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Abstract

Humankind has been besieged throughout its evelltyomicroorganismghat pose a continual
challenge to the survival of the species. The pamclethe acquired immunodeficiency
syndrome (AIDS)js due to a newly recognized microbe, the human umodeficiencyirus
(HIV). As we prepare to enter the newilennium, it is appropriate to reflect on thegins of
this epidemic, what has occurred over the past 18 yedraf hadbeen accomplished from a
scientific and public health perspectiaad what the prospects are for the future. Wittwgrg
recognition of the potential value of microbicidies HIV prevention, the importance of the
acceptability of this new technology has been wideknowledged. We review the current body
of microbicide acceptability research, charactetimelimitations in assessment approaches, and
suggest strategies for improvement. As acceptalidlitikely to be a key determinant in the use-
effectiveness of microbicides, this includes exipigithe effects that sexual partners, health care
providers, and key opinion leaders have on thepabdity of microbicides among women and
men, including youth and people living with HIV. éarding to the Joint United Nations
Programme on HIV/AIDS, there are more than 40 onillpeople living with HIV, and more than
15,000 new infections occur every day. One apprdacburbing HIV is the development of
topical microbicidal agents or microbicides. Thase compounds designed to protect the body’s
mucosal surfaces from infection by sexually trartsdi disease causing pathogens, including
HIV. Several candidates are in preclinical stadgesyever, only a handful have been tested in
humans for safety, and even fewer are ready forodi efficacy trials.
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Introduction

An approach to curbing HIV is the development gdi¢al microbicidal agents or microbicides.
These are compounds designed to protect the badyt®sal surfaces from infection by sexually
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transmitted disease causing pathogens, including. Beveral candidates are in preclinical
stages; however, only a handful have been testhdrimans for safety, and even fewer are ready
for clinical efficacy trials [1-3].

Microbicides are compounds that, when applied #yic protect the body’s mucosal surfaces
from infection by sexually transmitted disease-gaygathogens. The main target of these
agents has been HIV, the etiologic agent of AIDBC& the mucosal inflammation caused by
these pathogens acts as a facilitating cofactoHfdf infection, some of the investigators had
realized that targeting other sexually transmitgedhogens (STPs), such as herpes viruses,
Neisseria gonorrhoeae, Chlamydia trachomatis, Treponema pallidum, and organisms causing
bacterial vaginosis, may be easier and will reisudt reduction of HIV transmission [4].

Unprotected sexual intercourse is the most commodenof HIV-1transmission worldwide [5-
6]. Many biologic factors havéeen implicated in influencing rate of transmissifsam
individualexposures, including virus strain and inoculumemen or vagindluid, concomitant
ulcerative anogenital infection, traumatiotercourse, menstrual cycle, and use of oral
contraceptives [7].

In addition, genetic studies have shown tingtividuals with homozygous deletions of their
chemokine receptor-BCCR5) allelesthe major HIV-1 co-receptor used by macrophagektrop
strainsof virus (R5 viruses), are relatively protected nfranitial HIV-1 infection despite
numerous exposures [8]. This fact points to theargmce of CCR5 as a critical cofactor
involved in sexual transmission of HIV-1 and alsorelatewith the finding that >90% of HIV-
1 strains isolated from patiergson after primary infection are R5 viruses. Theepbinhibitors
of CCR5, such as aminooxy pentdA®©P)-RANTES (regulated upon activation, normaléll c
expresse@nd secreted), may eventually prove useful in bigggexual transmission of HIV-1

[9].

Condom use and behavioral interventions have oebnbpartiallysuccessful in slowing the
spread of HIV-1 infection. Thus, theisean urgent need for additional interventions tevpnt

new HIV-1 infections, including the development of fdeaontrolledtopical formulations of
anti-HIV-1 compounds that coulde used as a suppository, cream, or gel beforeakexu
intercourse. ldeally, these topical microbicidesuld be inexpensive, easy to use, stable under
low pH conditionscolorless, tasteless, and non-irritating to gemitatosal tissuesnd inactivate

a variety of sexually transmitted microbes withenital secretions and/or block relevant HIV-1
receptors ofnitial target cells. To date, the spermicide noymex-9 isthe only compound that
has been clinically tested for its ability block sexual transmission of HIV-1, but resditsm
thisstudy were disappointing [10].

The need for contraceptive microbicides

The human population is steadily increasing. Werendly are6.4 billion, and statistical
projections indicate we will babout 9 billion by the year 205Population, however, is growing
fastest in countries and regionbere resource needs are the greatest. By the20&8r;, 86%of
the global population will live in less developesliatries Although more developed nations will
not increase their populatiogignificantly, the 49 least developed countriesl wrilple their
population sizes.
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Accompanying high rates of population growth, ptyemalnutritionand infectious diseases are
almost permanent features in masfythese countries. Intricately intertwined, theympound
healthand social problems and interfere with their solsi Theacquired immune deficiency
syndrome (AIDS) is the latest tfiese maladies, and it appears to thrive in thegoee of
overpopulation, poverty and other sexually transditliseasgSTDs).

Since its beginning, the AIDS epidemic has expamaéehtlessly. More than 30 million adults
and children worldwidéave died from AIDS, and about 40 million are cothe infectedwith

its causal agent, the human immunodeficiency HI¥). It is a reality that more than 95% of
new infections (about5 000 per day) occur in less developed count@eh-Saharafrica
remains by far the most affected region with 25ilion people living with HIV at the end of
2004. Furthermorayomen are increasingly and disproportionately aéfecGloballyjust under
half of all people living with HIV are female, bt sub-Saharan Africa, a striking 76% of young
people (aged5-24 years) are womelt.is clear that there is an urgent need for dgvekp
optionsthat allow women to prevent or delay pregnancy tangdrotectthemselves from STDs,
especially AIDS. Although other preventatsteategies are possible (e.g. behavioral changes an
vaccines)development of microbicides, with and without cangptiveproperties, has recently
gathered momentum, owing to betwmience, increased funding and political presskig.
womenwilling to prevent pregnancy and STDs, dually aetoontraceptivenicrobicides offer
convenience as well as additional safetyl discretion. Single-molecule compounds also have
toxicological,manufacturing and regulatory advantages.

Non-contraceptive microbicides are also desperatelydedas they fit the need of a large
population of women, especialtydeveloping countries, who want to protect themeseagainst
sexually transmitted infections while remainingtifer Because of the close interaction between
microbicideswith or without contraceptive activity and sperneproductivetoxicity and
teratogenicity studies are an essential patti@preclinical assessment of these compounds [11].
So far, howevenone of the compounds in clinical testing have gheignificanteffects on fetal
development or pregnancy outcome.

Pathophysiology

The pathophysiology of initial HIV-1 entryand potential of topical microbicides can
appropriately be studied by the cell culture modelst includeLangerhans cells (LCs) and
members of the dendritic cell familygcause they exhibit the following characteristics:

(a) Locationwithin mucosal epithelium at sites of HIV-1 expasur

(b) Expressiolf CD4, capable of supporting HIV-1 infection.

(c) Ability to immigrate to paracortical T-cell hcareaf regional lymph nodes after contact
with virus or other antigens.

(d) Ability to efficiently transmit HIV-1 to co-ctlired CD4" T cells during the process of
antigen-specific activation [12].

Potential mechanismsfor HIV transmission across mucosal epithelium

Various mechanisms for HIV transmission across reakepithelium have been studied, some
important of them are as follows-

(a) Direct infection of epithelial cells.

(b) Transcytosis through epithelial cells or spkogal microfold cells.
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(c) Epithelial transmigration of infected donorlsel
(d) Uptake by intraepithelial Langerhans cells.
(e) Circumvention of the epithelial barrier througiysical breaches.

Successful transfer of the virus across epithdbatriers would result in viral uptake by
migratory dendritic cells and subsequent dissenanato T cells in the lymphatic system or
localized mucosal infection, leading to recruitmehadditional susceptible cells [13].
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Fig.1. Mechanismsfor HIV transmission across mucosal epithelium

Potential mechanisms of action for microbicide compounds
Microbicides that act as a lubricant coat the epigh surface, which might reduce the risk of
trauma and provide a physical barrier against virfaction. Prevention (or treatment) of other
STDs (Sexually transmitted diseases) can reduceigkeof HIV transmission by reducing the
risk of epithelial inflammation and ulceration. time vagina, maintaining the normal flora, and
therefore maintaining the vaginal pH at virucidaldls (pH less than 4.5), could also reduce the
risk of transmission. Once the virus has crossedeflithelial barrier, the potential microbicidal
strategies will be -

a) Targeting HIV uptake by dendritic cells.

b) Targeting HIV adsorption and fusion.

c) Targeting reverse transcriptase and integratiantime host cell genome.

The various ways by which microbicides can actlisstrated in fig.2. They can be nonspecific,
moderately specific or highly (exclusivelgpecific to HIV. The nonspecific and moderately
specificagents are often active against a variety of séxtielnsmittedmicroorganisms (e.qg.
chlamydia and herpesvirus) and may haveontraceptive effect. The HIV-specific agents
interact directlyith one or several steps of the infection or igilon cycleof HIV [14].
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Fig.2. Potential mechanisms of action for microbicide compounds

Highly active antiretroviral therapy (HAART) is ambination of at least three antiretroviral
agents, two nucleoside reverse transcriptase woingb(NRTIs) plus a third agent, a protease
inhibitor (PI), a non-nucleoside reverse transaspt inhibitor (NNRTI) or possible a third

NRTI1. HIV Pls have contributed greatly to redunBoin HIV associated morbidity and

mortality over the last decade and remain a cotoeesof HAART [15].

One promising compound currentipder development, cellulose acetate phthalate JCiaRa
component of enteric filrnoating for tablets and capsules and has been stwinactivateHIV-

1 and other sexually transmitted agdntsitro, inhibit herpes simplex type 2 infectionn vivo in
miceand block vaginal transmission of SIV(Simian immdeficiency virus) in rhesus monkeys
[16-17].

Examples of some Microbicides

Various compounds could be considered to be vagmatobicides, preventing heterosexual
transmission of HIV (i.e. virucidal agents suchnasmoxynol 9 and chlorhexidine) and antiviral
agents interfering with either virus adsorptionifus [polyanionic substances such as
polysulfates (i.e. PVAS, PAVAS), polysulfonates, lyparboxylates, polyoxometalates and
negatively charged albumins], or fusion/uncoatingcyclams), or reverse transcription
[dideoxynucleoside analogues, acyclic nucleosidesphonates such as 9-(2-phosphonyl
methoxyethyl)adenine (PMEA) ar@(2- phosphonyl methoxy propyl adenine) (PMPA), and
non-nucleoside reverse transcriptase inhibitorsRNIN) such as 4,5,1-jk][1,4] benzodiazepin-2
(1 H)-one and-thione(TIBO), 1-[(2-hydroxyethoxy)mg]-6-(phenyl thio) thymine (HEPT),
and alpha-APA (anilino phenyl acetamide ) derivegiv In particular, combination of two or
more of these compounds seems to be an attragpreach to interrupt transmission of HIV at
different stages of the infectious process [18].
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Some herbal drugs can also be used for the forronlaf microbicides for HIV for example
Syzygium cumini (Syn. Eugenia cumini, Eugenia jafaha, jambul, black plum) is a tree of the
family Myrtaceae distributed in Asia. The barksgves and seed extracts of Syzygium cumini
have been reported to possess anti HIV activity.[19

4
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4, [5, 1-jk] [1, 4] benzodiazepin-2 (1 h)-one (T1BO)
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9-(2- phosphonyl methoxy propyl adenine) (PMPA)

HI1V- Human immuno deficiency, HPV- human papillomavirus

Despite nonoxynol-9, there has been significanémeprogress toward the development of safe
and effective topical microbicides. Several diffargel formulations, including PRO 2000, and
BufferGel are currently undergoing testing in phéi$eclinical efficacy trials and about two
dozen other products are in various phases of derednt [21].

In most cases, it is hoped that the gels will bldektransmission of HIV, as well as other STDs,
such as human papillomaviruses (HPVs) and herpeplex viruses (HSVs). For example,
carrageenan, the active ingredient in Carraguaad,been shown to block the replication of all
three virus types in laboratory studies. Interggyincarrageenan is already in use as a gelling
agent in some over the counter personal lubricaatlycts, such as Bioglide, Divine, and
Oceanus Carrageenan brands (Table-1). Viva Gepartecularly unique microbicide in that its
active ingredient is a nanoscale dendrimer and &BAL (highly) effective at stopping the
transmission of both HIV and genital herpes in ngaeamonkeys. Viva Gel is also being
evaluated for use in condoms by a leading manufactu

The phase Il clinical trial for carrageenan-bas&araguard showed that it has no statistical
effect on HIV infection. The researchers point thdt the study at least proved that the gel is
safe, with no side effects or increased risk, amvided valuable information about usage
patterns in the test subjects [22].
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Table 1. Microbicides available [20]

S.No. Microbicide M echanism Description Potential
Name of action STD/HIV
protection
1 BufferGel Vaginal Polymer gel reinforces vaginal HIV,
(Carbomer 974P) defense/ acidity by acidifying the chlamydia,
acid buffer Ejaculate. herpes, HPV
2 Carraguard (PC4{ Attachment Carrageenan (derived from| HIV, Herpes,
515) Inhibitor seaweed) binds to block HPV,
viruses from attaching to angd gonorrhea
Infecting healthy cells.
3 Cellulose sulfate| Attachment | Binds to viruses and bacteria, HIV,
Inhibitor Prevent them from attaching o gonorrhea,
and infecting healthy cells. | chlamydia,
4 PRO 2000 Entry and Binds to viruses and bacteria HIV,
(Polynaphthalene fusion To prevent them from gonorrhea,
sulfonate) Inhibitor attaching to and infecting herpes
healthy cells.
5 Savvy(C31G) Surfactant Detergent disrupts viral, HIV,
bacterial, and cell membranes, chlamydia,
including those of sperm. herpes

Conclusion

The magnitude and devastating consequences of D8 Apidemicas well as the long-term
need for contraception, especiatiyless developed countries, warrant the developwiedually
active microbicidal contraceptives. Sharing an amaétal andunctional context, the processes
by which sperm capacitatnd fertilize the oocyte and HIV infects genital cosa offerthe
framework on which to develop dual inhibitory ségiesEssential to these strategies is the fact
that thes@rocesses also share molecules and mechanismephesentommon targets for dual
inhibition. Microbicide research and drug development has lbedhon the understanding of
sexual transmission of HIV and progress in anti-HiVig discovery from research focusea
the systemic treatment of the disease [&3dveral drugs that are currently used or considiere
use for systemic HIV treatment could probably aisalify for microbicidal research and drug
development has been built on the understandirsxfial transmission of HIV and progress in
anti-HIV drug discovery from research focused om $listemic treatment of the disease. Several
drugs that are currently used or considered forfassystemic HIV treatment could probably
also qualify for microbicidal action.

Even in the absence of a proven microbicide onntlagket, empirical evidence indicates that
women and men from different socio-cultural backmas in both developed and resource-
constrained countries are interested in using aamicide. The desired effect of microbicides in
reducing women’s risk of infection clearly cannot¢ lchieved without understanding and
addressing the issues surrounding product accdéiptaedond use. Most disease prevention and
contraceptive methods take years after developnweatchieve widespread acceptance. In the
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case of microbicides, physical barrier methods, &lid vaccines, the years required for

products to achieve widespread acceptability ardalso will see millions of women and men

becoming newly infected with HIV. With the acceligwa in the development and testing of

microbicides, any steps taken to reduce the tinoenfthe establishment of an efficacious
microbicide to its widespread uptake and continusd will have an enormous public health
benefit. Unlike the female condom, conducting miica@e acceptability studies in the early

stages of clinical testing will optimize decisioabout product characteristics, understanding
impediments to use, and potentially useful prommatiostrategies. Failure to consider how
microbicides are positioned within heterosexual aasne-sex relationships may doom an
efficacious product to become ineffective in preetiBuilding on the strengths and avoiding the
weaknesses of the introduction of the female condambetter help to translate microbicides
and other emerging disease and pregnancy prevenigthods into effective public health

interventions.
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