the treatment and/or prevention of diaper dermatitis.

It 1s well known that one of the most important functions of the skin is to act as a
barrier to the egress of physiologic fluids, electrolytes and other components, as well as to act
as a barrier to the ingress of microbes, toxins, and other inflammatory or harmful agents. In

light of the discovery that fecal proteases contribute significantly to diaper dermatitis, it is

thought that in addition to causing skin irritation by the digestive degeneration of the stratum

PCT/US99/05315
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corneum, the action of compromising this barrier allows other components of urine and feces,
ammonia, fatty acids and the like which may not otherwise be irritating by themselves, to
migrate through the compromised skin barrier to produce additional irritation. For example,
Candida albicans, which produces an aspartyl protease, is frequently found as a major
component of human feces in individuals treated with antibiotics. This yeast thrives in moist
environments found in soiled diapers and, if the skin barrier is perturbed, not only can the
aspartyl protease contribute to further breakdown of the skin, but a serious Candida infection
could occur. Therefore, inclusion of inhibitors of fecal proteases in absorbent articles, as
described herein, helps to maintain the integrity of the stratum cormmeum barrier and
effectively prevents the occurrence of secondary irritation and/or infection that can contribute
to diaper dermatitis.
I11. Protease [nhibitors

Protease is a common term empioyed to represent a group of proteolytic enzymes that
are capable of splitting proteins and peptides into fragments by cleaving or hydrolyzing
peptide bonds. Proteases can be subclassified into proteinases (endopeptidases) and the
peptidases (exopeptidases). Peptidases act on peptide bonds adjacent to a free amino or
carboxyl group on the end of a protein and thus cleave the protein from the outside. Among
the principal types of peptidases are carboxypeptidases, dipeptidases and aminopeptidases.
Proteinases act on specific interior peptide bonds of proteins and can be subclassified into four
kinds, i.e. serine proteases, metalloproteases, cysteine proteases, and aspartyl proteases.
Among the principal types of proteinases are trypsin and chymotrypsin. Because proteases
are widely distributed in plants, molds, bacteria, milk, milk products, and almost all animal
tissues, as well as in digestive juices in the gastrointestinal tract, they are almost always
present in the diapered area when it has been soiled by human waste. Each of the protease
inhibitors included in the absorbent articles of the invention is a chemical substance which

meets at least one of the seven criteria for IC_ described above and reversibly or ireversibly

inhibits the hydrolytic action of one or more proteases included among the foregoing
functional subclasses of proteases normally found in human feces as well as among proteases
whose substrate specificity is as yet undefined.

Protease inhibitors that may be employed in the embodiments of the invention
include any naturally occurring inhibitor of plant, microbial and/or animal origin (including
human), and synthetically manufactured chemical inhibitor that meets the critena for 1Cq,
described above. Exemplary protease inhibitors that are believed to meet the IC,, critena and

are further believed to inhibit the type of protease indicated in parentheses include, but are not
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limited to, soybean trypsin inhibitor and other plant-derived trypsin inhibitors such as lima
bean protease inhibttor, corn protease inhibitor and the like; Bowman Birk inhibitor (serine,
trypsin-like protease inhibitor); pancreatic trypsin inhibitor such as bovine pancreatic basic
trypsin inhibitor and other animal-derived pancreatic trypsin inhibitors; egg white trypsin
inhibitor (serine, trypsin-like protease inhibitor); ovomucoids containing ovoinhibitors such as
from chicken or turkey egg white (trypsin and chymotrypsin inhibitors); chymostatin (serine,
chymotrypsin-like protease inhibitor); aprotinin (serine protease inhibitor); leupeptin and its
analogs such as propionyl-leupeptin, N-a-t-BOC-deacetylleupeptin (serine and cysteine
protease Inhibitor);, bestatin and its analogs such as epibestatin and nitrobestatin
(aminopeptidase metalloprotease inhibitor); amastatin and its analogs such as epiamastatin
(aminopeptidase inhibitor); antipain (trypsin inhibitor); antithrombin III (serine protease
inhibitor); 4-sulfamoylphenyl-4-guanidinobenzoate methanesulfonate (trypsin inhibitor);
camostat (trypsin inhibitor); elafin (elastase inhibitor); hirudin (thrombin-like serine
protease 1nhibitor); cystatin (egg white cysteine protease inhibitor); E-64 (trans-
epoxysuccinyl-; -leucylamido-(4-guanidino)-butane) and its analogs (cysteine protease

inhibitor); ap-macroglobulin (universal endoprotease inhibitor); oi-antitrypsin (trypsin

inhibitor); pepstatin and its analogs such as acetyl pepstatin, pepstatin A, Nle-Sta-Ala-Sta
(aspartyl protease inhibitor); apstatin (aminopeptidase P inhibitor); (2R)-2-mercaptomethyl-4-
methylpentanoyl-b-(2-naphthyl)-Ala-Ala amide (matrix metalloprotease inhibitor); (2R)-2-
mercaptomethyl-4-methylpentanoyl-Phe-Alaamide (matrix metalloprotease inhibitor); N-
acetyl-Leu-Leu-methioninal (calpain inhibitor); N-acetyl-Leu-Leu-norleucinal (calpain
inhibitor); p-aminobenzoyl-Gly-Pro-p-Leu-p-Ala hydroxamic acid (matrix metalloprotease
inhibitor); 2(R)-[N-(4-methoxyphenylsulfonyl)-N-(3-pyridylmethyl)amino]-3-methylbutano-
hydroxamic acid (metalloprotease inhibitor); 4-(2-aminoethyl)-benzenesulfonylfluoride
hydrochloride (broad spectrum/general protease inhibitor); and mixtures of any of the
foregoing.

Among preferred protease inhibitors for use in the absorbent articles of the invention
are compounds that exhibit inhibitory activity that is not necessarily restricted to a single class
of proteases. Such compounds include, but are not limited to, hexamidine and its salts;
pentamidine and its salts; benzamidine and its salts and derivatives, p-aminobenzamidine and
its salts and derivatives; and guanidinobenzoicacid and its salts and derivatives such as those
disclosed in U.S. Patent No. 5,376,655 issued to Imaki et al. on December 27, 1994, the
disclosure of which is hereby incorporated by reference. Other preferred protease inhibitors

include polymer derivatives of guanidinobenzoic acid disclosed and made in our co-pending
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U.S. Patent Application Serial No. 09/041,196, filed March 12, 1998 in the name of T. L.
Underiner et al, co-filed with the present application, the disclosure of which co-pending
application is hereby incorporated by reference.

The protease inhibitors may be employed singly or as a mixture of protease inhibitors
such as a "cocktail” of inhibitors in a single absorbent article. Moreover, different protease
inhibitors may be employed in different locations in a single absorbent article.

Because of the wide diversity of enzymes present in feces, it 1s reasonably predictable
that materials such as those described above which inhibit fecal proteases may also inhibit
enzymes that cleave substrates other than proteins and peptides. Hence protease inhibitors
which also inhibit lipases and other esterases, amylases, and/or ureases are within the scope of
the embodiments of the invention if the inhibitor meets the 1C,, criteria for protease inhibitory
activity as described above.

Protease inhibitors that are preferred in the practice of the invention are soybean
trypsin inhibitor, Bowman-Birk inhibitor, aprotinin, hexamidine (e.g., hexamidine
diisethionate), p-aminobenzamidine, leupeptin, pepstatin A, chymostatin and polymer
derivatives of guanidinobenzoic acid (disclosed and made in our copending U.S. Patent
Application Serial No. 09/041,196, incorporated by reference above. Particularly preferred
protease inhibitors are soybean trypsin inhibitor, hexamidine, p-aminobenzamidine and the
foregoing polymer derivatives of guanidinobenzoicacid.

V. Absorbent Articles

As used herein, the term "absorbent article" refers to a device which absorbs and
retains body exudates. The term "disposable" is used herein to describe absorbent articles
which are not intended to be laundered or otherwise restored or reused as an absorbent article
after a single use. Examples of disposable absorbent articles include feminine hygiene
garments such as sanitary napkins, panty liners, diapers, incontinence briefs, incontinence
pads, diaper holders, training pants, and the like.

Protease inhibitors may be incorporated into any portion or portions of any of the
absorbent articles described herein. Delivery systems for the protease inhibitors are
components of the absorbent articles and are discussed separately below.

Disposable absorbent articles typically comprise a liquid pervious topsheet, a liquid
impervious backsheet and an absorbent core positioned between the topsheet and the
backsheet. Disposable absorbent articles and components thereof, including the topsheet,
backsheet, absorbent core, and any individual layers of these components, have a body facing

surface and a garment facing surface. As used herein "body facing surface” means that
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surface of the article or component which is intended to be worn toward or adjacent to the
body of the wearer, while the "garment facing surface" is on the opposite side and is intended
to be worn toward or placed adjacent to the wearer's clothing or undergarments when the
disposable absorbent article is worn.

The following description generally discusses the absorbent core, topsheet, and
backsheet materials that are useful in disposable absorbent articles. It is to be understood that
this general description applies to these components of the specific absorbent articles shown
in Figure 1 and further described below, in addition to those of other disposable absorbent
articles which are generally described herein.

In general, the absorbent core is capable of absorbing or retaining liquids (e.g.,
menses, urine, and/or other body exudates). The absorbent core is preferably compressible,
conformable, and non-irritating to the wearer's skin. The absorbent core may be
manufactured in a wide variety of sizes and shapes (e.g., rectangular, oval, hourglass, "T"
shaped, dog bone, asymmetric, etc.). In addition to absorbent composites, the absorbent core
may nclude any of a wide variety of liquid-absorbent materials commonly used in absorbent
articles, such as comminuted wood pulp, which is generally referred to as airfelt. Examples of
other suitable absorbent materials for use in the absorbent core include creped cellulose
wadding; meltblown polymers including coform; chemically stiffened, modified or cross-
linked cellulosic fibers; synthetic fibers such as crimped polyester fibers; peat moss; tissue
including tissue wraps and tissue laminates; absorbent foams; absorbent sponges;
superabsorbent polymers including composites; absorbent gelling materials; or any equivalent
matenal or combinations of materials, or mixtures of these.

The configuration and construction of the absorbent core may be varied (e.g., the
absorbent core may have varying caliper zones and/or have a profile so as to be thicker in the
center; hydrophilic gradients; gradients of absorbent composites; superabsorbent gradients; or
lower average density and lower average basis weight zones, e.g., acquisition zones; or may
comprise one or more layers or structures). The total absorbent capacity of the absorbent core
should however, be compatible with the design loading and the intended use of the absorbent
article. Further, the size and absorbent capacity of the absorbent core may be varied to
accommodate different uses such as diapers, incontinence pads, panty liners, regular sanitary
napkins, and overnight sanitary napkins, and to accommodate wearers ranging from infants to
adults. The absorbent core can also include other absorbent components that are often used in

absorbent articles, for example, a dusting layer, a wicking or acquisition layer such as a high
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loft acquisition layer for temporary holding of urine, or a secondary topsheet for increasing
the wearer's comfort.

The topsheet is preferably compliant, soft feeling, and non-irritating to the wearer's
skin. Further, the topsheet is liquid pervious, permitting liquids (e.g., menses and/or urine) to
readily penetrate through its thickness. A suitable topsheet may be manufactured from a wide
range of materials such as woven and nonwoven materials (e.g., a nonwoven web of fibers),
including apertured nonwovens; polymeric materials such as apertured plastic films (e.g.,
hydroformed thermoplastic films); porous foams; reticulated foams; reticulated thermoplastic
films; and thermoplastic scrims. Suitable woven and nonwoven materials can be comprised
of natural fibers (e.g., wood or cotton fibers), synthetic fibers (e.g., polymeric fibers such as
polyester, polypropylene, or polyethylene fibers) or from a combination of natural and
synthetic fibers. When the topsheet comprises a nonwoven web, the web may be
manufactured by a wide number of known techniques. For example, the web may be
spunbonded, spunlace carded, wet-laid, melt-blown, hydroentangled, hydroformed,
hydroapertured, combinations of the above, or the like. Whether comprised of a woven or
nonwoven material, the topsheet preferably comprises a skin care composition containing a
protease inhibitor, as described further below.

The backsheet 1s impervious to liquids (e.g., menses and/or urine) and preferably
comprises a thin plastic film, although other flexible liquid impervious materials may also be
used. As used herein, the term "flexible” refers to materials which are compliant and will
readily conform to the general shape and contours of the human body. The backsheet
prevents the exudates absorbed and contained in the absorbent core from wetting articles
which contact the absorbent article such as bedsheets, pants, pajamas and undergarments. The
backsheet may thus comprise a woven or nonwoven material, polymeric films such as
thermoplastic films of polyethylene or polypropylene, or composite materials such as a film-
coated nonwoven material. A suitable backsheet is a polyethylene film having a thickness of
from about 0.012 mm (0.5 mil) to about 0.051 mm (2.0 mils). Exemplary polyethylene films
are manufactured by Clopay Corporation of Cincinnati, Ohio, under the designation P18-1401
and by Tredegar Film Products of Terre Haute, Indiana, under the designation XP-39385. The
backsheet 1s preferably embossed and/or matte finished to provide a more clothlike
appearance. Further, the backsheet may permit vapors to escape from the absorbent core (i.¢.,
the backsheet is breathable) while still preventing exudates from passing through the
backsheet. The size of the backsheet is dictated by the size of the absorbent core and the exact

absorbent article design selected.
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The backsheet and the topsheet are positioned adjacent the garment facing surface
and the body facing surface, respectively, of the absorbent core. The absorbent core is
preterably joined with the topsheet, the backsheet, or both in any manner as i1s known by
attachment means (not shown in Figure 1) such as those well known in the art. However,
embodiments of the absorbent articles are envisioned wherein portions or the entire absorbent
core are unattached to either the topsheet, the backsheet, or both.

For example, the backsheet and/or the topsheet may be secured to the absorbent core
or to each other by a uniform continuous layer of adhesive, a patterned layer of adhesfve, or
an array of separate lines, spirals, or spots of adhesive. Adhesives which have been found to
be satisfactory are manufactured by H.B. Fuller Company of St. Paul, Minnesota under the
designation HL-1258 or H-2031. The attachment means will preferably comprise an open
pattern network of filaments of adhesive as 1s disclosed in U.S. Patent 4,573,986, issued to
Minetola, et al. on March 4, 1986, and which is incorporated herein by reference. An
exemplary attachment means of an open pattern network of filaments comprises several lines
of adhesive filaments swirled into a spiral pattern as illustrated by the apparatus and method
shown in U.S. Patent 3,911,173, issued to Sprague, Jr. on October 7, 1975; U.S. Patent
4,785,996, 1ssued to Zwieker et al. on November 22, 1978; and U.S. Patent 4,842,666, i1ssued
to Werenicz on June 27, 1989. Each of these patents is incorporated herein by reference.
Alternatively, the attachment means may comprise heat bonds, pressure bonds, ultrasonic
bonds, dynamic mechanical bonds, or any other suitable attachment means or combinations of
these attachment means as are known in the art.

A preferred disposable absorbent article of the invention, at least a portion of which
has a protease inhibitor and/or a delivery system for a protease inhibitor incorporated therein
and, more preferably, has a wearer-contacting surface treated with a skin care composition
containing a protease inhibitor, i1s a diaper. As used herein, the term "diaper" refers to an
absorbent article generally worn by infants, and incontinent persons, that is worn about the
lower torso of the wearer. In other words, the term "diaper” includes infant diapers, training
pants, adult incontinence devices and the like.

Figure 1 is a plan view of the diaper 50 useful in the invention in its flat-out,
uncontracted state (i.e., with elastic induced contraction pulled out) with portions of the
structure being cut-away to more clearly show the construction of the diaper 50 and with the
portion of the diaper 50 which faces away from the wearer (the outer surface) oriented
towards the viewer. As shown in Figure 1, the diaper 50 preferably comprises a liquid

pervious topsheet 520, a liquid impervious backsheet 530 joined with the topsheet 520, an
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absorbent core 540 positioned between the topsheet 520 and the backsheet 530, the absorbent
core 540 having a garment facing surface 542, a body facing surface 544, side edges 546,
waist edges 548, and ears 549. The diaper 50 preferably further comprises elasticized leg
cuffs 550, and elastic waist feature multiply designed as 560, and a fastening system generally
multiply designed as 570.

The diaper 50 is shown in Figure 1 to have an outer surface 52, an inner surface 54
corresponding to the body facing surface which is opposed to the outer surface 52, a first
waist region 56, a second waist region 58, and a periphery 51 which is defined by the outer
edges of the diaper 50 in which the longitudinal edges are designated 55 and the end edges are
designated 57. (While the skilled artisan will recognize that a diaper is usually described n
terms of having a pair of waist regions and a crotch region between the waist regions, in this
application, for simplicity of terminology, the diaper 50 i1s described as having only waist
regions including a portion of the diaper which would typically be designated as part of the
crotch region). The body facing surface 54 of the diaper 50 comprises that portion of the
diaper 50 which is positioned adjacent to the wearer's body during use. The body facing
surface 54 generally is formed by at least a portion of the topsheet 520 and other components
that may be joined to the topsheet 520, such as leg cuffs 550, as well as any regions to which
the topsheet may not extend but which stiil contact the wearer, such as the waist feature 560,
side panels, and the like. The outer surface 52 comprises that portion of the diaper 50 which
is positioned away from the wearer's body (i.e., the outer surface 52 generally 1s formed by at
least a portion of the backsheet 530 and other components that may be joined to the backsheet
530). The first waist region 56 and the second waist region 58 extend, respectively, from the
end edges 57 of the periphery 51 to the lateral centerline 53 of the diaper 50. Figure | also
shows the longitudinal centerline 59.

Figure 1 shows a preferred embodiment of the diaper 50 in which the topsheet 520
and the backsheet 530 have length and width dimensions generally larger than those of the
absorbent core 540. The elasticized leg cuffs 550 and the backsheet 530 extend beyond the
edges of the absorbent core 540 to thereby form the periphery 51 of the diaper 50.

Diapers of the present invention can have a number of well known configurations,
with the absorbent cores thereof being adapted to the present invention. Exemplary
configurations are described generally in U.S. Patent 3,860,003, issued to Buell on January
14, 1975; U.S. Patent 5,151,092, issued to Buell et al. on September 29, 1992; U.S. Patent

5,221,274 issued to Buell et al. on June 22, 1993. Each of these patents is incorporated herein

by reference. Another diaper configuration to which the present invention can be readily
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adapted 1s described in U.S. Patent 5,554,145 issued to Roe et al., the disclosure of which is
Incorporated herein by reference.

A topsheet 520 which 1s particularly suitable for use in the diaper 50, is carded and
thermally bonded by means well known to those skilled in the fabrics art. A satisfactory
topsheet for the present invention comprises staple length polypropylene fibers having a
denier of about 2.2 As used herein, the term "staple length fibers" refers to those fibers
having a length of at least about 15.9 mm (0.625 inches). Preferably, the topsheet has a basis
weight from about 14 to about 25 grams per square meter. A suitable topsheet is
manufactured by Veratec, Inc., a Division of International Paper Company, of Walpole, Mass.
under the designation P-8.

The topsheet 520 of diaper 50 is preferably made of a hydrophilic material to promote
rapid transfer of liquids (e.g., urine) through the topsheet. If the topsheet is made of a
hydrophobic material, at least portions of the upper surface of the topsheet are treated to be
hydrophilic so that liquids will transfer through the topsheet more rapidly. This diminishes
the likelihood that body exudates will flow off the topsheet rather than being drawn through
the topsheet and being absorbed by the absorbent core. The topsheet can be rendered
hydrophilic by treating it with a surfactant. Suitable methods for treating the topsheet with a
surfactant include spraying the topsheet material with the surfactant and immersing the
material into the surfactant. A more detailed discussion of such a treatment and
hydrophilicity is contained in U.S. Patents 4,988,344 and 4,988,345, both issued to Reising, et
al. on January 29, 1991, each of which is incorporated by reference herein.

Alternatively, the topsheet may be in the form of an apertured formed film, which is
preferred in feminine hygiene absorbent articles. Apertured formed films are useful because
they are pervious to body liquids and yet non-absorbentand have a reduced tendency to allow
liquids to pass back through and rewet the wearer's skin. Thus, the surface of the formed film
that 1s in contact with the body remains dry, thereby reducing body soiling and creating a
more comfortable feel for the wearer. Suitable formed films are described in U.S. Patent
3,929,135 1ssued to Thompson on December 30, 1975; U.S. Patent 4,324,246 issued to
Muliane, et al. on April 13, 1982; U.S. Patent 4,342,314 issued to Radel. et al. on August 3,
1982; U.S. Patent 4,463,045 issued to Ahr et al. on July 31, 1984; and U.S. 5,006,394 issued
to Baird on April 9, 1991. Each of these patents is incorporated herein by reference.

Particularly preferred microapertured formed film topsheets are disclosed in U.S. Patent
4,609,518 issued to Curro et al. on September 2, 1986 and U.S. Patent 4,629,643 issued to
Curro et al. on December 16, 1986, which are hereby incorporated by reference. The
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preferred topsheet for use in feminine hygiene products is the formed film described in one or
more of the above patents and marketed on sanitary napkins by The Procter & Gamble
Company of Cincinnati, Ohio as "DRI-WEAVE®."

The body facing surface of the formed film topsheet can be hydrophilic so as to help
body liquids to transfer through the topsheet faster than if the body surface were not
hydrophilic so as to diminish the likelihood that liquid will flow off the topsheet rather than
flowing into and being absorbed by the absorbent structure. In a preferred embodiment,
surfactant is incorporated into the polymeric materials of the formed film topsheet such as 1s
described in U.S. Statutory Invention Registration H1670 to Aziz et al., published July I,
1997, which is hereby incorporated by reference. In alternative embodiments (not shown) of
the present invention, the absorbent article may be provided with means for improving
contact between the topsheet and a wearer's skin. In one such embodiment, the absorbent
article can be provided with elastic means, as described in U.S. Patent 4,892,536 issued In
the name of DesMarais, et al. on January 9, 1990, in U. S. Patent 4, 990,147, 1ssued in the
name of Freeland on February 5, 1991, and in U.S. Patent application Serial No.
07.993,198, filed in the name of Freeland, et al. on December 18, 1992, which lhft the
topsheet to improve contact with a wearer's perianal region. In another embodiment,
described in U.S. Patent 5,171,236, issued in the name of Dreier, et al. on December 15,
1992, a diaper is provided with spacing means to lift the topsheet. In yet another
embodiment, described in U.S. Statutory Invention Registration H1687, published in the
name of Roe, et al. on October 7, 1997, the absorbent article is provided with a gluteal
blocking device which lifts the topsheet into a wearer's gluteal groove.

In a preferred embodiment of a diaper as described herein, the backsheet 530 has a
modified hourglass shape extending beyond the absorbent core a minimum distance of about
1.3 cm to about 6.4 cm (about 0.5 to about 2.5 inch) around the entire diaper periphery.

The absorbent core 540 may take on any size or shape that is compatible with the
diaper 50. One preferred embodiment of the diaper 50 has an asymmetric, modified T-shaped
absorbent core 540 having ears in the first waist region but a generally rectangular shape n
the second waist region. Exemplary absorbent materials for use as the absorbent core of
articles useful in the present methods are described, e.g., in U.S. Patent 4,610,678 1ssued to
Weisman et al. on September 9, 1986; U.S. Patent 4,673,402 issued to Weisman et al. on June
16, 1987; U.S. Patent 4,888,231 issued to Angstadt on December 19, 1989; and U.S. Patent
4,834,735 issued to Alemany et al. on May 30, 1989. The absorbent core may further

comprise the dual core system containing an acquisition/distribution core of chemically
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stiffened fibers positioned over an absorbent storage core as detailed in U.S. Patent 5,234,423
1ssued to Alemany et al., on August 10, 1993; and in U.S. Patent 5,147,345 issued to Young,
L.aVon and Taylor on September 15, 1992. All of these patents are hereby incorporated by
reference.

In a preferred embodiment, the diaper 50 further comprises elasticized leg cuffs 550
for providing improved containment of liquids and other body exudates; an elastic waist
teature 560 that provides improved fit and containment; and a fastening system 570 which
forms a side closur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>