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BROAD SPECTRUM MICROBICIDAL AND SPERMICIDAL
COMPOSITIONS, DEVICES, AND METHODS

FIELD OF THE INVENTION

The presént invention relates to the prevention of
pregnancy and the prevention and control of sexually
transmitted and other diseases with the use of compositions
having broad spectrum microbicidal and spermicidal
activity, including the ability to inactivate particularly

resistive pathogens such as human papillomaviruses and

other non-enveloped viruses.

BACKGROUND OF THE INVENTION

Sexually transmitted diseases (STDs) are among the
most prevalent and communicable dliseases and continue to be
a2 significant public health problem. It is estimated that

more than 250 million people worldwide, and close to 3
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million people in the United States, are infected annually
by gonorrhea. Annual worldwide incidence of syphilis is
estimated at 50 million people, with 400,000 in the United
States annually needing treatment. More recently, the

human lmmunodeficiency virus (HIV), resulting in fatal

acqulred lmmunodeficiency syndrome (AIDS), has spread
rapidly 1n both homosexual and heterosexual groups. The
World Health Organization (WHO) and the National Institute
for Health (NIH) recommend that mothers who are HIV
positive not nurse their babies because of a high risk of
transmitting HIV 1n breast milk. However, failure to nurse
often results 1n infant malnutrition, diarrhea, dysentery,
and other 1nfectious diseases, because areas with high
endogenous HIV often also have low food stores and poor

hygienic quality of food and water.

Strong assoclations have now also been discovered
between cervical cancer and papillomaviruses (PVs). It has
been estimated that about 25% of women worldwide have human
paplllomavirus (HPV) genital infection. The human

paplllomaviruses (HPVs), of which there are now more than

90 known types, cause papillomas (warts) 1in a variety of

human epithelial targets including common warts of the

hands (verruca vulgaris) and feet (plantar warts), as well

as genital warts 1n vulvar, vaginal, cervical and penile

eplthellium. Genital warts represent a ubiquitous STD.
Women with genital lesions containing certain HPV types,
including types 16, 18, 31, 33 and 35, are at increased
risk for progression to cervical cancer. In the United
States, 15,000 women per year are diagnosed with cervical
cancer, and there are about 5000 deaths per year. In
developing countriles, cervical cancer is the leading cause

of cancer related deaths among women.
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PVs present a unique challenge for investigators

attempting to identify virucidal agents. PVs are

g

inherently extremely resistive to attack by antimicrobial
agents. In addition, PVs do not exist free in nature in
the same manner that many non-enveloped viruses exist.

Rather, PVs exist encased 1n the squames of differentiated

eplthelial cells. Thus, the PVs are not only protected by
thelr own very difficult to penetrate capsids, but also by

the surrounding, heavily keratinized and cross-linked

squames of eplithelial cells.

One approach to the general control of STDs is the
use of topically applied, female controlled microbicides

that inactivate the relevant pathogens. Most frequently,

these microbicides are spermicidal preparations containing

NONOXYL-9 (N-9) detergent that 1nactivates enveloped

viruses, such as HSV-2 and HIV-1. To date, these

preparations have not been effective, however, against

non-enveloped viruses such as the HPVs.

Inability to i1nactivate HPVs makes N-9 an
1nadequate virucide against this STD. In addition, chronic
use of N-9 was recently associated with increased
seroconversion for positivity to HIV-1 antibodies in a

gr—

group of prostitutes, raising the possibility that N-9 may

erode vaginal epithelium. Frequent use of N-9 is also
positively correlated with bacterial vaginosis, genital
ulcers and vulvitis, vaginal candidiasis, toxic shock
syndrome, and epithelial disruption of the cervix and the

vaglna. The detergent, however, is spermicidal and has

peen shown to 1lnactivate enveloped viruses. It is present

in a large number of condoms and other spermicidal agents.
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Other microbicides, such as octoxynol-9 (0-9),
benzalkonium chloride (BZK) and chlorhexidine, are also
surfactants that can disrupt the envelopes of HSV-Z and
HIV-1 via surfactant/detergent properties. Like N-9,
however, these microbicides also do not inactivate the
non-enveloped PVs. Topilcal microbicides for i1nactivation
of the PVs and prevention of animal or human transmission
are currently not available, but would be highly desirable

given the ubiquous nature of HPV infections.

U.S. Patent No. 5,004,757 1s directed to a method

of deactivating viruses on surfaces by applylng a
three-part composition containing gluteraldehyde. The
composition also contains hydrogen-bonded glycol molecules
to eliminate aldehyde odor, and an anionic surfactant such
as sodium dodecyl sulfate (SDS)'as a potentiator of the

virucidal activity of the gluteraldehyde component. The

patent indicates that SDS has limited virucidal activity on

1ts own, but has a synergistic effect when combined with

gr—

gluteraldehyde. Due to the presence of gluteraldehyde, a

well-known mutagen, the formulation 1s not useful against
STDs or other diseases because 1t cannot be applied to

human epithelium.

What 1s needed are safe and effective microbicides
agailnst STDs which extend microbicidal activity to
non-enveloped vliruses and, 1n particular, to

paplllomaviruses.

SUMMARY OF THE INVENTION

The present invention provides pharmaceutical

compositions, articles and methods for preventlng pregnancy

and transmission of STDs, 1ncluding safe and effective
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vaginal compositions for controlling and preventing STDs.

The microbicidal compositions of the i1nvention contailn an
alkyl sulfate, such as SDS, lithium dodecyl sulfate, laurilc
aclds or salts thereof, as an active 1ngredient capable of
inactivating sperm and a broad spectrum of pathogenic

microbes, including HPVs and other non-enveloped viruses.

Additionally, the present 1nvention provides

articles and methods for 1nactivating infectious agents

such as free HIV and cell-assoclated HIV as well as
non-enveloped viruses, such as HPVs, human papoviruses,
human picornavirus (hepatitis A virus), and human
parvovirus, B-19, 1n bioclogical fluids, 1including, for

example, human and animal breast milk, serum and plasma.

These articles and methods are provided by attaching SDS or
an SDS derivative to a surface or gel matrix 1n contact
with the fluid to be treated or by rapid surfactant removal
of the SDS or SDS derivative from the fluid after treatment
with the surfactant. In a particularly preferred
embodiment, the surface having the surfactant attached

thereto 1s positioned within a baby nursing bottle.

The 1invention also provides alkyl sulfate topica:

pharmaceutical compositions and methods for prophylactic
avoldance and treatment of various medical conditions which
involve bacterial or viral infection of the mucous

membranes oOr skKin.

The present 1nvention also provides disinfectant
compositions for destroying pathogenic microbes on medical
instruments, shower stalls, bathroom fixtures, exercise
equlipment and other 1nanimate surfaces, as well as

spermicidal barrlers coated or impregnated with an alkyl
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sulfate compound for combined spermicidal and microbicidal

effects.

It 1s i1nteresting and surprising to note that,
although SDS has been known for several years to have
limited activity agalinst enveloped viruses, and has been
used as a surfactant for soaps, cosmetlics and various other
topical applications, such as shampoos and toothpastes,

P

there have been no reports of 1ts use, or the use of other

topical antimicrobics, to control PVs. If indeed any such

use occurred, 1t was unintended and unappreciated; it was

an unrecognized accident. None of the reported studies or

uses of SDS were conducted with the intent of controlling

paplllomavirus infections. Thelr purpose was merely as a
surfactant/detergent, or at best as a facilitator of the
antimicrobial activity of gluteraldehyde. There is, in
fact, no known prior use of SDS for topical application
which can be considered to have consistently achieved

virucilidal activity, as described hereinbelow.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the effects of SDS inactivation of

cottontalil rabbit papillomavirus (CRPV). Figure 1la

demonstrates the average geometric mean diameter (GMD) of

s1X lesions 1noculated with normal (o) and with SDS-treated

(¢) CRPV. Figure 1lb demonstrates the growth of individual
lesions.

Figure 2 shows the effects of SDS and N-9 treatment

on CRPV. Figure 2a demonstrates the GMD of ten inoculation
sites that received SDS treated virus (e) compared to 10
sites that received normal virus (o). Figure 2b shows
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comparative growth of papillomas in 10 sites that received

normal CRPV (o) compared to 10 sites that received CRPV
treated with N-9 (e).

Figures 3A through 3G demonstrate total symptoms per
group of six groups of mice on days 3-12, for (A) leg

paralysis, (B) perinal hair loss, (C) exudate, (D) swelling,

L 4

(E) redness, (F) total number deceased and (G) any symptom,

in an in vivo experiment on the toxicity of SDS and

protection from vaginal infection with HSV-2.

In Figure 4(a) is shown a baby bottle nipple having
a filter apparatus according to the invention. Figures '
4 (b) and (c) show baby bottles according to other
embodiments wherein the alkyl sulfate microbicide of the
invention is bound to the plastic bottle 1nterior and to a

nursing sack within the bottle, respectively.

Figure 5 shows the inactivation of lymphocyte
(Figure 5(a))-, macrophage (Figure 5(b))-, and dual-tropic
(Figure 5(c)) strains of HIV-1] 1in the presence of N-3,
C31G, and SDS.

Figure 6 shows reduction of the cell-associated
infectivity (Figure 6(a)) and viability (Figure 6(b)) of
HIV-1 in infected SupTl cells wvia N-9, C31G, and SDS.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

We have discovered that SDS and related anionic
surfactants have potent spermicidal and virucidal activity,
including virucidal activity against non-enveloped viruses,

including the papillomaviruses, as well as against HSV-2
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and HIV-1. As used herein, "SDS or related anionic
surfactant” means sodium dodecyl sulfate and other members
of the virucidal alkyl sulfate group, including but not
limited to lithium dodecyl sulfate, lauric acid and salts

Oor other derivatives thereof.

In experiments conducted by the present inventors,
very low concentrations of the detergent/sulfactant SDS

completely 1nactivated HSV-2 and HIV-1l, as well as three

separate paplllomavirus types after brief exposures to SDS

at physiologic temperatures. In all cases, 0.1%

concentrations of SDS were well above those exhibiting

complete virus 1nactivation. Related anionic surfactants
and derivatives also exhibited significant virucidal

activity.

As used herein, "virucidal" means capable of
lnactivating or destroying a virus. A susceptible virus is
any virus which 1s 1nactivated or destroyed by SDS or
related anionic surfactants. The susceptible viruses are
readlly 1dentified in tests such as those described below,
whereln the amount or concentration of SDS or related

J—

anionic surfactant 1s considered virucidal if the virus

titer 1s reduced by at least 99.9% (3 log units).

The 1nvention can be carried out both in vitro and

in vivo. In vitro means in or on nonliving things,
especially on objects having hard or soft surfaces located
Or used where preventing viral transmission is desired.

Hard surfaces include those of baby bottles, medical

instruments, bags, catheters, tubing and other indwelling
medical apparatus. Such surfaces also include building

lnteriors, furniture, bathroom fixtures, gym equipment and



10

15

20

25

30

CA 02332514 2000-11-17

WO 99/59525 PCT/US99/10956

exterior fences for, e.g., livestock containment. Soft
surfaces 1nclude those of paper or cloth, for example,
pre-molstened pads or tissues, dry facial tissues, hospital
garments and bed clothing. In vivo means in or on a living
person, plant or animal, especilially on mammal skin and

muccus mempbranes, 1ncludling intravaginally, orally or

rectally.

SDS or a related anionic surfactant can be used
alone or i1in the form of a composition containing or

consisting essentially of a virucidally effective

concentration of SDS or related anionic surfactant and a
pharmaceutically acceptable carrier. A virucidal effect
can be achieved whether the composition is brocught into

contact with the virus or vice versa, whenever contact

occurs with a known or potential locus of the virus.

Virucidally effective concentrations of SDS or related
anionlc surfactant are generally in the range of about 0.05
to about 5.0 wt. percent, although a greater or lesser

concentration may be used depending upon the particular

clrcumstances.

The compositions of the invention include topical
virucidal uses for both in vitro and in vivo purposes,

especlally for intravagilnal use. For these purposes the

SDS or related anionic surfactant can be formulated in anvy
appropriate vehicle, provided that the surfactant and the
vehicle are compatible, that is, that the microbicidal
activity of the surfactant is not diminished by the
vehicle. Thus, the compositions can be in the form of
creams, foams, lotions, ointments, solutions or spravys.
The carrier or vehicle diluent can be aqueous or

non-aqueous, for example alcoholic or oleaginous, or a
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mixture thefeof, and may additionally contain other

surfactants, emollients, lubricants, stabilizers, dyes,

perfumes, antimicrobial agents either as active 1ngredients
Or as preservatives, and aclds or bases for adjustment of
pH. The preferred pH 1s about 4 to 5. Conventional

methods are used 1n preparing the compositions.

The preferred microbicidal and spermicidal agent

for the compositions, articles and methods of the present
invention 1s SDS. Preferably, the pharmaceutically
acceptable carrier or vehicle for topically applied
compositions 1s 1in the form of a liquid, jelly, or foam
contalning the surfactant. The surfactant can be

lncorporated into: (a) ointments and jellies, (b) inserts

(suppositories, sponges, and the like), (c) foams, and (d)

douches.

The topical composition may be prophylactically or

therapeutically applied to human or other animal skin or

mucous membranes for the prevention and treatment of
various medical conditions caused by bacteria, enveloped
viruses, and non-enveloped viruses. These conditions
include, by way of example, lesions caused by herpes virus,
apthous ulcers, acne, plantar and skin warts, respiratory
paplllomas, herpangina, herpetic esophagitis, molluscum
contagirosum, hairy leukoplakia, and oral or genital Candida

infections.

The toplcal composition is preferably introduced
into the vagina of a female, at about the time of, and
preferably prior to, sexual intercourse, but may also be
administered to other mucous membranes. The compositions

can be employved for the treatment and for protection
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agailnst sexually transmitted diseases. The manner of

administration willl preferably be designed to obtain direct

contact of the surfactant compositions of the invention

with sexually transmitted microbes.

For topical applications, the pharmaceutically
acceptable carriler may additlionally comprise organic
solvents, emulsifiers, geling agents, moisturizers,
stabllizers, cther surfactants, wetting agents,
preservatives, time release agents, and minor amounts of
humectants, sequestering agents, dyes, perfumes, and other

components commonly employed 1n pharmaceutical compositions

for topical administration.

Solid dosage forms for topical administration
include suppositories, powders, and granules. In solid
dosage forms, the compositions may be admixed with at least

one 1nert diluent such as sucrose, lactose, or starch, and

may additionally comprise lubricating agents, buffering
agents and other components well known to those skilled in
the art.

The compositions of the invention may also be
impregnated into absorptive substrate materials, such as
sponges, or coated onto the surface of solid substrate

materials, such as condoms, diaphragms or medical gloves,

to deliver the compositions to vaginal or other potentially
infectable epithelium, preferably before or during sexual
intercourse. Other articles and delivery systems of this

type will be readily apparent to those skilled in the art.

Among the presently preferred articles are condoms, which
may be coated by spraving SDS onto the surfaces of the

condoms, or by ilmpregnating the SDS into the condom during
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manufacture by processes known 1n the art. Preferred
coating compositions 1nclude silicon which provides
lubricity and releases the surfactant in a time release
manner. Biloadheslive polymers may also be used to prolong

the time release aspects of the particular topical or other

medicament employed.

The methods and compositions of the invention can
be used to prevent and treat a broad spectrum of infections
by pathogenic microbes. As used herein, "pathogenic

microbes"” 1s intended to include pathogenic bacteria,

fungl, viruses, vyeast, Chlamydia, or protozoans which do

n

not normally reside 1n the host or which are capable o:

SN

causing host pathology, and which are capable of being

kl1lled by SDS or related anionic surfactants, as described

in detail herein.

Among the preferred pathogenic microbes for target
by the compositions and methods of the invention are
paplillomaviruses (PVs), which represent a group of
non-enveloped, 1cosahedral DNA viruses. The PVs induce
benign neoplasms that can progress to cancers. Animal
paplllomas occur 1n a large number of species; certain
viruses, such as the bovine papillomaviruses (BPVs) and the
cottontail rabbit papillomavirus (CRPV), represent
well-studied model systems. HPVs cause warts in epithelial

Carget tissues. Verrucae vulgaris, plantar warts and

genital condylomata all represent common clinical
infections 1in humans. The compositions and methods of the

invention have utility in preventing or controlling these

human i1nfections, and also preventing and controlling
genital lesions containing HPV which can progress to

malignancy, 1f left untreated.



10

15

20

22

30

CA 02332514 2000-11-17

WO 99/59525 PCT/US99/10956

13

Because cervical cancer 1is the number one cause of
cancer related mortality in women in developing countries,
effective prevention of HPV transmission should have

significant impact on world health. Accordingly, a

preferred method of the 1nvention comprises contacting the
virucidal compositions of the invention with HPVs
transmitted to the vagina or other mucous membranes during

sexual activity. The preferred mode of contact is by use

of a condom coated or i1mpregnated with, or by the use of a
Coplcal pharmaceutical composition containing, SDS in
sutfficient quantity to control or prevent HPV transmission

F

and 1nfection. The spermicidal activity of the active

1ngredients of the condoms and other articles and

compositions of the invention provides an added benefit

where the prevention of pregnancy is desired.

In addition, the SDS and related anionic surfactant

composlitions and methods of the invention may be broadly

utilized as a disinfectant for effective inactivation of
non—-enveloped and enveloped, animal and human viruses on

surfaces such as floors, medical instruments, bathroom

surfaces, and gym equlpment. The disinfectant composition
containing SDS or related anionic surfactant is preferably
1ncorporated into a spray-type dispenser whereby it can be
sprayed directly onto the surface to bé treated. An
example of such use would be for a person to spray the
composition on surfaces 1in public restrooms or gym
equipment in order to kill any pathogenic microbes present
from other persons who have used the facilities. The
disinfection composition preferably contains SDS in

solution or suspension with a diluent such as phosphate

buffered saline at about 0.05 to 1.0 wt. & SDS.
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A particularly preferred embodiment of the

1nvention relates to i1nclusion of SDS or related anionic

surfactants affixed to a solid surface (either the surface
of plastic, or a similar material, or the surface of beads

that can be in the form of, e.g., the matrix of a gel or

filtration device). This embodiment includes, for example,

containers or tubes for biological fluids, the surface of
baby bottles, plastic nursing sleeves for baby bottles, or
filters that may be incorporated into the nipple assembly

p—

of baby bottles or other containers or tubes for biological

fluids. The surfactant 1s preferably covalently attached

so that 1t 1s unable to leach out. This embodiment may be

used to 1nactivate HIV and HIV containing cells in the

breast milk of nursing mothers who are HIV positive.

Figure 4 (a) shows a nursing bottle nipple apparatus
10, 1ncluding a flexible nipple member 11, typically made

of silicon or latex, and a cap 12 having a central orifice

13 from which an extending portion of the nipple 11

protrudes. Nipple member 11 includes a flange 15, which

extends radially outward from the flexible nipple member.
Filter unit 16 within cap 12 includes a housing 17 which
contains a matrix material 18 therewithin. Filter unit 16
also includes a seal 9 having a shoulder 19, which extends

a short distance within the hollow cavity of flexible

nipple member 11. Seal 9 forms an annular flange 20 which

extends radially between nipple flange 15 and the walls 8
of the nursing bottle when cap 12 is in place. Cap 12 may
pe held 1n place on bottle walls 8 via screw threads or the
like.
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Matrix material 18 may contain SDS or a related

anionlc surfactant attached to the matrix material, for
example, a gel, beads or other filter material through

which the breast milk may pass on 1ts way from the interior

of the nursing bottle to the baby's mouth. Accordingly,
any cell-free HIV or cell-associated HIV virus from the
mother's milk 1s 1nactivated by the surfactant before being
ingested by the baby. Milk from a woman having HIV or
other infection 1s thus pumped from the woman's breast and
placed within the bottle. The nipple member and assoclated
filter unit for HIV or cell-assocliated HIV inactivation of
breast milk according to the present i1nvention 1s then
placed on the bottle with the bottle cap 12, flange 15 and
seal 9 holding the filter unit 16 1in place, so that the
treated milk may then be fed to the baby while the milk is

sti1ll warm.

.Alternatively, matrix material 18 may include a

material that will chemically remove SDS or related anionic
surfactant. According to this embodiment, the surfactant

may be mixed with the warm breast milk and then the milk

may be fed to the baby through the nipple unit of the

invention. In this manner, the HIV 1s inactivated by being

mixed wilith the surfactant. The surfactant 1s then removed

by the matrix during the feeding process.

As shown in Figures 4 (b) and (c), the surfactant

‘also may be attached to the inside surface 21 of a plastic

baby bottle 22 or the inside of a plastic nursing sack 23.
The milk may be pumped from the mother's breast and then
placed within the bottle or sack containing the surfactant.
The bottle and milk are preferably shaken for approximately
10 minutes, and may be incubated and then fed to the baby.
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Preferably, the surfactant 1s covalently bound so that it
reslists leaching out 1nto the milk. Any surfactant that
might contaminate the milk can be removed by filter unit 16
contalning a matrix material for rapid surfactant removal,
so that the baby does not contract diarrhea from ingesting

surfactant.

Similarly, the present invention is applicable to
1nactivation of viruses and other microbes in a wide
varlety of bioclogical flulds besides breast milk. For
example, wvarious catheters, tubes and other indwelling
apparatus may be combined with a filter unit having SDS or
a related anionic surfactant or a surfactant removal
materlal bound thereto or the surfactant may be attached to

the 1nterior surfaces of such apparatus. Accordingly,

attachment of SDS or a related anionic surfactant to a
solid surfaces may be used for microbicidal decontamination
of biological fluids within containers, catheters, medical

and pharmaceutical tubing and also within indwelling

devices 1n patlents. Attachment of SDS or related anionic

surfactants to solid surfaces as taught herein also

encompasses the surfaces of 1tems used in food preparation

such as cutting boards, and water and food containers.

Sodium dodecyl sulfate, CH,(CH,),,CH,050,Na, and
lauric acid, CH,(CH,),,COOH, as well as- the related anionic
surfactants, all have microbicidal activity. The structure

of SDS 1s provided by way of example below.
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Q
CH3-(CH»)p- -§-0“Na+
O
Unpolar Polar

(hydrophobic)  (hydrophilic)

Molecular structure of
Sodium Dodecyl Sulfate (SDS).

I'he surfactant molecules may be covalently bound to a
filter unit or other substrate by any suitable method that

does not interfere with the biological activity of the

surfactant. In a preferred embodiment of the invention,

the surfactant molecule is attached to silica (long chains

of 510,) via an oxygen bond between Si0O, and the acid end of

the surfactant, via the hydoxyl or hydroxyl equivalent of

the surfactant (e.g., the sodium sulfate end of SDS). For
example, the OH on lauric acid is removed and the oxygen on
the S10, 1is removed. An oxygen bond then links the
silicate to the CO end of the lauric acid. This method is
used 1n the chemical industry to attach carbon chains of
various lengths to silica matrix, the resulting substances
being used as column materials for high pressure liquid

chromatography. Glass is also composed of molten silicates

and free silica groups are available at the surface. This
approach may also be used to attach alkyl chain surfactants
Lo the surface of glass baby bottles. This embodiment

provides a method for attachment to any suitable surface

including, for example, attachment to a beaded matrix.
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In a second preferred embodiment, SDS or a related
alkyl sulfate detergent is incorporated in or onto the
surface of a plastic material. Suitable plastics include,
for example, polyvinylchloride, polyethylene, polyurethane
or silicone and other common substances for medical tubing,
containers, and catheters, etc. These same substances can
also be used to manufacture baby bottles or nursing sacks,
or bags for serum and plasma. Surfactant bonding to
plastic may also be accomplished via the hydroxyl, or
hydroxyl equivalent position, of the surfactant mblecule
{leaving the fatty acid chain intact). The nature of the
oxygen bonding can be adapted to various plastic substances

and others by one of ordinary_skill in the art given the

teachings herein.

SDS or a related anionic surfactant may also be
incorporated during the polymerization~of the plastic
polymer and then continuously leach out of the surface over
a substantial period of time. Depending on the application
for the plastic, for example baby bottles, it may be
desirable to remove the surfactant after it has been
allowed to leach into solution (breast milk). This

approach would preferably use the impregnated plastic in

combination with a surfactant removal matrix.

Thus, in addition to the covalent attachment of SDS
and derivatives to solid surfaces, the present invention
also provides devices and methods that encompaés rapid
removal of SDS and derivatives. This includes passage of

surfactant treated biological fluids over any suitable

chemical matrix for removing the surfactant. Several

commercially available matrixes available for the removal

of such detergents include, for example, Extracti-Gel R D™
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Detergent Removal Gel and SDS-OUT™ SDS Precipitation
Reagent, both available from Pierce Chemical Company, 3747
N. Meridian Road, P.0O. Box 117, Rockford, Illinois 61105
and Detergent Adorber Gel polymer beads available from
Roche Molecular Biochemicals, 9115 Hague Road, P.0. Box
50414, Indianapolis, Indiana 46250-0414.

With regard to the apparatus and methods of the
present invention for the inactivation of infectious agents
including non-enveloped viruses in serum and plasma, the
conventional method for doing this'involves Triton X-100™,
but this 1i1s recognized not to 1nactivate non-enveloped
viruses. Very large batches of serum and plasma are
produced in efforts to make clotting factor, antibody
preparations, etc. Following surfactant treatment, the
Triton 1s removed by filtration over columns which remove
the detergent. There is increasing evidence that a number
of non-enveloped viruses afe present in the serum. These
could include human papovaviruses, human picornavirus and
human parvovirus. Human papovaviruses, such as the JC
virus, 1s circulating in the human population, latent in
most people, but can cause a uniformly fatal central
nervous system disease called progressive multifocal
leukoencephalopathy in 5-8% of AIDS patients. This wvirus
is in the same family as the HPVs and is also inactivated
by SDS and derivatives. The human picornavirus, hepatitis
A virus, enters the body via the oral route, replicates in
the intestine and spreads to the liver via the blood. This
virus causes an acute hepatitis with 1% morality. The
human parvovirus, B—19,.causes fifth disease but can be
fatal in a small number of pre-disposed individuals. This
virus enters the body by the respiratory route, replicates

in the oropharynx and is then found in large amounts in the
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blood. The removal of these 1nfectious agents from the

blood pool is a public health 1ssue of most i1mportance.

Dosage levels and concentrations of the surfactant
in the compositions, articles and methods of the l1nvention
may be varied so as to obtain amounts 1in contact with the
sexually transmitted or other biological fluids to obtailn
the desired therapeutic or prophylactic response for a

particular surfactant and method of administration.

Accordingly, the selected dosage level or concentration

will depend on the nature and site of i1infection, the
desired therapeutic response, the route of administration
or contact, the desired duration of treatment or contact
and other factors. Generally, the preferred concentration
and dosage for SDS will be 1n the range of about 0.05 to
2.0 wt. percent. A preferred topical vaginal dosage form
1s a cream or suppository as described above contalning
from 0.05 to 2.0 wt. percent of the composition according

to the invention. In each treatment, typlcally twice

daily, from about 1 to about 5 ml of such dosage form 1is

applied intravaginally, preferably high 1n the vaginal

orifice. Greater amounts are generally avoided to minimilze

leakage.

SDS 1s of low intrinsic toxicity both to skin and

mucous membranes. Preparations, such as shampoos and
detergents that contact both skin and mucous membranes,
contain dodecyl sulfate derivatives (sodium or ammonium
dodecyl sulfate) in concentrations exceeding 10%. 1In
addition, products that are routinely used 1n the oral
cavity, such as toothpaste, have high (5-8%) concentrations
of these compounds and are not acutely toxic to the oral

mucosa. In the Examples provided below, virucidally
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effective concentrations of SDS were non-toxic in rabbit

skin and in human newborn foreskin.

The examples described and discussed herein are
intended to be illustrative of the present invention but
not limiting. Numerous variliations and modifications may be

effected without departing from the scope of the novel

concepts of the present invention.

EXAMPLE 1

ANTIVIRAL ACTIVITY OF SDS

MATERIALS AND METHODS

Chemicals

SDS was purchased from Bio-Rad™ (Richmond, CA) and
filtered sterile solutions were made in phosphate buffered
saline (PBS). N-9 was obtained from Rhone-Poulenec Rorer
Pharmaceuticals Inc. (Collegeville, PA). All additional
detergents were purchased from Boehringer Manheim
(Indianapolis, IN). The following reagent was obtained

through the AIDS Research and Reference Reagent Program,

Division of AIDS, NIAID, NIH: HeLa-CD4-LTR-B-gal from

Dr;.Michael Emerman.

HSV-2 Inactivation Assay. HSV-2 (strain 333) virus

stocks were propagated by low multiplicity infection of

African Green monkey kidney (CV-1) cells and subsequent

preparation of cell-free supernatants from frozen and

thawed preparations of lytically infected cultures. Virus
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titers were determined by assay in CV-1 cell monolayers.
Virus stocks were maintained in CV-1 cell culture medium
which was Dulbecco's medium supplemented with antibiotics

and 10% fetal calf serum. The protein concentration of th

(U

virus stocks was also 1ncreased by serum proteins and by

cellular proteins released by the freezing and thawing of

the 1nfected cells.

For 1nactivation of HSV-2, 39 upul of virus was mixed

p—

with 1 pl of a 40x concentrated solution of detergent and

then 1ncubated at 37°C for 10 min. After inactivation, the

40 nl of virus sample was diluted to 4 ml (1:100) using
cel]l culture medium, and 1 ml of the diluted virus was
adsorbed onto CV-1 monolayers for 1 hr at 37°C. Following
adsorption, monolayers were refed and 1ncubated at 37°C, 5%

CO,. Between 20 and 24 hr post infection, monolayers were

fixed, stained with crystal violet and plagues counted

using a dissecting microscope. The numbers in Table 1 each

represent an average of 2 plates.

HIV-1 Inactivation Assay. One day prior to the

assay, HeLa-CD4-LTR-PB-gal cells were seeded into 12-well
culture dishes at a concentration of 8x10° cells per well.

A high titer (10! TCID,,/ml) virus stock of HIV-1 (strain

IIIB; Advanced Biotechnologies, Inc., Columbia, MD) was
diluted 1:10 with RPMI 1640 supplemented with 10% FRS. To

assess viral 1lnactivation by SDS, 78 pnl of diluted virus

were mixed with 2 pul of detergent solution, and incubated

for 10 min at 37°C. After the i1nactivation period, the

virus and detergent were diluted with 720 pul R10 (1:10)

supplemented with DEAE dextran (20 pg/ml final
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concentration). Aliquots of treated virus (300 pl) were

then added to duplicate wells of Hela cells and incubated
at 37°C for 2 hr. Following viral adscrption, 2 ml of
fresh media (DMEM supplemented with 10% FBS, 0.1 mg/ml

G418, and 0.05 mg/ml hygromycin B) were added to each well.
After incubation at 37°C and 5% CO, for 48 hr

post-infection, cells were fixed and stalned for

B-galactosidase expression.

BPV-1 Focus Assay. Cell-free stocks of BPV-1 were

prepared by extraction (10% w/v) of epidermal bovine warts

1n phosphate buffered saline (PBS). 1In order to detect the

transforming ability of BPV-1, Cl27 mouse cells were seeded
(3x10°> cells per flask) into T-25° flasks. After 24 hr of

growth, subconfluent cells were i1nfected with BPV-1. For

the positive controls, stock virus (20 pl) was diluted

(1:1) with PBS, incubated at 37°C for 10 min, diluted
1:10000 and then added (100 pl) into the 5 ml of cell

culture medium present on the cells. Cells were refed at

24 hours and supbsequently 2 times weekly. The presence of

morphologically transformed focl was counted after 2 weeks

and then again at 3 weeks.

Virus 1lnactivations were carried out 1in vitro by

addition of concentrated SDS solutions to the virus stocks

(20 pl of virus plus 20 pul of detergent) and subsequent

incubation at 37°C for 10 or 30 min as indicated.
Followling 1nactivation, virus was diluted 1000 fold to

lower the detergent concentration and the preparations were

lmmediately used for infection as above.
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Shope Papilloma Induction. Stocks of Shope CRPV

were prepared from papillomas generated in wild cottontail
rabbits. Virus stocks were cell free extracts (10% w/v) of
paplllomas 1in PBS. Shaved dorsal skin was lightly
scarified with a razor blade. Virus stocks were used to

1inoculate domestic cottontail rabbits (Hazelton Research

Products, Denver, PA); a 40 pl aligquot of virus was dropped
onto the surface of 4 locations on the dorsal skin. The 2
left sites on each rabbilt received untreated virus and the
2 right sites received treated virus. Inactivation of
either a 107 or 107 solution of virus stock was
accomplished by addition of concentrated SDS solutions
which were 40 x the final indicated concentrations.
Incubation of SDS and virus was at 37°C for 10 min and
virus was 1mmediately used for inoculation of rabbits.
Virus was not subsequently diluted following inactivation
and the concentration of SDS present during i1nactivation

and i1noculation was 0.05%. Papillomas were first observed

to develop 1n control sites around 2 weeks after
lnoculation. The geometric mean diameter (GMD) of all
visible lesions was measured and is equal to the cube root
of the length x width x height of the lesions as measured

1n mm by calilpers.

Human Papilloma Induction. Stocks of
experimentally generated infectious HPV 11 were prepared

and represented 10% w/v cell free extracts of virus in PRS.

Undiluted aliquots of virus stocks (39 pul) were mixed with

a 40x solution of SDS 1 pl), incubated at 37°C for 10 min

and lmmedilately used to i1nfect split thickness grafts of
newborn human foreskin epithelium. Virus was not
subsequently diluted. Control grafts were infected with

untreated virus stock. Virus adsorption was for 1 hr at
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37°C. The concentration of SDS present during the
inactivation period and during virus adsorption was 0.05%.
Grafts were then transplanted beneath the renal capsule of
athymlc mice. Animals were malntalned in 1i1solator bubbles
wlith antibiotic supplemented drinking water 1in the animal

colony of the Hershey Medical Center. Three months

following i1nfection, animals were sacrificed, their kidneys
were removed, and the xenografts were grossly examined.
The remaining organs were examlned for any apparent

abnormalities and none were found. Portions of each graft

were 1mmediately fixed i1n 10% neutral-buffered formalin and
processed by standard histologlic techniques for staining

with hematoxylin and eosin.

A second set of control grafts was exposed only to
lidentical concentrations of SDS and no virus. These grafts
were harvested on days 1, 5, 11 and 20 following
Cransplantation i1in order to follow the viability and growth

of the grafts after SDS exposure.

RESULTS

Inactivation of the Infectivity of HSV-2 by SDS.

I

In five separate experiments, treatment concentrations of

SDS as low as 0.0125% to 0.025% were effective 1in

eliminating the ability of the virus to induce plaques in a
monolayer of monkey kidney cells (Table 1). Total HSV-2
lnactivation was achieved with SDS concentrations between
0.0025% and 0.0125%. These effective concentrations are

simlilar to the concentrations of N-9 needed for destruction

of HSV infectivity (data not shown).
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Table 1

*% SDS during **% final SDS Plaques / Plate
treatment (O experiments)

0 0 57/73/343/145/145
1x107! 1x10°° 0/0/0/0/0

5x10°° 5x10°* 0/0/0/0/0

2.5x107° 2.5x107" 0/0/0/0/0
1.25x107° 1.25%x107° 0/0/0/0/0

2.5x10° 2.5%10°° 28/54/322/145/104

*Sterile SDS sticks 1f 40X of the treatment
concentration were added to virus aliquots to achieve
the treatment concentration. After mixing, samples were
incubated at 37°C for 10 minutes.

** Following SDS treatment, virus stocks were diluted
100 fold and 1 ml aliquots were immediately adsorbed
onto CV-1 cells. Plagques were counted after 20-24 hours
of infection. Each number represents an average of 2
plates.

Inactivation of the infectivity of HIV-1 by SDS and
the non-ionic detergent C31G. It is established that N-9

can i1nactivate HIV-1. We compared inactivation of HIV-1 by
a second non-1onic detergent, C31G, and by SDS. High titer
virus stocks of HIV-1 were incubated with either C31G or

SDS and then virus was assaved on indicator cells

expressing P-gal under the control of the HIV-1 LTR. After

48 hours, cells were stained and the number of cells

expressing increased P-gal counted. Both of these

detergents were highly effective in the inactivation of
HIV-1 (Table 2). Total 1nactivation of HIV-1 was achieved
with C31G concentrations as low as 0.0125% and with SDS

concentrations as low as 0.025%.
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Table 2
¢ C31G durilng *% cells expressing cells counted
treatment LTR-3 gal gene
(duplicate wells)
5%x107° (toxic) 0,0 >10°
2.5x1077 0,0 >10°
1.25%x107° 0,0 >10°
6.25x107° 19 +/-6.1, 19 +/-6.4 1080,805
2.5%107° 22 +/-7.4, 29 +/-8.1 1620, 1820
35DS -

during treatment

5%1077 0,0 >10°
2.5x107° 0,0 >10°
1.25x107° 24 +/-3.3, 24 +/-10 2810,2190
6.25x107° 10 +/-1.7, 15+/-2.1 2390,2290
2.5%x10° 9 +/-5.5, 11 +/-3.5 1940,1910
Mock Infected Cells 0,0 >10°

HIV-1 Infected 17+/-4.8, 24 +/~5.4 2080, 1480
Cells

't rufhd! e o

* Five random fields of cells were counted 1n each plate
displaying blue cells.

* Duplicate plates were assayed for each sample;
individual numbers are the standard deviation within 5
fields of one plate.

Destruction of the Ability of BPV-1 to Induce
Morphologically Transformed Foci i1n Monolayers of Cl27

Mouse Cells. Although SDS could effectively reduce HSV-2

infectivity, it remained possible that this destruction was

mediated by envelope removal. Because papillomaviruses are
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non-enveloped, the possibilility remained that SDS would fail

to 1nactivate these viruses. We utilized BPV-1 as a
prototype PV because of 1ts ability to rapidly (within 2

weeks) form multi-layvered transformed foci 1n mouse

fibroblasts 1n an 1n vitro assay. Table 3 describes

P
e

results of two separate experiments in which stocks of

BPV~-1 were 1ncubated at 37°C with various concentrations of
SDS (5% to 5x107%*%) for either 10 or 30 minutes, diluted to
lower the SDS concentration (to avoid cell toxicity) and

then used to infect Cl27 cells. Following incubation of

control or infected cultures, focl were counted at 14 and

17 days after infection. Results indicate that SDS in
concentrations as low as 0.05% or 0.005% can totally

inactivate BPV-1 transforming ability after treatment of

the virus at 37°C for 10 or 30 minutes, respectively.

Inactivation of BPV-1 by the lower concentration of 0.005%
after 30 minutes i1ndicated that inactivation 1is
proporticnal to time as well as to detergent concentration.
Table 4 lists several other commercially available
detergents that were tested for possible 1nactivation of

BPV-1. None of these detergents 1nactivated the

morphologic transforming properties of the BPV-1.

Table 3
*% SDS foci/plate foci7plate"m
during **% final Exp. 1 Day Exp. 2 Day Day 17
treatment SDS 172 14
0 0 266 255 153
5 5x107° 0 N.D. N.D.
5x107" 5x107° 0 N.D. N.D.
5x107° 5x107° 0 0 0
5x107° 5x107° 0 271 150
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2.5%10°° 2.5%x10°° N.D. 273 162

5x10°* 5x107° N.D. 229 151

——

* Sterile SDS stocks of 40x the treatment concentration

were added to virus aliquots to achieve the treatment
concentration.

** Followlng virus treatment, treated virus stocks were
further diluted 1:1000 in order to dilute the detergent

In Experiment 1, virus and SDS were mixed and incubated
at 37°C for 30 minutes.

In Experiment 2, virus and SDS were mixed and incubated
at 37°C for 10 minutes.

N.D. = not done

In control plates, wlithout BPV-1, no focli appeared.



10

15

20

25

30

CA 02332514 2005-02-23

30

Table 4. Detergents that failed to inactivate BPV-1
morphologic transformation of Cl27 cells

Nonoxynol-9

C31G

3-[{ (3-cholamidopropyl)-dimethylammonio]-2-hydroxy-1-
propane sulfonate (CHAPSO) '

N—dodecyl—N,N-dimethyl-3-ammonio-1-propané sulfonate
3-[ (3-cholamidopropyl)-dimethylammonio] -1-propane
sulfonate (CHAPS)

isotridecylpoly (ethylene-glycolether),
octanoyl-N-methyl-glucamide (MEGA-8)
Triton X-100™

Thesit

All detergents except C31G and N-9 were purchased from
Boehringer-Mannheim, N-9 was purchased from

Rhone-Poulenec Rorer Pharmaceuticals, C31G was provided
by Biosyn, Inc.

None of the above reduced foci.

Positive control SDS @ 1% completely eliminated wvirus
foci.

Al]l detergents were incubated with wvirus; 1% final
concentration, 37°C, 10 min.
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Effect of SDS Inactivation of CRPV on Formation of
Shope Papillomas 1n Rabbits. To extend the observation of

PV 1inactivation by SDS to an 1n vivo animal model system,

we utilized the well established CRPV model system. A
standard CRPV stock known to form papillomas with 100%

efficiency was used. The infectious dose 50 (ID.,) for the

A~

virus stock corresponds to 50 pul of a 107 dilution of the

stock virus. In our experiments, 40 pul of a 10"’ dilution

and subsequently 40 pl of a 107° dilution of the virus stock

solution were used. Both of these concentrations far

exceeded the ID.,,. SDS was mixed with virus to a final

y——

= 0.05% and subsequently incubated at 37°C

concentration o:
for 10 min. Immediately following incubation, virus was

1noculated by skin scarification of the backs of the

rabbits. Inoculated sites contained two untreated (left;
L) and two treated (right; R) virus samples on the same
rabbit. Figure la demonstrates the average GMD of six
lesions inoculated with normal (107 dilution) and six

lesions inoculated with SDS-treated CRPV. GMDs were

measured and compared on post inoculation days 18, 21, 25,
32, 42 and 50. Results indicate that a 10 dilution of
virus stock was substantially inactivated by a 10 min,

0.05% SDS treatment at 37°C. Figure 1lb shows the growth

curves over 50 days followling inoculation for each

individual lesion. It should be noted that each of the six

sites that received SDS treated preparations (®) were
delayed 1n the development of papillomas, indicating a

substantial i1nactivation of virus. Once papillomas

developed, however, the growth rate of the lesions appeared

similar to the ones that developed from the untreated

lnoculum.
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In a subsequent experiment (Figs. 2a and 2b), a 107°
dilution of CRPV virus stock was also incubated at 37°C for

10 min with either 0.05% SDS or 0.05% N-9. This dilution

of the stock virus not only contained less virus but also a
lower total proteiln concentration. Following incubation,
detergent treated and control virus samples were 1noculated
into five rabbits for the N-9 samples and five rabbits for

the SDS treated samples. Untreated virus samples were also

inoculated onto the same rabbits at different sites. This

experiment was undertaken for two purposes: to observe the

lnactivation of a smaller amount of CRPV by SDS and to

directly compare 1lnactivation with SDS to that achieved by

the N-9 treatment. As 1n the previous experiment, the left
inoculation sites (two per animal) received untreated wvirus

and the right inoculation sites (two per animal) received

treated virus. Figure 2a shows the GMD of ten inoculation
sites that received SDS treated virus compared to ten
1noculation sltes that received normal virus. GMDs were
measured 3, 4, 5, and 6 weeks after virus 1inoculation. In
8 of 10 sites 1noculated with SDS treated virus, papillomas
failed to develop; the remaining 2 sites developed very
small papillomas beginning to appear 4 weeks after
1noculation. Although guantitative measurements were not
performed, the SDS 1noculated sites did not exhibit any
1rritation during the experiment. In the 10 sites '
1noculated with normal CRPV, papillomas developed in 10 of
10 sites within 2 weeks after inoculation and grew'

progressively.

F1g. 2b demonstrates comparative growth of

papillomas in 10 sites that received normal CRPV compared
to 10 sites that received CRPV treated with N-9. The GMD

of each papillloma was measured 3, 4, 5 and 6 weeks after
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virus 1lnoculation. There was not a difference in the

growth of the lesions arising after inoculation with these

)
p—

two virus preparations. In addition, growth rates of

control and experimental papillomas in the N-9 animals did
not differ from growth rates of control lesions in the SDS

treated animals (data not shown).

Effect of SDS Inactivation on the Ability of HPV 11
to Induce Experimental Condylomata in Human Foreskin

Epithelial Xenografts. Standard stocks of HPV 11 were used

as undiluted virus. These virus stocks normally induce

Condylomata 1n 90-100% of infected xenografts when diluted

1000 fold. 1In this experiment, 39 pl of undiluted HPV 11

P‘

stock was mixed with 1 ul of SDS to a final concentration

of 0.05% SDS and then incubated at 37°C for 10 min.

Infection was then carried out for 1 hr and the grafts
subsequently transplanted 1n vivo. Eight animals (16
kidneys) received grafts infected with SDS treated virus
and 9 animals (17 kidneys) received normal virus. Table 5
shows the results of the harvested grafts. In the normal

—

infections, 17 of 17 grafts survived and of these, 14 were

transtformed morphologically upon histologic examination and
had typical papillomatous appearance. In animals receiving
SDS treated virus, 13 out of 16 xenografts showed viable
tissue at the time of harvest and histologic examination of
tLhe grafts revealed normal, viable differentiating human
eplithelium. The latter results are compatible with our
previous observations using uninfected grafts in that
normal grafts are occasionally resorbed in the mice and do

not survive 3 months. We concluded that the SDS had

effectively prevented virus infection by inactivation of

the virus.
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Table 5
| surviving
*% SDS during 2 final SDS total grafts/
treatment paplllomas transplanted
grafts
0 0 14 17/17
0.025 0.025 0 13/16

* Sterile SDS stocks of 40X the treatment concentration
were added to virus aliquots to achieve the treatment
concentration.

Effect of SDS Exposure on the Viability of Human

Foreskin Xenografts. Because of concern about the
potential for SDS to kill human epithelium, control
experiments were performed in which split thickness grafts

of neonatal foreskin were exposed to 0.05% SDS alone and

then subsequently grafted. All conditions 1n this
experiment were ldentical to those used in the HPV 11

infections with treated virus, except that virus was not

present. SDS-exposed grafts (2 animals at each time) were
harvested, fixed and sectioned immediately after exposure,
and on days 1, 5, 11 and 20 after treatment. Examination
of the tissues demonstrated fully viable epithelium on all
days and no apparent necrosis assoclated with detergent
exposure. The original split thickness grafts were
approximately 1 mm x lmm X 1 mm in size; in addition they
were punctured many times with the tip of a needle in order

to allow entrance of the HPV 11 and/or the SDS into the

epithelial layers. Although it is possible that some
epithelial cells may have been damaged or killed during SDS

exposure, damage was minimal and epithelial growth in the

grafts was normal.
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EXAMPLE 2

CELL-FREE AND CELL-ASSOCIATED HIV-1 INACTIVATION

As shown 1n Figure 5, lymphocyte—-, macrophage- and
dual-tropic strailns of HIV-1 are 1nactivated in the
presende of N-9, C31G, or SDS. Cell-free HIV-1 strain IIIB
(A) was treated with N-9, C31G, or SDS, and used to infect
HCLB cells. Cell-free HIV-1 strains Bal (M tropic) {(B) and
89.6 (dual tropic) (C) were treated with N-9, C31G or

SDS, and used to infect P4-R5 cells. Assays were conducted.

Infectivity followling exposure 1s expressed as a percentage

relative to the number of B~gal-positive cells in duplicate

-
p—

wells infected with virus 1ncubated in the absence of a

milcrobicidal compound. Results shown 1n Figure 5 are the
average cell counts for a total of four wells per

concentration in two 1ndependent experiments.

As shown 1n Figure 6, N-9, C31G,and SDS can reduce
the cell-assocliated infectivity of HIV-1-infected SupTl
cells. (A) SupTl T lymphocytes (8x10")infected 5 days

prior with HIV-1 strain IIIB were pelleted and resuspended
in new medila to remove cell-free virus. After exposure to
selected concentrations of each microbicide for 10 min at

37°C, the cells were diluted 1:10 and co-cultured with HCLB

cells for 2 h. Following one wash with PBS to remove the

infected lymphocytes, the indicator cells were cultured and

assayed. Infectivity following exposure 1s expressed as a

percentage relative to the number of PB-gal-positive cells

in duplicate wells infected with HIV-1 infected SupTl cells
incubated in the absence of a microbicidal compound.

Results shown 1n Figure 6(a) are the average cell counts

for a total of four wells per concentration in two

independent experiments. (B) SupTl T lymphocytes (8x10*)
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were 1lncubated with selected concentrations of each
microbicide for 10 min at 37°C, and then diluted 1:10 with
new media. Following a 2 h incubation period, the cells
were assessed for viability. Cell survival after treatment
1s expressed as the fraction of viable cells relative to
the number of mock-exposed cells. Results shown in Figure
6 (b) are the average of two experiments 1n which triplicate

wells for each concentration were assaved.

EXAMPLE 3

MICROBICIDAL ACTIVITY OF ALKYL SULFATE DERIVATIVES

The following data show that other members of the
alkyl sulfate group, namely lithium dodecyl sulfate, lauric

acld and the sodium salt of lauric acid, have

anti-paplllomavirus activity in the Cl27 focus assay using

bovine papillomavirus. In dose response curves, SDS

remalns the most potent.

Table 6

COMPARISON OF SODIUM DODECYL
SULFATE AND LITHIUM DODECYIL SULFATE
IN THE BPV-1 FOCUS ASSAY

Treatment # of FOCI
Negative Control 0,0,0,0
Positive Control 30,29,32,26
0.1% SDS Alone 0, 0, 0, O
0.1% LDS Alone 0, 0, 0, O
0.1% SDS + Virus 0,0,0,0

0.1% LDS + Virus 7,11,9,10
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In all cases, treatment was for 10 min at 37°C, followed
by a 1:1000 dilution of the virus preparation.

Table 7

COMPARISON OF SODIUM DODECYL
SULFATE WITH LAURIC ACID, THE SODIUM
SALT OF LAURIC ACID, IN
THE BPV-1 FOCUS ASSAY

Treatment # of FOCI
Negative Control 0,0,0
Positive Control 50+, 50+, 36
0.1% SDS + Virus 0,0,0

0.1% Lauric Acid + Virus 9,28

0.1% NA+ Lauric Acid + Virus 0,0,0

In all cases, treatment was for 10 min at 37 °C,
followed by a 1:1000 dilution of the virus preparation.

EXAMPLE 4

SDS TOXICITY AND ANTI-HSV-2 ACTIVITY

The followlng data represent an in vivo experiment

Lo test both the toxicity and the efficacy of SDS in the

protection of mice from vaginal infection with live herpes

simplex virus (HSV-2).

GROUP 1 Normal Control

GROUP 2 Live HSV-2 (Approximately 5 x 10° Infectious
Units)

GROUP 3 Live HSV-2 Plus 4% SDS
GROUP 4 Live HSV-2 Plus 2% SDS
GROUP 5 Live HSV-2 Plus 1% SDS
GROUP 6 Live HSV-2 Plus 0.5% SDS
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The experiment used outbred, female, Swiss-Webster

mice. Mice were anesthetized and then SDS or control

solutions (25unl) was instilled into the vagina using a
vellow pilpette tip. The SDS was not formulated into a

vaginal cream or foam but merely dissolved into phosphate

buffered saline. These solutions have low viscosity.
Fluids were instilled into groups of 10 mice at one time.

Following administration of SDS or control solutions to the

group of 10, then an additional 25ul of virus or control

fluid was 1instilled. Mice were allowed to recover from the
anesthesia and then the mice were checked daily for
symptoms, beginning on day three and until 12 days after
1noculation. Vaglnal swabs were also performed on the mice
on a dally basis, beginning on day three, in order to
determine shedding of virus. Figures 3A-3G show the total
symptoms per group on days 3 through 12 for each of the
followling symptoms: swelling, vaginal exudate, redness,

death, leg paralysilis, perianal hair loss and any symptom.

The results clearly show that all concentrations of
SDS provided significant protection from HSV-2 inoculation
of the vagina. In addition a dose response was evident for
every symptom checked; with 4% SDS providing the most
protection. The results of determinations of virus

shedding are not shown but confirm and support these data.

EXAMPLE 5

SPERMICIDAL ACTIVITY

The followlng data represent an in vitro experiment

to test the efficacy of SDS and other detergents as
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spermicidal agents. Frozen samples of bull semen were

obtalned, thawed and placed 1n a test tube. Aliquots were
taken out and put 1n a separate test tube where they were
mixed with detergent (SDS, C31G, N-9 or a mixture of SDS
and N-9) to a final percent as listed in Tables 8 and 9
below. After mixing, the samples were immediately placed
on a microscope slide and visually examined for sperm
movement. The experiment was conducted one sample at a

time so that the visual examination was conducted

immediately after addition of detergent to the sample. As
a result, 1ndications 1n the table of complete inactivation

indicate virtually i1nstantaneous inactivation of the sperm.

Delayed 1nactivation 1ndicates delay of approximately 10

minutes for those sperm cells that did not immediately stop

swimmling. Occasional swimmers means very few, on the order

g—

of approximately 1% of the population of sperm present in

the sample, i1ndicating approximately 99% of the sperm were

inactivated by the detergent.

Table 8

Bovine Sperm Motility Following Detergent Addition

N—9* C31G** SDS**x* N-9/SDS
2% ~ ~ -
1% - - —
0.5% = - -
0.025% - ~ -
0.0125% +++ +/- +/ = +/ -
(delayed) (delaved)
* No Coagulation
* ok Major Coagulation
* k% Moderate Coagulation

When coaguation was present, amount decreased with
decreasing concentration.
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Vigorous swimmling
Many swimmers/some dead

Occaslional swimmer/most dead
All dead

Table 9

PCT/US99/10956

Bovine Sperm Motility Following Detergent Addition

2%

1%
0.5%
0.25%
0.125%
Key

+ 4+

++ /-
+/ -

N-9 C31G SDS SDS/
N-9

_ - + /- + /-
++ /= + /- ++ /= ++ /-
+++ +++ ++/ ~ +++
+++ +++ ++ /- +++
+++ +++ ++ /- +++

Vigorous swimmilng
Many swimmers/some dead

Occaslional swimmer/most dead
All dead

SDS/
C31G

+ /-
++ /-
+++
+++
+++

N-9/
C31G

+ /-

++ /-
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We claim:

1. A microbicidal composition for reducing the titer of
non-enveloped viruses 1in a biological fluid by about 99.9%,
comprising a compound selected from the group consisting of
sodium dodecyl sulfate, lithium dodecyl sulfate, lauric acid

and salts thereof, and a pharmaceutically acceptable carrier.

2. The composition of claim 1, wherein said viruseg are

human papillomaviruses.

3. The composition of claim 1, wherein said compound is

sodium dodecyl sulfate.

4.  The composition of claim 1, wherein the amount of the
compound 1in the composition 1s in the range of about 0.05 to

about 2.0% by weight of said composition.

5. An article of manufacture for reducing the titer of
non-enveloped viruses in a biological fluid by about 99%,
comprising a substrate and a compound selected from the group
consisting of sodium dodecyl sulfate, lithium dodecyl sulfate,

lauric acid and salts thereof, and a pharmaceutically accept-

able carrier.

6. The article of manufacture of claim 5, wherein said

compound 1s i1mpregnated in said substrate.

7 . The article of manufacture of claim 5, wherein said

compound 1s 1n a coating on said substrate.
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8. The article of manufacture of claim 5, wherein said

compound is covalently bound to said substrate.

9. The article of manufacture of claim 5, wherein said

article 1s a container for a biological fluidq.

10. The article of manufacture of claim 5, wherein said

article 18 a condom.

11. Use of a topical composition for preventing pregnancy by
reducing the amount of sperm in a biological fluid, and reduc-
ing the titer of non-enveloped viruses in said biological
fluid by about 99.9%, wherein said composition contains a com-
pound selected from the group consisting of sodium dodecyl
sulfate, lithium dodecyl sulfate, lauric acid and salts

thereof.

12. The use of claim 11, wherein said compound 1s present 1n
salid topical composition in the range of about 0.05 to about

2.0% by weight of said composition.

13. A barrier for preventing pregnancy and sexually trans-
mitted disease, wherein said barrier comprises a substrate and
a compound for reducing the titer of non-enveloped virus by
about 99.9%, wherein said compound 18 selected from the group
consisting of sodium dodecyl sulfate, lithium dodecyl sulfate,

lauric acid and salts thereof.

14. The barrier of claim 13, wherein said barrier 1is a

condom.
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15. The barrier of claim 13, wherein said barrier 1s a
diaphragm.
16. A composition for reducing the titer of non-enveloped

virus in contact with said composition by about 99.9%, the
composition comprising a virucidal agent, sodium dodecyl
sulfate or related anionic surfactant, and a pharmaceutically

acceptable carrier.

17. The composition of claim 16, wherein said composition 1s
a topical pharmaceutical composition wherein said surfactant
is selected from the group consisting of lithium dodecyl

sulfate, lauric acid and salts thereof.

18. The composition of claim 16, wherein said virus 1s a
papillomavirus.
19. The composition of claim 16, wherein said composition 1s

a disinfectant composition further comprising a diluent.

20. The composition of claim 19, wherein said diluent 1s

phosphate buffered saline.

21. A nursing bottle, comprising:

a container having a body portion for containing breast
milk and a cap portion;

a nipple member extending from said container and adapted
for insertion into the mouth of a human or other mammal; and

a microbicidal composition for reducing the titer of non-
enveloped viruses 1n contact with said composition by about
99.9%, said composition comprising a compound selected from

the group consisting of sodium dodecyl sulfate, lithium
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dodecyl sulfate, lauric acid and salts thereof, and a pharma-
ceutically acceptable carrier, wherein said microbicidal
composition is disposed within said nursing bottle so as to

contact said milk.

22. The nursing bottle of claim 21, wherein said microbicidal

composition is attached to an interior wall of said bottle.

23. The nursing bottle of claim 21, further comprising a
filter and wherein said microbicidal composition 1s attached

to sailid filter.

24. The nursing bottle of claim 21, further comprising a

material suitable for removing said compound from said milk.

25. A container for holding or transporting a biological
fluid, comprising a solid wall having an inner surface for
retaining the biological fluid, said inner surface having
attached thereto a microbicidal compound so as to contact with
said bioclogical fluid for reducing the titer of non-enveloped
virus in said fluid by about 99.9%, wherein said compound 1is
selected from the group consisting of sodium dodecyl sulfate,

lithium dodecyl sulfate, lauric acid and salts thereof.

26. The container of claim 25, wherein said microbicidal

compound is covalently attached to said i1nner surface.

27 . The container of claim 25, wherein salid inner surface 1is

impregnated with said microbicidal compound.

28. - The container of claim 25, wherein said inner surface 1is

coated with said microbicidal compound.
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29. The container of claim 25, wherein said biological fluid
comprises a material selected from the group consisting of

blood, milk, serum and lymph.

30. The container of claim 25, wherein said contalner 1S
selected from the group consisting of a nursing bottle and a

nursing sleeve for a baby bottle.

31. The container of claim 25, wherein sailid container 1s a

catheter tube.

32. A filter for reducing the titer of non-enveloped virus 1in
a biological fluid by about 99.9%, said filter comprising a
substrate having affixed thereto a microbicidal compound,
wherein said compound is selected from the group consisting of
sodium dodecyl sulfate, lithium dodecyl sulfate, lauric acid

and salts thereof.

33. The filter of claim 32, wherein salid substrate comprises

a matrix material.

34. The filter of claim 33, wherein said matrix material 1is

selected from the group consisting of gels and beads.

35. The filter of claim 32, wherein saild substrate further
comprises a material suitable for removing said compound from

said biological fluid.

36. The filter of claim 32, wherein said biological fluid
comprises a material selected from the group consisting of

blood, milk, serum and lymph.
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37. The filter of claim 32, wherein said non-enveloped virus

is human papilloma virus.
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