10

15

20

25

30

35

. BR

qioest3-0 70S

NTION OF TOXIN PRODUCTION ING ABSORBENT PRODUCT |

This patent application is a'continuation—inéﬁért
application of United States Patent Application Setial No.
07/6905,210 filed October 30, 1990, which is hereby
incorporated herein by reference.

Field of the Invention

This invention relates to absorbent products and
especially to absorbent products such as tampons, sanitary
napkins, wound dressings, nasal packing and the like which
are adapted to absorb body fluids like menstrual'fluid;
blood and wound exudates. More particularly, the
invention relates to the addition of active compounds
which, when exposed to bacteria in absorbent products,
will reduce the amount of toxins produced by bacteria
coming into contact with them.

kgroun £ the Invention

The staphylococcal enterotoxins are extracellular
proteins composed of sinule polypeptide chains of about 30
kd that characteristically have a disulfide loop near the

middle of the molecule. They are categorized into five

serological groups, designated Staphylococcal enterotoxin

A (SEA), Staphylococcal enterotoxin B (SEB),
Staphylococcal enterotoxin C (SEC), Staphylococcal
enterotoxin D (SED) and Staphylococcal enterotoxin E
(SEE).' Based on differences in minor epitopes, SEC has
been further subdivided into three types designated
SEC,, SEC, and sEc3. A sixth group, SEF, was also
described and was implicated as the causative agent of
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i nvention relates to the manufactur@--of absorbent products and

ially of absorbent products such as tam pons, sanitary napkins, wound
i ngs, nasal packing and the |ike which are adapted to absorb body

s i ke men- strual fluid, blood and wound exudates. More particularly

nventi ogokebakREckOsyh&réme. Of 1ACRA Y 65 LRERONAER ADsEBuntbEnagxapsed to
ria in absorbent products, w.ll reduce the anpgnt of toxins produced
cteria EBﬁ?ﬁ@tPﬁ? and renamed toxic shock syndrome toxin-1

(TSST-1), as cited by J. J. Iandolo in Ann. Rev. of Micro.

Vol. 43, pp. 275-402, 198S.

Menstrually occurring toxic shock syndrome is a severe and
sometimes fatal multi-system disease associated with
infection or colonization by Staphvlococgus aureus
(S. aureus) bacteria, has been linked to the use of

10 tampons during menstfuation. In Toxic shock

syndrome(TSS), whether associated with menstruation or
not, the symptoms include'fever, hypotension, rash} and
desquamation of the skin. TSST-1 is highly associated
with menstrual cases but is less often isolated from
15 Staphylococcus aureus strains in non-menstrual cases of
the illness. Since TSST-1 can induce many clinical
features of TSS in the rabbit and other species, it is
generally thought to be the causative toxin in TSS
(Schlievert,'“Staphylococcal Enterotoxin B and Toxic Shock
20 Syndrome Toxin-1 Are Significantly Associated With
Non-menstrual TSS", The Lancet, Vol. 1(849%0), May 17,
1986, p.1149). However, Garbe (Garbe PL, Arko RJ,
Reingold AL, et al. "Staphvlococqus aureus isolates from
patients with non-menstrual toxic shock syndrome: Evidence
25 for additional toxins", JAMA 1985; Vol 253; pp. 2538-42)
noted that many TSS isolates from nonmenstrual cases did
not express TSST-1 though they did cause TSS-like symptoms
in a rabbit model. Of the toxins formed by §. aureus
nonmenstrual isolates, TSST-1 was producéd by 40% of those
30 reported by Schlievert, 1986. Further, enterotoxin B was
made by 38% of all non-menstrual TSS strains.
Furthermore, Schlievert reported about 78% of
- non-menstrual TSS or probable TSS isolates expressed
either TSST-1l or enterotoxin B compared with 20% of
35 non-menstrual non-TSS isolates (p<0.001).
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t with them The staphyl ococcal enterotoxins are extracellul ar
protefns conposed of [err] polypeptide chains of about 30 kd that
charag¢teristically have a disulfide | oop ngar the m ddl e of the nol ecul e.
The afe categorized into five serological'gfoups, desi gnat ed St aphyl ococcal
entergtoxin A (SEA), Staphyl ococcal. enterotoxin B (SEB), Staphy ocaocal
enterq@- toxin C (SEC). Staphylocccal enterotoxin D (SED) and St aphyl ococcal
enterqtoxin E (SEE). Based on differences in mnor epitopes, SEC has been
furthgr subdivided into three types designated SECferr]. SEC[err] and
SECenr]. A sixth PO e Sy ﬁh-.%? Q@@féh@@ds@ﬂﬂem i fpbh Cod et amed he
causalli ve agent of toxic syndr.one. ncelbeen dlf &x%wged as
an entler ot oxi ménﬂr?‘éﬁ%d‘:qw cs?&ﬁ%,ksg%a%ﬁe"%%. HE 0 (FEEHA5T W cited
by J. P. landojRtéPotepinfeynd exfoliative toxins. It was found that

5 enterotoxin B was made by 38% of all nonmenstrual TSS
strains. Crass and Bergdoll, 1986 reported a total of_46
(83.6%) of 55 S, aureus isolates produced TSST-1: 12
(25.5%) alone, 21 (46.8%) with Staphylococcal Enterotoxin
A and 13 (27.7%) with Staphylococcal Enterotoxin C. Eight

10 of the S, aureus isolates that did not produce TSST-1 did
produce Staphylococcal enterotoxin B.
Humphreys (1989) reported the studies of §. aureus
isolates obtained from cases of septicaemia, in which 33
15 (63%) produced enterotoxins A, B, C, or D alone or in
' combination.
Toxic shock syndrome toxin 1 (TSST-1) is classified as

a member of the pyrogenic .exotoxin-staphylococcal

20 enterotoxin group of toxins on the basis of a patient’'s
symptoms. However, TSST-1 and its cognate antiserum do
not cross-react with any -of the sera or proteins of other
members of this toxin family.. Furthermore, TSST-1 lacks
the cysteine loop present in the remaining members of the

- 25 toxin family, an important structural feature of this
family of toxins. TSST-1 has very .little amino acid
homology with other members of this toxin_family. The
lack of a close sequence relationship between TSST-1 and
other toxins may suggest that it is more closely related

30 to the ancestral progenitor of this family or, '
alternatively, is wrongly included in this group of toxins
(Iandolo, 1989). Nevertheless, TSST-1 bears little
structural relationship to the other members of the
pyrogenic exotoxin-staphylococcal enterotoxin group

35 (Iandolo, 1989). _
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qro. Vol. 43. pp. 275-402, 1989. Menstrual |y occurring toxic shock
qne is a severe and sonetinmes fatal nulti-system di sease associ ated
ifnf ecti on of col oni zati on by Staphyl ococcus aureus (S aureus)

bacterfi a, has been linked to the use of taRpons during nmenstruation. In

Toxi c

shock syndronme(TSS). whether associated wth nmenstruation or not, the

synptdqns i nclude fever, hypotension, rash, and desquanmati on of the skin.

TSST-
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Si nce
ot her

1 is highly associated with nmenstrual cases but is |less often isolated
$t aphyl ococcus aureus strains in non-nenstrual cases of the illness.
TSST-1 can induce nmany clinical features of TSS in the rabbit and.
speci es, Spbseguenbictai the puRirat oo § heerASRf 2 920¢ 3G ing ForeS

(Schlifevert. "ShapRyspPeo@esmé wEﬂEl@rﬂi@X\thB)@n@arﬂl%hQ Sogkmsyhdome Toxin-1
Are SlgnlflcantI¥e§§§OC£ated

ors uxgertggi studies designed to evaluate the
S effect of tampons on growth of §. aureus bacteria as well
as the effect of tampons on the production of TSST-1 by
that bacteria. Early efforts to elucidate the role of
- tampons in TSS yielded conflicting data. Schlievert et
al. (Obstet. Gynecol., Vol. 64, pp. 666-670,

10 November 1984) studied the effect of tampons on S, aureus
to evaluate whether or not tampon components increase
growth of S, aureus and production of toxic shock_syndrbme
toxin-1l. It was'concluded that, under the test conditions
of their study, tampon compqnents provide neither

15 nutrients for growth of toxic shock syndrome S, aureus nor
factors that induce production of toxic shock syndrome
toxin-1 above control levels. After six-hours'
incubation, some commercially available tampons which were
tested were inhibitory to bacterial growth and suppreSsed

20 toxin production. Others suppressed toxin production but
did not inhibit cell growth. One tampon inhibited cell
growth but increased the amount of toxin produced. On the
other hand, Tierno and Hanna (Contraception, Vol. 31, pp
185-194, 1985) reported that in their experiments tampons

25 did stimulate S, aureus to produce TSST-1.

Reiser et al. (J. Clin. Microbiol., Vol. 25, No. 8, pp.
1450-1452, August 1987) thereafter reported the results of
tests they conducted to determine the effect of four

30 brands of tampons on production of toxic shock syndrome
toxin-1l. The amount of air available to the tampons which
were tested was limited to that contained in sacs (made
from cellulose sausage casing with a molecular weight
cut-off of less than 10,000) in which the tampons were

35 g -
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(Garbe PL, Arko RJ, Reingold AL. et al. "Staphyl ococcus aureus

es fron1pat|ents wi th non-menstrual toxic shock syndrone: Evi dence
Hdti onal toxins". JAMA 1985: Vol 2535-pp. 2538-42) noted that nany TSS
es fron1nonnenstrual cases did not express TSST.1 though they did
TSS-1i ke synptons in a rabbit nodel. O the toxins fornmed by S.

5 nonmenstrual isolates TSST-1 was produced by40% of those reported by
bvert, 1886lofedtd@eringntesbimgi n Bhiwsmatbdedbya888eehedl |

pnstrual %ggnésager,ggab{iuafgg@i?éel wECLACYRbLnt eBe! Lod: 200LL {B¥6 Of

I sol a es expr esse
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| sol ah%gthiQ”th' 1hYyRabeAbRASUISAT 1 AILhEOTRgRRbI aGREngr Probable
shock syndrone re al so exam ned f{or
5 menstruat1on wlth a tampon in place and in that the
tampons which were tested were not altered prlor to
testing. The results of the tests conducted by Reiser et
al. indicated that tampons provide increased surface area

for the 8§, aureus bacteria to grow and adequate oxygen for

10 toxin production. No significant inhibition of growth of
the staphylococci bacteria or TSST-1 production by any of
the tampons tested was noted.

Robbins et al., publishing in J. Clinical Microbiol.,

15 Vol. 25, No. 8, pp. 1446-1449, August 1987 at the same
time as Reiser et 3l., reported the effect of 17
commercially available tampons on TSST-1 toxin production
using a disk-membrane-agar (DMA) method, with incubation
at 37°C for 19 hours under 5% CO2 in air. Filter

20 membranes overlaying agar medium (with or without blood)
in small petri dishes were spread inoculated with a TSST-1
producing strain of S, aureus. Robbins et al. concluded
that the main role of tampons in TSS may be that of '
providing a fibrous surface for heavy colonization and

25 sufficient air for TSST-1 proddction. In addition, they
found evidence of inhibition of TSST-1 production by
additives such as the deodorant/surfactant used in a
commercially available deodorant tampon'and a decrease in
TSST-1 production by inhibiting growth of S. aureus as was

30 observed in the case of a different commercially available
tampon. It was thought that both inhibition of TSST-1
production and inhibition of S. aureus growth might prove
to be important in feducing the risk of TSS.

35
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by 38% of all nonnenstrual TSS strains. Crass and Bergdoll, 1986
ted a total of 46 (83.6% of 55 S, a8reus isolates produced TSST-1; 12
% alone, 21 (46.8% w th Staphylocoocal Enterotoxin A and 13 (27.7%
St aphyl ococcal Enterotoxin C. Eight of the S, aureus isolates that

ot produce TSST-1 did produce Staphyl ococcal enterotoxin B.

reys (1983, repagdedyd hey 54651":.3?3 Ofo QuSEELS giseigies ebtagg from
of septlcaen1%$ in whjch’ 3 3 (63% produced_enterot oxi ns A, or D

or in ofP elimippte WhR RAZIFRF AE §RFIF ih%ﬁrlssqmér%é
i fied asagd rmymeén@frﬁéw D&Tmefﬁrﬁp@%%@s(lﬁné&ﬁﬂﬂt’hﬁéﬁ%ﬁér@meﬂm-

group of n si s of. a, atl t.s However . TSST-1
t S cogna?%égﬁ??i%Fhﬂid%S?ék éb%ﬁ% %18 ed SYLPLLOE onU8iELee
5 with body fluids and prevent development of the organisms
which produce the toxins which cause toxic shock

syndrome. Among the antibacterial materials disclosed for
use are povidone-iodine compound, mercury, zinc,
penicillin, erythromycin and nitrofurazone.

10 ' '
Patent Cooperation Treaty Publication No. WO 86/05388
(published September 25, 1986) to Kass teaches that the
inclusion of a salt of a nontoxic divalent cation in
absorptive pads, e.g. catemenial tampons, inhibits

15 production of toxic shock syndrome toxin-1 and other
staphylococcal products during use of said absorptive
pad. Suitable salts include those of magnesium, barium,

5 | calcium or strontium (preferred) or of other divalent
cations such as zinc, manganese, copper, iron, nickel and

{20 the like. The anionic portion of the salt is not '

! . critical. Magnesium stearate and magnesium acetate are

! particularly preferred salts for use in the invention.

U.S. Patent No. 4,374,522 to Olevsky states that patterns
25 of use of catemenial tampon seem to indicate that high
absorptive capacity with the concomitant extended period
of use of certain tampons are factors which contribute to
the formation of toxic shock syndrome. The invention
Eheorizes that tampons having limited absorptive capacity
30 and requiring relatively more frequent changes may be
desirable. The Olevsky patent provides a tampon made of
conventional cellulosic materials, such as rayon fibers,
which have been compressed into a bullet-shape with an
open bottom surface sealed by a fluid impermeable sheet.
35 The fluid impermeable bottom and the traditional bullet
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react‘mnth any of the sera or proteins of other nenbers of this toxin
fam | Y. Furthermore, TSST-1 |acks the cysteine |oop present in the
remai rfing nenbers of the toxin famly, an igmportant. structural feature of
this flamly of toxins, TSST-1 has very little amno acid honology with

ot her |{menbers of this toxin famly. The |ack of a cl ose sequence

rel atilonshi p between TSST-1 and ot her toxins may suggest that It is nore

cl oselly rel ate h roge L of thig. f

alternfatively. %h%%eﬁoﬁ ?Egggcﬁ 8 % Eﬁ rSBBEOFePg§|k rff%ﬁ %}5 313%9)
Never tihel ess, mwllbeaasdl kot 8§rzer ast ar abseefzau rofiehi pxtesshmenshevwal
menber|s of- thefthggenlc exot oxi n- st aphyl ococcal enterotoxin group

(Iandoﬂo, 1989). Subsequent to the publication of reports associating
toxi ¢ shock syndrome with the use of tanpons, a nunber of investigators

undertpok st udies.dpakgrednbo ¢yakuahesthe gbkeeh et banpanscessgsowh of S

aureus baCterl%é%%truaE %ampons comprising physiologically safe, _
water-soluble acids in their monomeric, oligomeric or
polymeric forms. Citric, glycolic, malic, tartaric and
lactic acids are disclosed as being useful in the practice

10 ° of the invention. The presence of one or more of the
above-noted acids in a tampon is said to inhibit the
growth of bacteria responsible for toxic shock. Where an
acid is used in its polymeric form, the tampon may

additionally include an enzyme to hydrolyze the polymeric
15 acid to its monomeric form.

Canadian Patent No. 1,123,155 to Sipos discloses a
catemenial tampon for preventing toxic shock syndrome
during menstrual flow. The body of the tampon, which is
20 open at the insertion end and is closed at the withdrawal
end, is snugly surrounded in its expanded condition by a
£luid proof, thin and flexible membrane. This membrane,
which can be made of polyethylene sheet, is biased against
the vaginal wall during use of the tampon, is neutral to
25 the vaginal mucosa and is completely impermeable to

bacteria, viruses and toxic decomposition products of the
menstrual flow. '

Canadian Patent No. 1,192,701 to Bardhan discloses a

30 tampon for the absorpéion of menstrual flow and comprising
an inner layer of liquid-absorbent material and an outer
layer which surrounds and encloses the inner layer.
Menstrual discharge may fldﬁ inwardly to the inner layer
but the outer layer is impervious to the passage of

35 menstrual fluid outwardly from the inner layer. A
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t he %fect of tanpons on the production of TSST-1 by that bacteria. Early
effor§s to elucidate the role of tanpons in TSS yielded conflicting data.
Schligvert et al. (Cbstet. Gynecol., \knhgg. pp. 66-670, Novenber 1984)
studi pd the effect of tanmpons on.S aureus to eval uate whether or not tanpon
conpohents increase growh of S aureus and production of toxic shock
syndrpne toxin-1. It was concluded that, under the test conditions of their
study} tampon . conpqnents pr.o- .vide neither nutrients for growh of toxic

shock} syndr o®8YS23 114y, 8fs 11AYids AREBKESenfat LcHdu & YREHRG iE5RMoE PROXI ¢

shockjsyn- driemert Qayerl talkzevghcapetthuresy Eloxmedf tiaf tHex-duderslayeeubati on,

bactel al or SR eans SOBOFESSadOloNPh SASHIEE SIEP XL THA s BASAAEaea P8k n

produ¢ti on buwutdiidendthe rthanpion tel kher dnwnler Qeydmnpwmrdathi bithed cel

growt h bt i nGRAYEY 1% AT 96 SPL" R ARYLGHE z Ot dd S8 R3RE:
of discharge outside the tampon with a resulting reduction
in the likelihood of growth of S, aureus and consequently
its production of toxin. This patent also discloses that
an antimicrobial compound which is bactericidal or

10 bacteriostatic to S, aureus may be included in the inner
layer. The antimicrobial agent may take the form of an
antibiotic (such as penicillin, erythromycin, tetracycline
or neomycin), a chemotherapeutic agent (such as a
sulfonamide) or a disinfectant (such as phenol). The

15 patent states that because the tampon is protected by its
outer layer from contact with the vaginal wall, the risk

; of an allergic or other adverse reaction to the
anti-microbial agent is minimized, and since the
antimicrobial agent is also protected by the outer layer

20 from contact with menstrual discharge, there is little
risk of the destruction of commensal organisms in the
vagina or development of resistance to the antimicrobial

| agent by S. aureus in any menstrual discharge outside the

: vagina.

25

| S. Notermans et al. (Journal of Food Safety, Vol. 3
(1981), pages 83-88) reported that glyceryl monolaurate,
when used in the proportion of Sg per kg. of meat slurry
(pH 6.0-6.2) inhibited toxin productions by Clostridium

30 botulinum type A, type B and type E. This article does
not mention Staphylococcus sureus nor any toxins produced
therefrom nor does it mention absorbent products or toxic
shock s&ndrome. -

35

PRC 389 - //Il/l///lll/////l ijﬁced




Tierng
in thai

Rei ser
1987)

t he ef
t oxi n-
Iinité

t hereafter

and Hanna (Contraception. Vol. 31, pp 185-194, 1985) reported that
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U.S. Patent No. 4,585,792 to Jacob et al. discloses that
L-ascorbic acid when topically applied to the vaginal area
of a human female during menses will inactivate toxins

known to contribute to Toxic Shock Syndrome. The ascorbic

acid compound may be carried by a vaginal tampon. The
disclosure of U.S. 4,722,937, is to the same effect.

U.S. Patent No. 4,413,986 to Jacobs discloses a tampon

‘assembly packaged for sterile insertion of a tampon into

the vagina having a guide tube telescoped around an
insertion tube and a flexible sheath attached to the inner
end of the guide tube and tucked into the inner end of the
insertion tube. In use, as the insertion tube is pushed
through the guide tube and into the vagina, the flexible
sheath is pulled over the inner end of the insertion tube

~and extends along the exterior thereof. The portion of

the insertion tube which is inserted into the vagina is at
all times fully sheathed by the flexible sheath.

In tampon-associated toxic shock syndrome cases, the
predominant toxin produced by S. aureus is toxic shock
syndrome toxin-1 (TSST-1), while to a lesser extent, other
enterotoxins can be produced. These non-TSST-1

enterotoxins are principally associated with nonmenstrual
toxic shock syndrome.

There are compounds known to affect enterotoxin
production. J.L. Smith, M.M. Bencievengo, R.L. Buchanan,
and C.A. Kunsch reported, in an article entitled *"Effect
of Glucose Analogs on the Synthesis of Staphylococcal
Enterotoxin A", Journal of Food Safety 8 (198) pp. 139-146
that glucose, 2-deoxyglucose and alpha-methyl glucose

inhibited staphylococcal enterotoxin A synthesis by

Staphylococcus aureus 196E, whereas beta-methyl glucose
and 3-0-methy1 glucose did not inhibit synthesis even at
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hiQh concentrations. The formation éE_enterotoxins A and

" B is inhibited by glucose, with the extent of inhibition

being strongly influenced by pregrowth of the bacteria in
a glucose-containing medium as cited by Smith et al.

_ Iandolo and Shafer reported the effect of glucose and
glucose analogs 2-deoxyglucose and alpha methyl glucoside
on the synthesis and requlation of Staphylococcal
enterotoxin B production (Iandolo and Shafer, “"Regulation
of Staphylococcal Enterotoxin B", Infection and Immunity,
May 1977, pp. 610-615). The attenuating effect of glucose
on Staphylococcal enterotoxin B was observed. However,
when this effect was examined with'analogs of glucose,

~contradictory responses were seen. Acid production due to
-glucose metabolism has been shown to reduce toxin

production.

Ibrahim, Radford, Baldock and Ireland reported data
indicating that, in cheese without starter activity,
inhibition of growth of S, aureus and enterotoxin

production may be achieved during production by not

- salting the curd at the end of cheddaring, avoiding

pressing at high ambient temperatures and minimizing the
pressihg time of the curd (Ibfahim, et al., "Inhibition of
Growth of Staphvlococcus aureus and Enterotoxin-A
Production in Cheddar Cheese Produced with Induced Starter
Failure”, Journal of Food Protection, Vol. 44, No. 3, pp.
189-193, March 198l1). The authors also reported that
storage of salted cheese at 11°C appears to be a potential
hazard because of significant increases in §. aureus count
and entertoxin concentration. Surprisingly, the authors
reported that the count of §, aureus decreased with no

changg in enterotoxin concentration in unsalted cheese
stored at 1ll°cC.
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sausag® casing with a nol ecul ar wei ght cut-off of |less than 10,000) in

whi ch tlhe tanmpons were enclosed during testing. This method was deened
advant ggeous in that the Iimted anount of..avail able air was thought to
mmc re closely than previously used methods the in vivo condition in
the vagdi na during nenstruation with a tanpon in place and in that the"

t anpons{ whi ch were tested were not altered prior to testlng The results of

the tests conducte I |- SR revi de
I ncreasled surface gz}xg%tl{ée Sst%d%tsﬁgurree% &Fa to gr ow and bgd?c;uate
oxygen ffor toxiBentirrge and o 9 gmmswntthmhum@iwezﬁ HrahmBF IR t he

staphylfococci  haedeth % Ors Rt Th RO O By 21¥sRfod P fmIND £ est ed

vas notged. maltose led to cells with repressed ability to produce

5 staphylococcal enterotoxin A (J. L. Smith et al.,
"Entertoxin A Synthesis in Staphvlococcus aureus:
Inhibition by Glycerol and Maltose", Journal of General
Microbiology, Vol 132, pp. 3375-3380, 1986).

10 Chloramphenicol has also been reported as totally
inhibiting Staphylococcal enterotoxin B production (Robert
A. Altenbern, "Protease Inhibitors Suppress Enterotoxin B
Formation by Staphvlococcus aureus ", FEMS Microbiology
Letters, Vol. 3, pp. 199-202, 1978).
1S
; The production of TSST-~1 by S. aureus has
- predominantly been associated with menstrual toxic shock
syndrome, which has in turn been related to tampon usage.
Unexpectedly, a group of compounds were identified which
20 are effective to substantially reduce toxic shock syndrome
toxin 1 production by S. aureus in vitro and in vivo.
These compounds and the method of their use in absorbent
products are described in copending United States patent
applications Serial No. 343,965 filed April 27, 1989 and
25 Serial No. 316,742 filed April 27, 1990.

However, despite the effectiveness of the compounds in
inhibiting the production of TSST-1 toxin, there is no
basis for predicting whether such compounds would be

30 effective agaihst SEA, SEB, and SEC production due to the
structural and chemical differences between the TSST-1
toxin and other Staphylococcal enterotoxins.

35
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Robbi fs et al., publishing inJ. Cinical Mcrobiol.. Vol. 25, No. 8, pp.
1446- 1449, August 1987 at the sane tinme as Raiser et al., reported the
effectt of 17 comrercially avail able tanpo?gnon TSST-1 toxin production
usinga di sk-mem bran-agar (DVA) met hod;, th incubation at 37perr[C for
19 hours under 5% CJerr] in air. Filter nenbranes overlaying agar nedium
(withior without blood) in small petri dishes were spread inoculated with a
TSST-1 producing strain of S. aureus Robbins et al. concluded that the main
rol e of tanpoSummayTef &Re Bavenkdoaf providing a fibrous surface for heavy
col oni zation and sufficient air for TSST-l production. In addition, they
found evidence of _inhibitiqn of TSST-1 pro- duction by additives such as

t he deodorant/surpgeﬁgﬁFtﬁgéH'lﬁtahéénPEPelﬁppﬁda§§PFaBPeQ$§ﬂ£BFaﬁt t anpon

and a decr easgriodutEStohtpiadugt a0kohypoundi Belieagedr d¢om aheSgraupeus as

was obser%ed in _the, case %f a different commercially
consisting of:

a) a monocester of a polyhydric aliphatic alcohol and
a fatty acid containing from eight to eighteen
carbon atoms and wherein said monoester has at
10 _ least one hydroxyl group associated with its
aliphatic alcohol residue;

b) diesters of a polyhydric aliphatic alcohol and a
fatty acid containing from eight to eighteen
15 carbon atoms and wherein said diester has at
least one hydroxyl grodp associated with its
aliphatic alcohol residue; and

c) mixtures of the aforesaid monoesters and diesters
Lo20 reduces the amount of enterotoxins A, B, C and
TSST-1 with enterotoxin A produced in vitro when
said absorbent product is exposed to

Staphylococcus aureus bacteria.
25 The fatty acid portion of the aforementioned

monoesters and diesters may be derived from caprylic,
capric, lauric, myristic, palmitic and stearic acids,
which are saturated fatty acids whose chain lengths,
respectively, are Cs, clO' C12' Cl4, C16 and

30 Cla’ The fatty acid portion of the aforementioned
monoesters and diesters may be derived as well from
unsaturated fatty acids having carbon chain lengths also
ranging from Ca to C,,, one example of such an
unsaturated fatty acid being oleic acid. The preferred

35 fatty acid for use in the practice of the present
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avai | &l e tanpon. It was thought that both inhibition of TSST-1 production
and inpibition of S. aureus growh mght prove to be inportant in reducing
the ri$k of TSS. U S. Patent No. 4,405,323 to Auerbach discloses a
tanpon|designed to elimnate the hazards ofjstoxic shock syn- drone and
dysnmengrrhea. The tanmpon has i ncorporated thereln an anti bacterial agent
which its said to disperse on contact with body fluids and prevent

devel opnment of the organi snms which produce t he toxi ns which cause toxic

shock $yndrome., Anong. the ant i bacteri, naterlal dj s sed se are
povi dofe- i odi netRbHH §é;%ﬂﬁ ?ﬁ‘ﬁc #ﬁ%ﬁ ég ?ﬁéﬁﬁw °3fd
-nltrofurazone chemlé%ueﬁnrmmdapema zgceany Publlcatlon No. WO 86/ 05388
(pubI|$hed Septenber 25. 1986) to K& t'eaches that the
As used in this specification and the appended clalms,
*§ - the term "aliphatic™ has the meaning usually accorded it

in organic chemistry, . i.e. "aliphatic"® refers to organic

compounds characterized by straight - or branched - chain .

arrangement of the constituent carbon atoms.

10 As used in this specification and the appended claims,
the term “polyhydric" refers to the presence in a chemical
compound of at least two hydroxyl (OH) groups: Thus, a
polyhydric aliphatic alcohol is one which has at least two
hydroxyl groups and in which the carbon backbone is either

15 straight or branched.

Polyhydric alcohols suitable for forming monoesters
and/or diesters for use in the practice of the present
invention are 1,2-ethanediol; 1,2,3-ptopanetriol

20 (glycerol); 1,3-propanediol; l,4—buténediol:
1,2,4-butanetriol and the like. The preferred polyhydric
aliphatic alcohol for forming monoesters and diesters for
use in-the practice of the present invention is
1,2,3-propanetriol (commonly called glycerol) whose

25 formula is HOCHZCH(OH) CHZOH.

It will be observed that the esters which are useful
in the practice of the present invention have at least one
hydroxyl group associated with their aliphatic alcohol

30 residue. Thus, it will be understood that the monoester
of 1,2-ethanediol and one of the aforementioned fatty
acids may be used in the practice of the present invention
pbecause said ester, whose general formula is

_;f___;——~—~——~—’—‘_—
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incld% on of a salt of a nontoxic divalent cation In absorptive pads, e.g.
cateneni al tanpons, inhibits production of toxic shock syndrome toxin-1 and
ot her staphyl ococal products during use of said absorptive pad. Suitable
salts include those of magnesium barium calciumor strontium (preferred)
or of other divalent cations such as zi nel4-nmanganese, copper. iron, nicke
and the |like. The anionic portion of the salt is not critical. Mgnesium
stearate and nmagnesi um ace- tate are particularly preferred salts for use
in the invention. U.S. Patent No. 4,374,522 to O evsky states that

patterns of lﬁ%ashcﬁt cl e H ﬁe@tal_ipdd ﬂ.]fié cadte ;Hyair&igm sy ptive
capacity with t conconit ant .extended peri of use of certain tagpons are
factors whi cI‘PtE:oﬁi‘i" i e“tggﬂfﬁ’émpor ¢ o# o‘?h? o&?%uéﬁ‘bt&l s%ﬁ?%.sr%nw@
i nvention thesi¢zer imathdtameortsidmvohgthe nesteelr abesoiyed Viecarapae ty and
requir- aliphatic alcohol 1,2-ethanediol. On the other hand, it
5 will be understood that the diester of 1,2-ethanediol and-
one of the aforementioned fatty acids cannot be used in
the practice of the present invention because said ester,
whose general formula is
CnHZnﬁ-l-ﬁ-o-cH

2—CH20-ﬁ-C H
10 0 .

“n'2n+1l

does not have at least one hydroxyl group in that portion
of the ester derived from the 1,2-ethanediol.

15 The monoester of glycerol and one of the designated
fatty acids may be used in the practice of the present
invention because that ester will have two hydroxyl groups
associated therewith which are derived from the glycerol.
The diester of glycerol and one of the designated fatty

20 acids may also be used because that ester will have one
hydroxyl group associated therewith which is derived fronm
the aliphatic alcohol glycerol. 1Indeed, as will be seen
hereinafter, blends of giyceryl monolaurate and glycerol
dilauraté have been found to be useful in the préctice of

25 the present invention. Finally, it will be understood

: that the triester of glycerol and one of the designated
fatty acids cannot be used in the practice of the present
invention because that ester does not have at least one
hydroxyl group in that portion thereof which is derived

30 from the aliphatic alcohol, i.e. glycerol.

Preferred esters for use in the practice of the
present invention are glyceryl monolaurate, glyceryl
dilaurate and mixtures thereof.

. 35 _
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I ng rélatively nore frequent changes may be desirable. The d evsky patent
provi des a tanpon made of conventional cellulosic materials, such as rayon
fi bers, which have been conpressed into a bullet-shape with an open bottom
surface sealed by a fluid inpermeabl e sheldg= The fluid i nperneabl e bottom
and the traditional bullet shaped pl edget define a hollow core central
reservoir area which Is said to serve as a reservoir for excess nenstrual
fluid. U S Patent No. 4,431,427 to Lefren et al. discloses nenstrual

tanpons conpri si n@tﬂ@@vsﬁémf@ |é/st§@&§,fdlat\9§e SDh - a¢d £ At &l wiith thdisr

, ol t I I I t
Tna Tact e actigention it R dedal il Fee Refirar rdp et e Tl ' ©
InvenIion. Theuph esenzehyd r axe- Dpnapel of adhet abane- mehfdr@xyftrgnmpwltanpon
is said to '”i‘éQI:Lt%?e Qi?é!‘ﬁ?a@é f@?i&éé?vé?&?”é'?' £1k Rt Qe yack Were

an acid is
5 glycerol- 1 3~ dxlaurate, glycerol-1l,2-dilaurate are also

expected to reduce the amount of enterotoxins A, B, C and
TSST-1 with Enterotoxin A produced. Ethylene glycol
derivatives such as ethylene glycol monolaurate as well as
polyethlyene glycol laurates, e.g., diethylene glycol

10 monolaurate and triethyléne glycol monolaurate are also
expected to be active. Certain polymers are also expected
to have toxin-reducing activity, for example, polyethylene
glycol (200 MW) monolaurate, polyethylene glycol (400 MW)
monolaurate, polyethylene glycol (1000 MW) monolauraﬁe,

15 and polypropylene glycol laurates such as polyprbpylene
glycol monolaurate.

In accordance with the invention, the absorbent

product contains an amount of the above-described ester

20 which is effective to inhibit the formation of
enterotoxins A, B, C and TSST-1 with enterotoxin A when
said product is exposed to S, aureus. For example,
effective amounts have been found to be from about 0.1%
and higher of the specified mono- or diester compound (or

25 mlxtures thereof), based on the weight of the absorbent
mater1a1 comprising the absorbent product..

Preferably, the active ingredient contains at least 90% by
weight of glyceryl monolaurate. More preferably, the

30 active ingredient contains at least 95% by weight of
glyceryl monolaurate. Most preferably, the active
ingredient is substantially completely composed of
glyceryl monolaurate.
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t he ﬂanpon may additionally include an enzyne to hydrol yze the polyneric
acidlto Its nononeric form Canadi an Patent No, 1,123,155 to Sipos

di sclioses a caternenial tanmpon for preventing toxic shock syndronme dur- ing
menstrual flow. The body of the tanpon, .wgi.ch is open at the insertion end
and is closed at the withdrawal end, is snugly surrounded in its expanded
condition by a fluid proof, thin and flexi bl e nmenbrane. This nenbrane,

whi ch can be nade of polyethylene sheet, is biased agai nst the vagi nal wall

during use okohlest ATRORS | SOELLR! 19 e ARG, FUGOSaraRd [ s

conpl etely inpernea erra, vrruses and “déconposi tion
products of stephecmstaligyrédanes egatbadiian APASBEA) Nbs morg2ckosely

Bardhan di scl:a3gsed t8MeRA §QphPoabERRA! kARRbtBRIAL UakpEROW and
conprising an inner |layer of L1quld-absaorbent material ,and an,guter |ayer

whi ch surrouRd$s&idesnel G¥8keing LARGr ofaPdne REAEPr agRds similar to
S | that of Staphylococcal enterotoxin A (SEA) and is also

encoded by a converting phage. However, SPEA shares
greater amino acid sequence similarity with Staphylococcal
enterotoxin B than with SEA. Immuhological studies have
shown that the proteins and antisera to either enterotoxin
10 are cross-reactive (Iandolo, 1989). These similarities
between Staphylococcal enterotoxins A and B and the
Streptococcal exotoxin A in both structure and reactivity
lead to the hypothesis that the demonstration of an
effect, such as reduction in enterotoxins A and B produced
15 by Staphylococcus would translate to a similar effect on
- streptococcal exotoxins. Glycerol monolaurate has been
found to be effective in reducing the production of SPEA
and SPEB in vitro using the tampon sac method.

20 As used herein, the term "absorbent material” iﬁcludes
natural or synthetic fibers, films, foams, wood pulp, peat
moss, superabsorbent polymers and the like which are
capable, either inherently or by virtue of the manner in
which_they have been assembled, of absorbing liquids such

25 as water, urine, menstrual fluids, blood, wound exudates
and the like,

D ription he Pr T Em imen

30 In Example 1 which follows herein, the invention will be
described in detail in connection with absorbent fibers
and an amount of glyceryl monolaurate which is effective
to inhibit the production of enterotoxins A, B, C or a
combination of TSST-1 and A being produced by S, aureus
35 bacteria when said bacteria are brought into contact with
S
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di scharge may flow inwardly to the inner |ayer but the outer l|layer is

| npervious to the passage of nenstrual fluid out- wardly fromthe inner

| ayer. A plurality of |iquid absorbent w cks extending fromthe inner |ayer
t hrough apertures fornmed in the outer |ay@r serve as conduits for the flow
of menstrual discharge fromoutside the tanpon to the inner |ayer thereof.
The di scl osed structure is said to mnimze the availability of discharge
outside the tanpon with a resulting reduction in the likelihood of growth
of *S. aureus cmctocnrﬂexumtsluychi fas Rhogecuised dihn tc@(:ielmen'ihils prateotsal so

di scl oses that an obi und ri.ci dal.

bact eri ost ati%c 9 5}% @unfs:aus I% qug n(‘fln% Q—,oosé\ he i nr%:é‘?a ﬂ?;ﬁ'ﬁ.pﬁg

anti mi crobi alofag:é'm imentilon tamlﬁ(oﬁm vk 1dn tantatdient itapesuch absm;heam lin.

erythromycin § i A G d;c'vsétet Qs RQOL @és're)entaﬁ%qﬂe IARGIHC wBERAL (Such as
e eno

a sul fonam d or I si nfect ant suc . The pat ent states t hat
because 9 ress1ngs, disposable d1apers, san1tary napklns and other
kinds of tampons, such as those intended for medical,

surgical, dental and/or nasal use.

Cotton fibers were obtained from Barnhardt Manufacturing

10 Company of Charlotte, North Carolina. The fibers were
100% cotton, such that the fibers were substantially free
of all finishes and additives, such as surfactants and the
like commonly used in commercial production. The cotton
fibers were placed in a kier and heated with water to a

15 temperature between about 88°C (190 °F) and about 93.5 °C
(200 °F) at which time both glyceryl monolaurate and sodium
oleate (4:1 ratio concentration) were added to the water to
form an emulsion in the kier. Varying concentrations of
glyceryl monolaurate were added to the fibers, such that

.20 each set of fibers contained emulsions having 0.22%, 0.78%,
1.12% and 1.89% glyceryl monolaurate by weight. The kier
was closéd and pressurized to 4.54 kg (10 lbs). The system
was run for thirty minute cycles. After completion, the wet
cotton fiber was centrifuged for five minutes and the

25 fibers were dried in the oven at 121 °C (250 °F) with a 6.5
minute dwell time and subsequently carded using
commercially available cardlng equipment into a flbrous web
weighing about 33.6 g/m .

30 A sample of glyéeryl monolaurate available under the
tradename "Monomuls 90 L-12" was obtained from Henkel
'Corporation of Germany and found to contain 96% by weight
of glyceryl monolaurate. No glyceryl dilaurate was
detected. Glyceryl monolaurate is a GRAS compound listed

35 Dby the FDA for use as a food emulsifier. This material is

. —— .
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t he ;a%pon I's protected by its outer layer fromcontact wth the vagi nal
wall, the risk of an allergic or other adverse reac- tion to the
anti-mcrobial agent is mnimzed, and since the antimcrobial agent is
al so protected by the outer layer fromcontact with nenstrual discharge,
there is little risk of the destruction 6ffGomensal organi sms in the
vagi na or devel - opnent of resistance to the antim crobial agent by S.
aureus in any nenstrual discharge outside the vagina. '

suggested for use in anti-caries products, insecticides,
cosmetic preparations, and food compositions.

The following examples are illustrative of the effects
5 of the absorbent products of this invention upon the
production of enterotoxins A, B, C and TSST-1 with
enterotoxin A. Of course, these examples merely
illustrate the products of the invention without limiting
the scope of the invention.
10
EXAMPLE 1

Uniformly coated cotton fibers which have been carded,
containing, respectively, 0.22, 0.78, 1.12 and 1.89% w/w

15 of the aforementioned glyceryl monolaurate based on the
weight of the fiber, were weighed into 2.38-gram _
quantities in duplicate. The glyceryl monolaurate-treated
fibers were then tested according to the Tampon Sac Method
reported by Reiser et al. in the Journal of Clinical

20 ' Microbiology Vol. 25, Augqust 1987, pp. 1450-1452, the
disclosure of which is hereby incorporated by reference.

Staphvlococcus aureus strain FRI-100, a known
staphylococcal enterotoxin A producer, was used as the

25 test organism in this Example. Strain FRI-100 originated
as a food isolate from the Food Research Institute in
Madison, WI. Strain FRI-100 was obtained from Dr. Pat
Schlievert, Dept. of Microbiology of the University of
Minnesota Medical School, Minneapolis, MN. A second

30 strain of §. gureus obtained from Dr. Schlievert,
designated Mn Hoch, was identified as an enterotoxin
B-only producer. This strain was isolated from a
nonmenstrual case of Toxic Shock Syndrome. A third strain
of S. aureus provided by Dr. Schlievert as an enterotoxin

35 C producer designated Mn Don was also isolated from a

—_—
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3 ‘1%f Noterrmans et al. (Journal of Food Safety, Vol. 3 (1981), pages
83-88) reported that glyceryl nonol aurate, when

10

15

20

25

30

35

-19-

nonmenstrual case of Toxic Shock Syndrome. A fourth
strain of S, aureus provided from Dr. Schlievert produces
both TSST-1 and enterotoxin A designated Mn8. Control §,
auyreus isolates which de not produce any enterotoxins were
used as controlé in the assays.

S, aureus suspensions were separately prepared by
thoroughly mixing one (1) milligram of the lyophilized §,
aureus strain to one (1.0) milliliter of Brain Heart
Infusion (BHI) Broth (obtained from Difco Laboratories,’
Detroit, Michigan) and transferring said mixture into a
test tube containing five (5) milliliters of BHI Broth.
The suspensions were thoroughly mixed again and incubated
for 24 hours at 37°C prior to use.

100 milliliters of brain heart infusion (BHI) agar {(also
obtained from Difco Laboratories in Detroit, Michigan,
U.S.A.) were put into each of ten 3.8 cm x 20 cm culture
tubes. Cellulose dialysis bags were made and sterilized
in the manner reported by Reiser et al. The sterile
cellulose sacs were inoculated with the aforementioned

S. aureus suspension in an amount sufficient to provide at

the beginning of the test a concentration therein of 1.9 x
R , )

©10° CFU/ml Staphvlococcus aureus bacteria.

A bundle of glyceryl monolaurate-treated cotton fibers
weighing 2.38 grams was inserted into a sterile dialysis
bag containing the 8. aureus bacteria and each bag was
then inserted into a culture tube containing the BHI

agar. Two controls, each in duplicate, were used. In one
control (called the "inoculum control®"), an inoculated
dialysis bag (with no fiber therein) was placed in each of
two culture tubes containing BHI agar. In the second
control, two untreated bundles weighing 2.38 g each (i.e.

cotton fibers without finishes and the like éxaqtly
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used ?H the proportion of 5g per kg. of neat slurry (pH 6.0-6.2) inhibited
toxin productions by dostridiumbotulinumtype A type B and type E. This
article does not nention Staphyl ococcus aureus nor any toxins produced

t herefrom nor does it mention absorbent qgoy®mducts or toxic shock syndrone.
U S. Patent No. 4,585,792 to Jacob et al. discloses that L-ascorbic acid
when topically applied to the vagi nal area of a human fenmal e during nenses
will inactivate toxins known to contribute to Toxic Shock Syndrone. The

o UL 8. 4700 S5 eI MR LU ANY Erd AR ef IYCe U i AR
Jacobs di scl ost8r® REaRRh ik ddatlys isadlagfe Wiiinh sirefurd Wesd mlacesd i

tanpon into tr@yagwac\r@/s Qﬂm%a(ilx'hd@ taihe dfd €SCOoNRG aAndId ity NSHFd Itibe

tube and a erX|bIe sh ttached to the inner, end of :
ere use é% %est, four containing the aforementioned

5 controls (two with untreated cotton fibers; two without fibe:
and the others containing the aforementioned increasing
concentrations of glycerYl monolaurate from 0.22 to 1.89% w/v
on cotton fibers in dupliéate.

-10- The concentrations of S, aureus strain FRI-100 viable cells ¢
enterotoxin A at the outset of the test (0 hours) and after
incubation for 24 hours at 37°C are shown in Table I.

15
20
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t he gmide tube and tucked into the inner end of the insertion tube. In use,
as the insertion tube is pushed through the guide tube and into the vagina,
the flexible sheath is pulled over thg.nner end of the insertion tube and

extends al ong the exterior thereof. e portion of the insertion tube which
is inserted into the vagina is at all tines fully sheathed by the flexible
sheat h. I n tanpon aSSOCIated tOXIC shock syndrone cases, the

tOXIC shock s ndrone toxin-1

predom nant to

(TSST 1). whil éh%‘ E‘}gg %ﬁﬁt"g“ R % oduced.
These non- TSST-1 entero ox- g é?éd wth
nonnenstrual toxic shock sy Fe %npounds known to affect

ent erot oxi n production. J. Snlth M M Bendevengo, R L Buchanan, and

FINAL FINAL ' PINAL
CONCENTRATION CONCENTRATION AMOUNT

SAMPLE QF S, AUREUS QF §. AUREUS2 Enterotoxin AP-¢
(x 108 CFU/ml) (Logq CFU/ml) (pg)

No Fiber 210 10.32 2.50

{Control)

Untreated Fiber 480 10.68 ' 3.48

(Control) '

Treated Fiber 18 9.25 0.029

(0.22% GML)

Treated Fiber 2.0 8.30 ' 0.07S

(0.78% GML)

Treated Fiber 12.8 9.10 0.052

(1.12% GML) '

Treated Fiber 4.0 8.60 <0.005

(1.89% GML) '

a

Number of viable §, aureus cells expressed as log to base
l10.

b . as determxned by the ELISA method reported by Reiser et
al. in Applied and Environmental Microbiology, December
1982, pp. 1349-1355.

c

Mean determination of duplicate samples.

[ AR

-

——""-—
--IEi

m

—-'—-Q

Th e

i




L

C. A Kunsch reported, in an article entitled "Effect of d ucose Anal ogs on
the Synthesis of Staphyl ococcal Enterotoxin A-. Journal of Food Safety 8
(198) pp. 139-146 that glucose, 2-deoxyglucose and al pha-nethyl gl ucose

i nhi bited sta- phyl ococcal enterotoxin Ar@ynt hesis by Staphyl ococcus aureus
196E, whereas beta-nmethyl glucose and 3-0-nethyl glu- cose did not inhibit
synthesis even at high concentrations. The formation of enterotoxins A and
Bis inhibited by glucose. with the extent of inhibition being strongly

i nfluenced byrnar %&TtQV\hhx q*fabtﬂée 1b§ﬁbar 't%a'tn gaygﬂelt@qsem@utaatateghsrsda um as
cited by Smth et al er repor t.he effec

gl ucose and §i*9ddES ARh d&?aftd88x§5F658§8x&ﬂUAaPﬁ guﬁﬁﬁﬁﬁlc§W835§Pgﬁ on
t he synt hesi xcanidsr efiflerit @n ASSH-appyrloduetdain .entieottarxiad Bepl odochtsn

(I'andol o and r%r}alfe £ oxﬁeyg%l i3 of lgtgaqrgé'uction in S. aureus cell

S number.

The data in Table 1 show that when §. aureus FRI-100
strain, which produces Enterotoxin A, is exposed to fibers
coated with glyceryl monolaurate (0.22% w/w) there is a

10 99% reduction in Enterotoxin A formation. With fibers
coated with 0.78% w/w glyceryl monolaurate, a 98%
reduction was noted. In higher concentrations of glyceryl
monolaurate; such as 1.12% and 1.89% w/w glyceryl
monolaurate, 99% reductions in Enterotozin A formation

15 were noted. At the end of the incubation period (24
hours), the log concentration of S. aureus cells in the
presence of control cotton fibers was 10.68; the log
concentration of S, aureus cells in the presence of fiber
containing 0.22% glyceryl monolaurate was 9.25 (13% less);

20 the log concentration of §, aureus cells in the presence
of cotton fibers containing 0.78% glyceryl monolaurate was
8.30 (22% less); the log concentration of S. aureus cells
in the presence of cotton fibers conEaining 1.12% w/w
glyceryl monolaurate was 9.10 (15% less); and the log

25 concentration of S, aureus cells in the presence of cotton
fibers containing 1.89% w/w glyceryl monolaurate was 8.60
{19% less). Thus, although the amount of toxin produced
by the S. aureus cells was almost entirely eliminated, the
glyceryl monolaurate-coated fibers d4id not substantially

30 reduce the number of viable the S. aureus cells.

Further, a dose-response effect could be noted with
glyceryl monolaurate with respect to- the amount of toxin
produced in that the greater the glyceryl monolaurate

35  content, the lower the amount of toxin that is produced.

__’—————'—'—-—’_—_’___’_——.
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| ocotcal Enterotoxin B', Infection and Imunity, My 1977. pp. 610-615).
The attenuating effect of glucose on Staphy- |ococcal enterotoxin B was
observed. However, when this effect was exam ned with anal ogs of gl ucose.
contradi ctory responses were seen. Acid pkraduction due to glucose

met abol i sm has been shown to reduce toxin productlon | br ahi m

Radf ord, Bal dock and Ireland reported data Indicating that in cheese

Wi thout starter activity, inhibition of gromﬂh of S aureus and enterotoxin

production may he achleved ur|n produ n not sail h rd at the
end of chedda&"ﬁg“ SARS & ng °§’tiﬁ él’r F&ﬂ‘t Peﬁ'hé%a?ﬁ?gﬁgnd
m ni m zi ng t heripresgard Itmev(ifatilfeec@lllld numvexhi m et al., "Inhibition of

Growt h of Staphyl ococcus aureus and Enterotoxin-A Production in Cheddar
Cheese Produced with Induced Starter Failure". Journal of Food Protectlon

Vol . 44, No 3 Exgmpll#d-2193, March 1981). The authors al so
5
A second experiment was conducted to evaluate the

effect of glyceryl monolaurate on Enterotoxin B production
by S. aureus strain Mn Hoch obtained from a nonmenstrual
Toxic Shock Syndrome case. The microorganism was

10 transferred, inoculated, and evaluated using the
experimental procedure described and set forth in Example
1. The cotton fibers which were untreated, cotton fibers
treated with 0.22%, 0.78%, 1.12% and 1.89% w/w glyceryl
monolaurate were weighed to 2.38 gram quantities and

15 inserted into dialysis bags previously inoculated with S,
aureus strain Mn Hoch, and tested as described in Example
1. The treated cotton fibers, the untreated cotton fiber
controls and duplicate inoculum controls were then all
tested in duplicate as described in Example 1. The test

20 results are reported in Table 2.

25

30

_—
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reported that storage of salted cheese at 11l[err]C appears to be a
potential hazard because of significa Q*increases In S. aureus count and
entertoxin concentration. Surprisingf&' The authors reported that the count
of S. aureus decreased with no change in enterotoxin concentration in
unsal ted cheese stored at 1llf[err]C Anot her study was reported by J. L
Smth, M M Bencivengo and C. A Kunggf g hat indicated that prior growh

of Staphyl 0COCCUS Syfzeyprytr I cORt Rt GRABLARATER @8 edoaGkhoCel | S wi th

repressed ability to prgy H@@rréﬁ%@hé’ﬁ%&&ﬂm& BReuhaxaderA (J. L Snmith et
al., "Entertoxin A Synthesis in Staphylococcus aureus: |nhibition by
(]ycerol and Maltose", Jour- nal of General M crobiology, Vol 132. pp.
3375-3380. 1986). Chl or anpheni col has al so been reported as totally
i nhi biting Staphyl ococcal ergsarotoxin B prndacti on ( RoberrINAL
CONCENTRATION CONCENTRATION AMOUNT
SAMPLE QF S, AUREUS OF S. AUREUS? Enterotoxin BP/©
(x 108 cru/ml) (Logyg CFU/ml) {pg)

No fiber 7.20 8.85 41.04.

{Control)

Untreated Fiber 16.21 9.21 117.46

(Control)

Treated Fiber 2.39 8.38 5.77

{0.22% GML) ‘

Treated Fiber 10.00 9.00 2,17

(0.78% GML)

Treated Fiber 0.81 7.91 0.93

{1.127 GML)

Treated Fiber 0.48 7.69 0.45

(1.897 GML)

2 : Number of viable §, aureus cells expressed as log to dase

10.
b . As determined by the ELISA method reported by Reiser et
al. in Applied and Environmental chrobxoloqy Dec. 1982,
pp. 1349-1355.
c =

Mean determination of duplicate samples.
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1 _
Al teribern, "Protease Inhibitors Suppress Enterotoxin B Formation by
St aphyl ococcus aureus” , FEMS M crobiology Letters, Vol. 3. pp. 199-202,
1978). . The production of TSST-1 by S aureus has predom nantly been
associated with menstrual toxic shock synf%me. which has in turn been
related to tanpon usage. Unexpectedly, a group of conmpounds were identified
which are effec- tive to substantially reduce toxic shock syndronme toxin 1
production by S. aureus in vitro and in vivo. These conpounds and the
met hod of their usphe rdathsoiberdbly @wHee afitatiescrabeshg ™Me apsetdi ng United

Seri af Nor  3160PA R ETGRHTI S I gad S ERl s A i lesY i vl
ef fectiveness biie tiret oaapedincisnt roinhimithegp téseprodltq ycefy ISST- 1
toxin, there iﬁoﬁﬁﬁ&ﬁ?ﬁéﬁ (0.22% w/w) coated cotton fibers. -Treated
5 cotton fibers with glyceryl monolaurate concentrations of
0.78% w/w resulted in a 98% reduction in Enterotoxin B
production while greater than 99% reductions were noted
with fibers coated with 1.12 and 1.89% w/w glyceryl L
monolaurate. At the end of the incubation period (24
10 hours), the log concentration of §. aureus cells in the
presence of control cotton fibers was 9.21; the log '
concentration of §, aureus cells in the presence of fibers
containing 0.22% glyceryl monolaurate was 8.38 (9% less);
the log concentration of §, aureus cells in the presence
1s of cotton fibers containing 0.78% glyceryl monolaurate was
9.00 (2% less); the log concentration of S, aureus cells
in the presence of cotton fibers containing 1.12% glyceryl
monolaurate was 7.91 (14% less); and the log concentration
of 8, aureus cells in the presence of cotton fibers

20 containing 1.89% w/w glyceryl monolaurate was 7.69 (16%
less).

Example 3

25 A third experiment was conducted to evaluate the effect of
glyceryl monolaurate on Enterotoxin C production by
S. aureus MN Don which is an Enterotoxin C-only producer
obtained from an individual with nonmenstrual Toxic Shock
Syndrome. The microorganism was transferred, inoculated

30 and evaluated using th experimental procedure described
and set forth in Example 1. The cotton fibers untreated,
cotton fibers treated with 0.22%, 0.78%, 1.12% and 1.89%
w/w glyceryl monolaurate were weighed to 2.38 gram
quantities and inserted into dialysis bags inoculated with

35 S. aureus strain Mn Don and tested as described in Example '

This Sheet Has Been'Replaced -
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for predicting whether such conpounds woul d be effective agai nst SEA, SEB,
and SEC production due to the structural and chem cal differences between
the TSST-1 toxin and ot her Staphyl ococcal jgggrotoxins. Summary of the

| nventi on Unexpectedly. it has been found that an absorbent product
can be manufactured, inhibiting or reducing the produc- tion of Enterotoxin
A Enterotoxin B or Enterotoxin C or a conbination of TSST 1 with '

Enterotoxin A by St y occus aureus bacteria and henol ysins by groups A,
B, Fand G stre%fodgggi%égkpéwﬁ?ékﬂﬁ(ﬁ19§ﬁﬁnniﬁﬁuP%#ﬂQ%k%é ¢obhonheiber

controls, and duplicate inoculum controls were then all
tested in duglicate as described in Example 1. The test
results are reported in Table 3.

10
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group consi sting of:

TABLE 3
THE EFFECT OF GLYCERYL MONOLAURATE ON ENTEROTOXIN C
PRODUCTION BY STAPHYLOQCOCCUS AUREUS Ma Don
FINAL FINAL FINAL
CONCENTRATION CONCENTRATION AMOUNT
SAMPLE QF_S. AUREUS QF S, AUREUS3 g_;g_g:_ug_;b .c
(x 108 CFU/ml) (Logyq CFU/ml) (pg)
No Fiber 69.18 9.84 1.55
{Control)
Untreated Fiber 17.78 9.25 32.27
{Control)
Treated Fiber 3.80 8.58 1.52
(0.22% GML)
Treated Fiber 10.47 9.02 0.16
(0.78% GML)
Treated Fiber 4.16 8.62 0.02
(1.12% GML)
Treated Fiber 0.33 7.52 0.14

{1.89% GML)

a . Number of v
10.

b

As determin
al. in Ap
Pp. 1349~

Mean determi

iable S; aureus cells expressed as log to base

ed by the ELISA method reported by Reiser et

plied and Eavironmental Microbiology Dec. 1982,
1355,

ination of duplicate samples.
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a) a nonoester of a polyhydric aliphatic alcohol and a fatty acid

containing fromeight to ei ghteen carbon atons and wherein said
nonoest er has at | east one hydroxyl group associated with its aliphatic
al cohol residue: b) diesters of a-P@&-yhydric aliphatic al cohol and a

fatty acid containing fromeight to ei ghteen carbon atons and

The data reported in Table 3 show that S, aureus Mn Don
produced significantly less Enterotoxin C (95% less than
the untreated control) in the presence of glyceryl
monolaurate (0.22% w/w) coated cotton fibers. Treated

5 cotton fibers with glyceryl monolaurate concentrations of
0.78% w/w and greater resulted in 99% reductions in
Enterotoxin C formed over that generated by the untreated
control. The log concentrations of S, aureus Mn Don cells
in the presence of control cotton fibers was 9.25; the log

10 concentration of S. aureus cells in the presence of fibers
containing 0.22% glyceryl monolaurate was 8.58 (7% less);
the log concentration of S, aureus cells in the presence
of cotton fibers containing 0.78% glyceryl monolaurate was
9.02 (2% less); the log concentration of S, gg;gng cells

15 in the. presence of cotton fibers containing 1.12% glyceryl
monolaurate was 8.62 (6% less); and the log concentration
of S, aureus cells in the presence of cotton fibers
containing 1.89% w/w glyceryl monolaurate was 7.52 (19%
less).

20
Exam 4

A fourth experiment was conducted to evaluate the effect
of glyceryl monolaurate on both TSST-1 and Enterotoxin A
25 produced together by S, aureus Mn8, which is a known high
' TSST-1 producer which also produces Enterotoxin A in
lesser quantities. This S, aureus Mn8 isolate was
obtained from the tri-state study of an individual with
Toxic Shock Syndrome. The miéroo;ganism was transferred,
30 inoculated, and evaluated using the experimental-pfocedure
described and set forth in Example 1. The cotton fibers
untreated, treated with 0.22%, 0.78%, 1.12% and 1.89% w/w
glyceryl monolaurate were weighed to 2.38 gram quantities
and inserted into dialysis bags inoculated with S. aureus
35 strain Mn8 and tested as described in Example 1. The

- —
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wherein said diester has at | east one hydroxyl group associated with its
al i phatic al cohol - resi due: and c) mxtures of the aforesaid
nonoesters and diesters.. The fatty acid portion of the aforenentioned

nonoesters and di esters may be derived frogycapryiic, capric, lauric,
nyristic, palmtic and stearic acids, which are saturated fatty acids whose

chain lengths, respectively, are (Jerr], (err] . (err] dderr]. (err]
and Clerr]. The fatty acid portion of the af orerenti oned nonoesters and

diesters ma v I f s havi ng car bon
chain | engt%sbg?gﬁéiaﬁgt@z Vﬁﬂe;& er r '?al%% £ %‘??"et%'kaéb'?%r FFonkrad g san
unsaturated up ate inoculum controls were then all tested in

duplicate as described in Example 1. The test results are
reported in Table 4.
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fatty acid being oleic acid. The preferred fatty acid for use in the
practice of the present invention is lauric acid, a satu- rated fatty acid
whose chem cal fornmula is C[err]H[err](X$i3 As used in this
specification and the appended clains, t term "al i phatic" has the neaning
usual ly accorded it in organic chemstry, i.e. "aliphatic" refers to
organi ¢ conpounds characterized by straight - or branched - chain arrange-

ment of the constitggntereadd TREBsed in this s eci fication
and the. appended cl ai ns, ?ﬂe%ﬂéﬁﬁﬁ%ﬁ@l%" ﬁ TE %f:?“f% FROZB¥IRAI n a
chem cal conpound of at |east two ygro ugééﬁﬂﬁﬂ§, a pol yhydric
al i phatic al cohol is one which has at |least two hydroxyl groups and In

whi ch the carbon backbone is either straight or branched.

§§§2§NTR FINAL FINAL FINAL

_ ATION CONCENTRATION AMOUNT AMOUNT

SAMPLE OF VIABLE F_S. AUREUS3 ISST-1-C Enterotoxin ab-
S. AUREUS CELL§ '
(= 108 cru/ml)  (Logyg CPU/m1) (pg) (pg)

No Fiber 354.81 T touss

o Fiber o 18.0 11.38

Untreated 4,78 8.68 - 1

Uatreated | 31.62 14.14

Treated Fiber 1.44 .8.16

Treated Fil 7.58 1.35

Treated Fiber 0.61 : . 7.79 '

rreated Fib 0.93 0.50

Treated Fiber 3.63 8.56

(1.12% GML) °-4t o

Treated Fiber 4.16 8.62

Treated FiL 0.13 0.12

;.t:mber of viable §, aureus cells expressed as log to base

b - .
= As (;et?rm;ned by the ELISA method reported by Reiser et
al. 1n Applied and Environmental Microbiolo Dec. 1982
PP. 1349-1355, w ot
<

Mean determination of duplicate samples.
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Pol yhydric al cohols suitable for form ng nonoesters and/or diesters for use
in the practice of the present invention are 1, 2-ethanedol;

1,2, 3-propanetriol (glycerol): 1,3-propanediol: 1.4-butanediol; 1
,4-butanetrid and the |like. The preferredlpol yhydric aliphatic al cohol for
form ng nonoesters and diesters for use in the practice of the present

i nvention is 1.2, 3-propanetriol (commonly called glycerol) whose fornmula is
HOCH[ err] CH(OH) CH[ err ] OH. It will be observed that the esters which

are useful i RrH@NMLAGH ¢3b2k tzh%nl%e%%tt LY Ra¥epabgheaat one
hydr oxyl group associated with their allpha |c al cohol remdglﬁ Thus, it
e

will be underssi@ud iqeatt Ivhd essndeSTel @Pdlgﬂtéfﬁéﬁéapoﬁ 3Rqt of the
af orenment i ongsk dsddde arf dywey yle moned dut althe tpeatedc€ibkrt.he aAfttesent

| nventi on beceaxu;_:soesusraeI 0 %t ? % \M}%S%l ecneerr th nfo%t:r{uau*alte treated fiber,
5 S. aureus Mn8 produced 7.58 ug of TSST-1 which is 76% less
than that noted in the untreated fiber control. This same
fiber treated (0.22%w/w glyceryl monolaurate) resulted in
a 90% reduction in Enterotoxin A formation over that
observed in the control. The cotton fiber treated with
10 0.78% w/w glyceryl monolaurate resulted in a 97% reduction
in TSST-1 formation with a 96% reduction in Enterotoxin A
formation. The fiber containing 1.12% and 1.89% w/w
glyceryl monolaurate both resulted in a 99% reduction in
both TSST~1 and Enterotoxin A formations. At the end of
15 the incubation period (24hours) the log concentration of
S. aureus cells in the presence of control cotton fibers
was 8.68; the log concentration of S, aureus cells in the
presence of fibers containing 0.22% w/w glyceryl ' '
monolaurate was 8.16 (6% less); the log concentration of.
20 - S, aureus cells in the presence of cotton fibers
containing 0.78% glyceryl monolaurate was 7.79 (10% 1ess),
the log concentration of S, aureus cells in the presence
of cotton fibers containing 1.12% w/w glyceryl monolaurate
was 8.56 (1% less); and the log concentration of S, aureus
25 cells in the presence of cotton fibers containing 1.89%
w/w glyceryl monolaurate was 8.62 ( 1% less).

As can be seen from the preceding Examples 1-4, cotton
fibers have been treated with varying levels of glyceryl

30 monolaurate, a commercially available mixture comprising
96% by weight glyceryl monolaurate and no glyceryl
dilaurate. The data reported in Tables 1-4 show that,
-depending on the levels of glyceryl monclaurate in the
fibers, S. aureus bacteria produce significantly less

35 toxin, in other words, are inhibited from producing

PPC 389 : is Sheet-Has Been Reilaced

HII\II\ |II||l q




[err] has at

| east one hydroxyl group (i.e. the hydroxyl group at the far

ri ght-hand side of the structural formula shown above)
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significant amounts of toxin when compared to the amounts
of toxin produced, under the same experimental conditions,
by S. aureus bacteria in the presence of control fibers

containing no glyceryl monolaurate.

The effectiveness of glyceryl monolaurate with respect to
toxin production should not be dependent upon the type of
fiber substrate on which it is placed. It has been shown
previously that Lauricidin and related analogs are
effective in reducing TSST-1 toxin production in absorbent
products when used on various subStrates as set forth in
copending United States patent applications Serial No.
343,965 filed April 27, 1989 and Serial No. 316,742 filed
April 27, 1990, which are hereby incorporated herein by
reference. Furthermore, although the examples set forth
above contain fibers having a coating of about 0.22% w/w
of glyceryl monolaurate, the active compound should be
effective to prevent toxin formation at lower
concentrations, e.g., at concentrations of at least about
0.1% w/w active compound. |
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in that portion of the ester derived fron1the'aliphatic'alcohol 1

, 2- et hanedi ol .
1. 2- et hanedi ol
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On the other hand, it will be understood that the diester

of

and one of the aforementioned fatty acids cannot be used in
the practice of the present invention becau¥e said ester, whose general
formula is [err]

Example 5

An experiment was conducted by Dr. Patrick Schlievert of
University of Minnesota to evaluate the effect of tampons
treated with glyéeryl monolaurate on streptococcal
pyrogenic exotoxins types A and B. The microorganism used
in this experiment ﬁas Group A streptococcus strain C203,
which produces streptococcal pyrogenic exotoxins A and B.
In this experiment, the Tampon Sac Method of Reiser et al.
was used to determine the effect of the treated tampon on
toxin production. Dialysis tubing was inoculated with 5 x
106 colony forming units (CFU) of the bacteria in a 1-ml
volume (Brain Heart Infusion Broth) with or without o.b.
brand vaginal tampons. The tampons used weighed 3 gm and
contained either 1 ml glyceryl monolaurate (1.0% w/w) or
tampons without glyceryl monolaurate. The inoculated
dialysis tubings were submerged in 75 ml brain heart
infusion agar and incubated for 24 hours at 37°C at 7%
COZ‘ The samples were then diluted four-£fold with

respect to the amount of fluid absorbed over the 24 hour
period and CFU and toxin concentrations were determined.
Plate counts were used to determine CFU concentration and
Western blot anaylsis to measure toxin. The lower limit

of detection of toxin was 0.003 F9- The data obtained are
summarized in Table 5.

The results demonstrate that toxin production was
quite low in the presence.of the untreated tampon, and was
undetectable in the presence of the treated tampons. Cell
viability was also significantly affected. It was
determined that the presence of oxygen adsorbed to the
fibers of the tampon, as well as exposure of the
microoiganism to atmospheric oxygen may have contributed
to the lower levels of toxin production and reduced cell

—/
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does not have at |east one hydroxyl group in that portion of the ester
derived fromthe 1 ,2-ethanediol. The nmonoester of glycerol and one of
the designated fatty acids nmay be used in the practice of the present

i nven- tion because that ester will have twp hydroxyl groups associ ated
therewith which are derived fromthe glycerol. The diester of glycerol and
one of the designated fatty acids nmay also be used because that ester wll
have one hydroxyl group associated therewith which is derived fromthe

ali phatic al cohol  glycerol. lndeed., as. wll Dbe seen. herginafter, blends of
gl yceryl nnnolaﬂf3€§¥é b?y%&ﬁc§¥%ﬁ¥§ﬁﬁeﬁig§mﬁﬁeéh&ﬁhfgﬁﬂa°P8 B&Tfseful in
the practice oflotetedeseit wawealecidexh. tédipudvide ianwehdebebdinder st ood
that the triestgpypfonhdAe" £r AKk Yy Midde AefiPoaiednt atbyedci ds cannot

be used in the
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practice of the present invention because that ester does not have at |east
one hydroxyl group in that portion thereof which is derived fromthe

ali phatic alcohol, i.e. glycerol. Prefegged esters for use in the
practice of the present invention are glyceryl nonol aurate, glyceryl
dilaurate and m x- tures thereof. O her preferred esters for use in

accordance wth this invention include nonol aurate derivatives of C3

al kanol s. such as 2-hydroxy-1 -propyl |aurate and 3-hydroxy- 1-propyl

| aurate. Dilaurate derivatives of  C3 al kanols such as glyc- erol-1.
3-dilaurate. glycerol-1 ,2-dilaurata are al so expected to reduce the anount
of enterotoxins A B, C and TSST-1 '

TABLE S
5 . .
THE EFFECT OF GLYCERYL MONOLAURATE TREATED TAMPONS
ON GROWTH AND TOXIN PRODUCTION BY STREPTOCOCCUS
— SPE Type (ug/mb

Sample CFu* . A - B
Control (no tampon) 6.5+2.7x108 120 6.0
ob 7.5+ 4.0x 105 0.12 0.06
ob + 1% GML <40 ' N.D.? N.D.

* CFU/ml of fluid absorbed into sac. In the presence of a tampon an average of 2.0 ml was
absorbed. In the absence less than 0.25 ml was absorbed.
® N.D. nonc detected

"
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Example 6

In this experiment, conducted by Dr. Patrick
Schlievert, glyceryl monolaurate was added in varying
concentrations to 50 ml brain heart infusion broths.

These solutions were then inoculated with 1.0 x 106

CFU/ml of group A streptococcus C203 or S. aureus Mn8, a
known TSST-1 producer. Samples containing C203 were
incubated at 37°C, for 12 hours, without shaking, so as to
reduce oxygen exposure, in the presence of 7% COZ.

Samples containing Mn8 were incubated comparably except
with shaking (at a rate of 200 RPM) and in a stahdard

incubator. The results of this experiment are summarized
in Table 6.
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5 wth Enterotoxin A and henolysins by groups A B, F and G streptococcl
produced. Ethylene glycol derivatives such as ethylene glycol nonol aurate
as well as polyethlyene glycol laurates, -€%-, diethylene glycol

nonol aurate and triethylene glycol nonolaurate are al so expected to be
active. Certain polynmers are al so expected to have toxin-reducing acti-vity,
for exanpl e, polyethylene glycol (200 MAN nonol aurate, polyethylene glycol
(400 MW nonol aurate, polyethylene gly- col (1000 MW nonol aurate, and

pol ypropyl ene gl ycol |aurates such as pol ypropyl ene gl ycol nonol aurate.

In accordance with the invention, the absorbent product contains an anount
of the above-described ester which is effective to inhibit the formation

of enterotoxins A B, C and TSST-1 mnthTEBLErgtOX|n A and henol ysi ns by
groups A, B.
5

THE EFFECT OF GLYCERYL MONOLAURATE ON BOTH CELL
VIABILITY AND TOXIN PRODUCTION BY STREPTOCOCCUS C203
AND STAPHYLOCOCCUS AUREUS Mn8

SPE type

ple GML CFU A B TSST-1
me/100ml_Lreth :

3 0 "~ 3.1x108 6.0 3.0
0.05 - 35x108 6.0 3.0
0.1 32x108 15 0.75
0.25 3.3x 108 N.D. ND.

0.5 32x10% ND. ND.
0.75 20x102 ° ND. ND.
1.0 40x107 - ND. ND.
1.25 3.5x 108 ND. ND.
1.50 0 ND. ND.
1.75 0 N.D. N.D.
2.0 0 ND. ND.
5.0 0 ND. N.D.
10.0 0 ND. N.D.

3 0 8.4x10° 48
0.05 . 9.0 x 10° 48
0.1 9.4 x 10° 48
0.25 6.2 x 10° ' : 12
0.5 1.8 x 1010 ND.
a5 9.7 x 10° N.D.
1.0 2.1 x 1010 - ND.
1.25 7.0x 10° N.D.
1.5 1.4 x 1010, . N.D.
1.75 1.1x 100 ) . ND.
2.0 40x 103 N.D.
2.25 20x10° N.D.
2.5 23x 104 o ' N.D.
5.0 2.1 x 10* N.D.
10.0 2.9 x 10* N.D.
PPC 389 ' ThlS Sheet Has Beén Repl
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F and G streptococci when said product is exposed to Staphyl ococcus aureus.
For ~exanpl e, effective anobunts have been found to be from about 0.1% and
hi gher of the specified nono- or diester .@@gpound (or m xtures thereof),
based on the weight of the absorbent material conprising the absorbent
product . Preferably, the active ingredient containsat |east 90% by
wei ght of glyceryl nonol aurate. More preferably, the active ingredient

cont ai ns at Ie§§5mQ§%pby wei ght of gl yceryl nonol aurate. Most preferably,
the active ingredient 1s substantially conpletely conposed of glyceryl
nonol aur at e. Some simlarity between toxins can be noted. The

streptococcal pyropenesi £xetsiple A ¢S 3ted BPIEr | Poet dok e Fikviexr d,he
St aphyl ococcal enterotoxins, SPEA possesses & ¢ stq&ne {oqg of ni.ne am no
acids sinmlar $FOYR %ér%gsgcocca strains, individually expressing

S SPEA, SPEB or SPEC and strains from groups B, F and G
streptococci were evaluated for the effect of glyceryl
monolaurate on their production of exotoxin. Using the
method set forth in Example 6, organisms were exposed to
varying concentrations of glyceryl monolaurate in a brain

10 heart infusion broth. Strain 59%4, which produces SPEA,
Strain 86-858, which produces SPEB, and Strain T18P, which
produces SPEC toxins respectively, were used. Toxin
production was measured by Western immunoblotting specific
periods within 96 hours. The results of this experiment

15 to determine the effect of glyceryl monolaurate on

production of SPEA, SPEB and SPEC toxins are set forth in
Table 7.

S. aureus strain Mn8 was also exposed to glyceryl

20 monolaurate. The amount of TSST-1 production of §. aureus
strain Mn8 was measured. The results of this test are set
forth in Table 8.

Streptélysins O and S, also produced by stréins 594,

25 86-858 and T18P, as well as Group B streptococcal
hemolysin, Group F streptococcal hemolysin and Group G
streptococcél hemolysin were measured by lysis of 0.1%
sheep erythrocytes and 0.014% 2-mercaptoethanol as a
reducing agent performed in 0.75% agarose in phosphate

30 buffer solution (PBS), 4.5 ml/slide. The PBS was composed
of 0.005 Molar sodium phosphate, 0.15 Molar NaCl, at pH
7.0. Hemolysis induced by 20 pl cell free culture added
to wells punched in slides after 24 hours was used as a
measure of hemolysin production. Lipase was measured in

jaced 1\_
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phyl ococcal enterotoxin A (SEA) and is al so encoded by a converting phage.
However, SPEA shares greater am no acid sequence simlarity with

St aphyl ococcal enterotoxin B than with SEA. | mrunol ogi cal studies have
shown that the proteins and antisera to &i3er enterotoxin are
cross-reactive (landol o, 1989). These simlarities between Staphyl ococ- cal
enterotoxins A and B and the Streptococal exotoxin A in both structure and
reactivity lead to the hypothesis that the denonstration of an effect, such
as reduction ithentawetvwey rs AemodyB igr,oducmp hitiSttaglglagdogced Owdd d
translate to I, . ef r ofeleTelot: (ot oxi ns. G ycerol

nonol aur at e haséfbﬂéﬂeéﬁlorgrgcfesfgls(byg (?%f S@:el ve 1n arz?c(fuci ng the pro. duction of
SPEA and SPEB in vitro using the tampon sac net hod. As used herein,

the term "absogbani e £ iducdd Jetdpt 1atsi il o Und W iad bl lseits £dHUHTS,
foans, wood pul p, peat . .
5 in Table 7. The results of the experiments exploring the

effect of glyceryl monolaurate on toxin production by
Groups B, F and G streptococci are set forth in Tables 9,
10 and 11, respectively. The data demonstrate a marked
reduction in the amounts of toxin and/or hemolysin

10 produced by Groups A, B,~F and G streptococci in the
presence'of glyceryl monolaurate.

i
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noss, superabsorbent polyners and the |ike which are capabl e, ei t her
I nherently or by virtue of the manner in which they have been assenbl ed, of
absorbing |iquids such as water, urine, nmenstrual fluids, blood, wound

exudates and the |like. Description of-4die Preferred Enbodi nents In
exanple 1 which follows herein, the use according to the invention will be
described in detail in connection with absorbent fibers and an anount of

glyceryl monol aurate which is effective to Inhibit the production of

- enterotoxins A B,

TABLE 7
5
EFFECT OF GLYCERYL MONOLAURATE ON GROUP A STREPTOCOCCI
10 Bacteriumd GML Log CFU/ml SPE Reduced
(g/m) (ug/ml) Hemalysin®
594 (SPEA) 0 8.6 : 32 7.0
25 85 03 40
15 100 83 03 00
| 200 60 00 00
86-858 (SPEB) 0 8.0 0.8 40
20 25 77 00 2.0
10.0 73 oo ' 00
200 58 0.0 0.0
25 T18P (SPEC) 0 79 04 8.0
25 7.9 0.0 8.0
100 61 00 .00
30 2 Inoculum size between 10° and 10° CFU/ml
2 Includes streptolysin O and S measured in mm diameter of lysis
I
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C or a conbination of TSST-1 and A bei ng .produced by S. aureus bacteria
when said bacteria are brought -ifide-contact with cotton fibers such as
those used in catenenial products, e.g., tanpons. It will be understood
that the principles of the invention apply as well to other types of
absorbent fibers as well as to absorbentproducts such as wound dressi ngs,
di sposabl e di apers, sanitary ngpkins and other ki nds of tanpons, such as
t hose I ntended for nedlcalhasumglpals-der qglgg nasaj gh Cotton
fibers were obtained frontgﬁgqi nufc in arl te
North Carolina. The fibers 1 OW cotton such that th |bers
substantially free of all heg a d acdltives, such as surfact nts and

=
the like comonly used in E#r%?rc al & aproduction. The cotgton £l berst were
pl aced in a kier and heaed vvatebto a temirag £ E‘§
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ture between about 88[err]C (190 [err]F) and about 93.5 [err]C (200 [err]F)
at which tine both glyceryl non s & and sodiumoleate (4:1 ratio
concentration) were added to the £er to forman enulsion in the kier.
Varying concentrations of glyc- eryl nonolaurate were added to the fibers,
such that each set of fibers contained emulsions having 0.22% 0.78%
1.129% and 1.89% gl yceryl nonol aurate by weight: The kier was cl osed and
pressurized to 4.54 T f irty mnute
cycl es. AfTavle dhpl e%&é@%d}g@%ﬁbﬁﬁgﬁmqéguged for five

m nut es—ane—the—frbhers—were—tr+et—t+r—the—over—at—i2+—terr+<S256—terrt+Hr
with a 6.5 minute dwell tine and subsedveeuntyf dumeied usi nghcon’merci_al |y
avai | abl e GMdi ng equi i j ighi ut 33 A

puoent in@dwra fibrous weh wei ghing
g/ nerr].(ug/mDA sanpl ¢ Lok colly/mér yHemphaimur at e dwmdelihd uibidenolysire

tradenane_"Mnomul.s 90 1-12" was obtained from Henkel

0 8.7 2 85 2
25 8.1 ' 0 . 84 v

10.0 <4.0 a <30 0

" Inoculum size 2.0 x 105Im1
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Corporation of Germany and found to contain 96% by wei ght of glyceryl

nonol aurate. No glyceryl dilaurate was detected. dyceryl nonolaurate is a
GRAS conpound |isted by the FDA for use as a food enulsifier. This materi al
I's suggested for use in anti-cariesgp@ducts, insecticides, cosnetic
preparations, and food conpositions. The foll owi ng exanples are
illustrative of the effects of the absorbent products of this invention
upon the production of enterotoxins A, B, C and TSST-1 with enterotoxin A

EXAVMPLE 1 1.p1e 10. EFFECT OF GML ON GROUP F STREPTOCOCCUS
Amount of Time:
GML S hr 24t
(1g/ml) Logcellsyml Hemolysin . Logcells/ml  Hemolysin
0 8.3 7 83 7
2.5 85 - 0 83 0

10.0 <10t 0 | <1o_3 0

Inoculum size 2.0 x 10°/ml

- 'This Sheet Has Been Re’placed '
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‘Uniformy coated cotton fibers which have been carded, contai ning,

respectively, 0.22, 0.78, 1.12 ancfdjl &% w w of the aforenentioned glyceryl
nonol aur at e based on the weight of the fiber, were weighed into 2.38-gramn
guantities in duplicate. The glyceryl nonol aurate-treated fibers were then

tested according to the Tampon Sac Method reported by Reiser et al. in the
Jour nal ®abtei hical WEF%Q%%%&NC@UR §'§RER‘@@éOC@J51450- 1452.

Amount of Time:
GML 8 br = 24 hr
(Hg/ml) Logcellsim!l Hemolysin Logcells/ml  Hemolysin
0 . 89 8 ' 10.0 8
25 81 5 - 10.0 6
10.0 <104 0 <10 0

Inoculum size 8 x 105/m1

This Sheet Has Been Replaced

B




6 St aphyl ococcus aureus strain FRI - 100, a known staphyl ococcal

enterotoxin A

10

1S

20

25

30

35

producer, was used as the test

-11-

Example 8

In this expefiment, conducted by Dr. Patrick
Schlievert, attempts were made to induce streptococcal
strain C203 and staphylococcal strain Mn8 to grow on
platés containing glyceryl monolaurate. The minimum
inhibitory cohcentration of glyceryl monolaurate for
strain C203 was 1 mg/100 ml on the agar plates when 5 x
106 CFU were plated. The 2 mg/100 ml plate contained no
growth. The minimum inhibitory concentration of glyceryl
monolaurate for strain Mn8 was 5 mg/100 ml when 7 x 108
CFU were plated. The 7.5 mg/100 ml plate contained no
growth. This experiment was attempted on an average of
twice per week for a period of six months. The date
indicate that no mutants able to grow in the presence of

previously inhibitory levels of glyceryl monolaurate.

_—____'__’/_______
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organismin this Exanple. Strain FRI-100 originated as a food isolate from
t he Food Research Institute in Madison. W. Strain FRI-100 was obtai ned
fromDr. Pat Schlievert. Dept. of M crobiology of the University of

M nnesot a Medi cal School, M nneapolis, M\-42-second strain of S. aureus
obtained fromDr. Schlievert, designated Mh Hoch, was identi- fied as an
enterotoxin B-only producer. This strain was isolated froma nonnenstrual
case of Toxic Shock Syndrome. A third strain of S. aureus provided by Dr.
Schlievert as @xamoler ot orc8d€cpioduegamges)gnated Mh Don was al so isol ated
froma nonnenstrual case of Toxic Shock Syndrone. A fourth strain of S,
aureus provided fromDr. Schievert produces both TSST-1 and enterotoxin A
desi gnat ed Mh8.InCahisokx§eaimens,i theametholischfdBxanplpsodudetangest

ent er ot oxi ns e B§QQCQ§VSRQEEOE§ BQy%Q?yﬁsﬁaxgiaurate and related
5 analogous compounds should be used. However, the tampons
should be subjected to an anaerobic chamber in order to
expunge all oxygen adsorbed to the fibers. The tampons
with and without glyceryl monolaurate as well as the
control samples should be inserted into the dialysis bags
10 under anaerobic conditions and incubated in an anaerobic
and/or reduced oxygen chamber so as to minimize the
exposure of the streptococcus organisms to atmospheric
and/or adsorbed oxygen. At various intervals, the toxin
levels produced by the microorganisms should be
15 evaluated. It is expected, based upon the other examples
herein, that the glyceryi monolaurate and other analogous
compounds will effectively inhibit the production of
streptococcal pyrogenic exotoxins and hemolysins by Groups
A, B, F and G streptococci without substantially
20 inhibiting cell growth.

25

30

35
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S aureus suspensions were separately prepared by thoroughly m xing one (1)
mlligramof the Iyophilized S aureus strain to one (1.0) - mlliliter of
Brain Heart Infusion (BH) Broth (obtained fromDifco Laboratorles Defrort
Mch- igan) and transferring said mxture i-#3-a test tub
(5 mlliliters of BH Broth. The suspensions were thor-. iﬂ‘ “m ',& Eil
and I ncubated for 24 hours at 37[err]C prior to use
‘brain heart infusion (BH) agar (al so obtained fromDifco Laboratorles in
Detroit, M chlgéﬁigﬂﬁﬁaA‘ were put into each of ten 3.8 cmx 20 cmculture
tubes. Cellul os g#y qﬁgs were made and sterilized in the manner
reported by Rei bs ent B59dUCk |JRRSES WD 2 I Uk siedestad t h
t he aforenentiorﬁa:bxsmeysowmmdgwm amount sufficient to provide
at the beginning of the test a concentration therein of 1.9 x 10[err]
CFU m Staphylococcus _

a) monoesters of a polyhydric aliphatic alcohol and

a-fatty acid containing from eight to eighteen

carbon atoms and wherein said monoester has at
least one hydroxyl group associated with its
aliphatic alcohol residue;

10 .

b) diesters of a polyhydric aliphatic alcohol and a
fatty acid containing from eight to eighteen
carbon atoms and wherein said diester has at
least one hydroxyl group associated with its

15 aliphatic alcohol residue; and

c) mixtures of said monoesters and diesters, said
compound being present in an amount which is
_ effective to inhibit the production of
20 Enterotoxin A, Enterotoxin B or Enterotoxin C by
Staphyvylococcus aureus bacteria when said product
is exposed to said bacteria.

2. An absorbent product according to Claim 1 whérein sai:
25 compougd is present in an amount which is at least about
0.1% based on the weight of said absorbent material.

3. An absorbent product according to Claim 1 wherein sai
compound is present in an amount which is at least about
30 0.5% based on the weight of said absorbent material.

4. An absorbent product according to Claim 1 wherein sai
compound is present in an amount which is at least about
1.0% based on the weight of said absorbent material.

35 5. An absorbent product according to Claim 1 wherein sai

PPC 389 This Sheet Has Been RT
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aureus bacteria. A bundl e of glyceryl nonol aurate-treated cotton

fibers weighing 2.38 grans was Inserted into a sterile dialysis bag
containing the S aureus bacteria and each bag was then inserted into a

culture tube containing the BH agar. Two-46n- trols, eachin-dupHecate—

were used. In one control (called the "inoculun1contro|" , an inocul at ed

dialysis bag (with no fiber therein) was placed in eachlﬂl'llmﬂuinﬂmm Ellll
tubes containing BH agar. In the second control, two u

wei ghi ng 2. 38 aash adideiscottioncf abeas without finishes a Ad the'1i%
exactly as the test fibers but not treated with glyearyl nonol aurate) mere
pl aced in dialysis bags which In turn were placed in culture tubes

cont ai ni ng BH &garAn Eipsorbenkl pecdutturecbrddéagweseclsen Lnwheireiheshid

four conta|n|rmbgﬂy%y@&qgegqgghgmegscgﬂyeggg1(tmo W th untreated cotton
fibers: twg
5

7. An absorbent product according to Claim 1 wherein said
compound is glyceryl monolaurate. |

8. An absorbent product according to Claim 7 wherein said

10 glyceryl monolaurate is present in an amount which is at
least 0.1% by weight based on the weight of said absorbent
material. :

9. An absorbent product according to Claim 7 wherein said
15 glyceryl monolaurate is present in an amount which is at

least 0.5% by weight based on the weight of said absorbent
material.

10./§£ absorbent product according to Claim 1 wherein said

20 compound comprises a mixture of glyceryl monolaurate and
glyceryl dilaurate. '

i



_ =
wi thout fibers) and the others containing the aforenentioned increasing
concentrations of glyceryl nonolaurate fromO0.22to 1.89% w w on ‘cotton
fibers in duplicate. The concentrations of S. aureus strain FRI-100
viable cells and enterotoxin A at the outsetz-of the last (0 hours) and
after incubation for 24 hours at 37[err]C are shown in Table I

TABLE 1 . THE EFFECT OF GLYCERYL MONOLAURATE TREATED COTTON FI BERS
ON ENTEROTOXI N A FORMVATI ON BY AND GROWMH OF

STAPHYLOCOCCUS AUREUS FRI - 100 SAVPLE ' FI NAL
CONCENTRA- FI NAL CONCENTRA-  FI NAL AMOUNT :

3 PREVENTION OF TOXIN PRODUCTION ING ABSORBENT PROD

A ra

Absorbent products, especially catemenial tampons, for

10 absorbing body fluids, such as menstrual fluid, blood and
wound exudates, comprise an amount of a compound effective
to inhibit the production of Enterotoxin A, Enterotoxin B
and/or Enterotoxin C by Staphvlococcus aureus bacteria

. when the products are brought into contact with the

15 bacteria. The compositions of this invention are also
useful to inhibit production of Streptococcal pyrogenic
exotoxins A, B and C, as well as hemolysins produced by
Groups A, B, F and G streptococci in solution as well as
being expected to be effective to inhibit such toxin and

20 hemolysin production when used in conjunction with
absorbent products. The compound is selected from the
group consisting of monoesters of a polyhydric aliphatic
alcohol and a C8—C18 fatty acid; diesters of a
polyhydric aliphatic alcohol and a Ca-c18 fatty acid;

25 and mixtures thereof. The monoesters and diesters have at

least one hydroxyl group associated with their aliﬁhatic
alcohol residue. '

30

1429u
35
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TF O\I OF. S AUREUS TI ON OF 'S AUREUS[ err

]
)

Eht erotoxin Al err jwsses-o seos

(x 10[err] CFU.m.) —{Loglerrn] CFU N [err]g) ~ No Fiber

" (Control) LA g**%zsm HERT 100 37 . 2.50
- Untreated Fbey - At-r-ot~) 480. - le - - 10. 68 .3.48
Treated Fiber (O 18 =-1= -9.25 0. 029
Treated Fiber] (D ég%@élﬂ%gg 2.0 | ~ 8.30 0.075
Treated Fiber| (L. _12% GV ). 12. 8 ~9.10 0. 052
Treated Fi'berj (1. 89%)GNL) 4.0 8. 60 <0. 005

N METHOD OF INHIBITING THE PRODUCTION OF ENTEROT OXIN

A, B AND/OR C, STREPTOCOCCAL PYROGENIC EXOTOXINS AND

STREPTOCOCCAL HEMOLYSINS

- This Sheet Has Been Rep

I I i

This invention relates to absorbent products and
especially to absorbent products such as tampons, sanitary
napkins, wound dressings, nasal packing and the like which
are adapted to absorb body fluids like menstrual Eluid,”
blood and wound exudates. Moreé particularly, the
invention relates to the addition of active compounds

 which, when exposed to bacteria in absorbent products,

will reduce the amount of toxins produced by bacteria
coming into contact with them..

Background of the Invention

The staphylococcal enterotoxins are extracellular
proteins composed of sinule polypeptide chains of about 30
kd that characteristically have a disulfide lcop near the
middle of the molecule. They are categorized into five
serological groups, designated-ssaphylococcal enterotoxin
A (SEA), Staphylococcal enterctoxin B (SEB),
Staphylococcal enterotexin C (SEC), Staphylococcal
enterotoxin D (SED) and Staphylococcal enterotoxin E
(SEE). Based on differences in minor epitopes, SEC has
been further subdivided into three types designated
SEC,, SEC, and SEca. A sixth group, SEF, was also
described and was implicated as the causative agent of
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[err] = Nurmber of viable S aureus celts expressed Bgﬂi ¢
-=Lerr] .= As determ ned by..the ELISA nethod reporte
%thedamiawwommmm -M cr obi - S ol
1349- 1355.: [eri]= Mean det er i nati on- of .
- The data in Tabl'e 1 show t hat gl yceryl nonol auratejhaS a significant
on Enterotoxin A production conmpara- bte=to its. effect on FSSF+
production. The total cell counts reflect only a 1.0-2.0 log reduction in
S "aureus cell nunber. - The dat.a in Table 1 show that when-S. aureus
FRI -100 stain, which produces Enterotoxin A s exposed to fibers -

toxic shock syndrome. It has since been discounted as an

. enterotozin and renamed toxic shock syndrome toxin-1
(rssr-l). as cited by J. J. Iandolo in Ann. Rev. of M:cro.

.Menstrually occurring toxic shock syndrome is a severe and
sometimes fatal multi-system disease associated with
infection or colonization by Staphylococcus aureus
(S. aursus) bacteria, has been linked to the use of
‘tampons during menstruation. 1In Toxic shock B
syndrome(TSS), whether associated with menstruation or
not, the symptoms include fever, hypotension, rash, and
desquamation of the skin. TSST-1 is highly associated
with menstrual cases but is less often isolated from -
Staphvlococcus aureus sttains'in non-menstrual cases of
the illness. Since TSST-1 can induce many clinical
features of TSS in the rabbit and other species, it is
generally thought to be the causative toxin in TSS
(Schlievert, “"Staphylococcal Enterotoxin B and Toxic Shock
Syndrome Toxin-l1 Are Significantly Associated With
Non-menstrual TSS", The Lancet, Vol. 1(8450), May 17,
1986, p.1149). However, Garbe (Gazbe'!&.ﬁhtko RJ,
Reingold AL, et al. "Staphvlgcoccus aureus isolates from
‘patients with non-menstrual tozic shock syndrome: Bvidence
" for additional toxins“, JAMA 1985; Vol 253; pp. 2538-42)
noted that many TSS isolates from nonmenstrual cases did
not express TSST-1 though Ehey did cause TSS-like sympéons
in a rabbit model. Of the toxzins. formed by £. aureus
nonmenstrual isolates, TSST-1 was produced by 40% of those
reported by Schlievert, 1986. Further, enterotoxin B was
made by 38% of 3all non-menstrual TSS strainms.
Furthermore, Schlievert reported about 78% of
non-menstrual TSS or probable TSS isolates expressed
either TSST-1 or enterotoxin B compared with

non-menstrual non-TSS isolates (p<0.001). i
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coated with glyceryl nbnolaurate (022@6m/m0 fhere is a 99%reduction in
Enterotoxin A formaticon. Wth fibers coated with 0.78%w-w glyceryl

nonol aurate. a 98% reduction was noted. In.higher cdﬁﬁ&ﬂﬁﬁﬁﬁﬁMﬁkﬁHﬁEm

nmonol aurate, such as 1.12% and;1.-89% w'w dl LElyl norotatfiatie, 99%
reductions +n EnterotOX|n A formati-on méfe not ed. At Wzsaﬂﬂe q
I ncubation period (24 hours), the |log concentrati or] df

gl'yceryl

¢l is i n

t he presence of control cotton fibers was 10.68; tHe Uog PQnPPntra ign of S
aureus cells in the presence of fiber- contalnlng 0. 29@glyceryl'npnolaurate

was 9.25

Isolates from thirhy patients suffering from confirmed
or probable tozic shock syndrome were also examined for
enterotozins and exfoliative toxins; . It was found that
enterotoxin B was made by 38% of a11 nonmenstrual TSS
strains. Crass and Betgdoll. 1986 reported a total of 46

..(83 6%) of 55 §, aureus isolates p:oduced TSST-1: 12

(25.5%) alone, 21 (46.8%) with Staphylococeal Enterotozin
A and 13 (27.7%) with Staphylococcal Enterotoxin C. Eight
of the §, aurens isolates that did not produce TSST-1 did
p:oduce Staphylococcal enterotoxin B.

Humphreys (19839) reported the studies of §. aureus
isolates obtained from cases of septicaemia, in which 33
(63%) produced enterotoxins A, B, C, or D alone or in
combination. '

Toxic shock syndrome toxin 1 (TSST-1) is classified as
a member of the pyrogenic exotoxin-staphylococecal
enterotoxin gtoné of toxins on the basis of a.patieht's
symptoms. However, TSST-1 and its cognate_ antiserum do

not cross-react with any of the sera ot proteins of other

members of this toxin family. Furthermore, TSST-1 lacks
the cysteine loop present in the remaining members of the

.toxin-family. an important structural feature of this

family of toxins. TSST-1 has very little amino acid
homology with other members of this tozin family. The
lack of a close sequence relationship between TSST-1 and
other tozins may suggest that it is more closely related

- to the ancestral progenitor of this family or,

alternatively, is wrongly included in this group of toxins
(Iandolo, 1989). Nevertheless, TSST-1 bears little
structural relationship to the other members of the.
pyrogenic exotoxin-staphylococcal enterotoxin group
(Iandolo, 1989). - : - .
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Subsequent to the pﬁblication'bﬁ reports associating toxic:
shock syndzrome with the use of tampons, a number of -
investigators undertook studies designed to evaluate the
effect of tampons on growth of S. aureus hacteria as ‘well
as the effect of tampons on the production of TSSI-1 by
that bacteria. Early efforts to elucidate the role of
tampons in TSS yielded conflicting data. Schlievert et
al. (Obstet. Gynecol., Vol. 64, pp. 666-670, S

_ uovembe: 1984) studied the effect of tampons on 8. aureus
. to evaluate whether or not tampon components increase.
growth of S, aureus and production of toxic shock syndrome
tozin-1. It was concluded that, under ‘the test condxt:ons
of their study, tampon compqnents provide neither
nutrients for growth of toxic shock syndrome $. aureus nor
factors that induce production of ‘toxic shock syndrome
toxin-1 above control levels. After sixz-hours'
jncubation, some commercially available tampons which were
tested were inhibitory to bacterial growth and suppressed
toxin production. Others suppressed_toxin production but
did not inhibit cell growth. - One tampon inhibited cell
growth but increased the amount-of toxin produced. On the
other hand, Tierno and Hanna (Contraception, Vol. 31, pp
185-194, 1985) reported that in their experiments_tampéns
did stimulate S, aureus to produce TSST-l.

Reiser et al. (J. Clin. Microbiol., Veol. 25, Fo. 8, pp.
1450-1452, August 1987) thereafter reported the results of
tests they conducted toc determine the effect of four
brands of tampons on production of toxic shock syndrome
toxin-1. The amount of air available to the tampons which
were tested was limited to that contained in sacs (made
from cellulose sausage casing with a molecular weight
cut-off of less than 10,000) in which tﬁe tampons were

This Sheet Has Been Reﬂ
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(1396Iess) the Iog concentratlon of S aureus ceIIs in the presence of .
cotton fibers containing -0. 78@6glyceryl nDnoIsu- Tate
‘the-log concentration of S: aureus cells in the presenc
containing 1. 12% w w gl yceryl nonol aurate was 9.10 (159
concentration of S. aureus cells in the presence of cotf
containing 1.89% w w gl yceryl nonol aurgte was 8.60 (19%
al-though the amount of toxin produced By the-S. aureus [ .
.entirely-elimnated, the glyceryl nonol aurate-coat.ed fiibers did not
substantially reduce t he nunber of viable the S. aureus cells.

Further, a dose-response effect could be noted w th-glyceryl nonol aurate
- wi th respeencloseficduringttestingin This method mas: deemede greater the

g'rggery' "R405ALEGEEuE O%h CPhat { DRie! PIRE thAC AT oF avdt1A1PassS

) was thought to mimic more closely ‘than ptevzously used
methods the in vivo condition in the vagina during
menstruation with a tampon in place amd in that the
tampons which were tested were not altered prior to
testing. The results of the tests conducted by Reiser- et
al. indicated that tampons provide increased surface area
for the §. aureus bacteria to grow and adequate oxygen for
toxin production. No significant inhibition of growth of
the staphylococci bacteria or TSST-1 production by an? of
the tampons tested was noted. '

~

Robbins et al., publishing in J. Clinical uiCtobiol..

Vol. 25, No. 8, pp. 1446-1449, August 1987 at the same
time as Reiser et al., reported the effect of 17
commercially available tampons on TSST-1 toxin-pgoﬂhction
using 3 disk-membrane-agar (DMA) method, with incubation
at 37°C for 19 hours under 5% CO, in air. Filter
membranes overlaying agar medium (with oz without bleoed)
in small petri dishes were spread inoculated with a3 TSST-1
producing strain of §. aureus. Robbins et al. concluded
that the main role of tampons in TSS may be that of
prnviding a3 fibrous surface for heavy colonization and .
sufficient air for TSST-1 production. 1In addition, they
found evidence of inhibition of TSST-1 production by
additives such as the deodorant/surfactant used in a
commexcially available deocdorant tampon and a decrease in
TSST-1 production by inhibiting growth of S. 3ureus as was
observed in the case of a different commercially available
tampon. It was thought that both inhibition of TSST-1

production and inhibition of S. aureus growth might prove
to be important in reducing the risk of TSS.

\
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Thi's same trend .coul-d:.not be: dlscerned in thls Exanple withijr
~viable cell number. =~ Exanple 2 ~  “A second..experi nent S cgﬂggcted )
“.evaluate the effect of glyceryl nDnoIaur at e orf- Ent erot oxi n r ULdW9Qy
"S. "aureus strain M Hoch obtai ned- from™ nonnehstrual Toxi ¢ K ndr one
case. The. nicroorganismwas trans- ferred.-inocul ated. and Jeval uated-

"t he *experi nental procedure described and set forth im—Exa :
fibers which were untreated, cotton fibers treated wi.th 0.22%, 0.78%
- 1.12% and v. wmwelgtymuyl.mmwrboenuerhach discloses a I:ampon

,designed to elzmznate the hazards of toxic shock syndrome

" and dysmeno:rhea. The tampon has incorporated therein an
antibacterial agent which is said to disperse on contact
with body fluids and prevent development of the organisms
which produce the toxins which cause toxic shock
syndrome. Among the antibacterial materisls disclosed for
use are povidone-iodine compound, mcrchsy. zine, -
penicillin, erythromycin and nitrofurazone.

Patent Cooperation Treaty Publication né.'wo 86/05388-
(published September 25, 1986) to Kass teaches that the
inclusion of a salt of a nontoxic divalent catiom in
absorptive pads, e.g. catemenial tampons, iphibits
production of toxic shock syndrome toxin-1 and other
staphylococcal products during use of said absorptive
pad. Suitable salts include those of magnesium, barium,
calcium or strontium (preferred) or of other divalent
cations such as zinc, manganese, copper, iron, nickel and
the like. The anionic portion of the salt is not
critical, Magnesium stearate and magnesium acetate are
particularly preferred salts for use in the invention.

U.S. Patent No. 4,374,522 to Olevsky states that patterns
of use of catemenial tampon seem to indicate that high
absorptive capacity with the concomitant extended period
of use of certain tampons are factors which contribute to
the formation of toxic shock syndrome. The invention
theorizes that tampons having limited absotptive capacity
and requiring relatively more freguent changes may be
desirable. The Olevsky patent provides a tampon made of
conventional cellulosic materials, such as rayon fibers,
which have been compressed into a bullet-shape with an
open bottom surface sealed by a £luid impermeable sheet.
The fluid impermeable bottom and the traditional bullet

- ¥ heet Has Been Replaced ) 3
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weighed to 2.38 gramquantities and.inserted into di
_inoculated with S aureus strai-n Md Hoch, and tested
1. The .treafed cotton'fibers, the untreated cofton fli Jer cantrols and
duplicate inoc- ulum control s were then all tested iln dupbidiis 9%
described in EXanple 1. The test resubgts are reportdgd{in Table 2.

TABLE 2

AUREUS. Mh Hoch . . SAWPLE L - FI NAL CONCENTRA-.

FINAL CO\ICE peRf‘ ple&gNAé dA‘ '\ane a honow core central reservoir area

- . THE EFFECT OF GLYCERYL MONOLAURATE tNItHUqulN B
PRODUCTI ON BY STAPHY- :

e I
PHATERING SRR oo
LLOCOCECUS

uluch is said to serve 33 a !BSCIVOII fO! eXcess nenstrual

_ £luid.

U.S. Patent No. 4,431,427 to Lefren et al. discloses

menstrual tampons oomp:ising_physiologically §a£e;

water-soluble acids in their monone:ic.'oligone:io‘ot.
polymeric forms. Citriec, glycolic, malic, tartaric and

lactic acids are disclosed as being useful in the practice

of the invention. The presence of one or more of the
above-noted acids in a tampon is said to inhibit the’

growth of bacteria responsible for toxic shock. Where an

acid is used in its polymeric form, the tampon may

additionally include an enzyme to hydtolyze the polymeric

aczd to its monomeric form.

Canadian Patent No. 1,123,155 to Sipos discloses a

catemenial tampon for preventing toxic shock syndrome

during menstrual flow. The body of the tampon, which is
open at the insertion end and is closed at the withdrawal
end, is snugly surrounded in its expanded condition by a
fluid proof, thin and flexible membrane. This membrane,
which can be made of polyethylene sheet, is biased against

the vaginal mucosa and is completely impermeable to

_the vaginal wall during use of the tampon, is neutral to

bacteria, viruses and tozic decomposition products of the

menstrual flow. v

Canadian Patent No. 1,192,701 to Bardhan discloses a

tampon for the absorption of menstrual flow and comprising
an inner layer of liquid-absorbent material and an outer

layer which surrounds and encloses the inner layer.

but the outer layer is impervicus to the passage of
menstrual fluid outwardly from the inner layer. A
—_— .
- This Sheet Has B

[T

'Menstrual discharge may flow inwardly to the inner layer



'_;'TI ON“CE 'S AUREUS - TION OF 'S, AUREUS[erf] - Enter ot oxi

{x:10[err] . CFU/n1) _ (Log[err] CFLVn1) = ([er ! 4¥%fﬂinwﬁEET ber
(Contral) - *7.20 . "8.85 - 41707
Untreat ed Flber (Cbntrol) : 16. 21 o _
‘117.46 . " Treated Fi ber (0.22% G\38= 2.39; .38
- 5.77 - : Treated ' Fi ber (0.78% GW) 10. 00 .
2.17. Treated Fiber (1.12% GW) 0.81 :
0.93° . — Treated -Fi ber (1.89% GW) 0. 48 769

0. 45 . plural1ty of liquid absorbent wicks extendzng fron the
B * inner layer through apertures formed in the outer layer

serve as conduits for the £low of menstrual discharge from

. outside the tampon to the inner layer theteof.' The
disclosed structure is said to mxnimize the availability
of discharge outside the tampon with a resulting reduction
"in the likelihood of growth of S. aureus aﬁﬂ conseﬁuently'
its production of toxin. This patent also discloses that
an antimicrobial compound which is bactericidal or _

bacteriostatic to S. aureus may be included in the inner
layer. The antimicrobial agent may take the form of an
‘antibiotic (such as penicillin, erythromycin, tetracycline
or neomycin), a chemotherapeutic ageat (such as a
sulfonamide) or a disinfectant (such as phenol). The
patent states that because the tampon is protected by its
outer layet from contact with the vag;nal wall. the risk
of an allergic or other adverse reaction to the
anti-microbial agent is minimized, and since the
antimicrobial agent is also protected by the outer layer
from contact with menstrual discharge, there is little
tisk of the destruction of commensal ‘organisms in the
vagina or development'of resistance to the antimicrobial

agent by S, aureus in any menstrual discharge outside the
vagina. . _

S. Notermans et al. (Journal of Food Safety, Vol. 3
(1981), pages 83-88) reported :that glyceryl monolaurzate,
when used in the proportion of 5g per kg. of meat slurry
(pH 6.0-6.2) inhibited toxin productiens by Clostridium
botulinum type A, type B and type E. This article does
not mention Staphvlococcus aureus nor any toxins produced

therefrom nor does it mention absorbent products or toxic
shock syndrome.

——
—
e —
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[err]=Nunber. of vi abl e~S aureus Cél[s“_éxpresed as. |
- [err] = As determined by the ELISA nethod Feported
" Applied and EnV|ronnentaI M cr obi ol - S o [0 )Y,

1349- 1355. . [err] = Mean deternlnatlon of} d pbl ¢ ?@yples.
The 'data in Table 2 show that S. aure® M Hoch prod%ced S|gq antfl ¥ | ess

Enterotoxin B (95% | ess than the untreated control)

gl yceryl nonol aurate (0.22% w w) coated cotton fi berjs. Treated cotton

fibers with glyceryl nonol aurate concentrations of 0778%
98% reduomsn Pt dnt ANl 0K/ 5B, TIDdEet acobhet cal. discloses that

L-ascorbic acid when topically applied to the vaginal area
of a human female during menses will inactzvate tozins

‘known to contribute to Tox;c_Shock Synd:one.“ The asco:bzc'

acid compound may be carried dy a vaginal tampon. The
. disclosure of U.S. 4,722,937; is to the same effect.

U.S. Patent No. 4,413,986 to Jacobs discloses a tampon
‘assembly packaged for sterile insertion of a tampon into
the vagina having a guide tube telescoped around an
insertion tube and a flexible sheath attached to the 1nnet
.end of the guide tube and tucked into the inner end. of the
insertion tube. 1In use, as the insertion tube is pushed
through the guide tube and into the 6agina. the £lexible
sheath is pulled over the inner end of the insertion tube
and extends along the exterior thereof. The portion of
the insertion tube which is inserted into the vagina is at
all times fully sheathed by the flexible sheath.

In tampon-associated toxic shock syndrome cases, the
predominant toxin produced by S. aureus is toxic shock
syndrome toxin-1 (TSST-1), while to a lesser extent, other
enterotoxins can be produced. These non-TSST-1

enterotoxins are principally associated with nonmenstrual
‘toxic shock syndrome. '

There are compounds known td affect enterctoxin
production. J.L. Smith, M.M. Bencievengo, R.L. Buchanan,
and C.A. Kunsch reported, in an article entitled °"Effect
of Glucose Analogs on the Synthesis of Staphylococcal
Enterotoxin A®, Journal of Food Safety 8 (158) pp. 139-146
that glucose, 2-deoxyglucose and alpha-methyl glucose
inhibited staphylococcal enterotoxin A synthesis by
Staphylococcus aureus 196E, whereas beta-methyl glucose
and 3-0-methyl glucose did not inhibit synthesis even at .

- This Sheet Has Been.Replaced:
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5greater than 9996reduct|ons vier e noted mnth fibers coat

1. 8996WIM/egceryl ronol aurate. At the end of the incu éiﬁﬁm{patygr
hours)’,” the Mog concentrat.ion of S. aureus cells in thd preseneé-

cotton fibers was 9.21; the log concentration.of S. -aure aéigshggln the
presence of. fibéers contalnlng 0. 22969I¥§eryl nonol aur aje
| ess); the log concentration of S. aurells cells in thejp
fibers containing 0.78% gl yceryl nonolau- rate was 9.0 (2% | ess);
concentration of S aureus .cells in the presence of c

t e

e of cot o)

containing 1.12%glyc- eryl nonolaurate was 7.91 (14%Iless); and the Iog
concent at | highf cencentustionss | Thehfopmatinneoff esderatoxins & aodk ai ni ng

1. 8996“”“’ﬁ'¥§e§¥$xﬂP€QﬁaH§a§§u$@§e7 f9chlEie! 83tkent of inhibition
being strongly influenced by pregrowth of the bacteria in
a qucose-contaxn;ng medium as cited by Smith et al. '

- Iandolo and Shafer teported the eifect 6£ glucose and
glucose analogs 2-deoxyglucose and alpha methyl glucoside
on the synthesis and regulation of Staphylococecal
enterotoxxn B production (Iandolo and Shafer, “Regulation
of Staphylococcal Enterotoxin B", Infection and Immunity,
May 1977, pp. 610-615). The attenuating effect of glucose
"on Staphylococcal enterotoxzin B was observed. ﬂquevét.
when this effect was examined with analogs of glucose,
'contradictoty responses were seen. Acid production due to
glucose metabolism has been shown to reduce toxzin
production.

Ibrahim, Radford, Baldock and Ireland reported data
indicating that, in cheese without starter activity,
inhibition of growth of S. aureus and enterotoxin
production may be achieved during production by not
salting the curd at the end of cheddaring, avoiding
pressing at high ambient temperatures and minimizing the
pressing time of the curd (Ibrahim, et al., "Inhibition of
Growth of Staphyvylococcus aureus and Enterotoxin-A
Production in Cheddar Cheese Produced with Induced Starter
Failure™, Journal of Food Protection, Vol. 44, No. 3, pp.
189-193, March 1981). The authors also reported that
storage of salted cheese at 11°C appears to be a potential
hazard because of significant increases in §. gureus count
and entertoxin concentration. Surprisingly, the authors
reported that the count of 8. aureus decreased with no

change in enterotoxin concentration in unsalted cheese
stored at 11°cC.

e

/
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- Exanpl e 3 A th|rd experlnent mas conducted to eval u
. glyceryl nonol aurate on Enterotoxih :C productlon by S.

is-an Enterqtoxin Conly producer obtalned from an |nd|v'd“
nonmenstrual Toxi c* Shock Syndrome. The mi croorgani. smwasjt
i nocul ated and eval uated using th experimental procedur e d
forth in Exanple 1, The cotton f+ibers <}l3+eated, cotton [
0.-22% 0,78% 1.12% and 1.89% w w gl yceryl--monol aurate
gram quantities and Inserted into dialysis bags. I nocul ate

" Another study was reported by J. L. Smith, M. M.
Bencivengo and C. A. Kunsch that indicated that prior
growth of SLEEh!lﬂsnssni aureus 196E on glycerol or
maltose led to cells with repressed ab;lzty to produce
staphylococcal enterotoxin A (J. L. Smith et al..
“Entertozin A Synthesis in sganhzlgggg;ns,anzgni
Inhibition by Glycerol and Maltose”, Journal of General
Microbiology, Vol 132, pp. 3375-3380, 19!6).

Ch10tamphenicol has also been reported as totally
inhibiting Staphylococcal enterotoxzin B production (Robert
A. Altenbern, "Protease Inhihitots Suppress Enterotoxin B

Formation by Staphylococcus au;gns » FEMS uxctab1ology
Letters, Vol. 3, pp. 199-202, 197a).

The production of rssr—l hy si_gnxgn;'hés
predominantly been associated with menstrual toxxc shock
syndrome, which has in turn been related to tampon usage.
Unexpectedly, a group of compounds were identified which
are effective to substantially reduce toxic shock syndrome
to;in 1 production by S. aureus in vitro and in vive. :
These compounds and the method of their use in absorbent
products are described in copending United States patent
applications Serial No. 343,965 filed April 27. 1989 and
Serial No. 316,742 filed April 27, 1990.

However, despite the effectiveness of the'compounds in
inhibiting the production of TSST-1 toxin,. there is no
basis for predicting whether such compounds would be
effective against SEA, SEB, and SEC ptoﬂuction due to the
structural and chemical differences between the TSST-1
toxin and other Staphylococcal enterotoxins.

Thls Sheet Has Been Reﬂla
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- Unexpectedly, it has been found thal:
‘product containing a campound selected from the group
consisting of:

- a) a monoester of a polyhydr:.c al:.phat:;c alcohol
and a £fatty -acid containing £from eight to
eighteen carbon atoms and wherein said monocester
has at least one hydroxyl group assoczated with
its aliphatic alcohol residue;

b} diesters of a polyhydric aliphatic alcohol and a
fatty acid containing from eight .-to eighteen
carbon atoms and wherein said diester has at
least one hydroxyl group aasociat:ed with its
aliphatic alcohol residue; and .

c) mixtures of the aforesaid moncesters . and

' diesters - |

reduces the amount of enterotoxins A, B, C and TSST-
1 with enterotoxin A produced -in__vitro when said
absorbent product is exposed to W ;_u;;gg_
bacteria.

Accordingly, the invention provides in one aspect, a
method of -inhibiting the production of Enterotoxin A,
Enterotoxin B or Enterotoxin C comprising bringing to the
proximity of Enterotoxin-A producing Staphylococcus

aureus bacteria, Enterotoxin-B producing  Staphylococcus
ayreus bacteria, or Enterotoxin-C producing

Staphvlococcus aureus bacteria an absorbent product
comprising a compound selected from the group consisting
of: - :

a) monoesters of a polyhydric aliphatic alcohol and
a fatty acid containing from eight to eighteen
carbon atoms and wherein said monoester has at
least on hydroxyl group associated with its
aliphatic alcohol residue;

b) diesters of a polyhydric aliphatic aleochol and a
fatty acid containing from eight to eighteen
carbon atoms and wherein said diester has at
least one hydroxyl group associated with its
aliphatic alcohol residue; and

€} mixtures of said monoesters and diesters,

said compound being present in an amount which “is.

effective to inhibit the production of Enterotoxin A,
Enterctoxin B or Enterotoxin C by Staphylococgus aureus .
bacteria when said product is exposed to said bacr.eria._

According to a second aspect of the invention there

This Sheet Has Been Replaced

AN




8 strain NMh Don and tested as described

frbers

controls were then all'-tested in duplicate as des rlbe_d in Exanpl g 1.
"test results-are reported in Table 3= 13 = ’

TABLE. 3

PRCDUCTI s Bprdifided a method of inhibiting the production of
~Streptococcal pyrogenic exotoxins A, B or C, Streptococcal
 hemelysins produced by Groups A, B, P or G Streptococci

, Sadil SLOANARIRERG Y A 31300

the untreated cotton fiber controls, and dupl |Q§[J§UL A8 ym

THE EFFECT OF GLYCERYL I\/DNO_AU

comprising bringing to the proximity of said Group A, B, F
or G Streptococci an -absorbent product comprxsing a

_compound selected from the group consisting of:

a) monoesters of a polyhydric aliphatic élcoh_ol and

‘a fatty acid containing from eight to .eighteen

carbon atoms and wherein said monoester has at
least . one hydroxyl group associated with its
aliphatic alcohol residue;

b) diesters of a polyhydric aliphatic alcohol and a

fatty acid containing from eight to eighteen -

carbon atoms and wherein said diester has at
least one hydroxyl group associated w:l.th its
aliphatic alcohel residue; and
c) mixtures of said monocesters and diesters,
said compound being present in an amount which is
effective to inhibit the production of SPEA, SPED, SPEC,
or hemolysins by said. bacteria when sa:.d product is
exposed to said bacteria. :
Accord:mg to yet another aspect of thé invention

‘there is provided a method of inhibiting the production of

Streptococcal pyrogenic exotoxins A, B ,or - C,
Streptococcal hemolysins produced by Groupa A, B, F or G
Streptococci comprising bringing to the proximity of said
Group A, B, F or G Streptococci a composition containing a
pharmaceutically acceptable carrier and a compound
selected from the group comsisting of:

a) wmonoesters of a polyhydric aliphatic ‘aleohol and

' . a fatty acid containing from eight to eighteen
carbon atoms and wherein said monoester has at
least one hydroxyl group associated with its
aliphatic alcohol residue;

b) diesters of a polyhydric aliphatic alcohel and a
fatty acid containing £from eight to eighteen
carbon atoms and wherein said diester has at
least one hydroxyl group associated with its
aliphatic alcohol residue; and . '

c)  mixtures of said monoesters and diesters,

said compound being present in an amount which is

effective to inhibit the production of SPEA,” SPEB, SPEC,
or hemolysins by said bacteria when said composition is
exposed to said bacteria. e —

* This Sheet H.
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PHYLOOOOCUS AUREUS Mh Don ~ © . “SAWPLE  ~ L

¥
CCONCENTRA- - FI NAL CONCENTRA- FI NAL AMOUNT = PEPuﬁC?}?ﬁH‘SHEET
TION OF S. AUREUS TLON OF S. AUREUS[err] ‘“Enterotofin Cerr]
(x-10[err] CFU'm) (Log[err] cPU M - ([ermBUUL 1999 | |No
"Fiber (Control) - 69.18 - - . 84 55
Untreated Fiber (Control) 17. T4 = : 3 32. 27
Treated Fi ber (0.22% GW) : ‘3. 80 .
1.52 Treated Fi ber (0. 78%>GNL) - 10, 47. o - —9. 02
0. 16 : _

:.mrentxon is lauric acid, a satutated £atty acid nhose
chemical formula is C,,H,,COOH. '

Tl1723

As used in'this specitieéﬁian and the appended claims,

‘the term "aliphatic® has the meaning usuvally accorded it

in organic chemistry, i.e. “aliphatic® refers- to organic
compounds characterized by straight - or btanched - chain
arrangement of the constituent cathon atoms.

As used in this specification add-the appenﬂéd claims,
the term "polyhydric®” refers to the presence in a chemical
compound of at least two hydroxyl (OH) groups. Thus, a
polyhydric aliphatic alcchol is one which has at least two
hydroxyl groups and in wﬁich the carbon backbone is either

straight or branched.

Polyhydric alcohols suitable fotlfotming monoesters

 and/er diesters for use in the practice of the present

invention are 1,2-ethanediol; 1,2,3-propanetriol
(glycerol); 1,3-propanediol; 1l,4-butanediol;
1,2,4-butanetriol and the like. The preferred polyhydric
al:phat:c alcohol for forming monoesters and diesters tor
use in-the practice of the present invention is

'1 2,3-propanetriol (commonly called glycerol) whose

formula is HOCH,CH (OH)Cl'leH .

It will be observed that the esters which are useful

" in the practice of the present invention have at least one

hydrozyl group associated with their aliphatic alcohol
residue. Thus, it will be understood that the moncester
of 1,2-ethanediol and one of the aforementioned fatty
acids may be used in the practice of the present invention
because said ester, whose general formula 15

C_H 49 '
n'2n41~C-0-CH,~CH,OH

This Sheet Has Béen
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Treated Fiber (1.12%GM) - ~  4.16- - - §u§§d3l¢_ﬁ3? SHEET

-0..02 S Treated Fiber (1.89% GW). = . 0.3 7. 52
©0.14 o [err] Nunber of viable-S aureus . cgl | s 5 1 og 10
base 10. [err] = As deternrned by the'E;PSAUﬁéBhgdﬁggported by
Reiser et at. 4n Applied and Envrronnegg "M crobiof - by} Dec.
1982. pp. 1349- 1355 _ - [err] N@an deternrnatron of duplicate

sanpl es.

~~has at least one hydrozxyl droup (i;e, the hydzoiyl group
- at the far right-hand side of the structural formula shown
- above) in that portibn of the ester derived from the
aliphatic alcohol 1,2-ethanediol. On the other hand, it
will be understood that the diester of i, 2-ethanediol and
one of the aforementioned tatty acids cannot be used in

' the practice of the present invention because said ester,
whose general formula is ' ' '

C_H, .-C-0-CH,~CH.0-C~C H._ .
nf2ne1 2-CH, C\kzm-l
\o . \ P

does not have at least one hyd:cxyl group in that portion
of the ester derived from the 1,2-ethanediol.

The monoester of glycerol and one of the designated
fatty acids may be used in the practice of the present
invention because that ester will have two hydroxyl groups
‘associated therewith which are derived from the glycerecl.
The diester of glycerol and one of the'designated fatty
acids may also be used because that ester will have one
hydrozyl g:oup associated therewith ‘which is detrived fron
the aliphatic alcohol glycerol. Indeed, as will be sesen

" hereinafter, blends of glyceryl monolaurate and glycerol
dilaurate have been found to be useful in the practice of
the present invention. Finally, it will be understood
that the triester of glycerol and one of the designated
fatty acids caznnot be used in the practice of the present
invention because that ester does not have at least oné
hydroxyl group in that portion thereof which is derived
from the aliphatic alcohol, i.e. glycerol.

Preferred esters for use in the practice of the

present invention are glyceryl monolaurate, glyceryl
dilaurate and mixtures thereof.

_"’_/,:/ -
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- 'Thé dat'e reported inTabl'e 3 show-that S.-aureus DORERIACHIENT EFT
;S|gn|f1cantly | ess" Enterotoxin C. (95%1 ess than the uni r gated bu“l.u.

t he presence, of glyceryl nonol aurate (0 2296w/m0_coate bgpnut,ﬁﬁg
Treated cotton fibers with gl yceryl - | aurate concenfria % f 78/6mﬂw
and greater resulted in 9996reduct|on51 T Enterotxin G florned qver thgt-
generated by the untreated control. The |og concentratlons . of S. aureus
Mh Don cells in the presence of con- trol cotton fi bers—was—9—25-the g
concentration At pretercéd esters foprusenis aécbrﬂancecsuthlhhig 0. 22%
GLYPery! TOORNGHE R 1Ae10ae ndddtdFEile dOF1LRUICRICHR! Y Eikbhofs, AUr ouS

cells in the presenc ers_cont al 8
moriol aur at SWE a8 02~ zﬂmmknml oPUEREE AR tFUhY@F"SY‘&UPmBYEeI s in

t he pregenmﬁaﬁwtmiamﬁewaami a£28.3! naanblﬁ)aeéausﬁte was.
8.62 (6%l¢ ch@onfj-]t. ea_gglac&né: ! ré‘ifggrgi f.zaﬁzi%%:% e gte a sg

=)

- presence

expected to reduce the amgpnt_qf enterotoxins A. B, C and
TSST-1 with Enterotoxin A produced. Ethylene glycol
derivatives such as ethylene glycol monolaurate as well as
polyethlyene glycol laurates, e. 9., diethylene glycol
monolanrate and triethylene glycol monoclaucrate are also
expected to be active. Certain polymers are alse expected
to have tozin-reducing activity, for example, polyethylene
glycol (200 MW) monolaurate, polyethylene glycol (400 MW)
monolaurate, polyethylene glycol (1000 MW) monolaurate.
and polypropylene glycol laurates such as polypropylene
glycol monolaurate. |

In accordance with the invention, the absorbent
product contains an amount of the above-described este:
which is effective to inhibit the formation of
enterotoxins A, 8, C and TSST-1 with enterotoxzin A when
said product is eiposed to §, aureus. For example,
effective amounts have been found to be from about 0.1%
and higher of the specified mono- or diester compound (or
miztures thereof), based on the weight of the absorbent

. material comprising the absorbent product.

Preferably, the active ingredient contains at least 90% by
weight of glyceryl monolaurate. More preferably, the
active ingredient contains at least 95% by weight of
glyceryl monolaurate. Most preferably, the active
ingredient is substantially completely cnmposed of
glyceryl monolaurate.

ThlS Sheet Has Been Replaced

i III I




- of cotton fibers contalnlng 1) 89@6m/m191yceryl nDnoIau :
.less). Exanpl e 4 - A fourth experiment’ was- conduct gt 1
‘ef fect of glyceryl nonolaurate on hoth TSST-1 dnd Entefof oxin A~pr s
t-ogether by S. aureus Mi8, which is a kppown hlgh TSST- ro SQGJWQQ'C
-al so produces Enterotoxin A in |esser htities. Thi. S '

'oculated

isolate was obtained fromthe tri-state. study of -an i
Shock Syn- drone. The m croorgani smwas transferred,
eval uat ed using the _experinental procedure descrlbed and
Some similarity between toxins can be noted. The
“St:eptococcal pyogenes exotoxin A (SPEA) is more closely
related to the Staphylococcal enterotozins. SPEA '
possesses a cysteine loop of - n;ne amino acids similar to
that of Staphylococcal enterotozin A (SEA) and is also
encoded by a converting phage. However, SPEA shares
greater amino acid sequence similarity with Staphylococcal .
enterotoxin B than with SEA. Immunological studies have
shown that the proteins and antisera to either enterotoxin
are cross-reactive (Iandolo, 1989). These similarities
between Staphylococcal enterotoxins A and B and the
- Streptococcal exotozin A in both structure and raactiv:ty
lead to the hypothesis that the demonstration of an
effect, such as reduction in enterotozins A and-B produced
by s;anhzlgggggng would translate to a similar effect on
Streptococcal exotoxins. Glycerol monolaurate has been
found to be effective in reducing the production of SPEA
and SPEP in vitro using the ‘tampon sac method.

and

As used herein, the term “absorbent material® includes
natpzal or synthetic fibers, films, foams, wood pulp, peat
moss, superabsorbent polymers and the like which are
capable, either inhetently-ot.hy virtue of the manner in
which they have been assembled, of absorbing liquids such

as water, urine, menstrual fluids, blood. wound exudates
and the like.

D ipti

In Example 1 which follows herein;~the_invention will be
described in detail in connection with absorbent fibers
and an amount of glyceryl monolaurate which is effective
to inhibit the production of enterotoxins A, B, C or 8
~combination of TSST-1 and A being produced by S. aureus
bacteria when said bacteria are brought into contact. with’

-This Sheet Has Been. R
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-set-forth Ln"ExaﬁpIe'l' fhé'édttoh fibers unt T ez
unt r eat
. 0.78% 1.12% and-1.89% w w glyceryl nonol- aurate e
quantities and-i-nserted into dialysis bags inoculat

38 gram
o :
WMnh8 and tested as described in Exanpl e 1. The coatgd cﬂtééld‘-f‘ls&r%t fhreal "
Cu r
F

HRRT|22%
2.

untreated .cotton fiber controls, and dUb+|cate I'noguj um control s e then

all tested in duplicate as. descri bed
in = :
reported in Table 4. Exanple 1. e'test Tesults re

cotton gibers such as those usea in catemenial products,

‘@sGers tampons. It will be understood that the principles
of the 1nventzon apply as well to other types of absorbent
fibers as well as to absorbent products such as uound
dressings, d1sposab1e diapers, sanitary napkins and othet
kinds of tamponms, such as those 1ntenﬂed ‘for medical,
surgical, dental and/or nasal_use. T

Cotton fibers were obtained from Barnhardt Manufacturing
Company of cnarlotte. Nozth Carolina. The -fibers were
100% cotton, such that the fibers werze. substantially free
of all finishes and additives, such as surfactants and the
l1ike commonly used in’ commercial production. The cotton
fibers were placed in a kier and heated with water to 3
temperature between about 190‘ and about 200°F at whxch
time both glyceryl monelau:ate and sodium oleate (4:1
ratio concentration) were added to the water to form an
emulsion in the kier. Varying concentrations of glyceryl
monolaurate were added to the fibers, such that each set
of fibers contained emulsions having 0.22%, 0.78%, 1.12%
and 1.89% glyceryl monolaurate by weight. The kier was
closed and pressurized to 10 1bs. The system was rTun for
thirty minute cycles. After completion, the wet cotton
fiber was centrifuged for five minutes and the fibers were
dried in the oven at 250°F with a 6.5 minute dwell time
and subsequently carded u51ng commercially available

carding equipment into a f;htous web weighing about 33.6

gluz.

A sample of glyceryl monolaurate available under the
tradename "Monomuls 90 L-12" was obtained from Henkel L
Corporation of Germany and found to contain 96% by weight '
of glyceryl monolaurate. No glyceryl dilaurate was -
detected. Glyceryl monolau:ate is a GRAs compound listed
by the FDA for use as a.fooﬂ emulsifier, This natetxal is
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-suggested for use in énti4caiiés'producés, insecticides,
‘casmetic preparations, and food compositions.

The following examples are i11ustrativewo£'the eEEecés
of the absorbent products of this invention upon the
production of enterotoxins A, B, C and TSST-1 with
~ enterotoxin A. Of course, these examples maiely '
illustrate the products of the invention uithout lznzting
the scope ¢of the invention. '

EXAMPLE 1

Uniformly coated cotton fibers which have heen.cazded.'~
containing, respectively, 0.22, 0.78, 1.12 and 1.89%% w/w
of the aforementioned glyceryl monolaurate based oan the
weight of the fiber, were weighed into 2.38-gram
quantities in duplicate. The glyceryl monolaurate-treated
fibers were then tested according to the Tampon Sac Method
reported by Reiser et al. in the Journal of Clinical
Microbiology Vol. 25, August 1987, pp. 1450-1452, the
.disclosure of which is hereby incorporated by reference.

Staphviococcus anreus strain FRI-100, a known
staphylococcal enterotoxin A producer, was used as the
test organism in this Example. Strain FRI~100 originated
as 3 food isolate from the Food Research Institute in
Madison, WI. Strain FRI-100 was obtained from Dr. Pat
Schlievert, Dept. of H:crobiology of the University of
Minnesota Medical Scghool, Minneapolis, MN. A second
strain of §. aureus obtained from Dr. Schlievert,
designated Mn Hoch, was identified as an enterbgoxin
B-only producer. This strain was isolated from a
nonmenstrual case of Toxic Shock Syndrome. A third strain
of S. aureus provided by Dr. Schlievert as an enterotoxin
C producer designated Mn Don was also isoclated from a |
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ng EFFECT G: GLYCERYL IVL']\IO_AURATE G\I TSST- T\ N['A PRODUCTI1 ON
3 B : $rAPEEOCOECY S Mh8.
SANPLE,= FINAL CCNCENTRA | NAL CCN FI NAL -
FI'NAL o | T1C$ a-ouWiat _JRATION OF S.
AMOUNT AMOUNT - 20- , JS CELLS (x
- AUREUS[ err](Log[err] =~ TSST-1[err] Ent erfjotoxi n :
10[err] CFU n) CFU m) : [ err]iq) Al-err—fferr]g)
No Fiber (Control) . 354.81 - - - 10.55 o 18.0 -
éi gg nonheins¥ Al ((3NE ot Jroxic Shock Syndfome. A fourt® 68

stz%ﬁﬁlof S. aureus provided from Dr. Schlievert produces

" both TSST-1 and enterotozin A designated Mn8. Control S,

aureus isolates which do not produce any enterotoxins were
used as controls in the assays.

S. aureus suspensions were separately prepaied by

thoroughly mixing one (1) milligram ot the lyophilized S.
aureus strain to ome (1.0) milliliter of Brain Heart _
Infusion (BHI) Broth (obtained from Difco Laboratories,

 petroit, Michigan) and transferring said mixture into a

test tube containing five (5) milliliters of BHI Broth.
The suspensions were thoroughly mized again and incubated
for 24 hours at 37°C prior to use.

100 - m;llil;ters of btaxn heart infusion (BHI) agar (also
obtained from Difco Laboratories in Detroit, Michigan, .
U.S.A.) were put into each of ten 3.8 cm x 20 cm culture

" tubes. Cellulose dialysis bags were made and sterilized

in the manner reported by Reiser et al. The sterile
cellulose sacs were inoculated with the aforementioned

§. aureus suspension in an amount sufficient to provide at
the beginning of the test a concentration therein of 1.9 x
10% cFu/ml Stachvlococcus aureus bacteria.

A bundle of glyceryl monolaurate-treated cotton fibers
weighing 2.38 grams was inserted into a sterile dialysis
bag containing the S, aureus bacteria and each bag was
then inserted into a culture tube containing the BHI

agar. Two controls, each in duplicate, were used. 1In one
control (called the ®inoculum control®), am inoculated
dialysis bag (with no fiber therein) was placed in each of
two culture tubes containing BHI agar. Isn the second
control, two untreated bundles weighing 2.38 g each (i.e.

'cogton fibers without finishes and the like ‘exactly

/
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Treated- Fi ber (0.22% GW) 1.44 - - 8.16 7.58

EnV|ronnentaj~h4crob|ology Dec. - © - 1982, pp. 13-49-1355.

Treated Fi ber (0.78% GW.) -~ 0.61 - R

0.50 - - .. Treated Fiber (1.12% G\) magg%?s‘}fﬁaa
~.0.41 - 0.19 Treated FitbdT TT-89% GV |
: ., 8.62 - 0.13 0.12 _ r] §={Nunber
of viable S aureus cells expressed as |og 10 base |10@. GS\MH_ﬁﬁb bj={As
determ ned by the ELI SA et hod repor&gd by Rai ser ' —ed] and

. Mean detern1nat|on of dupllcate sanples

- as the test txbers but not t:eated thh glyceryl monclaurate)
were placed in dialysis bags uhich in turn were placed in
culture tubes con:aznzng BHI agar. Thus, twelve culture tubes
were used in this test, four containing the aforementiocned
controls (two with untreated cotton fibers; twe without fibers)
and the others containing the aforementioned increasing

. concentrations of glyceryl monulaurate Erom 0.22 to 1. 39% w/w
on cotton fibers in duplicate. -

The concentrations of §. ag;gns strain FRI-100 viable cells and
enterotoxin A at the outset of the test (0 hours) and after
jncubation for 24 hours at 37°C are shown in Table I. '
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- The data: in- TabI e 4 show that S aureus IVh8 prod | ess
_TSST-1-and Entegotoxin.A-in. t,he presence of gl ycerm W‘?ﬁﬁw at ed
fiber. After .exposure to O. 229 W w gl yceryl nonol durfate treated fijbdr, S.
“aureus M8 produced 7.58 ug of TSST-1 which is 76% |{es@StHiin 19%%at |ndted in
the untreated fiber control This sang {jber treated |(022%W w gl ycdr \i _
monol aurate) resulted in a 90% reductlon in Enter A fornati on jover

t hat observed in the con- trol. The cotton-fiber tyeated with 0.78%w w
glyceryl nonolaurate resulted in a 97%reduction in TSST-1  formation with a
96% r educti on_in_Ent er ot oxin A f or M@rBYh 1 The fiber containing 1.12% and

1.89% w w gl yTEF FFTHON OF 1BFERERTH JiOH0 k. IREATED, COTTON FFBERF OK i n bot h
TSST-1 and Enteroti xi “ZzF 1N OF (RY MD GROWIROF \cubati on peri od
(24hour s) _ JS FRI-100 _
FINAL .~ FIVAL | rxm
"CONCENTRATION CORCENTRATION
SAMPLE ‘OP S, AURIUS  QF S. AUREUS® zan.n:m.a‘o‘
- (x 10° CFU/ml) (Logyg CFU/ml) (ug)
No Fiber . 210 ' 10.32 | . 2.50
(Coatreol) ' :
Uatreated Fiber 480 - 10.68 - 3.48
{Coatrel) ' '
Treated Fiber 18 9.25 D-EGZQ
(0.22% GML)
Treated Piber 2.0 8.30 | 0.075
(0.73% GML) o '
Treated Fider 12.8 9.10 " 0.082
(1.126 GML) :
Treated Pider 4.0 8.60 <0.00%
(1.89% GML) - .

3 = Number of viable §, aureus ecll: o:ptessed as log to bass

10,
D = As determined by the ELISA method reported by Reiser et
3al. in Applied and Eavirommental Microbielegy, December
€ = Mean determination of duplicate samples.

-
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--the Iog concentratlon of S aureus. ceIIs in the prg
_fibers was 8.68; the | og concentration ¢f"S.  aureu
_ of fibers containjing 0.22% w w gl yceryl ‘monal aurat g

| og concen- tration of S aureus cells i-n the_presepc
contai ning 0.78%gl yceryl nonolaurate was 7.79 (10%
concentration of S. aureus cells in tHé3pTesence o
containing 1.12% w w- glyceryl nonol aurate-was 8.5 (1% ess); and the | og
concentration of S aureus cells in the presence of cottomTTDhers cont ai ni ng

Fromihe. pombEARESCARARhEY, 2, SnlGP ety (lar“p‘kaﬁ’“°““"“°c*‘%’b% ho

e been treated. with-
varying Ievsignbiighpteumpanﬁnohaﬁn&EGOta ouckian CORPATaRLE /o
conprising 98% by WREERt GhyT8SEL1TpRAuLIGH. anemao weaieied]l 1ddount s
: reflect only a 1.0-2. 0 log :eduction in Ei.anxsns cell

number.

ree—ot it eottoﬁ
EﬂLAGENBﬁ? iBsence |
8. 16 (6% lesk): the

(B3 901 B P >

The data in Table 1 show that when §. apreus FRI-lop
strain, which produces Enterotoxin A, is exposed to fibers:
coated with glyceryl monolaurate {0.22% w/w) there is a
99% reduction in Enterotoxin A formation. Hith'fihers
coated with 0.78% w/w glyceryl monolaurate, a 98%
reduction was noted. In higher concentrations of glycetyl
monolaurate, such as 1.12% and 1.89% w/w glyceryl
monolaurate, 99% reductions in Enterotoxin A formation
were noted. At the end of the incubation period (24
hours), the log concentration of §. aureus cells in the
presence of control cotton fibers was 10.68; the log
concentration of S, aureus cells in the presence of f£iber
containing 0.22% glyceryl monolaurate was 9.25 (13% less);
the log concentration of S. aureus cells in the presence
of cotton fibers containing 0.78% glyceryl monolaurate was
8.30 (22% less); the log concentration of §, aureus cells
in the presence of cotton fibers containing 1.12% w/w
glyceryl monolaurate was 9.10 (15% less); and the log
concentration of S, aureys cells in the presence_of cotton
fibers containing 1.89% w/w glyceryl monolaurate was 8.60
(19% less). Thus, although the amount of tozin produced
by the §. aureus cells was almost entirely eliminated, the
glyceryl monolaurate-cocated fibers did not substantially
reduce the number of viable the S, aureus cells.

Further, a dose-response effect could be noted with
glyceryl monolaurate with respect to the amount of toxin
produced in that the greater the glyceryl monolaurate
content, the lower the amount of toxin that is p:oduéed.
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‘rate. The data reported in Tables 1-4 ShOMlthat f\ @il evel s of
.glyceryl nonolaurate in the fibers, S-aureus. b @E@'KE bﬁﬁﬁi@ gnificantly’
. l.esg toxin,'in other words, -are |nhjb|ted fron1pr6ﬁ“0|ng si gni fii qant
amounts of toxin when conpared to the anounts o '-'togglsum_d under 't he
sane exper1nenta| conditions, by S aureys bactefip in the pres-jence of
control fibers containing no glyceryl™ nonol aur aj e ect} veness of
gl yceryl nonol aurate with-respect to toxin prodgction shoul d not be
dependent upon the type of fiber -substrate on Wittt 1s placed. It has

been . S“O‘““ggife% %%Hﬂ i did Gidk berdisetphed pwathis Bxempléective in
() 4

reducing T n_ production I bsor ent products when used on vari ous
“subst r at es widh regaxd (£9 Vil %bf LStates patent -applications

Serial No. 343,965 filed Aprll 27, 1989 and Serial No. 316.742 filed Apri
27, 1990. :
. Ezample 2

A second experiment was conducted to evaluate the |
effect of glyceryl monolaurate on Enteretoxin B production
by S. aureus strain Mn Hoch obtained from a nonmenstrual
Toxic Shock Syndrome case. The microorganism was
transferred, inoculated, and evaluated using the
_experimental procedure described and set forth 1n.!xample
1. The cotton fibers which were untreated, cotton fibers
treated with 0.22%, 0.78%, 1.12% and 1.89% w/w glyceryl
monolaurate were weighed to 2.38 gram quantities and
inserted into dialysis bags previously inoculated with S,
aureus strain Mn Hoch, and tested as described in Example
1. The treated cotton fibers, the untreated cotton fiber
controls and duplicate inoculum controls were then all
tested in duplicate as described in Ezample 1. The test
results are reported in Table 2. '
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- Furthernore, although the exanples set forth above conthi 'n"“f”T‘"ti‘é‘rS haw

-.coating of about 0.22% w w of- gl yceryl nonol aurate, thejagt Q\ff gpMEeRIN
* shoud be effectlve to.prevent toxin formation at |ower popcentrations,

~ e.g., at:con-'centratons of at |'east about 0.1% W w ac}i s
"An experinent ‘was conducted by Dr. R®25etck Schilevert o Uni.versity of

"M nhesota to evaluate the effect of tanpons treat ed wi t —gtycervyt

monol aur ate on streptococcal pyrogeni o exotoxins types A and B. The
m croorgani smused in this = . TABLE 2 .

THE EFFECT OF CLYCERYL MONOLAURATE OH ENTEROCIOKIK B
PRODUCTION BY STAPEYLOCQCCUS AUREUS Mn Hoch

FINAL  FIRAL nns

: CONCENIRATION ~ CONCENIRATION = e

(x 108 CFU/ml) (Logyg CFU/m1) .  (ug)

Ho fiber . 7.20 8.385 41.04
{Control)
Untreated Fiber 16.21 _ 9.21 T . 117.46
(Control) o |
Treated Pidec 2.39 8.38 5.77 o
{0.22% GML) - - - o
Treated Piber 10.00 9.00 NS 2.17 _
(0.78% GML)
Treated Fiber 0.681 7.91 _ | ) 0.93
(1.12\ Q) ' ‘ .
Treated Fider 0.48 . 7.69 ' 0.45
{1.89\ GML) '

Rumber oé viahle §. aureus cells expressed as log to base

10.

As determined by the ELISA method reposted bf Reiser et

al. ia Applied and Eavirommental Microbiclogy Dec. 1982,
PP, 1349-1355.

€ 2 Mean determination of duplicate samples.
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:streptococcal pyrogenlc exotOX|ns A and B In thIS e perlnént t e%Tcnpon

Sac ‘Met hod of Rel'ser et al -~ was used to deternine thel e@Badil J9 tireated
tanmpon on toxin production. Dialysis tubing was inoguf ated with 5 Jo[ err]
colony formng units (CFU) of the bactezéa ina 1 - voltnme (Brain Heart

I nfusion Broth) with or without o.b. brand vagi nal {anpons. ThpALanpehs
used -wei ghed 3 gm and con- tained either 1 nl glyceryl nonol aurate (1.0%

w w) or tanpeﬁs wi t hout glyceryl nnnolaurate The inocul ated-di al ysi s
. The data in Table 2 show that S, ayreug Mn Hoch -

produced.s1gnz£1cantly less Enterotoxzin B (95%.1ess than
the untreated control) in:theﬁpresence of glyceryl
monolaurate (0.22% w/w) coéied—cetton'tibers. Treated
cotton fibers with glyceryl monolaurate concentrations of

. 0.78% w/w resulted in a 98%-reduction in Enterotoxin B
production while.éreate: than 99% reductions were noted
with fibers coated with 1.12 and 1.89% w/w glyceryl
monolaurate. At the end of the incubation period (24
hours), the log concentration of §. aureus cells in the
preSence of control cotton fibers was 9.21; the log
concentration of S. aureus cells in the preSence.bt £idbers
containing 0.22% glyceryl monolaurate was 8.38 (9% less);
the log concentration of S. gureus cells in the presence
of cotton fibers containing 0.78% glyceryl monolaurate was
9.00 (2% less); the log concentration of S, aureus cells
in the presence of cotton fibers containing 1.12% glyceryl
monolaurate was 7.91 (14% less); and the log concentration
of S, aureus cells in the presence of cotton fibers -

containing 1.89% w/w glyceryl monolaurate was 7.69 (16%
less). -

Example 3

A third experiment was conducted to evaluate the effect of
glyceryl monolaurate on Enterotoxzin C production by
S. 2ureus MN Don which is an Bnterotoxin C-only producer
obtained from an individual with nonmenstrual Toxic Shock
Syndrome. The microorganism was transferred, inoculated
and evaluated using th experimental procedure described
and set forth in Example 1. The cotton fibers untreated,
cotton fibers treated with 0.22%, 0.78%, 1.12% and 1.89%
w/w glyceryl monolaurate were weighed to 2.38 gram
quantities and inserted into dialysis bags inoculated with
S. aureus strain Mn Don and tested as described in Ezample -
S ——
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1. The ccated cotton fibers, the untreated cotton fider

controls, and duplicate inoculum controls were then 2all
tested in duplicate as described in Example 1. The test
results are reported in Table. 3.

[REPLACEMENT SHEET
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tubl ngs were subrrerged in 75 m bra| n. heart i'nf.usi ted for
- 24 hours at 37[err]C at 7% CQO err]. The sanpl es R“PWB@WUS@H? ur-fold
" with respect to the anount of fluid.absorbed over|th 2% ms of and.
CFU and toxin con- centrations were deternined. Pl af e T3dWs re used to
deternine CFU concentration and V‘ést&&‘l‘ bl ot anayllsis to neasure jokin. The .
'ower linmit of detection of toxin was 0.003 [err] The data obtaingd are.

- summarized in Table 5. ~ The result ggrg)nstra uction . -
was quite | ow in theesPESEercsr %i!&iﬁn'm “@f&mae undet ect abl e
in the pfesence of the ERoBIE RGN B MaVBén al SO
significantly affected. It was det erm ne at the presence of oxygen

adsorbed to the fibers of the tanpon, ‘as vveII as exposure of the

m croorgani smto atnospheric oxygen may have contributed to the | ower

I evel s of toxin producti opgwaed reduced eghis viability in tFESNGi al ysis bags
AMOUNT

in - . ‘COMCENTRATION - CONCENTRATION .
SAMPLE QF S. AUREUS OF S. AUREUS® Enterotozin CP-€
: _(z 108 CFU/m1) (Logyg CFU/m1) (@) .

No Pider 69.18 o g.84 1.55
{Control) _

Untreated Fider 17.78 . 9.28 32.27
" ‘{Control) :

Treated Fiber | 3.80 . 8.58 1.52 -
{0.227 GML) .

Treated Fidber 10.47 9.02 0.16
(0.78% @L)

Treated Piber 4.16 : s.62 0.02
(1.12% GML) :

Treated Fiber 0.33 ' 7.52 0.1¢

{1.89\ QL)

3 z Number of viable S, m cells e:pressed as log to base
10. .

® - aAs determined by the :r.zsi method reported by Reiser et

al. in Applied and Eaviroamental Microbiclogy Dec. 1982, .
Pp. 1349-13SS.

€ = Mean determination of duplicate samples.
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_ which tanpons wére located.: Tt ‘was decided to prigy
~environnent- for the orgam sm i'n siibsequent’. test

- TABLE 5 . -, THE EFFEC
“TREATED o TAMPONS
PRODUCTI ON BY = 29— L.
STREPTOCOCCUS ' - S Sanp] e

SPE Type([err]g/ni) ' e

- The data repoxted in Table 3 show that §,. aureus Ma Don
produced significantly less Enterotozin C (95% less than
the untreated control) inféhe'ptésence”of_glyceryl
monolaurate (0.22% w/w) coated cotton fibers. Treated
cotton fibers with glyceryl monolaurate concentrations of
0.78% w/w and greater resulted in 99% reductions in
Enterotoxin C formed over that generated by the untreated
control. The log concentrations of §. aureus Mn Don cells
in the presence of control cotton fibers was 9.25; the log

- concentration of S, aureus cells in the presence of £ibers
containing 0.22% glyceryl monolaurate was 8.58 (7% less);

' the log concentration of S, aureus cells in the presence
of cotton fibers containing o.7ai"§lycetyl monolaurate was
9.02 (2%'1ess); the log concentration of §, aureus cells
in the presence of cotton fibers containing 1.12% glyceryl
monolaurate was 8.62 (6% less); and the log éoncenttation
of S. aurens cells in the presence of cotton fibers

containing 1.89% w/w glyceryl monolaurate was 7. 52 (19%
less).

- Example 4

A fourth experiment was conducted to evaluate the effect
of glyceryl monolaurate on both TSST-1 and Enterotoxin A
produced togethéz by S. aureus MnB8, which is a known high
TSST-1 producer which also produces Enterotoxin A in
lesser quantities. This S. 3u£gus Mn8 isclate was
obtained from the tri-state study of an individual with
Toxic Shock Syndrome. The microorganism was transferred,
inoculated, and evaluated using the experimental procedure
described and set forth in Example 1. The cotton fibers
untreated, treated with 0.22%, 0.78%, 1.12% and 1.89% w/w
glyceryl monolaurate were weighed to 2.38 gram guantities
and inserted into dialysis bags inoculated with S. aureus
strain Mn8 and tested as described in Example 1. The -

—/l ) - - .. - ~
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A B ;'e_&mHoHnotammm 6.5 [err] 2.7

.x 10[err] 12.0 - 6.0 ~ . . K ob[err]
7.5.4.0 x 1Q[err] 0.12 0.06 N .o . ob[err] +1%
(€Y I < 40 - . N.Dlerr] - D.

[err] CFU nl of fluid absorbed into sac In the presence of a
tanpon an average of 2.0 ml was absorbed. In the absence
|l ess than 0.25 nl was absor bd. o _ [err] ND.

none deteCtgguteﬁ cotten fibers, the untteated cotton fiber comtrols,

| . and duplicate 1nocu1um controls were then all tested in
duplicate as described in Example 1. The test results are
reported in Table 3. -

T




.Exanple 6 - In this experinent, ‘conducted by Dr. Patrick Schlievert,
.glyceryl m)nol aurate was added in-varying .concentrations to 50 m brain
. heart i.nfusion broths:_. These solutions were then inoculated with 1.0 x

- 10[err] CFU nml of group A streptocac- cus C203 or S. aureus M8, a known
TSST-1 producer. Sanpl es contai ni ng c29p_were incubated at -37[err] C, for 12
hours. wi thout, shaking, so as to reduce oxygen exposure, in the presence of
7% CJerr]. Sarrpl es containing M8 were incu- bated conparably except wth
shaking (at a rate of -200 RPM and in arxatsndlard | ncubdtor. The results of
t hi s exper| MeNnt THE BFFECT OF GLYCZRYL MONOLAURATEZ O ISST-1 AND ENTEROTZOXIN A

PRODUCTION BY SIAPRYLOCOCCUS AUREUS Mn8.

FINAL  FINAL S . FINAL

CONCENTRATION  CONCENTRATION AMOUNT JMGURT )
SAMPLE OF VIABLEZ OF S. AUREUS3 ‘ISST-1P-° Enterotoxin ad-¢
S, AUREDS CELLS ; .
(z 102 CFru/ml) (Logyg CrU/ml) . (ug)~ . {ug)
Ko Fiber 354.81 ~ 10.58 18.0 . 11.38
{Costrol) i o
Untreated 4.78 s.68 N2 M.
(Control) '
Treated Fiber - 1.44 - 8.16 7.58 1.35
(0.22% GML) : |
Treated Fiber  0.61 O 1.19 0.93 .- 0.50
(0.78% GML)
Treated Fiber  3.63 .56 0.4l - 0.19
(.12 GML) |
Treated Fiber  4.16 . 8,62 0.13  0.12
(1.89% QL)
& = Number of viable £. auceus colls expressed as log to base
.10,
b - As determined Dy the ELISA method reperted by Reiser ot
al. in Applied and Baviromnental Hictobielogy Dec. 1982,
¢ =

Mean determimation of duplicate samples.
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care-summari-zed In Table 6: .= -
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The data in Table 4 show that §. aureys Mne produced
significantly less TSST-1 and Enterotoxin A in the -
presence of glyceryl monolau:ate treated fiber. After
exposure’ to 0.22% w/w glycetyl nonolauzate treated fiber,
'S. aureus Mn8 produced 7.58 ug of TSST-1 which is 76% less
than that noted in the- untgeated tiber control. This same
" fiber treated (0.22%w/w glyceryl monolaurate) -resulted in

a 90% reduction in Enterotoxin A formation over that
observed in the control. The cotton fiber treated with
0.78% w/w glyceryl monolaurate resulted in a 97% reduction
in TSST-1 formation with a 96% reduction in Enterctoxin A
formation. The fiber containing 1.12% and 1.89% Ww/w
glyceryl monoclaurate both resulted in a 99% reduction in
both TSST-1 .and Enterotozin A formations. At the end of
the 1ncubatzon period (24hours) the log concentration of
S. ;n;gus cells in the presence of control cotton fibers
was 8.68; the log concentration of §. aureus cells in the
~ presence of fibers containing 0.22% w/w glyceryl |
monolaurate was 8.16 (6% less); the log concentration of
S, aureus cells in the presence of cotton fibers
containing 0.78% glyceryl monolaurate was 7.79 (10% less);
the log concentration of §, aureus cells in the presence
of cotton fibers containing 1.12% w/w glyceryl monolaurate
was 8.56 (1% less); and the log concentration of S, aureus
cells in the presence of cotton fibers containing 1.89%
w/w glyceryl monolaurate was 8.62 ( 1% less).

As can be seen from the preceding Examples 1l-4, cotton’
fibers have been treated with varying levels of glyceryl
monolaurate, a commercially available mixture comprising
96% by weight glyceryl monolaurate and no glyceryl
dilaurate. The data reported in Tables 1-4 show that,
depending on the levels of glyceryl monoclaurate in the
fibers, S, aureus bacteria produce significantly less .
toxin, in other words, are inhibited from -producing

\
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TABLE 6 . THE EFFECTOF GLYCERYL|RENOAZEMENT $HEETITH CELL
. VI ABI LI TY - y AND TOXI N ‘PRODUCTI ON BY-STREPTOEEEELS C203
AND STAPHYLO- - . T -

05 JUL 1999

“significant amounts of toxin when compared to the amounts .
of tozin produced, under the same experimental conditions,
by S. aureys bacteria in the presence of control fibers
_containing no glyceryl momolaurate.

. The effectiveness of glyceril monclaurate with respect to.
-texin production should not be dependent upen the type of
fiber substrate on which it is placed. It has beem shown
previously that Lauricidin and related analogs are
effective in reducing TSST-1 toxin production ia absorbent
products when used on various substrates as .sat forth in
copending United States patent applications Serial No.
343,965 filed April 27, 1989 and Serial No. 316,742 filed
April 27, 1990, which are hereby incorporated herein by
reference. Furthermore, although the examples set forth

-~ above contain fibers having a coating of about 0.22% w/w
of glyceryl monolaurate, the active compound should be -
effective to prevent toxin formation at lower

concentrations, e.g., at concentrations of at least'ahout
0.1% w/w active compound.

Wi



" cocaus AUREUS M8

L . - Sanpl e amL ng/lOO m broth CFU

.SPE type - TSST-1 ° L e T QORI

A . - B ' .C203 .0 Ao dn P 0[ err] .
6.0 3.3 . .0.D5 . 3,5x loferr]
6.0 3.0 =34. 0l1 o5JuL ‘@%x 10f err]
1.5 0.75 _ ' 0} 25 ~10[ err]
m. B. NN.DD. _ ok - 3 2 &k 10[err]

.D .Dg e §

An experiment was conducted by Dr. Patrick Schlievert of .
University of Minnesota tolevildate the effect of tampons
treated with glyceryl monolaurate on streptococcal '
pyrogenic esotoxins types A and B. The microorganxsm used
in this experiment was Group A streptococcus- strain C203,
which produces streptococcalupyrogenic exotoxins A and B.
In this experiment, the Tampon Sac Method of Reiser et al.
was used to determine the effect of the treated tampon on
toxin production. Dialysis tubing was inoculated with § x
105 colony forming units (CFU) of the bacteria in"a l-ml
volume (Brain Heart Infusion Broth) with or without'o.h.
brand vaginal tampons. The tampons used weighed 3 gm and
contained either 1 ml glyceryl monolaurate (1.0% w/ﬁ) or
tampons without glyceryl monolaurate. The inoculated '
dialysis tubings were submerged in 75 ml brain heart
infusion agar and incubated for 24 hours at 37°C at 7%
co,. The samples were then diluted four-fold with

respect to the amount of £luid absorbed over the 24 hour
period and CFU and toxin concentrastions were determined.
Plate counts were used to determine CFU concentration and
Western blot anaylsis to measure toxin. The lower limit
of detection of toxin was 0.003 ug. The data obtained are
summacrized in Table 5. '

The results deﬁonst:ate that toxin production was
quite low in the presencé of the untreated tampon, and was
undetectable in the presence of the treated tampons. Cell
viability was also significantly affected. It was
determined that the ptesence.ot'oxygen adsorbed to the
fibers of the tampon, as well as exposure of the
microorganism to atmospheric oxygen may have contributed
to the lower levels of toxin production and reduced cell

—_ .
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2.0 x 10[err] N.D. . ND
4.0 x 10[err] N.D. " ND
3.5x 10[err] ND. ND

0. "N.D.- ND

0 N. D. N. D.

0 N. D. N. D.

0 N.D. N De35=———
0. NND. 'ND

viability in the dialysis hags in which tampdns were
located. It was decided to proviﬂe §n anaerobic
environment for thé organism in subsequent tests.

\.
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MNB - N 84x10[err]_- 48
.,0.05 - 9.0 x 10[err]'~ 48 '

L 0.1 . 9-4x 10[err] - , "”_:" 48 -
0.25 - '6.2x 10[err] : 12
0.5 . - 1.8 x 10[err]. . N.D.
.75 9..7x 10[err] N.D.
1.0 : 2.1 x 10[err] ‘N.D.
1.25 7.0 x 10[err] _ -N.D

. TABLE'S

THE EFFECT OF GBYCBR!L MONOLAURAEE TR!A!ED TAMPONS
Oﬂ GROWTH AND TOXIN PRODUCTION BY “STREPTOCOCCUS .

et —

'__szsmuuzann_'

Sample ' - CFUt .. A B
Coatrol (no tampon) 65+ 2.7x 108 120 - 6.0
“ob 75+ 40x10° | 012 006

ob +1% GML <40 ND> ND.

- 8 CFU/ml of fluid absorbed into sac. In the presence of a tampon an avengeofz.oml was
absorbed. In the absence less than 0.25 ml was absorbed.
~® N D. none detected

ThlS Sheet Has Béeen RTi
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1.5 1 4x 10[err] _ N. D.
t. 75 1.1°% IO[err] o N.-D.
2.0 4.0 x 10[efr] _ " N. D
2:25 2.0 x 10[err] - “N. D
2.5 - 2.3 x 10[err] - -~ "N D:
5.0 - 2.1 x 10[err] - .<37- ND -
10.0 2.9x- 10[err]- : N. D.

.::ml.e_&_

In this experiment, conducted'by.bz.'Patrick
Schlievert, glyceryl monolaurate was added in varying
concentrations to 50 ml brain heart infusion broths.
These solutions were then inoculated with 1.0z 10‘

- CFu/ml of group A streptococcus C203 or S. aureus Mn8, a
known TSST-1 producer. Samples containing C203 were
incubated at 37°C, for 12 hours, without shaking, so as to
reduce oxygen exposure, in the presence of 7§'co2.
Samples containing Mn8 were incubated comparably except
with shaking (at a rate ot_zoo RPM) and in a standard.

" incubator. The results of this experiment are summarized
in Table 6.

_

l
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'.Exanple 7.

A streptococcal

I'n this exanple
strains,

strains fromgroups B, F and G streptococci

_of: glyceryl

or gani sns were exposed to varyjn

THE EFFECT OF GLYCERYL MONOLAURATE ON BOTH CELL

nonol aurate on t heir producti on
set: forth in Exanple 6

conducted by Dr. Patrick Schlievert.
i ndi vi dual |y expreSS|ng SPEA, SPEB or SPEC and.

group

o oot ox H?aé&@rxﬂesﬁééﬂé

concen-

38— 05 JUL 1999

TABLE &

VIABILITY AND TOXIN. PRODUCTION BY srm'racoccus c203
MD 'STAPHYLOCOCCUS AUREUS Mng8

Sample  OML. ou A B . TH
203 0 : 3lzxl "Q 30
0.05 35x100. 60 30
0.1 a2x100 . 15 0.75
0.25 33zx106 ~ ND.-  ND.
0.s 32x108 ND. ND.
0.75 20x 10 ND. ND.
1.0 40x 10’ ND. ND.
125 35x108 ND. ND.
175 () ND. ND.
z.o 0 ND. ND‘
- 50 0 ND. ND.
B 10«0 . o ND- NDA’
8 0 84x10° 48
My 0.05 9.0x 10° 43
' 0.1 9.4x10° 48
0.25 62x10° 12
Y 1.8 x 101° ND.
75 97x1 ND.
1.0 2.1x10° "g-
1.2 702 10° : r
15 14x10 -
1.5 1.1x 10 ND.
20 40x1 ND.
225 20x1 ND.
2.5 23x1 N.D.
5.0 21x1 ND.
10.0 29x1 ND.
__’—————/_’._——__——_
Tl



‘trations of ‘glyceryl nonolaurate i a-brain héart i[NP ACENENT SHERTain

594, which produoes SPEA, Strain 86-858. which

05JUL 1999
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E 1 '1_
In this example, conducted by Dr. Pagrick Schlievert,

‘group A streptococcal sttaxns. individually expressing
SPEA, SPEB or SPEC and ‘strains f£rom groups B, F and G
streptococci were evaluated for the effect of glycctyl
monolaurate on their. production of exotoxin. Using the
method set forth in Example 6, organisms were exposed to
varying concentrations of glyceryl monolaurate in a brain
heart infusion broth. Strain 594, which produces SPEA,
Strain 86-858, which produces SPEB, and Strain T18P, which

_.produces SPEC toxins respectzvely, were used. Toxin
production was measured by Western immunoblotting specxt;c
periods within 96 hours. The results of this experiment:
to determine the effect of glyceryl monolaurate on:

production of SPEA, SPEB and SPEC toxins are set forth in
Table 7.

§. 2ureus strain Mn8 was also exposed to glyceryl
monolaurate. The amount af TSST-1 production of §. aureus

strain Mn8 was measured. The results of this test are set
forth in Table 8. )

Streptolysins O and S, also produced by strains 594,
86-858 and T18P, as well as Group B streptococcal
hemolysin, Group F streptococcal hemolysin and Group G

~ streptococcal hemolysin were measured by lysis of 0.1%
sheep erythrocytes and 0.014% 2-mercaptoethancl as a
reducing agent performed in 0.75% agarose in phosphate
buffer solution (PBS), 4.5 ml/slide. The PBS was composed
of 0.005 Molar sodium phosphate, 0.15 Molar NaCl, at pR
7.0. Hemolysis induced by 20 ul cell free culture added
to wells punched in slides after 24 hours was used as a
neasure of hemolysin production. Lipase was measured ia

€] laccd
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12 pkodueee SPEB, and Strain T18P whi ch produces SPEC t oxins

L ACEMENT SHIEET

respect ively, were used. Toxin production was neas-
i mrunobl otting specific periods within 96 hours. The
experinment to determne the effect of glyceryl nonol g
SPEA, SPEB and SPEC toxins are set forth in Table 7.

040"

U
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the same way as hemolysin, except that ciea:ing of 0.1%

tributyrin was used as the .standard.

Results of reduced streptolysin O and § are 3also set forth
in Table 7. The results of the experiments exploring the
‘effect of glyceryl monolaurate on toxin production by
Groups B, F and G streptococci are set forth in Tables 9,
10 and 11, respectively. The data demonstrate a marked
_reduction in the amounts of texin and/or hemolysin
produced by Groups A, B, F and G streptococei in the

presence of glycetyl monolaurate. .
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S. aureus strain M8 was also exposed to gl yceryl monol aurate. The amount
of TSST-1. productlon of S. aureus straln Mh8 was nea  of

. this test are set forth in Table 8. - Streptol ysin RE?p@@?ﬁﬁ}ﬁ]S_ﬁﬁm )
- produced by strains 594, 86-858 and T18P, as wel |l .as)}Gretup—B-st gca
" henp- lysin, Goup F streptococcal henolysin and G ogp § :

;
henol ysin were nmeasured by |ysis of 0.1% sheep eryth oqyéi%dgﬁdng 01494
2- mer capt oet hanol as a reduci ng agent perforned in . 15%agatose in

phosphat e buffer solution (PBS). 4.5 n1/ |ids. The PBS was . conposed of
0. 005. Mol ar sodi um phosphate, 0.15 Nblﬁ# NaCl, at pH%7o- uced
by 20 [erf]l cell free culture added | Ls punched in slides after 24

~ hours was used as a neasure of henoly?ﬁﬂﬂgr duction. Lipase was neasured in
the same way as henol ysin, except that clearing of -0.1%tributyrin was

EFFECT OF GLYCERYL MONOLAURATE ON GROUP A STREFTOCOCCI

Bacteriumd GML  LogCFU/ml - SPE
594 (SPEA) o 3.5 12
25 8 03
100 33 03
200 60 e
 $6-858 (SPEB) 0 8.0 03
s 72 00
100 73 00
200 53 0o
TISP(SPEC) 0 T 04
25 79 00
100 6.1 00

;hmmdmmshzhzhuwnlO’uﬂlD‘CFUhﬂ
' Includes streptolysin O and S messired in mm diameter of lysis

heet Has Becn Replaced
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used as the standard. - Results of reduced streptol ysin Oand S are al so
set forth in Table 7.. The results of ‘the experinments-exploring the effect =
of glyceryl nonol aurate on toxin production by ‘Goups B, F and G _
str'ep’t'ococcy are set forth in Tables 9, 10 and 1 1. respectively. The data

denonstrate ‘a marked reduction in the amfmt s of toxi n and/or henolysin -
produced by Groups A B, F and G strept ocooci in the-presence of glyceryl

nonol aur at e. § § % _ Eg TABLE 7
. | . ° |
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EFFECT OF GLYCERYL MONOLAURATE ON GROUP A STREPTOCOCC

"~ Bacteriunferr] - . Gl\/L([err]g/n1) Log CFU/nml . SPE ([err]g/nl) " Reduced
" Henol ysin[err] 594( SPEA) 0] . . 8.6 3.2
7.0 _ . 2-5 ‘. 8.5 0.3
"4.0 o - ~#-0 - 83 - 0.3
0.0° ' 20.0 - 6.0 . 0.0
0.0 86- 858(SPEB) 0 . 8.0 _ 0. 8
4.0 , ' ' 7.7 : 0.0.
2.0 Table 9 EFFEC!‘OPG!«H.ONGROUPBSHEPTOCOCCUS
. -Amount of Time: -
GML 2hr ' 24 hr
(g/mD) JLogeells/m] Hemolysin Logcellyml Hemolvsin
0 8.7 - 2 85 .2
28 8l 0o 84 0

100 . <40 0 a0 0

Inoculura size 2.0 x 105/ml

 [REPLACEMENT SFEE?
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10. 0"

A 0.0 0.0
20.0 : 58 0.0 - 0.0 T18P( SPEC)
0 - 7.9 - 0.4 . : 8.0
2.5 7.9 - 0.0 8.0 :
10.0 6.1 0.0 44— 0.0 a I noculum si ze
bet ween 10[err] '

and 10[err] GFU m . [err] Includes
streplolysin 0 and S neasured in nmdiameter of lysis :

Table 10. EFFECT OF GML ON GROUP F STREPTOCOCCUS

: o ‘ Amount of Time: :
GML Shr 24 r
(ug/ml) “Iogeelivml Hemolysin .~ Logeelwml  Hemolysin
o 23 -7 83 7
s - 8s 0 83 - 0
100 a0 ad® 0
mxulumsizez;Oxm’Iml

—

This Sheet Has Been R
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- Table 11.  EFFECT OF GML ON GROUP G STREF]
GML _Amount of Time:
| Sir _ —w ~_
(ig/ml) Tog celiml  Hemolysin, o el Hemalys
.0- 89 . 8 . 10.0 _ :
25 8.1 - —5 - 100 . ¢
100 <10° 0o ot o
Inoculum size 8 x 10°/ml

S JUL 999
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Example §

In'this experiment, conducted by Dr. Patrick
Schlievert, attempts were made to induce streptococcal
strain C203 and staphylococcal strain Mn8 to grow on
plates containing glyceryl monolaurate. rhe minimum
inhibitory concentration of glyceryl monolauzrate for
strain C203 was 1 mg/7100 ml on the agar plates when 5 x
10s CFU were plated. The 2 mg/100 ml plate contained no

"growth. The minimum inhibitory concentration of glyceryl

monolaurate for strain Mn8 was S mgs7100 ml when.7 x 10a
CFU were plated. The 7.S mélloo ml plate contained no
growth. This experiment was attempted on an average of
twice per week for a period of six months. The date

" indicate that no mutants able to grow in the presence of

previously inhibitory levels of glyceryl monolaurate.

. REPLACEMENT SHEET
05 JUL 1999
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In this experiment, the methods of Examples $-7 to test
the effectiveness af glyceryl monclaurate and related
analogous compounds should be used. However, the tampons
should be subjected to an anaerohic chamber-in order to .
expunge all oxygen adsorbed to the fibers. ‘The tampons
with and without glyceryl monolaurate as well as the
control samples should be inserted into the dialysis bags
under anaerchic conditions .and incubated in an anaerobic

-ands/or reduced oxygen chamber sc as to minimize- the

exposure of the st:eptococcus organisms to atuosphe:ic
and/or adsorbed oxygen. At various intervals, the toxin
levels produced by the microorganisms should .be

evaluated. It is expected, based upon the other examples
herein, - that the glyceryl monolaurate and other analegous
compounds will effectively inhibit the production of
streptococcal pyrogenic exotoxins and hemplysins by Groups
A, B, F and G streptococci without substantially
inhibiting cell growth.

REPLACEMENT SHEET
05 JUL 1999
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Table 9 .

S gy

Hem) ysin
8.7
8.1
<4.0

EFFECT O:

Log cel I°s/ M Hem)*y

2 '{ | - _ o 5

0- B ,8_,.,4___ cLAMS . |
10 a wmeéthod Oof iphibiting the pTo
Enterotexin A, Enterotoxin B or Enterotoxin C comprising

.bringing to the proximity of Enterotoxin-A producing

- Staphvlocogcus aureus bacteria, Enterotoxin-B producing

Staphvlococgus aureuys bacteria, or Enterotoxin-C producing

Staphylococcus aureus bacteria an absorbent product

comprising a compound selected from t__he"‘ group consisting _

of: . ' " : :

a) monoesters of a polyhydric aliphatic alcochol and
a fatty acid containing from eight to eighteen
carbon atoms and wherein said monoester has at
least .one hydroxyl group a.ssoc:.a.ted wit:h its
aliphatic alcohol residue;

b) diesters of a polyhydric aliphatic alcohol and a
fatty acid containing from eight to eighteen
carbon atoms and wherein said diester has at
least one hydroxyl group assoc:.a:ed wzth its
aliphatic alcohol residue; and

c) mixtures of said monoesters and diesters,

said compound being present in an amount which is

effective to inhibit the production of Enterotoxin A,

Enterotoxin B or Enterotoxin C by Staphvlococcus aureus

bacteria when said product is exposed to said bacteria.

2. A method of inhibiting the production of
Streptococcal pyrogenic exotoxins A, B or C, Streptococecal
hemolysins produced by Groups A, B, F or G Streptococci
comprising bringing to the proximity of said Group A, B, F
or G Streptococei an absorbent product comprising a
compound selected from the group consisting of: .

a) monoesters of a polyhydric al:l.phar.:.c alcohol and

‘a fatty acid containing £rom eight to eighteen

This Sheet Has Been Replaced  carbon atoms and wherein said monoester has at

AR

~least one hydroxyl group assoc:.ated w:.th u:s
aliphatic alcohol residue;

diesters of a polyhydric aliphatic alcohol and a
fatty acid containing from e:.ght to _e:.ghteen
carbon atoms and wherein said diester has at

|




| nocul-um si ze . 2 0 X 10[err]/n1

R s o o MR
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least one hydroxyl gro'up alsoc:.al:ad with it:a
aliphatié alcohol xesidue; and -

c) mixtures of said moncesters and diesters. _

_ said- compound being present in an amount which is
effective to inhibit the production of SPEA, SPED, SPEC,
- or hemolysins by said bacteria when said product is
exposed to said bacteria.

3. A method of iphibiting the production of
Streptococcal pyrogenic exotoxins - A, B ,or G,
Streptococcal hemolysins produced by 'Gfaupa A, B, For G
Streptococci comprising bringing to the proximity of said
Group A, B, F or G Streptococci a composition containing a
pharmaceutically acceptable carrier and  a compound
selected from the group consisting of: )

 a) monoesters of a polyhydric aliphatic alcohol and
a fatty acid containing from eight to eighteen
carbon atoms and wherein said monocester has' at
least one hydroxyl group assocxated w:u:h its
aliphat:.c alcohol residue; ' :

b) diesters of a polyhydric aliphatic alcohol and a
fatty acid containing from eight to eighteen
carbon atoms and wherein said diester has at
least one hydroxyl group asaoc:.ated with its
aliphatic alcohol residue; and '

c) mixtures of said wonocesters and diesters,

said compound being present in an amount which is
effective to inhibit the product::.on of SPEA, SPER, SPEC,
or hemolysins by said bacteria when said composition is
‘exposed to said bacteria. '

4. An absorbent product comprising a compound
selected from the group consisting of:

a) monoesters of a polyhydric aliphatic aleohol and

a fatty acid containing from eight to eighteen
carbon atoms and wherein said monoester has at
least one hydroxyl group assoc:.ated with its
aliphatic alecchol residue;

diesters of a polyhydric aliphatic alcohol and a
fatty acid containing from eight to eighteen

REPLACEMINT SHEE]
05 JuL 1999
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v [errlgim) © arount “of Ti ne:

Ele?ml ysi n Log cells/ m' Zﬁgrn;ﬂ yS|.n R “IIIIIHHIH“IJI lll]l”' i %/ ) ' -.

8.3 | . 8.3 -
8.5 : 'O' - Qhﬁre 0
<l10[err] 0 carbon ﬂ[oérmar] and in said diester lﬁ nochum si ze

2.0 x 10[err]/nl least ome hydroxyl group associated with its
. " —  aliphatic alcchol residue; and

¢) mixtures of said monoesters and diesters

when used in the method of claim 1 or claim 2.

5. aAn abao:hent prcduct according to Claim 4 wherein
said compound is present in an amount which is at least
abou: 0.1% based on the weight of said absorbent material.

. 6. An absorbent product according to Claim 4 wherein
said compound is present in an amcunt which is at least
about 0.5% based on the weight: of said absorbent material.

7. - An absorbent product accordi.ng to Claim 4 wherein
said compound is present in an amount which is at least
about 1.0% based on the weight of said ahsorbent material.

8. An absorbent product according to Claim 4 where;n
said fatty acid is lauric acid.

9. An absorbent product according to Claim 4 wherein
said polyhydric alcohol is glycerol. )

- ~10. An absorbent product according to Claim 4 wherein
said compound is glyceryl monolaurate.
' 11. An absorbent product according to Claim 10
wherein said glyceryl wonolaurate is present in an amount
which is at least 0.1% by weight based on the weight of
said absorbent material. :

12. An absorbent product according to Claim 10
wherein said glyceryl monolaurate is present in an amount
which is at least 0.5% by weight based on the weight of
said absorbent material. 8

13. An absorbent product according to Claim 4 wherein
said compound comprises a mixture of glyceryl monolaurate
and glyceryl dilaurate. '

l14. A catamenial tampon comprising  an absorbent
material and a campound selected from the group consisting
of:

a) monoesters of a polyhydric aliphatic alcohol and

a fatty acid containing from eight-to eighteen
carbon atoms and wherein said monoester has at
least one hydroxyl group associated with its

This Sheet Has Been RTi . |RFPLACEMENT SHEET
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Table 1 1

EFFECT OF 6M. ON GROUP G

STREPTOCOCCUS . o -Gnt"([errlg/n1) ' AmpuRt—of

CTime:”
24h

e h ll!lll[l IR 00 0 1

aliphatic alcohol res:l.dne,
b) diestefs of a polyhydz‘ic aliﬁhaba.c alcohol and a-
” fatty acid contain:.ng from eight - to ‘eighteen
‘carbon atoms and wherein said diester has at
least one hydroxyl group usociated with its
a11phati¢: alcohol residue, and :
c) mixtures of said monoesters and dies:e:s
when used in the method of claim 1 or claim 2. :
'15. A method of ‘inhibiting the production of
Enterotoxin A, Enterotoxin B or Enterotoxin (o4
substantially as herein dascrihed with reference to any
one of the examples.

—————
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Log cells/n1 Henol ysin - Log cl'ls/n annly5|n

.8.9 8 ) 10.0 8¢ 2.5
’8..1 5 10.0 ’ 6 - o 10.0
<l0[err] 0 <lO[err] O o
| nocul um si ze 8 x 10[err]/m- =52~

METHOD OF INHIBITING THE PRODUCTION OF ENTERCTOXIN
A, B AND/OR C, STREPTOCOCCAL PYROGENIC EXOTOXINS AND

. STREPTOCOCCAL HEMOLYSINS
ABSTRACT

Absorbent proﬂucts. esyecially catemenial tampons. for
absorbing bedy fluids, such as menstrual £1uid. blocod and
wound exudates, comprise an amount of a compound effective
to inhibit ihe production of Enterotoxin A, Enterotoxin B
and/or Enterotoxin C by Staphvlococcus aureus bacteria
when the products are brought into contact with the
bacteria. The compositions of this invention are also
useful to inhibit production of Streptococcal pyrogenic
ezotozins A, B and C, as well as hemolysihs produced by
Groups A, B, F and G streptococci in solution as well as
being expected to be effective to inhibit such toxin and
hemolysin production when used in conjunction with
absorbent products. The compound is selected from the
group consisting of monoesters of a polyhydric aliphatic
alcohol and a C;-C,, fatty acid; diesters of a

polyhydric aliphatic alcohol and a ca-c1a fatty acid:

and mixtures thereof. The monocesters and diesters have at
least one hydroxyl group associated with their aliphatic
alcohol residue. '

_—
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The m ni mum i nh| blgth?ry concengratjon of glyceryl _nonolaurate for
TON USING ABSORBENT PRODUCTS

This invention relates to the manutacture of absorbent products-and especially of absorbent products such as tam-
pons, sanitary napkins, wound dressings, nasal packing and the like which are adapted to absorb body fluids like men-
strual fiuld, blood and wound exudates. More particularly, the invention relates to e use of active compounds which,
when exposed to bactaria in absorbent products, will reduce the amount of taxinz produced by bacteria coming into
contact with them. .

The staphylococcal enterolaxins are extraceflular proteins composed of sini a polypephde chains of about 30 kd
that charmcteristically have a disulfide loop near the middle of the molecule, The: are categorized inlo five serological
groups, designated Staphylococcal enterotoxin A (SEA), Staphylococcal enterof ;xin B (SEB), Staphylococcal entero-
toxin C (SEC), Staphylacaccal enterotoxin D (SED) and Staphylococeal enterofoxin E (SEE). Based on differences in -
minor epitopes, SEC has been further subdivided into three types designated SEC4, SEC; and SEC,. A sixth group.
SEF was also described and was implicated as the causalive agent of toxic shock syndrome, § has since been dis-
counted as an enterotoxin and renamed taxic shock syndrome toxin-1 (TSST-1), as cited by J. J. landole in Ann, Rev.
of Micro. Vol. 43, pp. 275-402, 1989,

Menstrually occurring toxic shock syndrome s a severe and sometimes fatal multl-system disease associated with
infection of colonization by Staphviococcus aureus (S. aureus) bacteria, has been linked to the use of tampons during
menstruation. In Toxic shock syndrome(TSS), whether associated with menstruation or not, the symptoms include
fever, hypotension, rash, and desquamation of the skin. TSST-1 is highly associated with menstrual cases but is less
often isolated from Staphviococcue gureus strains in non-menstrual cases of the illness. Since TSST-1 can induce
many clinical features of TSS in the rabbit and other species, it is generally thought 1o be the causative toxin in TSS
(Schiievert, "Staphyiococcal Enterotoxin B and Toxic Shock Syndrome Toxin-1 Are Significantly Associated With Non-
menstrual TSS*, The Lancet, Vel. 1{8480), May 17, 1986, p.1148). However, Garbe (Garbe PL, Arko RJ, Reingeld AL,
et al. "Staphylococcus auraus isclates from patients with non-menstrual toxic shock syndrome: Evidence for addilional
toxins”, JAMA 1985: Vol 253: pp. 2538-42) noted that many TSS isolates from nonmensirual cases did not express
TSST1 though they did cause TSS-like symptoms in a rabbit model. Of the foxins formed by S. aureus nonmenstrual
isalates, TSST-1 was produced by 40% of those reported by Schlievert, 1988, Further, enterotoxin B was made by 38%
of all non-menstrual TSS strains. Furthermors, Schiievert reported about 78% of non-menstrual TSS or probable TSS
isclates expressed either TSST-1 or enterotoxin B compared with 20% of non-menstrual nen-TSS isolates (p<0.001).

{solates from thirty patients suffering from confirmed or probable toxic shock syndrome were also examined for
enterotoxins and exdoliative toxins. it was found that enterotoxin B was made by 38% of all nonmenstrual TSS strains.
Crass and Bergdoll, 1986 reported a fotal of 48 (83.6%) of §5 S, aureus isolates produced TSST-1: 12 (25.5%) alone,
21 (46.8%) with Staphylococeal Enterotoxin A and 13 (27.7%) with Staphylococcal Enterotoxin C. Eight of the §, gursus
Isolates that did not produce TSST1 did produce Staphylocaceal enterotoxin B.

Humphreys (1989) reported the studies of S, aureus isclates obtained from cases of septicaemia, in which 33
(83%) produced enterotoxins A, B, C, or D alone or in combination.

Texic shock syndrome taxin 1 (TSST-1) is classified as 8 member of the pyrogenic exotaxin-staphylococeal entero-
toxin group of toxins on the basis of a patient's symptoms. However, TSST1 and its cognate anfiserum do not cross:
react with any of the sera or proteins of other members of this toxin family. Furthermore, TSST-1 lacks the cysteine loop
presen in the remaining members of the toxin famlly, an important structural feature of this family of toxins, TSST-1 has
very little amino acid homology with other membere of this toxin family. The lack of a close sequance relationship
betwesn TSST-1 and othar toxins may suggest that it s mora closely related to the ancestral progenitor of this family
or, alternatively, is wrongly included in this group of toxins (landolo, 1988). Nevertheless, TSST-1 bears little structural
relationship to the other membaers of the pyrogénic exctoxin-staphylococcal enterotoxin group (landalo, 1989).

Subsequent 10 the publication of reports associating toxic shock syndrome with the use of tampons, & number of
investigalors undertook studies designed to evaluate the effect of tampons an growth of S, auretis bacteria as well as
the effect of tampons on the production of TSST-1 by that bacteria. Early efiorts fo elucidate the role of tampons in TSS
yielded conflicling data. Schiievert et al. (Obstet. Gynecol., Vol. 64, pp. 666-870, November 1984) studied the effect of
tampons on S. aureys to evaluate whethar or not tampon components Increase growth of S, aureus and production of
1oxic shock syndrome foxin-1. It was concluded that, under the test conditions of their study, {ampon components pro-
vide neither nutrients for growth of toxic shock syndrome . aureus nor factors that induce production of taxic shock syn-
drome toxin-1 above control levels. After six-hours’ incubation, some commercially available tampons which were
tested were inhibitory to bacterial growth and suppressed toxin production. Others suppressed toxin production but did
not inhibit cell growth. One tampon inhibited cell growth but increased the amount of toxin produced. On the other hand,
Tierno and Hanng (Contraception, Vol, 31, pp 185-184, 1985) reporied that in their experiments tampons did sﬂrnulate
S. aureus to produce TSST1.

Reiser et al. (J. Clin. Microbiol., Vol. 25, No. 8, pp. 1450-1452, August 1987) thereafter reported the results of tests
they conducied to determine the effect of four brands of tampons on production of toxic shock syndrome toxin-1. The
amouni of air available to the tampans which were tested was limited to that contained in sacs (made from cellulose
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sausage casing with a molecular welght cut-off of less than 10,000) in which tfia tampans were enclosed during testing.
This method was deemed advantageous in that the limited amount of available air was thought fo mimic more closely
than previously used methods the |g yivo condition in the vagina during menstruation with a fampon in place and in that
the tampons which were tested wera not altered prior 10 testing. The results of the tests conducted by Reiser et al. indi-
cated that tampons provide increased surface area for the S. sureus bacteria o grow and adequate oxygen for toxin
production. No significant inhibition of growth of the staphylococci bacteria or TSST-1 production by any ef the tampons
tested was noted.

. Robbins et al., publishing in J, Cfinical Microbiol.. Vol. 265, No. 8, pp. 1448-1449, August 1987 at the same time as
Reiser et al., reported the effect of 17 commerdially available tampons on TSST1 toxin production using a disk-mem-
brane-agar (DMA) method, with incubation at 37°C for 19 hours under 5% CO; in air. Filier membranes overlaying agar
medium (with or without biood) in small pstri dishes were spread inoculated with a TSST-1 producing strainof §, -
aureus. Robbins et al. concluded that the main role of tampons in TSS may be that of previding a fibrous surface for
heavy colonization and sufficient air for TSST-1 production. In addition, they found evidence of inhibition of TSST-1 pro-
duction by addiiives such ss the deodorant/surfactant used In 8 commercially available deodorant tampon and a
decrease in TSST-1 production by inhibiting growth of S, aureus as was observed in the case of a ditferent commercially
available tarmpon. it was thought that both inhibition of TSST-1 production and inhibition of 8. aureus growth might prove
{0 be important in reducing the risk of TSS. _

U.S. Patent No. 4,405,323 to Auerbach discloses a {ampon designed to eliminate the hazards of texic shock syn-
drome and dysmenorrhea. The tampon has incorporated thersin an antibacterial agent which is said to disperse on
contact with body fluids and prevent development of tha organisms which produce the toxins which cause toxic shock
syndrome. Among the antibacterial materials disclosed for use are povidone-iodine compound, mercury, Zing, peniciliin,
erythromyein and nitrofurazone. B . :

Patent Cooperation Treaty Publication No, WO 86/05388 (published Septambar 25, 1986) to Kass teaches that the
inclusion of a salt of a nontoxic divalent cation in absorptive pads, e.g. catemenial tampons, inhibits production of toxic
shock syndrome foxin-1 and other staphylococcal products during use of said absorptive pad. Suitable salts include
those of magnesium, barium, celcium or strontium (preferred) or of oiher divalent cations such as zine, manganese,
copper, iron, nickel and the like. The anionic portion of the salt is not crilical. Magnesium stearale and magnesium ace-

tato are particularly prefarred salts for use in the invention,

U.S. Patent No. 4,374,522 to Qlevsky states that patierns of use of catemenial tampon seem to indicate that high
absorptive capacity with the concamitant extended peried of use of certain fampons are factors which contributa to the
formation of toxic shodk syndrome. The invention thearizes that tampons having limited absorptive capacity and requir-
ing ralatively more frequent changes may be desirable, The Olevsky patent provides & tampon made of conventional
cellulosic materials, such as rayon fibers, which have been compressed into a bullet-shape with &n open bottomn surface
sealed by a fluid impermeable sheet. The fluid impermeable bottorn and the traditional buliet shaped pledget define a
hollow core cemral raservoir area which is said to serve as a reservoir for excess menstrual fluid,

* U.S. Patent No. 4,431,427 fo Lefren et al. discloses mensirual tampons comprising physlologically safe, water-sol-
uble acids in their monomeric, oligomeric or polymeric forms. Citric, glycolic, malic, tartaric and lactic acids are dis-
closed as being useful In the practice of the invention. The presence of one or more of the above-noted acids in a

" tampon is said to inhibit the growth of bacteria responsible for taxic shock Where an acid is used in its polymeric form,
the tampon may additionally include an enzyme to hydrolyze the polyrmeric acid fo its monomeric form.
Canadian Patert No. 1,128,155 to Sipos discloses a catemenial tampon for preventing toxde shoeck syndrome dur-
ing menstrual fiow. The body of the tampon, which is open at the insertion end and is closed at the withdrawal end, is
snugly surrounded in its expanded condition by a fluid proof, thin and flexible membrane. This membrane, which canbe
made aof polyethylene sheet, is birsed against the vaginal wall during use of the tampon, is neutral to the vaginal
mucosa and is completely impermeable to bacteria, viruses and toxic decomposition products of the menstrual fiow.
Canadian Patent No, 1,192,701 to Bardhan discloses a tampon for the absorption of menstrual flow and comprising
an inner layer of liquid-absorbent material and an outer layer which surrounds and encloses the innsr layer. Menstrual
_ discharge may flow inwardly 1o the inner layer but the outer layer is impervious to the passage of menstrual fluid out-

wardly from the inner layer. A plurality of liquid absorbent wicks extending from the inner layer through apertures formed
in the outer layer serve &s conduits for the flow of menstrual discharge from outside the tampon to the inner layer
thereol. The disclosed struclure is said lo minimize the availabilily of discharge cutside the tampon with a resulting
reduction in the likelihood of growth of S, aureus and consequently its production of toxin. This patent also discloses
that an antimicrebial compound which ts bactericidal or bacteriostatic to S. aureus may be included in the inner layer.
The antimicrobial agent may take the form of an antibiotic (such as peniciiiin, erythromycin, tetracycline or naomycin),
a chemotherapeutic agent (such as a sulfonamids) or a disinfectant (such as phanol). The patent siatss that because
the tampon is protected by its outer layer from contact with the vaginai wall, the risk of an allergic or clher adverse reac-
fion to the anti-microbial agent is minimized, and since the antimicrobial agent is alse protected by the outer layer from
contact with menstrual discharge, there is little risk of the destruction of commensal organisms in the vagina or devel-
opment of resistance to the antimicrobial agent by S, aureus In any menstrual discharge outside the vagina.
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S. Notermans st al. (Journal of Food Safety, Vo, 3 (1981), pages 83-88) reported that glycesyl menolaurate, when
used in the proportion of §g per kg. of meat slurry (pH 6.0-6.2) inhibited toxin productions by Clestridium botulinum fype
A, type B and type E, This article does not mention Staphylococcus aureus nor any toxins produced therelrom nor does
it mantion absorbent preducts or toxic shock syndromes.

U.S. Patent No, 4,585,792 fo Jacob et al. discloses that L-ascorbic acid when topically applied to the vapinal area
af & human female during menses will inactivate foxins known to contribute o Toxic Shock Syndrome. The ascorbic acid
compound may be canied by a vaginal tampon, The disclosure of U.S. 4,722,837, is to the same effect,

U.S. Patent No. 4,413,986 to Jacobs discloses a tampon assembly packaged for sterile insertion of a tampon into
the vagina having a guide tube telescoped around an inseriion tube and a flexible sheath attached fo the inner end of
the quide fube and tucked into the inner end of the insertion tube. In use, as the insertion fube is pushed through the
guide tube and into the vagina, the flexible sheath is pulled over the inner end of the insertion tube and exiends along
the exterior therect. The portion of the insertian tube which is inserled inte the vagina is at all times fully sheathed by
tha flexibie sheath, . _

In tampon-asseciated toxic shock syndrome cases, the predominant toxin produced by § aureus is toxic shock
syndrome toxin-1 (TSST-1). while to a lasser extent, other enterotoxins can be produced. These non-TSST-1 enterotox-
ins are principally associated with nonmenstrual toxic shock syndroma.

There are compounds kriowr to affect enterotoxin production. J.L. 8mith, MM, Bencievengo, R.L. Buchanan, and
C.A. Kunsch reported, in an article entitled "Effect of Glucose Analogs on the Synthesis of Staphylococcal Enterotoxin

: A", Journal of Food Safety 8 (198) pp. 13%-146 that glucose, 2-deoxyglucose and alpha-methyl glugose inhibited sta-

./ phylococcal enterctoxin A synthesis by Staphviococeus auteus 196E, whereas beta-methyl glucose and 3-0-methyl glu-
cosa did nat inhibit synthesis even at high concentrations. The formation of enterotoxins A and B is inhibited by glucose,
with the extent of inhibition being strongly influenced by pregrawth of the bacteria in a glucose-containing medium as
ciled by Smith et al. : '

landolo and Shafer reported the effect of glucese and glucose analogs 2-deoxyglucose and alpha methyl glucoside
on the synthesis and regulation of Staphylococcal enterotoxin B production (landolo and Shafer, "Regulation of Staphy-
lococeal Enterotoxin B, Infection and immunity, May 1877, pp. 810-815). The attenuating effect of plucose on Staphy-
lococeal enterctoxin B was observed, However, when this effect was examined with analogs of glucose. contradictory
responses were seen. Acid production due to glucose metabolism has been shown to reduce toxin preduction.

Ibrahim, Radford, Baldock and Irsland reported data Indicating that, in cheese without starier activity, inhibition of
arowth of S, aureys and enterotoxin production may be achieved during production by not salting the curd at the end of

- cheddaring, avoiding pressing at high ambient temperatures and minimizing the pressing time of the curd (Ibrahim, st
al., "Inhibition of Growth of Staphylococcus aureus and Enterctoxin-A Production in Cheddar Cheese Produced with
Induced Starfer Failure”, Journal of Food Protection, Vol. 44, No, 3, pp. 189-198, March 1981). The authors also
reported that storage of salted cheese at 11°C appears o be a potential hazard because of significant increases in 8,
aureys count and entertoxin concentration. Surprisingly, the authors reported that the counl of §, aureus decressed
with no change in enterotoxin conceniration in unsaited cheese stored at 11°C.

Ancther study was reporied by J. L. Smith, M. M. Bencivengo and C. A. Kunsch that indicated that prior growth of
Staphviogoccus aureus 196E on glycerol or maltose led to cells with repressad abillity 1o produce staphylococesl enter-

. otoxin A (J. L. Smith et al., "Entertoxin A Synthesis in Staphylococeus sureus: Inhibition by Glycerol and Maltosa™, Jour-
\/ nal of General Microbiology, Vol 132. pp. 3375-3380, 1585), _

Chioramphenicol has aiso been reported as totally inhibiting Staphylococcal entsrotoxin B production {(Robert A.
Alteribern, "Protease Inhibiters Suppress Enterctaxin B Formation by Staphviococcus gureus =, FEMS Microbioclogy
Letters, Vol. 3, pp, 198-202, 1978),

The production of TSST1 by S. gureus has predominantly been associated with menstrual toxic shock syndrome,
which has in turn been related {o tampon usage. Unexpectedly, a group of compounds were identified which are effec-
tive 1o substantially reduce toxic shock syndrome taxin 1 production by S. guraus In vitro and in vivo. These compounds
and the method of their use in absorbent products are deseribed in capending United States patent applications Serial
No. 343,965 filed April 27, 1989 and Serial No. 316,742 filed April 27, 1890, :

Howaver, despite the effectiveness of the compounds in inhibiting the production of TSST-1 toxin, there is no basis
for predicting whether such compounds would be effective against SEA, SEB, and SEC production dus to the structural
and chemical differences between the TSST-1 foxin and other Staphylococcal enterotoxins.

Summary of the Invention

Unexpectedly, it has been found that an absorbent product can be marnufactured, inhibiting or reducing the produc-
tion ol Enterotaxin A, Enterotoxin B or Enterctoxin C or a combination of TSST 1 with Enterotoxin A by Staphylocaccus
aureus bacteria and hemolysins by groups A, B, F and G streptococd, by the use of 8 compound selected from the
group consisting of:
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c) mixiures of the aforesaid monoesters and dxesters.

The fatty acid portion of the aforementioned monoesters and digsters may be derived from capryiic, capric, lauric,
myristic, paimitic and stearic acids, which are saturated fatty acids whose chain lengihs, respectively, are Cg, Cqq. Cy2,
C14. C1g and Cy. The fatty acid portion of the aforementioned monoesters and diasters may be derived as well from
unsaturated fatty acids having carbon chain lengths also ranging from Cg to Cyqa, onte example of such an unsaturated
falty acid being oleic acid. The preferred fatly acid for uss in the practice of the present Invention is lauric acid, a satu-
rated fatty acid whose chemical formula is Cy4Hpa COOH.

As used in this specification and the appended claims, the term “aliphatic® has the meaning usually accorded it in
organic chemistry, i.e. "aliphatic™ refers o organic compounds characterized by siraight - or branched - chain arrange-
ment of the constituent carbon aloms, _

As used in this specification and the appended claims, the tarm "polyhydric” refers 1o the presence in & chemical

P compound of at least two hydroxyl (OH) groups, Thus, a polyhydric aliphatic alcohol is ene which has at least two
. N hydroxyl groups and in which the carbon backbone Is either straight or branched.

Polyhydric alcohols suitable for forming monoesters and/or diesters for use in the practice of the present invention
are 1,2-ethanediol; 1,2,3-propanetriol (glycerol). 1,3-propanediol; 1,4-butanediol; 1,2,4-butanetriol and the like. The
preterred polyhydric aliphatic alcohol for forming monoesters and diesters for use inthe practice of tha present invention
is 1,2,3-propanetriol {commonly called glycerol) whose formula is HOCH,CH(OH)CH,OH.

it will be observed that the esters which are useful in the practice of the prasent invention have at least one hydrexy!
group associated with their aliphatic alcohol residue, Thus, it will be understeod that the monoester of 1,2-ethanediol
and one of the aforementioned fatly acids may be used in the practice of the present invention because sald ester,

whose general formula is

anZn + l—!—O-Cﬂz-CHZOH _

has at least one hydroxy! group (i.e. the hydroxyl group at the far right-hand side of the structural formula shown above)
inthat portion of the ester derived from the aliphatic alcohol 1,2-ethanediol. On the other hand, it will be understood that
the diaster of 1,2-ethanediol and one of the aforemanticned fanty acids cannot be used in the practice of the present

L./ invention because said ester, whose general formula is
Calane J.'E'O'CHZ'CHZO ﬁ Crfans

/)

does not have at least one hydroxyl group In thet portion of the ester derived from the 1,2-ethanediol. .

The monosster of glycerol and one of the designated fatty atids may be used in the practice of the prasent inven-
tion because that ester will have two hydraxyl groups associated therewith which are derived from the glycerol. The
digster of glycerol and one of the designated fatty ecids may siso be used because that ester will have one hydraxyl
group associated therewith which is derived from the aliphatic alcohol glycerol. Indeed, as will be seen hereinafier,
blends of glyceryl monolaurate and glycerol dilaurate have been found to be useful in the practice of the present inven-
tion, Finally, it will be understood that the triester of giycerol and ona of the designated fany acids cannot be used in the
practice of the present invention because that ester does not have at least one hydroxy) group in that portion thereof
which is derived from the aliphatic alcohal, i.e. glycerel.

Preforred estors for use in the practice of the presentinvention are glyceryl monclaurate, glyceryi dilaurate and mix-
tures thereol,

Other preferred esters for use in accordance with this invention include monolaurate derivatives of C-3 alkanols,
such as 2-hydroxy-1-propyl laurate and 3-hydroxy-1-prapyl laurate. Dilaurate derivatives of C-3 alkanols such as glyc-
erol-1, 3-dilayrate. glycerel-1.2-dilaurate are aiso expacted to reduce the amount of enterotoxins A, B, C and TSST1



REPLACEMENT drbsty

effectively inhibit the production of strefofdcCal pyrogenj c{ exotoxins and
henol ysins by Groups A, B. F and G strepto :O%ij_tmm upstantially
inhibiting cell growh.

5

with Enteroto:un A and hemolysins by gibups A, B, F and G su'emﬁ” ne“'ﬁfﬁ"ool derivatives such as
ethylene glycol monolaurate as well as polysthlyene glycol laurates, e.g., di éthiylene glycol monolaurate and triethylene
glycol monolaurate are also expected to be active. Cerlain polymers are also expecled to have toxin-reducing activity,
for example, polyethyiene glycol (200 MW) morolaurate, polyethylene glyeol (400 MW) monolaurate, polyethylene gly-
col (1000 MW) monolaurate, and polypropylene glycol laurates such as polypropylene glycol monolaurate.

In accordance with the invention, tha absorbent product contains an amount of the above-described ester which is
efiactive to inhibit the formation of enterotexing A, B, C and TSST-1 with Enterctoxin A and hemolysins by groups A, B,
F and G streptococci when said product is exposed to Staphviococeus gureus. For example, effective amounts have

. been found to be from about 0.1% and higher of the specified mono- or diester compound (or mixtures thereof), based
on the weight of the absorbent material comprising the absorbent preduct,

_ Preferably, the active ingredient contains at least 0% by weight of glyceryl monolaurate. More preferably, the active
ingredient contains at least 95% by weight of glyceryl monolaurate. Most preferably, the active ingredientis substamially
completely composed of glyceryl monolaurate.

Some similarity between toxins can be noted. The streptococcal pyrogenes exotaxin A (SPEA) is more closely
related to the Staphylacoceal enterotoxing. SPEA possesses & cysteine loop of nine amina acids similar to that of Ste-
phylococcal enterotaxin A (SEA) and is also encoded by a converting phage. However, SPEA chares greater amino
acid sequence similarity with Staphylococcal enterotoxin B than with SEA. Immunological studies have shown that the
proteins and antisera fo either enterotoxin are cross-reactive (landole, 1988). Thess similarities between Staphylococ-
cal enterotoxins A and B and the Strepiecoccal exotexin A in both structure and reactivity lead to the hypothesis that

P the demonstration of an effect, such as reduction in enterotoxing A and B produced by Siaphvlococeus would translate
~ to a simitar effect on Streptococcal exofoxins. Glycerol monolaurate has been found to be effective in reducing the pro-.
duction of SPEA and SPEB g uiiro using the tampon sac methed.

As used herein, the term "absorbent material” includes natural or synthetlc flbers, films, foams, wood pulp, peat
moss, supsrabsorbent polymers and the like which are capable, either inherently or by virtue of the manner in which
they have been assembled, of absorbing liquids such as water, urine, menstrual fluids, blood, wound exudates and the
like.

in example 1 which follows herein, the use according to the invention will be described in detail in connection with
absorbent fbers and an amount of glycery! monolaurate which is effective to inhibit the production of enterotoxins A, B,
C or a combination of TSST-1 and A being produced by 5. aureyus bacteria when said bacteria are brought into contact
with cotton fibers such as those used in catemenial preducts, e.g., tamports. it will be understood that the principles of
the invention apply as well to other fypes of absorbent fibers as well as to abserbent produicts siich as wound dressings,
disposable diapers, sanitary napkine and other kinds of tampons, such as thoss Intended for medical, surgical, dental
and/or nasal use.

Cotton fibers were obtained from Barnhardt Manufacturing Company of Chariotte, North Cerolina. The fibers were
100% cotton, such that the fibers were substantially free of all finishes and additives, such as surfactants and the like
commonly used in commercial production. The cotton fibers were placed in a lier and heated with water to a tempera-

(. ture between about 88°C (120 °F) and about 93.5 °C (200 °F) at which time both glyceryl monglaurate and sodium

% oleate (4:1 ratio concentration) were added to the water to form an smulsion in the Ker. Varying concentrations of glyc-
eryl monolaurate wers added to the fibers, such that each set of fibars contained emulsions having 0.22%, 0.78%,
1.12% and 1.89% glyceryl monolzurate by weight. The kier was closed and pressurized to 4.54 kg (10 Ibs). The system
was run for thirty minute cycles, After complelion, the wet cotton fiber was centrifuged for five minutes and tha fibers
were dried in the oven at 121 °C (250 °F) with a 6.5 minute dwell tima and subsequently carded using commercially
available carding equipment into a fibrous web weighing about 33.6 g/m?

A sample of glyceryl monolaurate available under tha tradename "Monomuls 90 L-12" was obtained from Henkel
Corporation of Germany and found to contain 96% by weight of glyceryl monolaurate. No glyceryl dilaurate was
detected. Glyceryl monolaurate is a GRAS compound listed by the FDA for use as a food emulsitier. This matearial is
suggested for use in anti-caries products, inseclicides, cosmetic preparations, and food compositions.

The following examples are illusirative of the effects of the absorbent products of this invention upon the production
of enterotexing A, B, C and TSST-1 with enterotoxin A,

EXAMPLE 1

Uniformly coated cotton fibers which have been carded, containing, respectively, 0.22, 0.78, 1.12 and 1.89% wiw
of the aforementioned glyceryl monolaurate based on the weight of the fiber, were weighed into 2.88-gram quantities in
duplicate. The glyceryl monolaurate-treated fibers were then fested according fo the Tampon Sac Method reported by
Reiser st al. in the Journal of Clinical Microbiology Vol. 25. August 1987, pp. 1450-1452.
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_sj@w gureus stsin FAI-100, a known staphylococeal entérotoxin A producer, was used as the test

arganism in this Exarnple. Strain FRI-100 originated as a faod isolate from the Food Research Institute in Madison, wi.
Strain FRI-100 was cbtained from Dr. Pat Schiievert, Dept. of Microblology of the University of Minngsota Medical

'Schaool, Minneapolis, MN. A second strain of S. aureus obtained from Dr. Schlievart, designated Mn Hoch, was identi-

fied as an enterctoxin B-only producer, This sirain was isolated from a nonmengtrual case of Toxic Shock Syndrome. A
third strain of S. gureus provided by Dr. Schiievert as an enferctaxin C producer designated Mn Don was also isolated
from a nonmenstrual case of Taxic Shock Syndrome. A fourth strain of $, aureus provided from Dr. Schiievert produces
both TSST-1 and enterctoxin A designated Mn8. Control S, aureus isolates which do not produce any enterotoxins were
used as controls in the assays.

S, aureus suspensions were separately prepared by thoroughly mixing one (1) milligram of the lyophilized S,
gureus strain to one (1.0) milliliter of Brain Heart Infusion (BHJ) Broth (cbtained from Difco Laboratories, Detroit, Mich-
igan) and transferring said mixiure into a test tube containing five (5) milliliters of BHI Brath. The suspensions were thor-
oughly mixed again and Incubated for 24 hours at 37°C prior to use.
10D milliliters of brain heart infusion (BHI) agar (also obtained irom Difco Laboratories in Detroit, Michigan, U.S.A.)
were put into each of ten 3.8 cm x 20 cm culture tubes. Cellulose dialysis bags wers made and sterilized in the manner
reported by Reiser et al. The sterile cellulose sace were inoculated with the aforementioned &, aureus suspension In
an amount sufficient 1o provide at the beginning of the test a concentration therein of 1.9 x 10® CFU/mi Staphviococeus
aureus bacteria. :

A bundie of glyceryl monolaurate-treated catton fibers weighing 2.38 grams was inserfed into a sterile dialysis bag
containing the S, aureus bacteria and each bag was then inserted into a culture tube containing the BHI agar. Two con-
trols, each in duplicate, were used, In one control (called the “inoculum contral”), an inoculated dialysis bag {with no
fiber therein) was placed in each of two culture tubes containing BH! agar. In the second conirol, twa untreated bundies
weighing 2.38 g each (i.e. cottan fibers without finishes and the like exactly as the test fibers but not treated with glycery
monolaurate) were placed in dialysis bags which In turn were placed in culture tubes containing BHI agar. Thus, twelve
culture tubes were used in this test, four containing the aforementioned controls (two with unireated cotton fibers: two
without fibers) and the athers containing the aforementioned increasing concenirations of glyceryl monolauraté from
0.22 1o 1.89% w/w on cotton fibers in duplicate.

The esncentrations of S. gurens strain FRI-100 viable cells and enterotoxin A atthe outsat of the 1ast (0 hours) and

after incubation for 24 hours at 37°C are shown in Table I. -
TABLE 1
THE EFFECT OF GLYCERYL MONOLAURATE TREATED COTTON FIBERS ON ENTEROTOXIN
A FORMATION BY AND GROWTH OF W FRI-100
SAMPLE FINAL CONCENTRA-| FINAL CONCENTRA- { FINALAMOUNT
‘| TIONOF S. AUREUS | TION OF S. AUREUS® | Enterotoxin AB©
(x 108 CFU/m) (Log1o CFU/m) (ng)
No Fiber (Control) 210 T1032 . 2.50
Untreated Fiber (Control) 480 10.68 3.48
Treated Fiber (0.22% GML) 18 9.25 0.029
Treated Fiber (0.78% GML) 20 . 8.30 0.075
Treated Fiber (1.12% GML) 12.8 9.10 0.052
Treated Fiber (1.89% GML) 40 8.80 <0005

4 = Number of viabla S, aureus colls exprassed as log 1o bass 10.

b 4 As determined by the ELISA method reported by Reiser et al. in Appliad and Environmenial Microbi-
ology, December 1982, pp. 1349-1358.

© = Mean delermination of duplicale samples,

The data in Table 1 show that glyceryl monolaurate has a significant impact on Entarotoxin A production compara-
ble to its sifect on TSST-1 production. The total cell counts reflect only a 1.0-2.0 log reduction in S. aureus cell number.

The data in Table 1 show that when S. aureus FRI-100 strain, which produces Enterotaxin A, is exposed to fibers
coated with glyceryl monclaurate (0.22% wAw) there is a 99% reduction in Enterotoxin A formation. With fibers coated
with 0.78% w/w glyceryl monolaurate. a 98% reduction was noted, In higher concentrations of glyceryl monolaurate,
suchas 1,12% and 1.89% w/w glyceryl monolaurate, $9% reductions in Enterotoxin A formation were noted. At the end
of the incubation period (24 hours), the log concentration of S, aureus cells in the presence of control cotton fibers was
10.68; the Ing esncentration of 8, auraus cells in the presenca of fiber containing 0.22% glyceryl monolaurate was 9.25
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and/ o glycaryl monolaurate was 9,10 (15% less); and me log concentration of S, aureus cells In the presence of cotton fivers
containing 1.89% wiw glyceryl monolaurate was B.60 (19% less). Thus, although the amount of texin produced by the
S. aureus cells was almost entirely eliminated, the glyceryl monolaurate-coated fibers did not substantially reduce the
number of viable the S, aursus cells.
Further, a dose-response effect could be noted with glyceryl monolaurate with respect to the amount of toxin pro-
duced in that the greater the glyceryl monolaurate content, the lower the amount of toxin that is producad.
This eame trend could nat be discerned in this Example with regard to viable cell number.

Example 2

A second experiment was conducted to evaluate the effect of glyceryl monolaurate on Enterotoxin B production by
8. aureus strain Mn Hoch obtained from a nonmenstrual Texic Shock Syndrome case. The microorganism was trans-
ferred, inoculated, and evalusted using the exparimental procedure described and set forth in Example 1. The cotton
fibers which were unireated, cotton fbers treated with 0.22%, 0.78%, 1.12% and 1.89% wiw glyceryl monolaurate were
weighed to 2.38 gram quartities and inserted into dialysis bags previously inoculated with $. aureus strain Mn Hoch,
and tested as described in Example 1. The freated cotton fibers, the untreated cotton fiber controls and duplicale inoc-
ulum controls were then all tested in duplicate as described in Example 1. The test results are reporied in Table 2,

A\ o TABLE 2
THE EFFECT OF GLYCERYL MONOLAURATE ON ENTEROTOXIN B PRODUCTION BY STAPHY-
LOCOCCUS AUREUS Mn Hoch
SAMPLE FINAL CONCENTRA- | FINAL CONCENTRA- | FINAL AMOUNT"
TION OF S. AUREUS | TION OF 8. AUREUS® | Enterotoxin B®¢
: (x 10° GFU/m) (Logsp CFU/m) _ (ng)
Nao fiber (Control) 7.20 885 - 41,04
Untreated Fiier (Control) 16.21 8,21 11746
Treated Fiber (0.22% GML) 2.39 8.38 5.77
Treated Fiber (0.78% GML) 10.00 9.00 2.17
Treated Fiber (1.12% GML) | 0.81 7.91 0.93
Treated Fiber (1.89% GML) 0.48 . 7.69 0.45

2 = Number of viable 8§, gureus cells expressed as log 1o base 10.

B u As determined by the ELISA mathod raported by Reiser el al. in Applied and Ervironmenial Microbiol-
ogy Dec. 1982, pp. 134S-1355.

¢ = Maan determination of duplicale samples,

The data in Table 2 show that S. aureus Mn Hoch produced significantly less Enterotoxin B (95% less than the
untreated control) in the presence of glyceryi monolaurats (0.22% w/w) caated cotton fibers, Treated cotion fibers with
glyceryl monolaurate concentrations of 0.78% w/w resulted in a 98% reduction in Enteroigxin 8 production while
greater than 99% reductions were noted with fibers coated with 1.12 and 1.89% w/w giyceryl monolauraie. At the end
of the incubation peried (24 hours), the log concentration of S, gureus eells in the presenca of control cotton fibers was
9.21; the log concentration of S. aureus cells in the presence of fibers containing 0.22% glyceryl monolaurate was 8.38

_ (9% less}; the log concentration of S. aureus cells in the presence of cotion fibers containing 0.78% glycery! monolaus
rate was 9,00 (2% less); the log concentration of §, aureus cells in the presence of coton fibers containing 1.12% glyc-
eryl monolaurate was 7.91 (14% less); and the log concentration of $, gureus cells in the presence of cotton fibers
containing 1.89% w/w glyceryl monolaurate was 7.69 (16% less),

Example3

A third experimen was conducied o evaluate the effect of glyceryl monolaurate on Enterctoxin € production by S,
aureus MN Don which Is an Enterotoxin C-only producer obtained from an individual with nonmenstrual Toxic Shock
Syndrome. The microarganism was fransferred, inoculated and evaluated using th experimental procedure described
and set forth in Example 1, The cotton fibars untreated, cotton fibers treated with 0,229, 0.78%, 1.12% and 1.89% wiw
glyceryl monolaurate wera weighed to 2.38 gram quanfiiles and inserted into dialysis bags inoculated with S, aureus
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inTable 3.
TABLE 3
THE EFFECT OF GLYGERYL MONOLAURATE ON ENTEROTOXIN C PRODUCTION BY STA-
PHYLOCQCCUS AURELIS Mn Don '
SAMPLE | FINAL CONCENTRA- | FINAL CONCENTRA- | FINAL AMOUNT
TION OF S. AUREUS | TIONOF S. AUREUS® | Enterotoxin C™¢
(x 108 CFW/ml) (Logyg CFU/mi) (o)
No Fiber (Control) €9.18 984 1.55
Untreated Fiker (Control) 17.78 .25 3227
Treated Fiber (0.22% GML) 3.30 8.58 152
Treated Fiber (0.78% GML) 10.47 9.02 0.16
Treated Fiber (1.12% GML) 4.18 8.62 0.02
_ Treated Fiber (1.89% GML) 033 ' 7.52 .14
_ \./ & _ Number of viable S. aureus cells expressed as log lo base 10,

b = ag detarmined by the ELISA method reported by Reiser et al. in Applied and Environmental Microbiol-
oy Dec. 1982, pp, 1349-1355. .
© = Mean delermination of duplicate samples.

The data reported in Table 3 show that S. gureus Mn Don produced significantly less Enterotoxin C (35% less than
the untreated control) in the presence of glyceryl monolaurate (0.22% wiw) coated cotton fibers. Treated cotton fibers
with glyceryl monolaurate concenirations of 0.78% wiv and greater resulted in 995 reductions in Enteratoxin C formed
over that generated by the untreatad conirol. The log concentrations of £, gursug Mn Don cells in the presence of con-
frol cotton fibers was 9.25; the log concentration of S, aureus cells in the presence of fibers containing 0.22% glyceryl
menolaurate was 8.58 (7% less); the log concentration of $. aureus cells in the presence of cotton fibers containing
0.78% glyceryl monolaurate was 9.02 (2% less); the log concentration of §, aureus cells in the presence of cetton fibers
containing 1.12% glyceryl monolaurate was 8.62 (6% less); and the log concentration of §, aureus cells in the presence
of cotion fibers containing 1.89% wiw glyceryl monolaurate was 7.52 (19% less).

Example d

A fourth experiment was conducted to evaluate the efiect of glycaryl monolaurate on beth TSST-1 and Enterctoxin
A produced fogether by S. auraus Mn8, which is a lnown high TSST-1 producer which also produces Enterctwdn Ain
k/ lesser quantities. This S, aureus Mn8 isolate was obilained from the tri-state study of an individual with Toxic Shock Syn-
drome. The microcrganism was transferred, Inoculated, and evaluated using the experimental prosedure described and
set forth in Example 1. The cotton fibers unireated, treated with 0.22%, 0.78%, 1.12% and 1.89% w/w glyceryl imonol-
aurate were weighed to 2.28 gram quantilies and inserted into dialysis bags inoculated with S, gureus strain Mn8 and
tested as described in Example 1. The coated cofton fibers, the unireaied cotton fiber controls, and duplicate inoculum
controls were then all tested in duplicate as described in Example 1. The test results are reported in Table 4.




REFLALONIGES o1

‘3. Wse according to aim1 wherein said co und is presenta in an anount
which is at |east 0.5% by weight based n |t he Switdigt200lof | %l d absor bent
material. 4. Use according to Claiml wherein said corrpound iis present in
an ‘anount which is at |east 1.0% by weight based on the wdi ght of said
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THE EFFECT OF GLYCEHYL MONOLAURATE ON TSST-1 AND ENTEROTOXIN A PRODUCTION BY
STAPHYLOCQCCUS ALURELIS MnS.
SAMPLE FINAL CONCENTRA- | FINAL CONCEN- FINAL FINAL
TIONOF VIABLES. | TRATION OF S, AMOUNT AMOUNT
AUREUS CELLS (x | AUREUS®(Logo | TSST1P° | Enteroctoxin
© 10° CFU/ml) CFU/mi) (o) AS® (ng)
No Fiber (Control) - 854.81 10,55 - 180 11.38
Untreated (Control) . 478 8.68 31.62 14.14
Treated Fiber (0.22% GML) 144 8.16 7.58 1.3
Treated Fiber (0.78% GML) 0.61 7.79 0.83 0.50
Treated Fiber (1.12% GML) 363 8.56 0.41 0.19
| Treated Fiber (1,89% GML) 416 8.62 0.13 0.12

= Nurber of viable 8 aureus cells expressed as log 1o base 10.
= As delermined by the ELISA method repcrted by Reiser a1 al. in Applied and Environmental Mierobiology Dec.

' K_/ : 1saz. PP, 1349-1385.
¢ » Mean determinaiion of dupficate sampies.

The data in Table 4 show that S, aureus Mn8 produced significantly less TSST-1 and Enterotoxin A in the presence
of glyceryl monolaurate treated fiber. After exposure to 0.22% wiw glyceryl monolaurate treated fiber, S. aureus Mn8
produced 7.58 ug of TSST-1 which is 76% less than that noted in the unirested fiber centrol, This same fiber treated
(0.22%w/w giyceryl monolaurate) resulted in a 80% redugtion in Enterotoxin A formation over that observed in the con-
rol, The cotton fiber treated with 0.78% w/w glyceryl monolaurate resulied in a 97% reduction in TSST1 formation with
a 98% reduction in Enterotoxin A formation. The fiber contalning 1.12% and 1.89% wiw glyceryl monolaurate both
resulted in & 99% reduction in both TSST-1 and Enterotexin A formations. At the end of the incubation period (24hours)
the log concentration of S. aureus cells in the presence of control cotton tbers was 8.68; the log concentration of S.
aureus cells in the presence of fibers containing 0.22% wiw glyceryl monolaurate was 8.16 (6% less); the log concen-
tration of $, aureus cells in the presence of cotton fibers containing 0.78% glyceryl monolaurate was 7.79 (10% less);
the log concentration of §, aureys cells in the presence of catton fibers containing 1.12% w/w glyceryl monolauraie was
8.56 (1% less); and the log concentration of S, auraus cells in the presence of cotton fibers containing 1.89% whiw glye-
eryl monolaurate was 8.62 ( 1% less).

As can be seen from the preceding Examples 1-4, cotton fibers have been treated with varying levels of glyceryl
monolaurate, a commercially available mixture comprising 96% by weight glycery! monolaurate and no glyceryl dilau-
rate. The data reported in Tables 1-4 show that, depending on the levels of glyceryl monolaurate in the fibers, S, auraus

P bacteria produce significantly less toxin, in other words, are inhibited from producing significant amounts of oxin when
o/ compared o the amaunts of toxin produced, under the same experimental condifions, by S. aweus bacleria in the pres-
ence of control fivers containing no glyceryl monclaurate.

The eftectiveness of glyceryl monolaurate with respect to toxin production shoukd not ba dependent upon the type
of fiber substrate on which it is placed, it has been shown previously that Lauricidin and related analoge are effective in
reducing TSST-1 toxin production in absorbent products when used on various substrates as set forth in copending
United States patent applicafions Serial No. 343,965 filed April 27, 1989 and Serial No. 316,742 filed April 27, 1990.
Furthermore, although the examples set forth above contain fibers having a coating of about 0.22% w/w of glyceryl
monolaurate, the active compound should be effective to prevent toxin formation at lawer ‘concentrations, e.g., at con-
centrations of at laast about 0.1% wAv active compound,

Exarmple §

An experiment was conducted by Dr. Patrick Schifevert of University of Minnesota to evaluate the effect of tampons
treated with glyceryl monolaurate on sireptococcal pyrogenic exotoxins types A and B, The microorganism used in this
experiment was Group A streptococcus strain C203, which produces streptococeal pyrogenic exoloxins A and B, In this
experiment, the Tampon Sac Method of Relser et al, was used to determing the effect of the treated tampon on toxin
production. Dialysis tubing was inoculated with § x 10° colony forming units (CFU) of the bacleria in 2 1-m! voluma
(Brain Heart Infusion Broth) with or without o.b. brand vaginal tampons. The tampons used weighed 3 gm and con-
tained aither 1 mi glyceryl manclaurate (1.0% w/w) or tampons without glyceryl monolaurate. The inoculated dialysis
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{ubings were submerged in 75 mi bréin Heart infusion agar and incubated for 24 hours at 37°C at 7% CO,. The samples
were then diluted four-fold with respect to the amount of fluid absorbed over the 24 hour period and CFU and foxin con-
centrations were determined. Plate counts were used 1o determine CFU conceniration and Westemn biot anaylsis 10
measure toxin. The lower limit of detection of toxin was 0.003 ug. The daia obtsined are summarized in Table S.

- The results demonsirate that toxin production was quite jow in the presence of the untreated tampon, and was
undetectable in the presence of the treated tampons. Cell viability was also significantly affected. It was determined that
the presence of axygen adsorbed to the fibers of the tampon, as well as exposure of the microorganism to atmospheric
oxygen may have coniributed o the lower levels of toxin production and reduced cell viability in the dialysis bags in
which tampons were lacated, it was decided to provide an anaerobic environment for the arganism in subsequent tests.

TABLE S

THE EFFECT OF GLYCERYL MONOLAURATE TREATED
TAMPONS ON GROWTH AND TOXIN PRODUCTION BY
STREPTOCOCCUS
Sample CFU® SPE Type(pg/m))
A B
, " Control(no tampan) | 6.5£2.7x10° | 120 | 60
\/ h® 7.5+40x105 | 012 | 0.08
ob® + 1% GML <40 ND® | ND.

8 CFU/m of fluid assorted Into sac. In the presence ofa

tampon an average of 2,0 ml was absorbed. Intha absonce

less than 0.25 mi was absorbed.

b N.D. rione detected .

. Example 6

In this experiment, conducted by Dr. Patrick Schiievert, glyceryl monolaurate was acdded in varying canoentraﬁa'n(s\-_
to 50 mi brain heart infusion broths. These solutions were then inoculated with 1.0 x 10° CFU/mi of group A streptococ-
cus C203 or $. aureus MnB, a known TSST1 producer, Samples containing £203 were incubated at 37°C, for 12 hours,
without shaking, so as to reduce oxygen exposure, in the presence of 7% COQ,. Samples containing Mn8 were incu-
bated comparably except with shaking (at a rate of 200 RPM) and in a standard incubator. The results ofthis experiment
are summarized in Table 6.
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TABLE 6
THE EFFECT OF GLYCERYL MONOLAURATE ON BOTH CELL VIABILITY
AND TOXIN PRODUCTION BY STREPTOCOCCUS C203 AND STAPHYLO- \
COCCUS AUREUS Mng’ _ .
Sample | GML mg/100 ml broth | CFU SPE type TSST-1
' . A B
Cz03 0 3.1x108 6.0 3.0
0.05 35x 108 6.0 3.0
0.1 8.2x 108 1.5 0.75
0.25 33x108 N.D. N.D.
0.5 32x 108 N.D. | ND.
0.75 20x10° N.D. N.D.
1.0 40x10" | ND. | ND.
\/ 1.28 8.5x 108 N.D. N.D.
' 1.50 0 N.D. N.D.
1.78 0 ND. N.D.
2.0 0 N.D. [ ND.
5.0 0 N.D. N.O.
10.0 0 ND. | ND
MN8 0 84 x10° ) 48
0.05 9.0x10° 48
0.1 9.4x 10° 48
0.25 s2x10° 12
0.8 1.8x 1010 N.D.
75 - |87x10° N.D.
1.0 21x 10" N.D.
1.28 70x10° N.D.
1"\_/, 1.5 1.4x 101° ' N.D.
1.786 1.1x 1010 N.D.
2.0 4.0x 10° : N.D.
2.25 2.0x10° N.D.
2.5 23x 104 N.D,
5.0 2,1x 104 N.D,
10.0 29x10% N.D.

Exanxle 7

In this example, conducted by Dr, Patrick Schlievert, group A streptococcal stralns, individually expressing SPEA,
SPEB or SPEC and sirains from groups B, F and @ sireplococei wére svaluated for the effect of glyceryl monolaurate
on their production of exotoxin, Using the method set forth in Example 8, organisms were exposed 0 varying concen-
trations of glyceryl monolaurate in a brain heart infusion broth. Strain 534, which produces SPEA, Straln 86-858, which
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produces SPEB, and Strain T18P. which produces SPEG toxins respectively, were used. Toxin production was meas-
ured by Western immunoblotting specific periods within 86 hours. The resuilts of this experiment to determine the effect
of glyceryl monolaurate on production of SPEA, SPEB and SPEC toxins are set forth in Table 7.

S. aureus strain Mn8 was also exposed to glyceryl monolaurate. The amount of TSST1 production of 5 BUCeUs
strain Mn8 was measured. The resulis of this test are set forth in Table 8, .

Strepiolysins O and 8, also praduced by sfrains 584, 86-858 and T18F, as well as Group B streptococcal hemo-
lysin, Group F streptococcal hemolysin and Group G streptococcal hemolysin we 2 measured by lysis of 0.1% sheep
erythrocytes and 0.014% 2-mercaptoethanol as a reducing agent performed in “ .75% agarose in phosphate buHar .
solution (PBS), 4.5 mifslide. The PBS was composed of 0.005 Molar sodium phe phate, 0.15 Molar NaCl, at pH 7.0.
Hemolysis induced by 20 ul cell free culture added to wells punched in slides after 24 hours was used as a measure of
hemolysin preduction. Lipase was measurad in the same way as hemolysin, except that clearing of 0.1% tribuiyrin was
. used as the standard.

Results of reduced streplolysin O and S are also set forth in Table 7. The results of the experiments exploring the
efieci of glyceryl monolaurate on toxin production by Groups B, F and G streptococei are set forth in Tables 9, 10 and
11, respectively. The data demonstrate a marked reduction in the amounts of toxin and/or hemolysin produced by
Groups A, B, F and G streptococsi In the presence of glyceryl monolaurats.

TABLE 7
EFFECT OF GLYCERYL MONOLAURATE ON GROUF A STREPTOCOCCI
Bacterium® GML (ro/ml) | Log CFU/ml | SPE (ng/ml) | Reduced Hemolysin®
594(SPEA) @ Y 82 7.0
25 85 0.3 40
10.0 8.8 03 0.0
20.0 6.0 0.0 0.0
86-858(SPEB) 0 8.0 0.8 4.0
25 7.7 0.0 .20
10.0 7.7 0.0 0.0
. 200 58 0.0 0.0
T18P(SPEC) 0 7.9 0.4 8.0
25 7.9 00 8.0
100 6.1 0.0 0.0

a {noculum size between 10° and 105 GFU/mI
& inclides strepialysin O and S measured in mm diameter of lysis
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e Table 9 -
EFFECT OF GML ON GROUP B STREFTOCOGEUS
GML (ug/mi) Amount of Time: "
8h 24 h
Log cells/ml | Hemolysin | Log celis/ml | Hemolysin
0 87 2 85 2
25 8.1 0 8.4 0
100 * <40 0 B0 0
Inoculum size 2.0 x 10%/ml
Table 10
EFFECT OF GML ON GROUP F STREPTOCOCCUS
GML (ug/mi) Amount of Time:
8h 24 h
Log cells/m! | Hemolysin | Log celis/ml | Hemolysin
0 - 83 7 83 7
25 85 a 83 ]
'10.0 <104 o <10® o
inoculum size 2.0 x 105/mi
Table 11
EFFECT OF GML ON GROUP G STREPTOCOCCUS
GML (ug/ml) Amount of Time:
8h 24h
Log cells/ml | Hemolysin | Log cells/m! | Hemolysin
0 8.9 8 10.0 8
25 81 | B 10.0 .8
10,0 <10 0 <108 0
inoculum size 8 x 10°/ml

Example 8

in this experiment, conducted by Dr. Patrick Schliever!, attempts were made to induce streptococcal sirain C203
and staphylococcal strain Mn8 to grow on plates containing glyceryl monolaurate, The minimum inhibitory concentra-
fion of glyceryl monolaurate for strain €208 was 1 mg/100 mi on the agar plates when 5 x 10° CFU were plated. The 2
mg/100 mi plate contained no growth. The minimum inhibitory concentration of glyceryl monolaurate for sirain Mn8 was
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5 mghoo ml when 7 x 108 CFU were plated. The 7.5 mg/100 ml plate comzmad no growth. This experiment was
attempted on an average of twice per week for a period of six months. The date indicate that no mutants able to grow
in the presence of previously inhibitory levels of glyceryl monolaurate, '

Example 8 (Predictive Example)

In this experiment, the metheds of Examples 5-7 to test the effectiveness of glyceryl monolaurate and related anal-
ogous compounds should bs used. However, the tampons should be subjscted to an anaerobic chamber in order to
" axpunge all oxygen adsorbed to the fibers. The tampons with and without glyceryl monclaurate as well as the control
samples should be inserted into the dialysis bags under anaercbic conditions and: incubated in an anaerobic and/or
reduced oxygen chamber so as to minimize the exposiure of the streplococcus organisms to atmospheric and/or
adsorbed axygen. At various intervals, the toxin levels produced by the microorganisms should be evaluated, It is
expected, based upon the other examples herein, that the glyceryl monolaurate and other analogous compounds will
effectively inhibit the production of sireptacaccal pyrogenic exotoxing and hemolysins by Groups A, B, F and G strepto-
cocci without substantially inhibiting cell growth.
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'Use of a compound selected from the group consisting of :

) monoesters of a polyhydric aliphatic alcohol and a faity acid containing from eight to eighteen carbon atoms
and wherein said monoester has at lsast one hydroxyl group associated with iis aliphatic alcohol residue;

b) diesters of & polyhydric aliphatic aleohol and a fatty acid containing from eight to eighteen carbon atoms and
wherein said diester has at least one hydroxyl group associated with its aliphatic alcohol residue; and/or

) mixtures of sakl monoesters and diesters

for the manufacture of ari absorbent product inhibiting the production of Enterotoxin A, Enterotoxin B or Enterotoxin
C or a combination of TSST 1 with Enterctoxin A by Staphylococcus aureus bacteria and hemolysins by groups A,
B, F and G streptococei.

Use according to Claim 1 wherein said compound is present in an amount which is at least 0.1% by weight based
on the welght of said absorbent material,

Use according to Claim 1 wherein said compound is present in an amount which is at least 0.5% by weight based
on the weight of said absorbent material.

Use according fo Claim 1 wharein said compound is present in an amount which is at least 1.0% by weight based
on the weight of said absorbent material. :

Use according to anyone of Clsims 1 to 4 wherein said fatty acid is lauric acid.
Use according to anyone of Claims 1 to 5 wherein sald polyhydric alcoho! is glycerol.
Use ;ccording to anyone of Claims 1 to 6 wherein said compound is glyceryl monolaurate.

Use according to Claim 7 wherein said glyceryl monolaurate is present in an amount which is at least 0.1% by
weight based on the weight of said absorbent material,

Use according to Claim 7 wherein said glyceryl monolaurate Is present in an amount which is at least 0.6% by
weight based on the weight of said absorbent material. :

Use according to Claim 1 wherein said compound comprises a mixture of glyceryl monolaurate and glyceryl dilsu-
rate.
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PREVENTION OF TOXIN PRODUCTION USING ABSORBENT PRODUCTS
ABSTRACT

Absorbent products, especially catemenial tampons., for
absorbing bedy fluids, such as menstrual £1luid, blood and
wound exudates, comprise an amount of a compound effective
to inhibit the production of Enterotoxin A, Eanterotoxin B
and/or Enterotoxin C by Skaphvlococcus aureus bacteria -
when the products are brought into contact with the
bacteria. The compositions of this invention are also
useful to inhibit production of Streptococcal pyrogenmic
exotoxins A, B and C, as well as hemolysins produced by
Groups A, B, F and G streptococci in solution as well as
being expected to be effective to inhibit such toxin and
hemolysin prnéuct;on,when used in conjunction with
absorbent products. The compound is selected from the
group consisting of monoesters of a polyhydric aliphatic
alcohol and a Cz~C,, fatty acid; diesters of a |
polyhydric aliphatic alcohol and a C -c 18 fatty acid:

and mixtures thereof. The nonneste:s and diesters have at

least one hydroxyl group associated with their aliphatic
alcohol residue.




