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OKRA-DERIVED ANTIVIRAL COMPOSITION AND USES THEREQF

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under grant numbers US4MD0007593 and
1P30AI110527 awarded by the U.S. National Institutes of Health. The government has cartain rights in the
invention.

In this context “governmant” refers fo the govemment of the United States of America.

BACKGROUND

Cenical fluid (CF), sometimesraferred to as cenical mucus, isproduced byglandsin the endocenix. lis
properties change markedly at various points during the menstrual cycle, allowingiito function either as a barrier
against the passage of material {such as spermatozoa and pathogenic organisms) through the cenix or as a
selectively permeable barrier that can be penefrated by spermatozoa. Several hundred glandsin the endocerix
produce 20 - 60 mg of CF a day, increasing to 600 mg around the time of owilalion. The viscosily of CF varies,
duein part io varying mucin concenirations. Theviscosityand waler contentvary during the mensirual cycle; the
CF iscomposed ofaround 93%walter, reaching 88% at mid-cycle. ltcontains electrolyies such as calcium, sodium,
and potassium; organic componsents such as glucoss, amine acids, and soluble proteins; race slemeants including
Znc, copper, iron, manganess, and selenium, free fally acids; snzymes such as amyiass; and prostaglandins. ifs
gonsistencyis determined by the influence ofthe hormones astrogen and progestarone. Al mid-cyele around he
time of owilation — a period of high estrogen levels — the CF is thin fo allow spermatozoa fo enter the uterus, and
is more atkaline and hence more hospitable to spermatozoa. It is also higher in electolyiss, which results in the
“Herning” pattern that can be observed in drving CF under low magnification; as the CF dries, the salis crystallizs,
rasembling the lsavesof a fern. The CF hassiretchycharacter describad as “Spinnbarksit,” mostprominent around
the time of owulation.

Al other stages of the cyole, the CF is thick and more acidic due to the effects of progestercne. This
‘infertile” CF acls as a barrier io spermatozoa thus preventing them from entering the uterus. Thick CF also
orevents pathogens from interfering with a nascentpregnancy. A CF plug, called the operculum, formsinside e
cenvical canal during pregnancy. This provides a protective seal for the uterus againsithe entry of pathogens and
against leakage of uterine fluids. The operculum is also known to have antibacterial properties. This plug is
raleased as the cenvix dilates, sithar during the first stage of childbirth or shortly before, It is visible as a blood
tinged mugcous discharge.

CF has many potential practical uses. CFis usedin sperm moiility iesting. The gbilityof CF to maintin
the viability of spermafozoa indicates that it could be a useful storage or insemination medium. The seleciwe
permeabilityof CF indicates thatit could be usalul fo separate spermatozoa from semen. As natural CF is difficult
to collectinlarge volumes, and as CF with useful propsriiesis only present at certain times during the menstrud
cyole, thers is a needin the artfor an arfificial CF with propertieslike those of CF that is presentduring owvulation.
SUMMARY
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It has besn unexpectedly discovered that a mucilaginous extract from the fruit of the okra plant (A
esculentus) can be produced with simifar physical and bioclogical properties o human CF | including the ability b
be selaclively penstrafed by motile spermaiozoa. Thisexractindsuse for manyof the same purposes asnaturd
human CF, as further described below.

it has besn unexpectedly discovered that an okra-derived composition can be produced with antivird
properties. This okra-derived composition finds use for many antiviral applications.

In a first aspect, a mucilaginous extract of the fruit of A. esculentusis provided, that is the produciofthe
process comprising: (a) exiracting a fruit of A, esculentus in an agusous medium, to producs a first extract; and
{b) ssparating a substantially clear mucilaginous fluid from the first extract, wherein the substantially clear
muciiaginous fiuid has properties similarto those of CF. Examplesofsuch propertissinciude: a Spinnbarksitof at
lsast about 10 cm when measured according to the test disclosed herein; displays ferming when subjectad o the
fern test lacks visible green colorafion; and when a semen sampleis subjected to a sperm-mucus penetration teg
using the clear mucilaginous fuid in place of cervical mucus, spermalozoa that penefrate inlo the clear
muciiaginous fluid have a significantly beiter indication of fertility than do spermatozoa in the semen sample.

In @ sscond aspect, a storage medium for spermatozoa is provided, the medium comprising a
mucitaginous extract of the fruit of A esculentus and a multiplicity of spermatozoa.

In a third aspsct, a method of sperm preservation isprovided, comprising a freezing and siorage madium
comprising a mucilaginous extract of the fuit of A, escufentus and a multiplicity of spermatoza.

In a fourth aspect, a coated condom is provided, comprising a condom in contactwith a volume of 3
mucitaginous extract of the fruit of A esculentus sufficient fo atleast partially coat the condom.,

In a fith aspect, a method of artificial insemination is provided, the method comprising inseminalng a
subjectwith a suspension of spermalozog, the suspsansion comprieing a mucilaginous exiract of the fruit of A
esculentus and a mulliplicity of spermaiozoa suspendsed therain.

In a sixth aspect, a methad of in vifro fertilization is provided, comprising contacting a mixture of the
extract of the first aspect and a plurality of spermatozog with an unfertilized egg in vilro fo create a fertilization
mixiure, incubating the fertilization mixture for a period of time sufficient for ferfilization to cccur and creats an
embryo, and transferring the embrye to the uterus of a subject.

In a seventh aspect, a method ofproviding artificial vaginal lubrication is provided, comprising applying a
muciiaginous extract of the fruit of A, ssculentus vaginally fo a subject.

In an eighth aspect, a method of making a mucilaginous exiract of the fruit of A escufentusis provided,
the method comprising exfracling a fruitof A escufentus in an aqueous medium, to produce a firsf extract; and
separating a subsiantially clear mucilaginous fiuid fom the firsf extract.

in aninth agpect, an apparatus for collecting viable spermatozoais provided, the apparatus comprising a
semen receptacle and a hollow elongate conduitconnectsd to the semen recepiacle, whersin the hollow elongals
conduitis intended to contain the mucilaginous extract of the first aspect.

In a tenth aspect, a method of in vilro ferfilization is provided, comprising: recovering viable spermatoma

from a semen sampleinto a mucilaginous extractofthe fruitof A, escufentuswith the apparatusdsscribed inthe
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ninth aspect, coniacting the viable spermaiozoawith an unfertilized owm in witro o creals a fertilization mixturs,
incubating the fertilization mixturs for a period of time sufficientfor fertilization to occur and create an embrys, and
transferring the embryo o the ulerus of a subject.

In an eleventh aspaci, a method of treatment or prevention of HIV diseassin a subjsctinnsed thereofis
provided, the method comprising: administeringto the subject a therapeuticallyefiective amount of an clra-derived
composifon.

In a twaltth aspect, a method of dacrsasing the endocylosis of & virus info a sukanyotic cellis provided,
the msthod comprising contacting the celi with an okra-derived composition in the presence of the vrus.

In a thirleenth aspect, a method of decreasing replication of viral DNA in a eukaryotic cell infected by a
virus is provided, the mathod comprising contacting said cell infected with said virus with an okra-derived
compaosiiion.

In a fourteenth aspect, a method of preventing viral infection in a subjectin need thereofis provided, the
method comprisingfopically administering a therapeuticallyefiective amountof an okra-derived compositionio the
subject at g sile of anticipated viral infection.

In a fifteenth aspect, amethod of reducing the likelihcod of viral ransmission in a sample of spermatoma
from a donor is provided, the method comprising (a) providing the sample from the donor, wherein said donor is
infected with or at risk for infeciion of a sexually ranamitted virus; and (b) introducing the sampls fo a slorage
medium comprising an okra-derived composition.

In a sixteenth aspect, a method of arfificial inseminationis provided, the method comprising inseminaling
a subjeciwith a suspension of spermatozoa whersin said spermatozoawers obtained from a donor having or at
risk for infection of a sexually ransmitted virus, the suspsnsion comprising an okra-derived composition and a
mulfiplicity of spermatozoa.

In a saventesnth aspect, a msethod of isclating spermatozoa from sermen obtained from a subjecthaving
or at risk for infection of a sexually fransmitted virus while reducing the likelihood of fransmission of said virus is
provided, the method comprising {a) confacting a semen sample with a volume of an ckra-derived composition;

(b} aliowing sufficientime for a multiplicityof spermatozoain the ssmen sample to pensfrate into the okra-derived

composition o create a sperm suspension in the okra-derived composition; and {¢) separating the spem
suspension fom the semen sample.

In an eightesnth aspect, a pharmaceutical composition is provided, the pharmaceutical composiion
comprising a pharmaceufically accepiablecarrier and an effective amount ofan okra-derived composition sufficient
to achieve a therapsutically effactive concentration of the okra-derived composition at a sife of viral infection.

The above presents a simplified summaryin order to provide a basic understanding of some aspecisof
the claimed subjectmatter. This summary is not an extensive oveniew, It is notintended to identify key or criticd
slamentsor to delineate the scope of the claimed subjsct matier. s sols purposeis to present some concsplein
a simplified form as a preluds to the more dstailad description thatis presented later,

BRIEF DESCRIPTION OF THE DRAWINGS
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FIGS. 1A-1D: exfraction of the okra fuits. FIG. 1A: placing the pinhols in the bottom of the centrifuge tube, FIGS.
18-1C; collection ofexiract. FIG. 10 measuring the Spinnbarkeit of the muciiaginous extract.
FIGS. 2A-2B. comparison ofthe ferning patterns of human cendcal mucus (FIG. 2A) and the mucilaginous exiract
(F1G. 2B).
FIGS. 3A-3B: comparison of the morphology of sparmatozoa in the semen control (FIG. 34) and in the
muciiaginous extract (F1G. 38).
FIG. 4: perceniage of normal morphological spermatozos in mucilaginous exfract vs. semen control,
FIGS. 5A-5B lack of penetration of mucilaginous extract by spermatozoa from semen of an inferiility patient. FIG.
5A shows the semen control (no mucilaginous extract). FIG, 5B shows the sample taken from the capillay
containing mucilaginous extract.
FIGS. 8A-8D: proposed structures of polysaccharides prasentin the extract. The degres of substitution and the
length of side chains may vary among the individual fractions. Ara = arabinose; Gal = galactose; GalUA =
galacturonic acid; Gle = glucose; GloUA= glucuronic acid; Man = mannose; Rha =rhamnose.
FIG. 7: sperm modility during slow cooling in okra mucus.
FIG. 8 post-thaw sperm mofilityin okra mucus.
FIG. 9: acrosomal status/imambrane integrity of rozen-thawed human spermatozoa.
FIG. 10: enhanced longety of human spermatozoa in HT F supplementad with okra mucus.
FIG. 11: schematic diagram showing at leas! one mechanism by which HNV-1 passes through the vagina
epithelium,
FIGS. 12A-12D: extraction of the okra fruits, FIG. 124; placing the pinhole in the bottom of the centrifuge fube,
FIGS. 12B-12C, coliection of exiract, F1G. 12D measuring the Spinnbarkeit of the okra composition,
FIG. 13; Western-blot analysis showing that the okra composition inhibits the accumulalion ofHIV in VK2/EGEY
cells.
FIG. 14A; graph showing that the okra composition inhibits viral replication in CD4+T cells.
FIG. 148 graph showing that the okra composition inhibiis virgl release in CD4+T cells.
FI1G. 15 graphs showing that the okra composition is not toxic o SupT 1 celis.
DETAILED DESCRIPTION
A DEFINITIONS

Unlessotherwise defined, all terms {including technical and scientific terms) used hersin hawe the same
meaning as commonlyunderstood by one of ordinary skifl in the art of this disclosure. it will be further understood
that terms, such as those dafined in commonlyused dictionaries, should be interpretad as having a meaning that
is consisientwith their meaning in the conlext of the specification and should notbe interpreted in anidsalized or
gverly formal sense unless expressly so defined herain, Well-known functions or constructions may not be
describad in detail for brevity or clarity.

The ferminoclogy used herein is for the purpose of describing particular embodimenis only and is not
intended to be limiting. As used herein, the singular forms“a", “an,” and “the” are intended to include the piurd

forms as weli, uniess the context clearlyindicates otherwise.
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The terms “first” “second,” and the like are used herein lo describe various fealures or slements, but
these features or elemenis should notbe limited by these terms. These terms are only used o distinguish one
feature or element from another feature or slement. Thus, a first fealure or slement discussed below could be
termed a second feature or element, and similarly, a second featurs or slementdiscussed below could be temed
a first featurs or element without departing from the tsachings of the present disclosure

Thsterm "consisting essentialivof meansthal, in addition to the recited slements, whatis claimed may
also contain other elements (steps, structures, ingredients, components, sfe ) that do not adversaly affect the
operabilityof what is claimed forits intended purpose as stated in this disclosure. Importantly, this term excludes
such other elements that adversely affect the operability of what is claimed for ifs intended purpose as stated in
this disclosure, even if such other elements might enhance the operabilily of what is claimed for some other
purpose,

The terms “aboul” and “approximately’ shall generally mean an acceptable degree of error or variafion
for the quantity measured given the nature or precision ofthe measurements. T wpical, exemplarydegrees of errgr

or variation ars within 20%, preferably within 10%, and more preferably within 5% of a given value or range of
valuss. For biclogicd systems, the term “about’ refers to an acceptable standard deviation of ervor, preferablynot
more than 2-fold of a given value. Numerical quaniities given herein are approximats unless stated otherwiss,
meaning that the term “about’ or "approximatsly’ can be inferred when not expressly siated.

The terms “prevention,” “prevent,” “prevanting,” “suppression,” “suppress,” and “suppressing” as used
hersinreferto acourse of action initiated prior fo the onsat of g clinical manifestation of a disease stale or condifion
50 as fo reduce the likelihcod or severity of such clinical manifestation ofthe diseass state or condition. Such
reduction of the likelihood or severity need not be absolute to be uselul. Thetermsalsorefer o inhibiting the ful
developmentofa disease state orcondifion in a subjectwhois at risk of devsloping the dissass state or condition,

Theterms"reatment’, “real,” and "reating” as usad hereinrefer o a course of aclion initiated after the
onset of a clinical manifestation of a diseass state or condifion so as o eliminate or reduce such clinicd
manifestation of the disease state or condiion. Such freafing nesd not be gbsolute fo be useful.

Thsterms“in nesd of reatment” and “in need of prevention” as used hersinrafer ic a judgmentmadse by
a caragiverthat a patient requires or will benefil from tregtment or prevention. Thisjudgmentis made basedona
variety of factorsthat are in the realm of a caregiver's expertiss, but that includes the knowledge that the palisntis
ill, orwill be il as the result of a condition thatis treatabls by a method or composition ofthe present disclosure.

Theterm “individual” "subject,” or "patient” as used herein refers o any animal, includingmammals, such
as mice, rats, other rodents, rabbifs, dogs, cals, swine, cafle, sheep, horsss, or primates, and humans. Thetem
may specify male or female or bolh, or exclude male or female.

Terms such as ‘comprise’ and “includs” as used herein are inclusive, and non-exclusive, and should
tharsfore be consirued fo mean “comprisefinciude but are not limited to.” Permissive and oplional terms such as
‘may’ or “scme embodiments’ as used herein are also inclusive and non-exclusive,

The terms “inhibil” “decreass,” and/or reducs the likelihood of (and like terms) generally refers to the

act of reducing, either directly or indirecily, a function, activity, or behavior relalive io the nalural, expected, or
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average or relalive fo current conditions. It is understood that this is typically in relafion to some standard or
expected value, in other words itis relative, but that it is not always necessaryfor the standard or relative value to
be referred to. Suchterms caninclude complete inhibition, complete reduction, or sliminalion ofthe likelihood of
a function, activity, or behavior relative to the natural, expected, or average or relative to current conditions.

The term "pharmagsutically accaplable carrigr” refers fo one or more compatible solid or liquid fillers,
diluents, or encapsulafing subsiances thai does not causs significant irritation to a human or other veriebrate
animal and does not abrogats the biological activity and properties of the administared compound. Such carriers
include, butare notlimited to, vehicles, adjuvanis, surfactants, suspending agents, emulsifing agents, inertfillers,
diluenis, excipients, wetting agents, binders, lubricanis, buflering agents, disintegrating agents and carriers, as
wall as accessory agents, such as, but not limited o, coloring agents and flavoring agents {collectivelyreferred to
hersin asa carrier). Typically, the pharmaceutically acceptable carrieris chemicallyinert o the active compounds
and has no detrimental side effects or toxicityunder the condifions ofuse. The pharmaceutically accsptablecarers
can include polymers and polymer maftrices. T he nature of the pharmaceutically acceplable carrier may differ
depending on the particular dosage form employed and other characteristics of the compaosition.

Theterm “therapeuticallyeflective amount’ as used hersin refers to an amountof an agent, either alone
or as a part of a pharmageutical composition, that is capabie of having any delectable, posiiive effect on any
symptom, aspect, or characleristios of a disease stale or condifion. Such effect need not be absolute fo be
bensficial.

Theterms "site susceplible fo viral infection” and/or "site of anticipated viralinfaction” refer to any bodily
sife known fo be a route for fransmission of a virus and having cells compstent to host the virus,

B. OKRADERIVED COMPOSITIONS AND METHODS OF MAKING THE SAME

Okra-darived compositions are provided, that can be produced through aguecus extraction ofthe fruit of

A. ssculentus (referrad to harsin by its common name, okra}, followed by the removal of at least a fraction of the
particulaie material in the resuliing extract. In an embadiment ofthe okra-derived composition, an arificial CF is
provided, made of & mucilaginous extract of the fruit of A esculentus (referred to herein by its common name,
okra). Like CF itself, the exfract finds many uses related to ferlility and sex, including such uses as a sexuad
lubricant, a sperm siorage medium, amedium for assisted fertility procedures, a sperm penetration test medium,
and an aniibacterial agent. In other embodiments, the okra-derived composition finds uses related fo irsating

and/or preventing infection and fransmission of viruses, such as sexually fransmilted virusss, and inhibifng
replication of a virus.

In a general embodiment ofthe extract, it is the productofthe process comprising: (a) extracting an okra
fruit in an agueous medium, fo produce a first exiract and (b} separaling a subsiantially clear muciaginous fuid
from the first extract. In this context “substantially clear” means that macroscopic {Msible) parlicles have been
removed from the exiract, Some embaodiments of the mucilaginous fluid are complstelyclear, meaning that the
particulate faction has been removed to the exient that the mucilaginous fluid doses not appear cloudy o the
unaided eye. Suchremoval may be achieved by any meansknownin the art. For example, asubstantially clear

muciiaginous fuid maybe produced bystraining the firstexfract through one ormore porss of about 1 mm diameler



10

20

25

30

35

WO 2020/060934 PCT/US2019/051330

oriess. In a spacific embodiment, the first exiractis drained through g single pore of about 1 mm diameterunder
the force of gravty, which resulis in a substantially clear mucilaginous fluid. Other means includs filtration,
centrifugation, sefiling (with or without flocoulants), and vortex separation.

Theraie and efficiencyof extraction may be improved by chopping the fruit into two or morepiecss. In
an exemplary embodiment ths fruit is chopped info slices about 1-2 mm thick, Prior fo any chopping steps the
seedsmay be removed, or the ribs may be removed, or both (doing so has been observed o eliminate a greenish
colorinthe extractthatis otherwise present - although this coloris notinown fo affect the proparties ofthe exiract),

Ths outer surface of the fruit may be sanitized prior fo exiraction io reduce the likslihood of microbidl
contamination ofthe extract. Such sanitation may be performed using chemical sanitizers, such as an ethand
solution {for example, 70% v ethanolin water). Ethanol has the advantage of low foxicity and high partiai vapor
pressure that resulis in rapid evaporation, Other chemical sanitizers could also be used. it is confemplated that
other microbicidal agents could be used, such as gamma radiation or combined heat and pressure.

The extraction step may be carried cut at slevated temperature. For example, the extraction may be
performed by boiling the fruit in the agueous medium. Water (as from a municipal water supply) hasbeen found fo
be parlicularlysuitable for use whan the fruitis boiled. Boiling hasthe advantage of complefing the extraction ala
rapid rate. Alternatively, exiraction may be performad at a lower temperature. Al such lower lemperatures
extraction maytake longer than at aboiling temperature; howsver, lower temperature extraction hasthe advaniage
ofproducing anextractwithoutths gresn color. For example, in a specific embodimentexiractionisperformed &
4° Clor 4 hours. Agitation may be used fo increase the rate of extraction aswell. Extraction atlowertemperature
may also be performad with waler, and ithas also been found thatlowsr tempsrature extraction maybe perfomed
with human tubal fiuid (HTF) or HTF medium, HTF medium is a synthetic defined medium thatis commercialy
available (for example, fom Indne Scientific, Santa Ana, California USA).  Typically HTF medium is buffered
against pH drift using a carbonate-CO; bufler system, in which case it is referred to in this disciosure as
“bicarbonate buffered HT F medium.” Otherkinds of HTF media ars available, for example, HEPES buffered HTF
medium is available from Indng Scientific, Santg Ang, Californig USA In further embodiments ofthe mucilaginous
fluid the HTF maycontain albumin, such ashuman serum albumin, to facilitate extraction. A specific embodiment
of the agueous exfraciant contains 0.5% wh human serum albumin or bovine serum albumin, In still another
embodiment, the exfraction step may be performed with an antibictic. Forexample, the fuit may be contackd
with an aqueous medium including an antibictic, Suilsble antibictics includs, but are not limited fo, penicilin,
streptomyein, and combinations thereof. In one embodiment, the extraction siep may be performed with an
antibiotic in an amountof about0.4 g/l to about 0.8 g/l.. In anotherembodiment, the antibiotic maybe used in an
amountofabout 0.5 ¢/l fo about 0.7 g/, Forinstance, the antibiotic may be used in an amountof about 0.5 gL
to about 0.6 g/l

As described above, the okra compasition is the productofan agueous extraction step followed bycoarss
particle separation. The extraction and separation stspsmayemployanytechnigue knowninthe art. Forinstancs,

the separgtion sfep may empioy any technigue for particle separation known in the arl.  Suitable separation
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techniques include, but are not limited to, extraction, evaporation, distillafion, fillration, cenfrifugation,
chromatography, drying, and/or reezing.

As stated above, the subsiantiallyclear mucilaginous fluid has properties similar o those of CF. Examples
of such propertiesinclude: a Spinnbarkeitof at lsast about 10 cm when measured according to the test disciossd
hersin; displays ferning when subiscted fo the femn test; lacks visible green coloration; and when a semen sample
is subjectad to a sperm-mucus penstrafion testusing the clear muci aginous fiuid in placs of cervical mucus, spem
that penefrats into the clear mucileginous fluid have a significantlybatterindication offertility than do sperm in the
semen sample. Each ofthess properties, on its own, confers significant utility to the mucilaginous fluid.

Spinnbarksitis the slastic qualityof a fluid, and itis specificallymeasured as acharacteristicoimucus of
the uterine cenix, especially shortly before owilation. As is known in the ari, the Spinnbarkeit of CF decreases
shorlly bafore owilation. Functionally, thisslastic qualitycontribules to the lubricating qualities ofthe mucilaginous
fluid. It also presents a mecharnical barrier fo non-motile semen components, such as prostaglanding, which acls
as a seleclive barrier that admits spermaiczoa but excludesother components. T his propertyis advantagecus in
a medium for assisted reproduciion procedurss and as amedium forusein asperm penefration fest. Spinnbarkst
ismeasured bycontaciing the surface ofthe fluid with an object, such as a giass pipstte or polypropylens centriige
tubs, and raising the cbiect above the level of the fluid. A thread of adhared fluid will form, and the objectis
progressively raised until the thread breaks. Spinnbarkeitis thus measured as a distance. Someembodiments of
the clear mucilaginous fuid have & Spinnbarkeit of at lsast about 10 em. In further embodiments the clear
muciiaginous fluid has a Spinnbarkeit of at least about 15 cm,

The fern lest detects solutes in CF, which crystalize as the fuid evaporates, forming microscopic
structures reminiscent of the leaves of a fermn on a stem that can be viewsd under a low-power microscops. The
fern festisoften used to provide evidence ofthe presence of amnioctic fluid in CF, and is used in obstetrics o detect
rupture of membranes and onset of fabor. Ferning is due o the presence of sodium chicridein the CF, which is
frequently dus to estrogen’s effecis in vivo. The artificial CF described herein under some conditions displays
femning when observed by the fern test. Theferning that has besn observed indicales similar composition fo the
foilicuiar phass of the menstrual cycis.

Spermatozoa that penetrale info certain smbodiments of the clear mucilaginous fuid have a significanty
better indication offertility than do spermalozoa inthe semen sample. These qudlitiescanbe measured usinghe
cervical mucus penefration test {CMPT - also called the sperm penetration test). The CMPT is a widely used
method known by those of ordinary skilf in the arl. As referred fo in this disclosure, the CMPT is the standard
profocol of Tang et al,, Human Reproduciion 14.2812-2817 {1989). Al media used in this test must be pre-
equilibrated to 37° C. Circular cross-section capilary tubss are recommeanded for use. Each iube is filled by
agpirafionusing a1 mbL syrings and a plastic lube attached o the upper end of the capillarywhils the lowerendis
dippedinto a pool of cenical mucus, mucilaginous extract, or other media. A column of medium is aspirated info
the tube 50 that the upper meniscus is close butnol at the top of the tube. Great care should be {aken fo awid
frapping air bubbleswithinthe column. The top ofthe iube is then sealed with PLAST ICINE and anyfrailing medium

shotild be cut off the lower end to producs a flat interface. Approximatsly 100 ul of liguefied semen should be
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placed in the bottom of a small conical plastic tube and a capillary iube containing the cervical mucus or othe
mediaplaced withits open end in the semen. Two semen resenoirs and capiliarytubes will then be mounted on
a microscope slide as shown in the WHO manugl {(World Healih Organization (1999) WHO Laboratory Manual for
the Examination of Human Semen and Sperm-Cervical Mucus Interaction; Cambridge University Fress,
Cambridge), following which, the dlides are placad in a Palri dish containing damp sponges o maintain humidiy
and prevent drying of the semen and media. It is recommended that capiflarytubasbe incubated in the horizonidl
position for 60 minutes. Subseguently, the slides are ramoved from the Pefri dishes and the capillaryiube viewed
under bright field illumination with a 20X phase conirast objective lens and 10X oculars. The microscope stege
should be adjusted to selecta focal plane incorporating the central axis of the capillaryand, at this magnification,
the microscope field width approximates the inner diameter of the capillary tubs. The length of the tubs is then
scanned fo establish the distance furthast from the semen reservoir attainad by spermatozoa.

In addition, the mucilaginous fuid mayhave ons or more propertiesthat ars found notnecessarilypresent
in human CF. For example, okra extracts have been cbserved to have anti-adhesive properiies against certan
microbes, specifically Helicobacter pylori. Conssguentlyitis contemplated that the mucilaginous fluid mayhaw
anti-adhssive properties against viruses and microorganisms.

The mucilaginous fluid provided herein serves as an effective substifute for CF in the CMPT,asitis
selectively penetrated by spermatozoa with high viabilily, When a semen sampleis subjected fo a sperm-mucus
penetration test using some embodiments of the clear mucilaginous fuid in place of cenvical mucus, sperm that
nenstrate info the clear mucilaginous fluid have a significantiy higher rate of normal morphdogy as compared o
spermatozoain the semen sample. Whan a semen samplsis subjscted to a sperm-mucus pensiration estusing
further embodiments ofthe clearmucilaginous fluid in place of cervical mucus, sperm that peneirate info the clear
muciiaginous fuid have a significantiyhigher rate of progressive motility as compared fo spermafozoa in the semen
sample. When a semen sample is subjected o a sperm-mucus penefration test using still further embodiments of
the clear mucilaginous fluid in place of cenical mucus, sperm that pensirale into the clearmucilaginous fluid hawe
a significantly higher grade of mdiility as compared fo spermalozoa in the semen sampie. in this conlext, the
propertyis “significantiyhigher” if a person skilled in the art, such as a board-certified andrologist, would note that
the property is markedly higher when using standard clinical lesls.

Without wishing to be bound by any hypothstical model, it is believed that the mucilaginous extract
contains four main polysaccharides and protein. Thepolysaccharides ars dominated byrhamnose, galactose, and
uronic acid monomers. Some embodiments of the extract comprise 7-28% molmad rhamnaoss, 12-56% malindl
galactose, 14-56% mol/mol uronic aeids, and 12-48% mal/mol protein {in which mole percentrefers to the molariy
of the specific faction divided by the combined molarity of all sugar monomers, uronic acids, and proteins after
hydrolysis of the polysaccharides). Further smbodimants of the extract comprise one or more of 11.0-165%
mol/mol rhamnose, 19.8-29.6% mol/mol galacioss, 22.8-34.2% mal/mol uronic acids, and 19.0-78 4% molfol
profein. Still further smbodiments compriss one ormore of 13.8% mol/molrhamnose, 24.7% molimol galactoss,
28 5% molfmol uronic acids, and 23.7% mol/mol protein. Furtherembodimenis ofthe extract further comprise one

or more of 0.75-1.5% molimol arabinoss, 0.4-1.2% mol/mol xylose, 045-1.8% moi/mol mannose, and 3.0-12%
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glucose. Still further embodiments of the exiract may comprise one or more polysgccharides having anyone o
the structures shown in FIGS. 6AD.
C. CRYOPRESERVAT ION MEDIUM FOR SPERMAT OZ0A

The ariifcial CF described above finds use as cryopreservation medium for sperm. The cryopreservation

medium gomprisas any embodiment of the arfificial CF described above, and may further compriss a plurglity of
spermatozoa. The mediummayaisoinclude anyof several useful cryopreservative components, includingone or
more components such as ghycerel, cifrate, egg yolk, and antibacterial agenis. Glycercl may be present at any
concentrationknown in the artio preserve celiular viabilityupon freezing; examplss of such concentrations include
about5-25% viv, more specificalyabout 10-20% vy, 12% v, and 18% viv. Citrale and egg yolk canbe usedto
raduce osmotic sress on the celisduring penstration byghycerol. Anfibicticscan be used fo reducs the likelihood
ofmicrobial contaminalioncfthe sample. Such componentsmaybs used at concenfrationsthatwould be used in
standard glycerol and glycerol-egg volk cryopreservatives, in whichthe balance ofthe composifionis the artificidl
CF.

Thecryopreservative can be used in a msthod of sperm presarvation. Themethod involves providing a
compasifion comprising the cryopreservative in combination with a plurality of spermatozoa, and freezing the
compasifion. In someembodiments of the mathod the composition is fozen at a temperature of about-16° Cor
below; in further embodiments the composition is frozen at -40° C or below; in stifl further embodimesnts the
temperature is about -80°, -100°, -140°, -180°, -180°, or -180° C or below. Any embodiment of the
cryopreservative disclosed above may be used. The method may further compriss thawing the composition as
needed.

D. PHARMACEUTICAL COMPOSITIONS

In one embaodimant, the okra composition ofthe fruit of A, esculentusisin the form of compositions, such

ag but not limited fo, pharmaceutical compositions. Pharmacautical compositions are provided including one o
more of the disclosed okra compositions, and optionally pharmaceutically acceptable diluents, preservatives,
solubilizers, emuisifiers, adjuvants, excipients, and/or carriers.

Totorm a pharmacsutically acceptable composition suitable for administration, such compositions wil
contain a therapeuticallyeffective amouniof the okra compesilion. Thedisclosed compositions are administerad
to a subjectin an amountsufficientto deliver a therapsuticallyeffective amountof the okra compositionsoasto
be effective in the treatment and prevention of the methods disclosed herein. The precise dosage may vary
according fo a variely of faciors such as, but not limited fo, the subject's condition, weight, sex, and age. In this
aspect, the sslected dosage dependsupon the desired therapeutic effect, on the routs of administration, and on
the duration of the treafment desired. Generally, for infravenous injection or infusion, the dosage may be lower,

The pharmaceutical compositions may be formulaiad to achieve a desired concentration of the okrg
composifionata site ofviral infection. Forsxampls, the disclosed pharmaceutical compositions maybe formul gied
to achieve desired concentrations at one or more sifes suscepiibie (o viral infection including, but not limited fo,
dendritic cells, T cells, such ags CD4+ T cells, vaginal epithelial cdlls, cervical epithalialcells, uterine epithelial celis,

and recial epithelial cells. In one embadiment, the compaosition includes an effsctive amountof okra composiion
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sufficientto achieve a therapeuticgllyeffective concentration of about 3.25 percent to about 15 percent VWV ofthe
okra comiposifion at one or more sites susceptible to viral infection, for exampls, dendiitic cells, T cells, such as
CD4-+T cellg, vaginal epithelial cells, cenvical epithelial cells, uterine epithsligl cells, and rectal epithelial calls. In
another smbodiment, the compaosition includes an effective amount of okra composiion suficient fo achisve a
therapeuticailysffsctive concentration of about & percentio about 10 percent VA ot the okra composition atone
or more sites susceplible to viral infection.

The pharmaceutical compositions maybe formulated to be provided fo ths subjectin any method known
in the art. Forinstance, the pharmaceufical compaositions maybe formulated for administration byparentsral (for
example, inframuscular, intraperifoneal, intravitreally, intravencus (IV), or subcutanecus injection), enteral,
transmucosal {forexample, nasal, vaginal, rectal, or sublingual), or transdermal routes of administration and can
be formulated in dosage forms appropriate for each route of adminisfration. Thedisclosed compositionsmaybe
formulated io be administered oniyonceto the subjector more than once to the subject, Furthermors, whenthe
composifions are administered to the subjectmore than once, a varisly of regimens maybe used, such as, butnot
limited to, once per day, once per week, once per month or once per vear. The composilions may also be
formulated io be adminisiered fo the subjectmore than one time per day. The therapsuticallysffective amountof
the okra compositionand appropriate dosing regimens maybe identified byroutine testing in order to oblain opimal
activity, while minimizing any potential side effecis. In addition, formulation for co-administration or sequential
administration of other agents may be desirable.

In cerfain embodiments, the disclosed compositions maybe formulated to be administered systemically,
such asby infravencus administration, orlocallysuch as by subcutaneousinjsction. Typically, local administraion
causes anincreased localized conceniration ofths composition which is greater than that which can be achiewd
by systemic administration.

The disclossd composiions mayfurther include agents which improve the solubility, halHife, absorption,
eic. of the okra compuosition. Furthermore, the disclosed compaositions mayfurther include agenisthat attsnuake
undesirable side sffecie andior decrease the toxicity of the okra composition. Examples of such agenis ars
described in a varisty of texts, such as, butnotiimited to, Remington: The Science and Practice of Pharmacy(20h
Ed., Lippincott, Williams & Witking, Danis! Limmer, editor).

1 Formuiations for Parenteral Administration

The disciosed compasitions maybe formulated for parenteral administration, for example, inframuscular,
intraperitoneal, intravenous, or subcutaneous administration. in some embodiments, the compositions disclosed
herein are formulated for parenteral injsction, for exampie, in an aqueous solution. Theformulation mayalso be
in the form of a suspension or emulsion. The disciosed composifions may oplionally include one or more of he
following for parenteral administration. diluents, sterile water, buffered saline ofvarious buffer content{for examplg,
Trig-HCI, acetate, phosphate}, pH and ionic strength, ionic liquids, and HPRCD; and additives such as defergents
and sclubilizing agenis {(for example, TWEEN®20 (polysorbate-20), TWEEN®B( (polysorbate-803), anti-oxidanis
{for example, ascorbic acid, sodiummetabisulfile), and preservalives {for example, Thimersol, benzd alcohol) and

butking substances {(for example, iactose, manniiol). Examples ofnon-agusous solvents or vehicles are propyiene
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alycol, polyethylene glycol, vegetable olls, such asolive oil and com oil, gelatin, and injectableorganic esters such
asethy cleate. Theformulations maybe lyophilized and redissolvediresuspendead immediglelybefors use. The
formulation maybe sterilized by, for exampls, filtration through abacteriaretaining filler, by incorporating steriliang
agenis info the compositions, byirradiating the compositions, or by heating the compositions,

2. Formulations for Enteral Administration

In some embodiments, the disclosed compositions are formulated for enteral administration including oral,
sublingual, and rectal delivery. In one embodiment, the disclosed compaositions are administered in solid dosage
form. Suitable solid dosage forms include fablets, capsules, pills, lozenges, cachets, pellets, powders, granules,
or incorporation of the material into particulate praparations of polymeric compounds such as poldactic acid,
polyglvoolic acid, orinto liposomes. In another embodiment, the disciosed compositions are administered in Hquid
dosage form. Examplas of liquid dosage forms for enteral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, and syrups, which may contain other compoenents including insrtdiluents;
preservalives, binders; stabilizers; adjuvants such as welling agents, emulsifving and suspsnding agents; and
sweetening, flavoring, and perfuming agents.

Confrolied release oral formulalions, for example, delayed release or extended releass formulations, may
also be dasirable. For example, the disclosed compounds maybe sncapsulated in a soft or hard gelatin or non-
gelatin capsule or dispersed in a dispersing meadium o form an oral suspension or syrup. The pariicles can be
formed ofthe drug and a controlled relsase polymer ormatrix, Alfernatively, the drug particlescanbscoated wih
one or more controlled release coatings (for example, delayed release or extended release coatings) prior to

incorporation into the finished dosage form.  In slill ancther embodiment, the disclosed compounds may be

dispersed in a matrix material, which gels or emuisifies upon contact with an agusous medium. Such matices
may be formulated as fablets or as fill materials for hard and soft capsules.

Forenteral formulations, the location of release may be the stomach, the smallintsstine {the duodsnum,
the jejunem, or the ileum)}, or the large intesting. In some embodiments, the release will awid the delelericus
sffects of the siomach emvironment, either by profection of the agent (or derivative) or by release of the agent(or
derivative) beyond the stormach emdronment, such asin the intestine. T oensure full gastric resistance, acoating
impermeable o at least pH 5.0 is essential. Examples of common inertingredients that are usad as entsric
coalings are celiulose acefate frimellitate (CAT), hydroxyoropyimethycsiluiose phihalate (HPMCF), HPMCP 50,
HPMCP 55, polyiny acetate phthalate (PVAP), Eudragit L30D™, Aquateric™  cellulose acelale phihalate (CAP),
Fudragit L™, Fudragit S™, and Shellac™. These coatings maybe used as mixed films.

3 ormulations for Topical Adminisiration

In some embodiments, the disclosed composifions are formul ated for iopical application. T opical dosage
formsincluding, buinotlimited to, lotions, sprays, ointments, creams, pastes, lubricants, and emusions, containing
the okra composition, can be admixad with penetration enhancers and a varisty of carrisrmaterialswall known in
the art, such as alcohols, aloe vera gel, allantoin, glycerine, vitamin A and E oils, mineral oil, PPGZ (polypropyiene
glycol 2) myristyl propionale, and the like, fo form alooholic solutions, topical cleansers, cleansing creams, skin

gels, skin ioions, and shampoos in cream orf gel formulations. Inclusion of a skin exioliant or dermal abrasiwe
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preparation may also be used. Such fopical preparations may be applied io a patch, bandage or dressing for
transdermal delivery, or may be applisd o a bandage or dressing for delivery directly fo the site of a wound or
cutansous injury.

4, Formulations for Transmucosal Adminisiration

In some embodiments, the disclosed compositions may be formulated for fransmucosal administration,
Transmucosal administration refersfo a route of adminisiration in which the drug is diffused through the mucous
membrane. Forinstance, the disclosed compositions maybe formulated for inhalation, nasal, oral (sublingud,
buccal), vaginal, rectal, or ooular routes. Formulations for administration to the mucosa will typicallybe spraydrisd
drug particles, which maybe incorporated info, for example, atablet, gal, capsule, suspensicon, smulsion, cream,
foam, ointment, tampon, ensma solution, or suppository.
E. METHODS OF USE

Various msthods of using the exiract and the cryopreservation medium ars provided.

One such method is a method of assisted fertility using any embodiment of the exiract or sforage medium
described above combined with a plurality of spermatozog. A firstgeneral embodimentofthe method of assisted
fertility is an in vifro fertilization method, comprising contacting a mixture of any embodiment of the exiract or
siorage medium described above and a plurality of spermalozoa with an unfertilized egg in vitro fo create a
fertilization mixture, incubating the fertilization mixiure for a period of time sufficient for fartilization to ocour and
creaie an smbryo, and Fansferring the embryo to the uterus of a subject. Any variants of in vifro ferfilization that
areknownin the art may beused. A second general embodirnentis a method ofartificial insemination comprising
providing a mixture of a plurality of spermatozoa with any smbodiment ofthe extiractor storage medium describad
abovs, and placing the mixture info the uterus of a subject. Any variants of arfificial insemination that are known
in the art may be used.

Another general embodiment of a method of assisted fertility comprises recovering viable spermatozg
from semen into the mucilaginous extract of the fruit of A esculentus with the apparatus described below,
contacling the spermatozoato an unfertilized gy in vilro to create afertilization mixture, incubating the fertilization
mixiure for a period of tims sufficient for fertilization to occur and creats an embryo, and transferring the embryo to
the uterus of a subject. Themethod mayalso comprise separaling the extractrom the spermalozng, for example
by centrifugal washing.

Another such method is @ method of providing vaginal lubrication comprising applving any embodiment
of the extract described above to a subject. Addifional components mayinclude additional lubricanis (such as
gheerin and cellulose ether), gelling agents, moeisiurizers {such as carrageenan), flavorings, fragrances,
microbicides, spermicides, and antivirals, Some embodimeants of the method may be intended to provide
lubricationthatdoes nol impair fertility, in which case the spermicide would be specificallyomitted. Theexfractis
applied to the genitalia of the subject, whether direclly or on an infervening structurs such as a condom. For

example, the extract may be applisd vaginally or phallically.
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In another embodiment, the okra compaosition and pharmaceuticd compasitions described hersincan
be used, for example, totreat andfor prevent infection and transmission ofviruses, such assexually transmitted
viruses.

In some embodiments, the effact of the compaosiiion on a subjectiscompared io a control, For
axample, the effect of the composition on a particular symptom, pharmacoelogic, or physiolegic indicaforcan be
compared to an untreated subjsct, or the condition ofthe subjsctpriorto freatment. In some embodiments, the
sympiom, pharmacologic, or physiologic indicatoris measured in a subjsct prior fo frsatment, and againoneor
more fimes after reatmentis initisted. In some embodiments, thecontrolis a referencelevsl, or an average
determined from measuring the symptom, pharmacclogic, or physiologic indicator in one or more subjectsthat do
not have the dissase orcondition fobe treated (for example, healthy subjects). In some embodimenis, the sffect
otthe reatment is compared fo a conventional reatmantthatis knowninthe art,

The okra composition disclosad herein hasbeen found to inhibit viral iransmission and replication, such
as HiV replication. Thehuman vaginal epithelium isthe first ling of defense against HIV-1 sexual ransmission.

It is believed that HIV-1 may enter the epithslial celisthrough endocytosis and accumulate inside ofthe cells (as
shownin FIG. 11). Theintraceliular HVpariicles then get released to the exterior of the celisthrough the
endosomal recycling pathway. Without baing bound by any particulartheory, it is balieved that the okra
compaosifion blocks HMV-1 transcyiosis through vaginal epithelial cells and inhibits viral ransmission and
replication,

In one ermbodiment, the present disclosure provides for @ method of decreasing endocytosis of a virus
into a cell, the method including contacting the cell with the okra composition described hereinin the presence of
thevirus. Thecellmaybe a sukaryotic celi such as an spithelial call. Examples ofsukaryotic celisinciuds, but
are notlimited o, a blood cell, dendritic cell, T cell, such asCD4+T call, vaging epithelial gell, carvical epithelial
cell, utsrine epithelial cell, and rectal epithelid cell. Inone embadiment, the method involves confacting a vagingl
epithelial celi with the oira composition in the prassnce ofthe virus. Contactof a cell with the okra composition
may resulf in a decrease ofendocyiosisof a virus info the cell by 5%, 10%, 20%, 30%, 40%,50%, 60%, 70%,
80%, 90%, 95%, or at lsast any of the foregoing.

in another embodiment, the presentdisclosure provides for a method of reatment and/or prevention of
infaction and/or transmission of a virus in a subjectin need thereof, the method including administering the okra
composition or pharmaceutical compositions described herein o the subjectin a therapeuticallyeffeciive
amount. Viruses that can be prevented or freated by the disclosed compositionsinclude sexuallyransmitted
viruses. Sexually ransmitted virusss that may be prevented or ireated by the disclosed compositionsinciuds,
but are not limited to, human immunodeficiencyvirus (HIV), such as human immunodeficisnoyvirus fyps HHMN-)
and humanimmuncdeficiencyvirus type i (HIV-I), herpes simplexviruses (HSV), human papilliomavirus (HPV),
hepatilis B virus (HBY), and cytomegalovirus. The method mayalso be uselsl for freatment andfor prevention of
a disease and/or condition caused bythe virus. Forexample, diseasss and/or condiionsthatcan be prevenied
or reated by the disclosed compaositionsincluds, but are not limiled to, acquired immune deficiencysyndrome
(AIDS), HBV, and HCV.
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In one embodiment, the disclosed okra composition or pharmaceuiical composifions ars used fo ireat or
prevent infection and fransmission ofHIV. In this aspect, a further embodiment ofthe method includesco-
administering an anii-HM therapy to the subject. An anti-Hl therapy, as used herein,is any therapsuiic thatis
useful for reducing viral ioad, preventing viral infection, prolonging the asymptotic phase of HIV infection,
prolonging the life of a subjectinfscted with HIV, or providing a therapeutic effectio a subjectinfected with HIV
such as treating, inhibiting, preventing, reducing the severity of, or alleviating one or more symploms associated
with HIV. Anti-HIV therapiesinciude, bulare not limited to, nucleoside reverse franscriptase inhibitors (NRTls)
such as abacauir, emiricitabine, lamiwding, tenofovir disoproxil fumarate, and zZidowdie; non-nuclecside reverse
transcriptase inhibitors (NNRTIe) such asefavirenz, sfravrine, nevrapine, andrilpivring; inhibitors
of HIV replication, such asprotease inhibitors, e.¢., atazanavir, darunavir, fosamprenavir, ritonavir, saguinavir,
and tipranavir; fusion inhibifors such asenfuvirtide; CCRS antagonists such asmaravroc; intagrase inhibitors
such as doluisgravir and raliegravir; post-attachmentinhibiiors such agibalizumab; pharmacckinetic enhancers
such as cobicistal; combination HiVmedicines such as (i} abacavir and lamiwudine, {ii) abacavr, dolutegravir,
and lamiwiding, (i) abacavir, lamiwdine, and Zidowudine, {iv) atazanavir and cobicistat, (v) biclegravr,
emtricitabine, and tenofovir alafenamide, () darunavir and cobicistat, (i} dolutegravir and rilpivirine, (Mii}
efavirenz, emfricitabing, and enofovr disoproxit fumarate, (ix) efavirenz, lamivudine, and tenofovir disoproxil
fumarate, (x) elvitegravir, cobicistal, emiricitabing, and tencfovir alafenamide fumarste, (i) elvitegravir,
cobicistat, emiricitabine, and fenofovir disoproxil fumarate, {(xii)emftricitabine, rilpivirine, and tenofovir
alafenamids, (xiii} emiricitabineg, rilpivirine, and tenofovir disoproxil fumarate, (xiv) emiricitabins and tenofovr
alafenamids, (xv} emfricitabine and tenofovir disoproxil umarate, (o} lamiwding and tenofovr discproxil
fumarate, (xvi} lamiwudine and zidovudine, and (il lopinavir and ritonavir; cyokines; and chemokines.

In another smbodiment, the olracomposition or pharmaceutical compositions are used {o freat or
prevent infection and transmission of HBV, In this aspect, a further smbodiment ofthe meihod includesco-
administering an anii-HBViherapy to the subject Ay anti-HBY therapy, as used herein, is any therapeutic thatis
useful for reducing viral ioad, preventing viral infection, prolonging the life of a subjectinfecied with HBV, or
providing a therapeutic effectto a subjectinfected with HBY such as treating, inhibiting, preventing, reducing the
severily of, or allevialing one or more symptoms associated with HBY. Anli-HBV therapiesinciude, but are nol
limited to, entscavir, lamivudine, adefour dipivoxil, inferferon alpha-2b, pegylated interferon, telbiwuidine, tenofovir
alalenamide, and tenclovr.

The method offreatment andfor prevention includes admiristaring to the subjectthe okra composition
or pharmaceutical compositionsin an amount sufficient o freat or prevent viral infaction, for example, infection of
a sexually ransmitted virus. The method will often further include identifying a subjectin nesd of such freatment
or prevention. In ancther smbodiment, he method includes delivering the okra composition orpharmaceutical
composifion io asite ofinfectionin the subject. Forinsiance, the method mayinciude fopically administering a

therapeuticallyefflective amountofthe okra composition or pharmaceutical composition to the subject at a site of

anficipated viralinfection. Sites ofinfection of a virus mayinciude, butare not limited fo, dendritic celis, T calls,

such as CD4+T celis, vaginal epithelial ceils, cervical epithelial cells, uterine epithelial cells, and rectal epithelid
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cells. In sl anotherembodiment, when the subjectis infected or suspected tobe infected with HIV, the method
may include delivering the okra composition or pharm aceutical composition to an HIV competenthostcell ofthe
subject.

If, after the administration ofthe okra composition or pharmaceutical composition, the subject is still
infected with the virus, then an optional step of the msthod isto continue administration ofthe okra compaosition
or pharmacsutical corposition.

In another embodiment, the presentdisciosure relates to a method for preventing or inhibiting
replication of any one or more of the viruses disclosed above. Forexample, the pressnt disclosure providesfor a
method of degreasing replication ofviral DNAin g sukaryolic cellinfectsd by a virus, the method including
contacting the cell infected with the virus with the okra composifion described herein. Insiill another
asmbodiment, the method includes administering the okra composition or pharmaceutical compasitions tothe
subjectin a therapeuticallyeffective amountto inhibitviral replication. Forexample, the method mavinclude
administering the okra compasition or pharmaceuticd compositions to asubjectinfected with HiVin a
therapeuticallyeffective amount such thai viral replication ofthe HiV isinhibited. Theokracomposilioncan act
ag an agentfor inhibiting replication ofthe virus.

Thedisclosed composiions can be administered fo a subjectin nesed thereofin combinaticn or
alternation with other therapies and therapeutic agents. In some embodimentis, the disclosed compositions and
the additional therapeulic agent are administered separately, but simultaneously, or in alternation. The disclosad
composifions and the additional therapsutic agenican also be administered aspart of the same composition. In
other embodiments, the disclosed compositions and the second therapsutic agent are administered separately
and at differsnt imes, but as part of the same freaimentregimen.

Thesubjectcanbe administered a first therapeutic agent1,2, 3, 4, 5,6, ormorehours,or 1, 2, 3,4, 5,
8,7, or mors days before administration of a second therapsutic agent. In soms embodiments, the subjecican
be administered one armoredosss of the first agentevery 1,2, 3,4, 5,67, 14, 21, 28, 35, or 48 days pricr fo a
first administration of second agent. The disclosed compositionscan bethe first or the second therapeutic
agent.

Thedisclosed compositions and the additional therapeutic agenican be administered aspartof a
therapeutic regimen. Forexample, ifa first therapsutic agentcan be administered to a subjsctevery fourth day,
the second therapeutic agentcan be administered on the first, second, third, or fourth day, or combinations
thereof. Thefirsttherapeutic agent or second therapeutic agent maybe repeatedly administered throughaoutthe
entire freatment regimen.

Exemplarymolecules that may be administered with the disclosed compositionsincluds, but are not
limited o, cytokines, chemotherapsutic agents, radionuclides, otherimmunotherapeufics, enzymes,
antimicrobials, antibictics, anfifungals, antivirals, anti-HiV therapiesincluding, butnot limited to, nucleoside
reverse franscriptase inhibitors (NRT is) such as abacavir, emtricitabine, lamivudine, lenofovir disoproxit
fumarate, and Zidovudie, non-nuclecside reverss franscriptase inhibitors (NNRTIg) such as efavirenz, elravirine,

neviraping, and rilpivirine, inhibitors of HIV replication, such asproteaseinhibifors, e.g., atazanavir, darunavir,
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fosamprenavir, rifonavir, saquinavir, and tipranavir, fusioninhibiiors such asenfuvirlide, CCRS antagonistg such
ag maravirog, integrase inhibitors such as dolutegravir and raftegravir, post-atiachmentinhibitors such as
ibalizumab, pharmacokinslicenhancers such ascobicistal, combination HiVmedicines such as i) abacavir and
lamiwiding, {il} abacavir, dolutegravir, and lamivudine, (iii) abacavir, lamivudine, and Zidowdins, (v} atazanavr
and cobicistat, (v} biclegravir, emiricitabing, and tenofovir alafenamide, (W) darunavir and cobicistat, (v}
dolutegravir and riiphvrine, (Mil} efavirenz, emiricitabine, and tencfovir disoproxil furmarate, (ix) efavirenz,
lamivuding, and tanotovir disoproxi! fumarate, () ehvitegravir, cobicistat, emtricitabine, and tencfovir glafenamide
fumarate, (i} elvitegravir, cobicistat, emtricitabine, and fenofovir disoproxil umarate, (xii) emftricitabine,
rilpiviring, and tenofovir alafenamids, {xiii) emtricitabine, rilpivirine, and tenofovir disoproxil fumarate, (xiv)
emtricitabine and ienofovir alafenamide, (xv) emiricitabine and tenofovir disoproxil fumarate, (i) lamivudine and
tenofovir disoproxil fumarate, (xii} lamiwidine and ddowiding, and (xviit) lopinavir and ritonavir, chemokines,
anti-HBY therapies including, buinot limited io, enfecavir, lamivudine, adefovir dipivoxdl, interferon aipha-2b,
negylated interferon, telbivudine, tenofovr alafenamide, and tenofovir, anti-parasites (helminthg, protozoans),
growth factors, growth inhibitors, hormones, hormone antagonists, antibodies and bioactive fragments thereo
{including humanized, single chain, and chimeric antibodies), antigen and vaccine formulations (including
adiuvants}, peplide drugs, anti-inflammatories, ligandsthatbind to Toll-Lke Receptors (including butnot limited
to CpG oligonucledtides) fo activate the innate immune sysiem, molecules thai mobilize and optimizs the
adaptive immune system, other molecules that aclivats or up-regulate the action of cviotoxic T lymphocyies,
natural killer cells and helper T -cells, and other molecules that deactivate or down-regulate suppressor or
regulatory T-cells,

Ths additional therapsutic agents are selecied based on the condition, disorder or diseass to be treaied.
Forexample, the disclosed compositions can be co-adminisiered with one or more additional agenis that function
to enhancs or promote an immune response.

Dueto the abilityof the mucilaginous okraexiractio reduce the likslihood ofransmission ofviruses, such
as sexuallytransmitted viruses, the ckracomposifionmayalso be used as a blocking agentfo prevenia virus from
penetrating cenical and uterine epithelium during infra-ulerine insemination. Forinstance, the present discicsure
provides for amsihod ofreducing the likelihoodofvral fransmission in asample of spermatozosg rom adonor, the
method including providing the sample from the donor, wherein said donor isinfected with or at risk for infection of
any of the sexuallyransmitted viruses discussed above and introducing the sample to any of the sforage media
described above, for example, the cryopreservation medium, including the ckra composition. i another
embodimeni, the present disclosure provides for a method of arfificial insemination, the method including
inseminating a subjectwith a suspension of spermatozoa whersin said spermatozoa were obtained from a donor
having or atrisk for infection of any of the sexually ransmiltad virusss dascribed above, the suspension including
the okra composition and a muliiplicity of spermatozoa. In slill another smbodiment, the present disclosure
provides for a method ofisolating spermatozoa from semen obtained from a subjecthaving or at risk for infection
of any of the sexually ransmitied viruses described above while reducing the likelihood of ransmission of said

wirus, the methad including contacling a semen sampis with a wlume of the ckra composition; allowing sufficient

17



10

20

25

30

35

WO 2020/060934 PCT/US2019/051330

time for a multiplicityof spermaiozoain the semen sampleto penefrate into the okracomposition to creale a spam
suspension in the okra composition; and separating the sperm suspension fom the semen sampls.
F. SPERM PENETRATION TEST AND KIT

A test is provided for measuring the motility of spermatozoa by measuring their ability to penefrate okra

mucilage. The test comprises contacling a semen sample to a volume of mucilaginous okra extract, incubaling
the sample at about physiclogical temperature for a period of time, and measuring the distance of a leading
spermatozoon fom a location atwhich the semen samplewas infroduced. Thetestmaybe condusted onaglass
surface, such as the surface formed by the interface of a glass slids and & Coverslip. A path or "rack” may be
formed to corral the sparmatozoa, enhancing the ease of measuring the distance Favelled by the phalanxess.
Incubation conditions may be any that are typically used during sperm motility tests; in a specific embodiment
incubstionisconducted at37° C under a 5% vv mixture of COzinair. Thesemen samplecanbaclassified asof
normal motitityor subnormal moiilitybased on abenchmark distance. The benchmarkdistancemaybe established
by the use of a conirol sample at the tme of the tesl, or a previously established standard benchmark maybe
used. The classification of the semen sample may be made pursuant o a slafistical test that incorporales a
measure of central iendency and a measure of variation; such tests inciude Student's test, an ANOVA and a
confidence limit.

G. COATED CONDOM

A coated condom is provided comprising a condom in contact with a volume of any embodiment of the

exiract described above, the wlume being sufficientto atleast parially coatihe condom. Someembodimenisof
the condom are entirely coated by the extract. A further smbodimeni of the condom is atleast coated with the
exiract on its exterior surface. The condom may be constructed of any material known as suitable in the art, for
example, latex, polyursthans, polviscprene, lamb intesting, and nitrile rubbar,

In some embodiments of the condom, the condom is coated by any embodiment of the vaginal lubricent
described above.
H. APPARATUS FOR COLLECTING VIABLE SPERMAT OZ0A

An apparatus for coliscling viable spermalozoa is provided, the apparatus comprising a seman receplacie

and a hollow elongate conduit connecled o, or in fluid communication with, the semen recepiacie, whersin he
hollow elongate conduit is intended to contain any embodiment of the extract describad above. A sample

containing apluralityof spermalozoais placed in ths semenreceptacle, and allowed Ioremainin contagtwith the
extract for a period sufficientio aliow motils spermatozoa to penetrate the extract. As explainsdin moredetail in
the example below, the exfract has been obssrved to be selectively permeable to morphologically normal and
motils sparmatozoa.

Some embodiments ofthe apparatus comprise a valve positionsd toreversibly close an end ofthe hollow
slongate conduit against the passage of spermalozoa. Some embodiments of the valve pravent the passage of
any particles, creating a walsrtight seal when closed. Furtherembodiments ofthe valve are configured to prevent
the passage of parficles above a certain effeclive diamsier. A collection vessel may be positioned o receiw

materiat from the valve (when cpen).
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. EXAMPLE 1: METHOD OF MAKING MUCILAGINOUS EXTRACT

An 8" x 8" aluminum foil shest was sterilizad with 70% ethanol and wiped dry with a task wips, such as

KIMWIPES., Six okra fruits were thoroughlywashed with a mild soap solution prior to bsing thoroughly rinsed with
tap water (5 x 500 mi) foliowed by Diwater {1 x 500 mL), and sterile wipsd with a task wipe pre-soaked in 70%
sthanol. Alter allowing sthano! film on okra fruits to dry {(15-20min), the fuits were placed on ths sterils aluminum
foil and okra dlices (1-Z2 mm) were prepared with a sterile scalpsl biade. Ten grams of sliced okra fruit portions
ware placedin each of three 50 mi centrifuge tubes containing 15,20, or 25 mlL of HT F-bicarbonate solufion (25
mM of Na,COsin buffered human tuba! fluid [HT Flcontaining 0.5% human serum atbumin}, Extraction tubes were
rocked at 4° C on a tissue rocker/shaker for 4 hours. Each exiraction centrifuge lube wasinverted and the bottom
sterilized with a 70% sthanol wipe. Using a pre-heated 18G nsedls, a pinhole was created at the center of the
bottorm of the tube with a pore size of approximatsly 1.0 mm (large enough to permitfluid escapebut small encugh
to prevent okra seedsescape - FIG. 1A}, Each extraction lubewasinverted (cap side up) over another uncapped
50 mL centrifuge tube (FiG. 1B). The cap fo the exiraction tubs was loosened {o permit the clear extracted okra
mucus fo drip under gravitational force into the collection ube {(FIG. 1C). The exiracted mucus was clear and
devoid of chlorophyil pigment.

A rulerwas placed by the side of the collection fube and the length of each mucus string was measured
before breaking, as shownin FIG. 1D. Thismeasuremsnt corresponded to the stretchabilityor Spinnbarkeitofthe
mucilaginous extract. The extraction efficiencyofthe mucuswasbased on the amountof mucusrecoversd relalive
to the amountof HT F-bicarb usad fo exiractthe okra mucilage and did notdiffer significantlyamong preparations
(30-36%;). The Spinnbarkeit {sfrefchability}) was similar among preparations {greater than 18 cm). The feming
nattern of mucilaginous extractwas similar among preparations and mirrorsthe pattern observed in the follicular
phassof the menstrual cycle (see FIGS. 2428}, The mucilaginous exfraciwas sfored at -80° C for 5 wesks and
longer.

J. EXAMPLE 2 SPERM PENETRATION TEST USING MUCIAGINOUS EXTRACT

The sperm penstration test protocol used in this application is amodification ofthe method of T ang stal,

i e

(1999), supra. Unlessctherwise specified, all mediawere pre-equilibrated to 37° C. Non-treated Kimbie circular
cross-section capilarytubes, 75 mminlength and innerdiameter 1.1 mm {Fisher Scieniific, PA) were used. Each
tube was filled by aspiration using a 1+ mL iubsrculin swinge and a plastic fube affached to the upper end of the
capillary while the lower end was dipped info the A esculentus mucus (100 UL} or equivalent volume of confrof
medium {bicarbonate-bufferad HTF containing 5% human serum albumin). An approximately6.0 cm column of A,
esculentus mucus or control mediumwas aspirated into ths tube s0 that the upper meniscuswas 1-Z cm from the
top of the tube, while being careful notto trap air bubbleswithin the column. The top ofeach fube was sealed wih
modeling clay, such as PLASTICINE, and any trailing mediumwas cut off the lower end to produce aflat inferface.
Approximatsly 100 pl of liguefied semen was placed in the botiom of a small conical plastic tubs and a capillary
tubs containing A. esculentus mucusor control medium placed with its open end in the semen. Thispreparaion
wasreplicated fve iimeswith semen samples from differentdonors. Thetwo semen ressrvoirs and capiliary tubes

were mounted on a microscope shide as demonsirated in the WHO manual (WHO, 1999). The slides wers then
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placedin a Petri dish and incubated in the horizonial posiiion for 80minutes at 37° C in an aimosphere 0f5% CO,
in humidified air.

After 1 h, the motility of the spermatozoa was delermined for the control and the mucilaginous extract
sample by iewing the capillarytubss with a phase confrast microscope at 200X magnificalion. Asignificanimsan
number of spermaiozoa (325 = 3 spermatozoa under 200X magnification) penefrated the mucilaginous extract
and fraveled approximately45 mm (migration distance} within 1h of inifiafion of interaction with semen versus 10
+ 4 spermatozoa in the confrol preparation.

Determination of Progressive Motility of Recovered Human Spermatozoa in Mucilaginous Fxitract

Aoproximately 10 ul of separated motile spermatozoa in mucilaginous extractwas withdrawn from each
capiflaryiube diluted in 190 1L ofhuman tubal fluid (HT Fymeadium containing 0.5% human serum albumin {HSA)
and 20 mM HEPES(HT F-HEPES; pH, 7 4}, and a drop of the resulling solution was placed on a microscope slide.
The percentage sperm moiility was quantified manuallywith a phase contrast microscope. Spermaiozog were
considered to be progressively motile ifthey moved in a linsar manner from one pointto another. The perceniage
of progressively motile spermalozoa was delerminad twice for each sample by a cerlified clinical andrologiston
100 cellsin different fisids, with a laboratory counter and averaged. Counts were accepted as accurateifeach of
the two countsdid not differ by 10%. Thegrade ofmotionon a scaleof 0 o 4 was determined subjectively. The
grade and psrosntags progressive moiility of mucilaginous extract-penetrated spermatozna were 3.5-4.0 and
86.8%, respectively, compared with those ofthe control (2.5-3.0,47 7%, respectively). The above procedure was
carried out using the sperm from patients (N=5} undergoing fertility evaluation to determine whether their
spermatozoa would penetrate the mucilaginous extract. FIG. 5 shows that the spermalozoa fom aninfertile patient
that did not penefrate the mucilaginous extract. These data suggest that mucilaginous extract can substitute for
CF for testing sperm function.

Determination of Morphology of Recovered Human Spermatozoa in Mucilaginous Extract

Sperm morphology assessment of spermatozoa in muciiaginous extract was conducted by a cerlified
clinical andrologist. Feathered smears of approximately 10 pil each of undiluted mucilaginous extract coniaining
human spermaiozoa and matching semen (control; N=b/group} were prepared on ethanol-cleaned glass slides
and left fo dry in a dust free chamber. Subssquently, smears weres fixed gnd stained with reagents in a modifed
Fapanicolacu staining kit(Spermag, Stain Enterprises, South Africa) according fo the manufacturer'sinstrucions
and sperm morphologies assessed using the Kruger strict oriteria with a phass contrast microscops equipped wih
a scaler. A spermatozoon was considered normatl if the head had a smooth, oval shape with a weli-defined
acrosoms comprising approximately40-70% of the head area. Morphologically, the sperm head musthe 50-60
M long and 2.5-3.5 uM wide to be considersd normal. In addition, a spermatozoon was considered normal if it
was devoid of neck, midpiece, ortail defects and no cyloptasmic droplet ofmore than half the size of the head. All
borderline morphologic forms of spermatozoa were considered abnormal, The slides are shown in FIG. 3. The
mean percentags of normal morphological form of spermatozoa in the mucilaginous exfract samples is much
greater than in the semen sample (control; see FIG. 4).

K. EXAMPLE 3: SPERM LONGEMTY AND VIABILIT Y AFTER THAWING
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Methods

Okra mucus extraction; Fresh okrawas purchased from local grocerystores and mucuswasexfracled
as desciibed above,

Semen and processing: Discarded de-identified semen samples that met criteria of WHO for normd
semen samplas(1.5-50mb volume, 7.2-8.2 pH, 40% or greater motility, concentration =20 x 10 million/mL} wers
usad in the freezing protocol with okra mucus. Each semen sampls was divided into halves o be fozen in
conventional feszing medium consisling of T EST Yolk Buffer containing 12% ghyceral (wlumeholume) and 10 ug
gentamicin/ml (Inine Scientific, Santa Ana, CA) orin the presence of ckra mucus. Fach half of ssmen samples
designated for freszing in the presence of ckra mucus was diluted with equivalent volume of human tubal fluid
{HTF) buffer coniaining 25 mM sodium bicarbonate (HT F-buffer} and 25% okra mucus {(wlume/iwlume) fom a
30% okra exiract, The remaining halfwas similarly diluted with HTF medium only. Subsequenily, an equivalent
wlume of TEST-Yolk buffer to sach diluted semen sample was added dropwise with gentle mixing o a
homogenous suspension with a final glycerol concentration of 6.0% (wiumeiolume), final okra dilution in ready
to freeze preparation = 12 5% (volumeholume of the 30% exiraci) and placed onice for gpproximately 15 hours,
Prior to subjecting each sample i freezing conditions, 10 ul. of cooled T EST-Yolk-extended semen samplewas
withdrawn and placed on a clean glass dlide, covered with cover glass and allowed to warm {o room temperalure
(37°C) before post cooling evaluation of percentage sperm motility was conducted with a phase contrag
microscope and alaboratory counter. Cocled TEST -Yolk-extendsd semen samples ware then subiscted fo liguid
nitrogen (LN} vapor phase freezing for 30 minutes and subsequentlystored immersed in LN, Samples were allowsd
to remain in LN slorags for at least 24 hour belors thawing. Samples were thawed fo room lsmperalure and
subssquently diluted with two volumes of warm (37°C) HTF-buffer in order fo eiute the cell penetrating
cryoprotectant (ghyserol) from the cyloplasm of the cryopreserved spermatozoa. Frozen-thawed human
spermatnzoa were subjectad to phase conirast microscopy fo determine the mofility status of each sample as
described above.

Acrosomal Status of Post-thaw Motile Sparmatozoa and Longevity: Afler the assessmentof post-
thaw sperm matility, control and okra mucus-exposed samples subjected to gradisnt (ISOLAT £, Invine Scisntifc;
80%} centrifugation io separate molile rom non-motile spermatozoa. Subsequently, molils spermatozoa were
nermeabilized in cold (-20°C) 80% ethanol and stained with FITC-conjugatedlectin{VectorLabs, Burlingame, CA).
Following FITC-lectin staining, spermatozoa wers subjscted to epi-flucrescence microscopy. Spermatozoa with
green even flucrescence in the acrosomd region were considered acrosoms intact and therefors to lack damage
to the membrane. Spermatozoa with flucrescencein the equatorial region of the cell were considered acrosome
reacted and therefore fo have sustained membrans damage.

Longevity of Non-frozen Human Spermatozoa in Okra Mucus: Liquefied feshly ejaculated human
semen samples were washed with HTF containing 20 mM HEPES and 0.5% BSA(HTF-HEPES; pH7 4) following
which sach sperm suspension was subjscted fo a continuous gradientwash as described abows for the purpose

of harvesting highly molile celis. Each sample of highly molile celis was divided info two to be culiured in HTH
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bufer or HT F-butfer +25% okra mucus {volume [30% okra mucus in HTF-bufferfvolume [HTF-buffer]) for 18 hours
in an atmosphere of 5% CO»in air in a humidified incubator,

Resulfs

During the pre-freezing period (PF), cooled spermatozoa in the base freszing buffsr (control; PF conird;
FE) sustained a significant reduction in mean parcentage motility (p<0.02) comparad with those in cooled bass
freezing buffer supplementad with ckramucus (PF OK) or those in raw semen (RS}, Further, supplementationcf
base freezing buffer with okra mucilagemaintained a simila percentage matilityrate observed in RS, {Graphs with
different superscripts are statistically different, FIG. 7; graphs with different superscripts are statisticallydifferent).
Freszing human semen in extracted Abelmoschus esculentus mucitags (EAEM) increased the percentage ofpost
thaw mofile sperm populationcompared with FB (P<0.03;FIG. 8; graphs with different superscripts are statistically
different). FIG. @ shows a micrographic image of the frozen-thawed spermalozoa.

This observation suggests that more posi-thaw motile spermatozog can be harvested after reezing in
EAEM for increased efficacy of afiordable assisted reproductive technologies (ART) such as intra ulerine
insemination (IUD. Interestingly, spermatozoa in semensamples frozen in EAEM had ahigher (P<0.05) percentage
motility (35.3 + 34 %) compared with those frozen in FB{(23.5 +4.1%), 8 hr post-thaw.

Regardless of the Treezing medium, the highly motile spermatozoa harvested via gradientcantrifugalon
maintained theirmembraneintegrity. This suggests thatifmore motile spermaiozoa are harvesied based on higher
percentage motility cbserved among cells frozen in EAEM, freezing in EAEM can facilitate the collectionof a
significant number of motile spermatozoa.

Highly mofile spermatozoa (924 + 8%) harvested via continuous gradient centrifugation that were
cultured for 18 hoursin HT F-buffer supplemented with okra mucus had a higher percentage ofmotile spermatoma
{(P<0.05; FIG. 10) than their counterparts cultured in HT F-buffer-only (graphs with different superscripis are
statistically different). The result of this experiment indicates that culturing spermatozoa in the presence of okra
mucus protects more spermatozoa fo remain motile during a profracted pericd. The ability of okra mucus o
mainiain fongevily in mors cells than their counterparis cullured in HT F-only indicates that it has the potential o
rnaintain more cell in mofils state in women with a compromised cervix.

L. EXAMPLE 4: Human Sperm/Okra Mucus Penetration Test

A test was conducied to determine whether okra mucilage functions as an effective medium tomeasure
sperm penetration. Microscope slideswere cleaned with 70% sthandl and thoroughlywiped dry with a fask wips.
Subsequently, double-sided tape was applied fo the clean glass slide, leaving a longitudinal strip uncoversd
approximataly 50 x 2 mm (the “sperm lawn”). T his was followsed by the application of cover glass and pressad

T

gently to sliminate air bubbles and firmly secure the cover glass. Thereafter, okra mucus exiractsd as described
above was applied steadily to the 10° angled uncovered side of the glass slide to permit the mucusio penetrae
the sperm lawn without air bubbles. The mucusioaded slide was placed in a 100 x 20 mm FALCON stye
polystyrene nonpyrogenic Pefrt dish {Coming, Inc., Coming, NY) and placed in & humidified incubator with an
atmosphere of 37° C and 5.0% CO; for about45 minutes for the mucus to attain zero movement (goquire static

status). Subssquently, 10 pl of semenwas carefully placed in the okra mucus, just before the edgs of the cover
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glass and incubated asdescribed above for 30 minutes. Post incubation, the preparation was subjected o phase
confrast microscopy at @ magnification of 200X for sperm penetration of the mucus, phalange (fingsr-like
projeciionsof the seminal fluid into the okra mucuscreating an interface between the two substances) form ation
and distance travelled down the sperm lawn from the loading zone.

Al preparations developed phalanges. However, spermatozoain semen samples (N=5} that did notmeel
the WHO criteria for normaley had zero fo poor transition and trawiling distance (mean = 1.75+ 0.8cm) with e
numberofmotile spermatozoain frstmicroscopicfield {F 1) from the tip of @ phalange showing 7 calls, F2 showing
10 cellg, and F3 showing 9 cells. Spermaiozoa in semen that metthe WHO criteria for normalcywere superior (P
< 0,05} in their fransition and travel distance in the sperm {awn. The mean distance travelied by spermatozoa in
normal samples(N=7)was 4.23 + 0.05 cmin 30 minutes. The F1, F2, and F3 for spermaiozoain normal semen
samples ware 48 cells, 45 cells, and 39 cells, respaciively,

Implications: The observationsmads in this study indicate that the preparafion described above hasihe
potential to be utilized as a replacementcenical mucuskit, Okra mucus-loaded slides asdescribed above canbe
prepared and snap fozen and used when nesded bythawing in ahumidified chamber gsdescribed above followed
by semen application, incubation as described above and evalualed for phalange formalions, transifion of
spermatozoa into okra mucus, svaluation of the number of motile spermatozoa in microscopic fields rom the
phalangss and distance fravelled.

M. EXAMPLE 5 METHOD OF MAKING OKRA-DERMED COMPOSITION

An 8" x 8 aluminum sheet was sterilized with 70% ethanol and wiped dry with a task wipe, such as

KIMWIPES. Sixclra fruits were thoroughlywashad with a mild soap solution pricr to being thoroughlyrinsad five
timeswith 500 mL tap water (eachrinss). Subsequently, the okra fruits wers rinsed as described abovs with de-
ionized water prior to being place in a 2 liter Pyrex dish to which Sterile Dulbecco Phosphate Buffered Saline
(DPBS) containing 0.69 g psnicillind and 0.5 g streplocysind was added to cover the okra fruits and rocked ona
rocker platform for 6 hours, The okra fruits were washed with deionized water and dried as described above. The
okra fruite were then placed on sferile aluminum foil and sliced into 1-2mm okra sections with a sterile scalpd
blade. Aliguots of 11.25 g sliced okra fruit portions were sach placed in a 50 mi centrifuge tube and subjected b
30% extraction with 37.5mi DPRS containing 0.6 mg penicilin and 0.5 mg streptomycin/ml. Extraction tubeswere
ocked at4°C on a fissue rocker/shaker for 4 hours. Each exiraction cenirifuge iube wasinverted and the botfom
starilized with 70% sthanol wipe, Using a pre-heated 18G needle, a pinhole was created at the center ofthe
bottorn of the tube with a pore size of approximately 1.0 mm (large enough fo permitfluid escapebut small encugh
to prevent okra ssed escape - FIG. 12A).  Each extraction ube was inverted over another uncapped 50 mi
centrifugetube (FIG. 12B). Thecapiothe extraction ube was loosensd fo permitthe clearextracied ckramucus
to drip under gravitational force info ths collection tube (FIG. 12C).

A rulerwas placed by the side of the collsction tube and the length of each mucus string was measumsd
before breaking, as shown in FIG, 12D, This measursment corresponded to the sretchability or Spinnbarkeit ¢
the okra composition. Feming was conducted 1o establish similarify of the DPBS extract with cervical mucus by

preparing feathered smears of okra extract from each preparation on 70% sthand cleansed microscops stides and
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dried overnight in a dust free chamber. The extracted mucus was clear and devoid of chiorophyll pigment The
Spinnbarkeit (stretchability) was similar among preparations and was >15-1%m. The ferning patiern of extracled
okra mucilage in DPBS mirrored the pattern observed in the follicular phass ofthe menstrual cycle.

N. EXAMPLE 6. OKRA-DERIVED COMPOSITION BLOCKS HIV-1 TRANSCYTOSIS

Malerials and Methods

To test whether the okra composition has the polential fo block HIV transmission, VK2/EGE7 celis, a
human vaginal cellline, were pre-rsated with concentrations of % diluled clra composition, % diluted okra
composition, and Y diluted okra composition for 1 hour. Subsequently, HIV-1 {lIB virus {60ng p24 conient) was
added to the VIK/EGETY calls fur 4 hours, following which, 0.03% Tnpsin was used fo remove the HIV particles
attached fo the surface ofthe cells (outside the cells), After washing three timeswith PBS, the celis were subjecled
to Western-biot analysis, The antigen targeted and delected in the Western-blot was HIV-1 capsid protein p24.

Results

As shownin FIG. 13, the okra composition dramaticallyreduced the amount of HIV in the cells. As can
be seen, all concentralions ofthe okra composition nearlycomplelslyinhibited the accumulation of HIV inside the
VK2/E6ET cells. These data demonstrats that the okra composition is able to block the transcyviosis of HIV through
vaginal epithelial cells and suggest thatthe okra compositionhas the potential for development as an anti-HIVAIDS
agent,

Q. EXAMPLE 7. OKRA-DERIVED COMPOSITION INHIBITS HIVREPLICATION INCD4+T CELLS

Materials and Methods

CB4+T cells are thg primarycsail type supporting HiV replicalion. Inordaerio evaluais the inhibitory effect
of the okra composition on HIV replication, SupT1 cells, a human T cell lymphoblastic Lymphomacellline, wems
pre-freated with concentrations of % diluted okra composition, ¥ diluted okra composition, and % dituted okra
compaosifion for 1 hour. Subssquently, HIV B (80 ng p24 content) was added fo the cell cullure to infact the
SupT 1 cellsfor 4 hours, following which, the cells wers washed three imes with PBS. The SupT 1 cells were then
subjected to in vifro cell culture for sight days. Aligouts of conditionsd mediawere harvestedonday 0,2, 4,6 and
8 and subjected fo gRT-PCR to measure viral release. Thetarget sequencefor the gRT-PCR was in the HIVA
LTR region.

As shownin FIGS. 14A and 148, the okra compesifion dramalicallyinhibited HIV replication {(FIG. 14A)
and viral release (FIG. 14B) in SupT 1 cells. Thesa resultsindicate that the okra composition notonly inhibits HIV
transmission in vaginal epithelial cells, but also inhibiis viral replication in CD4~+T cells.

P. EXAMPLE 8: OKRA-DERWED COMPOSITION ISNOT TOXIC TO SUPT1 CELLS

Maierials and Methods

Totest the oyiotoxicity of the okra composition on SupT 1 cells, Ya diluted ckra composition was used fo
treat SupT1 cellsfor 5 hours. After reatment, the SupT 1 celis were subjscted to a call viability assay using
LIVE/DEAD® Cell Vitality Assay Kif (invifrogen).

Resulis
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As shown in the graphs of FiG. 15, the ckra composition did not alter the viability of SupT 1 cells.
Q. CONCLUSIONS

it is to be undsrsiood that any given elemenis of the disclosed smbodiments of the invention may be
embodied in @ single structure, a single stap, a single substancs, or the like. Similarly, a given elament ofthe
disclosed embodiment maybe embodied in multiple structures, steps, substancas, or ths like.

Ths foregoing descriptioniliustrates and describes the processes, machines, manufactures, composifons
of matter, and other teachings of the present disclosure. Addifionally, the disclosure shows and describes only
certain smbodiments of the processes, machines, manufactures, compositions of mattsr, and other teachings
disclosed, but, as mentioned abows, itis to be understood that the teachings ofthe presentdisclosure are capable
ofusein various other combinations, madificgiions, and emvironments and are capable ofchangss or modificaions

w

within the scope ofthe tgachings asexprassed herein, commansurate with the skill and/or knowledge ofa person

having ordinary skill in the relevant arl. The embodiments described hereinabove are further intended to explain
certain bestmodes known of practicing the processes, machines, manufactures, compositions of matter, and other
teachings ofthe presenidisclosure and to enabile others skilled in the art to utilize the teachings of the present
disclosurs in such, or other, embodiments and with the various modifications requiredbythe pariicular applicaions
or usss. Agcordingly, the processes, machines, manufactures, compositions ofmatter, and other teachingsofthe
present disclosurs are not intended fo limit the exact smbodiments and examplssdisclosed herein. Any section
headings herein are provided onlyfor consistencywith the suggestionsof 37 CF.R. § 1.77 or otherwise fo provide

organizational queuss. Thess headings shall notlimit or characterize the invention(s) set forth hersin.
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CLAIMS

What is clalmed:

-

<o

10.

A method of reatment or prevention of HIV disease in a subjectin need thereof, said method comprising:
administering to the subject a therapeuticallyeffective amountof an ckra-derived composition.
Themethod ofclaim 1, comprising co-administering an anti-HiVtherapy to the subject.

Themethod ofclaim 1, comprising co-administering an anti-HiVtherapy fo the subject selectsd fom the
group consisting of: nucleoside reverse franscriptass inhibitors {NRT le), non-nucleoside reverse
transcriptase inhibitors (NNRTIs), protease inhibitors, fusion inhibitors, CORS antagonists, integrase
inhibitors, post-attachmentinhibitors, pharmagckingtic enhancers, cyickines, chemokines, and combination
HIV medicines.

Themethod ofclaim 3, whersin the combination HiY medicines comprise (i) abacavir and lamivudins, (if)
abacavir, dolutegravir, and lamivudine, (i) abacavir, lamiwudine, and zZidowudine, {iv) atazanavr and
cobicistat, (v} bictegravir,emtricitabine, and tenofovir alafenamide, () darunavir and cobicistat, (i}
dolutegravir and rilpivirine, (Mil} efavirenz, emfricitabine, and tenglovir disoproxii fumarate, (ix) efavirenz,
lamivudine, and fenofovir disoproxit fumarate, {x} elvitegravir, cobicistat, emfricitabing, and tenofovir
alatenamide fumarals, (xi) ehvitegravir, cobicistat, emirigitabine, and tenoiovir disoproxil fumarate, (i)
emtricitabineg, rilpiviring, and tenofovir alafenamide, (xii) emtricitabine, riiphirine, and tenofovir disoproxit
fumarate, {xiv) emtricitabing and tenocfovir alafenamide, (xv) emfricitabine and tenofovir disoproxil fumarate,
{xvi) lamiwudings and tenofovir disoproxil fumarate, (xii) lamivudine and Zdovudine, (xviii} lopinavir and
rifonavr, of combinations thereof

Amethod of decreasing the endocyiosiz of a virus info a eukaryotic cell, the method comprising: contacting
the cell with an okra-derived compaosition in the presence ofthe virus.

Themethod ofclaim 5, whersin the sukaryolic cellisan epithelial call,

Themethod ofclaim 5, whersin the eukaryotic cell is seiscted from the group consisting of dendritic cell, T
cell, vaginal epithelial cell, cenvical epithelial cell, uterine spithelial cell, and recial epithelig cell.
Themethod ofclaim 5, whersin the eukaryotic cell is a vaginal epithslial cell.

Amethod of decraasing replication ofviral DNA in a sukaryotic cell infscted by a virus, the method
comprising: contacting said cell infected with said virus with an okra-derived composition,

Amethod of preventing viral infecfionin a subjectin need thereof, the method comprising lopically
administering atherapsuticallyeffective amountof an okra-derived composition to the subjsctat a site of

anticipated viral infection.

I, Amethod of reducing the likelihood ofviral fransmission in a sample ofspermatozoa fom a donor, the

mathod comprising: (a) providing the sample from the donor, wherein said donoris infected with or atrisk for
infectionof a sexuallyiransmitted virus; and (b} intfroducing the sample to a storage medium comprising an

okra-derived composition.
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Themethod ofclaim 11, the siorage medium comprising a cryopreservative agent at a concenfration

effective to maintain greater than 40% sperm motility after rsezing for 24 h.

. Themethod ofclaim 11, the storage medium comprising a cryopreservalive agent sslected from the group

consisting of. glycerol, citrate, and sgg yolk; at a conceniration effective to maintain greater than 40% sperm
motility after freezing for 24 h.

Themethod ofclaim 11, the storage medium comprising about5-25% wv glycerol.

Themethod ofclaim 11, the storage medium comprising about 10-20% viv glycerol,

Themethod ofclaim 11, the siorage medium comprising 12-15% v glhycerol.

Themsthod ofclaim 11, the slorage medium comprising an antimicrobial agent.

Themethod ofclaim 11, the slorage medium comprising gentamyein at aconcentration effective toreduce
the likelihood ofmicrobial contamination.

Themethod ofclaim 11, the slorage medium comprising bicarbonate butfered HTF medium.

Themethod ofclaim 11, the storage medium comprising: bicarbonate buffered HT F medium; glycerol ata
cryopreservation-effective concentralion; egg yolk; and gentamicin aia concentration effective toreduce the
fikelihood of microbial contamination.

Themethod ofclaim 11, whersin said storage medium is a cryopraservation medium.

Themethod ofclaim 11, comprising freezing the combined spermatozoa and storage medium.

Amethod of artificialinsemination, the method comprising inseminating a subjectwith a suspension of
spermatozoawherein said spermatozoa were obtained from a donor having or atrisk for infection of g
sexually fransmitted virus, the suspension comprising an okra-derived composition and a multiplicity of
spermatozoa.

Amethod of isolating spermatozoa from semen obltained from a subjecthaving or at risk for infection ofa
sexually fransmitted virus while reducing the likelihood oftransmission of said virus, the method comprising:
{a} contacting a semen sample with a volume of an okra-derived compaosifion; (b) allowing sufficienttime for
a multiplicityof spermatozoain the semen sampleto penefrate info the okra-derived compositionto creale a
sperm suspension in the okra-derived composition; and {c) separating the sperm suspension from the

semen sample,

. Themethod of any one of claims 5-9, whersin the virus is selected from the group consisting of. herpes

simplexviruses (HSV), human papillomavirus (HPV), humanimmunodsficiencyvirus (HIV), hapatiis B virus
{(HBV), and cyvlomegalovirus.

Themethod ofany one of claims 11-24, wherein the sexuallyransmitted virus is selected from the group
consisting of. herpessimplexviruses (HSY), human papillomavirus (HPVY), human immunodeficiencyvirus
{HIV}, hepatitis Bvirus (HBY}, and cytomegalovirus,

Apharmacsulica composition, comprising apharmaceuiically accepliable carrier and a therapsutically
effective amountof an ckra-derived composition sufficientto achieve a concentration ofthe olra-derived

composifion at asite of viral infection.
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. Thepharmaceufical composition ofclaim 27, wherein the site of viral infectionisone or more of a dendritic

cell, T cell, vaginal epithelial cell cenvica epithelial celi, utsrine epithelial cell, and rectal epithelial ¢4l

. Thepharmaceutical composifion ofclaim 27 or 28, whersin the composition isformulaied for topic el delivery,

. Thepharmaceutical composition ofclaim 27 or 28, wherein the composition is formulated as a tampon,

tubricant, or suppository.

I, Any ons ofthe claims above, whersin the okra-derived composition is a product of a process comprising

axiracting a fuit of Abelmoschus esculentusin water and separating a substantially clearluid from the
extract.

Any one of the claims above, whersin the okra-derived compaosiion is aproductof a process comprising: (a)
axtracting & fruit of A esculentusin an aquecusmedium, toproducs afirst extract; (b) separaling a
substantially clear muciaginous fuid from the first extract; and {(¢) straining the first extract through cnhe or
more poreshaving an sffective pore size of about 1 mm orlsss.

Any one of the olaims abowe, wherein the okra-derived compositionis aproductof a process comprising. {(a)
exiracting a fruit of A. esculentusin an aquecusmedium, o produce afirstexfract; {b) separating a
substantially clsar muciiaginous fuid from the first extract, wherein the substantiallyclear mucilaginous fluid
has atisast one of the following properties: a Spinnbarkeitof atleast about 10 om when measured
according fo the test disclosed hersin; displays ferning when subjected to the femn test; and when a semen
sampleissubjectsd fo a sperm-mugus penelration testusing the clear muciiagincus fuid in place ofcervical
mucus, spermatozoa thaipenefrate into the clsar mucilaginous fluid have a significantybetter indication of
fertility than do sperm in the semen sample.

Any one ofthe claims above, wherein the okra-derived composition has gl of the propsriiesof g
Spinnbarkeitof at least about 10 cm when measured according to the test disciosed hersin; displays ferning
when subjectad fo the farn fest; lacks visible green coloration; and when a sermen sampleissubjectedioa
sperm-mucus penetration lestusing the clear mucilaginous fluid in place of cenvical mucus, spermatozoa
that penefrale info the clear mucilaginous fuid have a significantlybetter indication offerility than do sperm

in the semen sample.

. Any one of the claims above, whersin the okra-derived composition is aproductof a process comprising

bolling the fruit of A, esculentusin the aguecusmedium.

Any cne of the claims above, whersin the okra-derived compasiion is aproductof a process comprising
contacting the fruit of A escufenfus with an agueous medium atatemperature of about4” C for about4
nours.

Any one of the claims above, wherein the okra-derived compaosition is a productof a process comprising
contacting the fruit of A esculentus with an aqueous medium comprising bicarbonate-butiered human tubal
fluid.

. Any one of the claims above, whersin the okra-derived composition is aproductof a process comprising

contacting the fruit of A, esculenius with an agueous medium comprising bicarbonate-buffered human tubal

fluid and mammdian serum albumin,
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. Any one of the claims above, whersin the okra-derived composilion is aproductof a process comprising

contacting the fruit of A. esculenfus with an agueous medium comprising an antibiofic.

. Any one of the claims above, wherain the okra-derived compositionis a productof a process comprising

contacting the fruit of A, esculentus with an agueous medium comprising an anfibiotic selecied from the

group consisting of: penicilin, streptomycin, and acombination thersof,

I, Any ons ofthe claims above, whersin the okra-derived composition is a product of a process comprising

extracting the fruit of A, esculentusin an agueous medium comprising penicillin, streptomycin, or

combingiionsthersofto produce afirst exiract.
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