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1. Introduction

HIV remains a significant global health challenge. Although ad-
vances in antiretroviral therapy have extended the life expectancy
of HIV infected individuals, much work is still needed in the area of
prevention. This review aims to summarize the role of rectal pre-
exposure prophylaxis (PrEP) in global HIV prevention. Specifically,
it provides justification of need and an overview for the current
status of rectal microbicide research. Emphasis has been placed
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on preclinical evaluation and product development issues specific
to rectal microbicides. As this field is in its early stages, the current
gaps in knowledge and future directions of the science in the field
are also presented.

1.1. Are rectal microbicides needed?

The CDC has reported that male to male sexual contact contin-
ues to be the highest transmission category for HIV followed by
heterosexual contact (CDC, 2012). This statistic accounts for gay
and bisexual men representing the population most severely
impacted by HIV. Anal intercourse is a common practice among
men who have sex with men (MSM). A high prevalence rate of
unprotected receptive anal intercourse (RAI) in MSM has been
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shown in a number of studies including the EXPLORE study which
evaluated high risk behaviors among MSM in six US cities (Koblin
et al., 2003). However a number of studies have shown that heter-
osexual couples also engage in anal intercourse (Civic, 2000; Erick-
son et al., 1995; Gross et al.,, 2000; Mosher et al., 2005) with
lifetime anal intercourse estimates in heterosexual couples ranging
from 6% to 40% (McBride and Fortenberry, 2010) with up to 10% of
sexually active women in the US engaging regularly in RAL In a
CDC report which polled people ages 15-44, 44% of men and 36%
of women admitted to having ever had anal sex (Chandra et al.,
2011). The risk associated with HIV transmission through unpro-
tected receptive anal intercourse (URAI) is 1.7% per act while the
risk associated with unprotected vaginal intercourse is only
0.08% (Boily et al., 2009). This statistic more than likely contributes
to URAI being the highest transmission category for HIV
acquisition.

A number of anatomical and physiological factors contribute to
greater risk of HIV transmission through rectal intercourse (McGo-
wan and Dezzutti, 2013). The rectal epithelia consist of a single
layer of cells as opposed to the multilayer squamous epithelium
of the vagina and ectocervix. The pH of the rectum is closer to neu-
tral and is an open tube orientation with potential of HIV reaching
as far as the splenic flexure. There is a large surface area which re-
quires protection. Finally the gastrointestinal tract is populated
with a large number of HIV-1 infectable cells (Ullrich et al.,
1998; van Marle et al., 2007). All of these factors make the rectal
route a more susceptible route for HIV infection.

1.2. Oral vs topical rectal PrEP

Assessments of prevalence studies on anal intercourse as well
as men and women’s willingness to use microbicide products have
indicated a need for the development of a rectal microbicide prod-
uct. Products designed to protect men or women from HIV trans-
mission through URAI could be either an oral PrEP product or
topical PrEP product (also referred to as topical microbicide). With
respect to oral PrEP, the U.S. Food and Drug Administration has ap-
proved Truvada, an oral tablet combining two antiretroviral drugs
(emtricitabine (FTC)/tenofovir disoproxil fumarate(TDF)), for use in
uninfected individuals who have a high risk of HIV infection. A key
clinical study toward approval of this product was the iPreX study.
This study, conducted in 2499 high risk MSM, showed significant
reduction of HIV acquisition in men treated with daily oral FTC/
TDF (Grant et al., 2010). In addition to oral PrEP, topical rectal PrEP
products are being designed. Clinical efficacy studies of vaginal
topical microbicides indicate that achieving significant tissue con-
centration of drug for some APIs may be critical to achieving effi-
cacy (Karim et al., 2011). For oral PrEP studies it is observed that
although high tenofovir (TFV) blood level was achieved, drug level
at the mucosal site was much lower. However with topical PrEP
one can achieve high drug concentration in the local tissue while
limiting systemic exposure to the drug. From not only an efficacy
standpoint but also considering resistance and toxicity there may
be benefit to rectal topical PrEP products.

To date rectal microbicide clinical trials have only evaluated
UC781 or TFV. Preclinical studies have been conducted for a num-
ber of additional microbicide drug candidates which were intended
for vaginal administration. However they also have potential for
administration by the rectal route. These include cellulose acetate,
PRO2000, SPL7013, vena gel (Abner et al., 2005), dextrin sulfate
(Fletcher et al., 2006), C34, T20, T1249, L'644 (Harman et al.,
2012), TMC120 (dapivirine) (Herrera et al., 2011), saquinavir,
MIV-150, carrageenan, zinc acetate (Kenney et al., 2013, 2012),
BufferGel, C31G, octylglycerol (Patton et al., 2009), maraviroc, grif-
fithsin (Wang et al., 2012). Vaginal administration of several of
these drug candidates was tested in the clinic. Notably PRO2000

(McCormack et al., 2010) carrageenan (Skoler-Karpoff et al,
2008) were found to be safe but not efficacious against vaginal
transmission of HIV. Early efforts in the area of rectal microbicides
looked at the safety or efficacy of products designed for vaginal use
in the rectal compartment. More recently rectal specific dosage
forms are being designed for application as rectal PrEP products.
Additionally dual compartment (vaginal and rectal) products are
also being formulated.

2. Preclinical evaluations for rectal PrEP

Pharmaceutical product development requires a considerable
amount of preclinical assessment prior to its entry into the clinic.
Once a lead drug candidate has been identified preformulation
evaluations, formulation development and assessment, and pre-
clinical studies are required. For rectal microbicide products pre-
clinical safety, stability, and efficacy have been evaluated in
in vitro, ex vivo, and animal studies. An algorithm for preclinical
evaluation for vaginal and rectal microbicide products was pre-
sented by Buckheit and Buckheit (2012). This algorithm incorpo-
rates assessment in the presence of biological relevant fluids and
tissues. One of the key preclinical evaluations which has been ex-
plored is the utilization of the colorectal explant system for safety
and efficacy testing of rectal microbicide drug candidates and
products. This model developed by Dezzutti et al. Abner et al.
(2005) has been utilized to screen a large number of microbicide
candidates and commonly used lubricants for their impact on the
excised target tissue of interest. The model also allows for product
and drug candidate evaluation in the presence of biologically rele-
vant fluids.

2.1. Animal testing for rectal PrEP

Both small and large animal models have been implemented in
rectal PrEP product development. Specifically animal models have
been used to provide preclinical safety data as well as efficacy or
proof-of-concept for PrEP strategies administered both vaginally
and rectally. Rodents, rabbits, non-human primates (NHP), and
sheep have been applied for such evaluation of vaginal or rectal
products. One of the earliest studies which evaluated rectal prod-
uct application safety was conducted by Phillips and Zacharopou-
los in the mouse model (Phillips and Zacharopoulos, 1998). In
this study, the rapid exfoliation induced by rectal application of
N-9 was demonstrated. This effect was also shown in the NHP
model in a study conducted by Patton et al. (2002). Several early
vaginal HIV prevention products were evaluated for safety in the
rectal compartment in the macaque. Buffergel (Patton et al,
2004), Savvy (Patton et al., 2006b) and VivaGel (Patton et al.,
2006a) are among those early products with nonspecific action
against HIV which were tested rectally that demonstrated safety
in the macaque model. Efficacy has also been evaluated in animal
models in the field. The 1% TFV gel product was the first to demon-
strate efficacy in blocking HIV transmission effectively by rectal
application in a mouse model (Chateau et al., 2013). Additionally,
NHP models have also been utilized to evaluate the efficacy of rec-
tal PrEP products. The first study to demonstrate efficacy in this
macaque model was conducted by Tsai et al. (2003). This study
showed complete protection from rectal HIV challenge after rectal
administration of 1% or 2% cyanoviran gel. Additional examples of
specific applications of these animal models in preclinical develop-
ment are provided in the following section of this review.

2.1.1. Small animal models
Rodent models are generally used in drug development to
screen active compounds for efficacy and safety. Although rodents
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provide a cost effective model, they are distantly related to humans
biologically. The anatomical and physiological properties of their
reproductive and gastrointestinal tracts are different from those
of human and non-human primates. Despite model limitations, ro-
dents are commonly used for preclinical safety evaluations of rec-
tal PrEP drug candidates and products.

Native mice and rats cannot be infected with HIV. However
researchers have engineered rodents to be more susceptible to
HIV infection. One humanized mouse model used in microbicide
evaluation is the BLT (Bone Marrow Liver Thymic) mouse model.
BLT mice contain reconstituted human immune cells distributed
throughout the body including the intestines and female reproduc-
tive tract (Denton et al., 2012; Hu and Yang, 2012). The presence of
human CD4+ T-cells, macrophages, and dendritic cells render BLT
mice susceptible to mucosal HIV-1 transmission via vaginal and
rectal routes. This model has been applied to efficacy evaluation
for vaginal products (Denton et al., 2008). It was recently utilized
to evaluate the efficacy of 1% TFV rectally administered demon-
strating that the humanized mouse model can be used in rectal
microbicide assessment (Chateau et al., 2013).

In addition to mouse models, rabbits are also used to evaluate
rectal product safety. The rabbit rectal irritation test has been used
to evaluate both vaginal microbicide products and rectal specific
dosage forms for rectal safety (Wang et al., 2012, 2011).

2.1.2. Non-human primate models

An ideal animal model for HIV infection should be able to mimic
HIV transmission and pathogenesis as well as evaluate the safety
and effectiveness of antiretroviral drug candidates and other anti-
viral strategies. NHPs are genetically closest to humans with simi-
lar immunology, anatomy, and physiology. NHPs are the primary
animal models for investigating HIV transmission, immunology,
and pathogenesis (Lackner and Veazey, 2007; Lederer et al,
2009). The most widely used NHP model is the macaque, including
rhesus, pigtail, and cynomolgous. However, HIV-1 cannot replicate
efficiently in macaques due to host restriction factors, notably TRI-
Mb5a protein, which blocks viral infection by inactivating incoming
capsids (Stremlau et al., 2004). Accordingly, chimeras encoding the
HIV-1 envelope or reverse transcriptase (SHIV, or RT-SHIV) are
used in macaque models (Ambrose et al., 2007; Daniel et al.,
1985; Uberla et al., 1995).

Macaque models have been used to evaluate vaginal (Patton
et al., 2006a) and rectal (Patton et al., 2009; Tsai et al., 2003) micro-
bicide products, vaccines (Palermo et al., 2011) and the combina-
tion of vaccines with microbicide products (Barouch et al., 2012).
Specific examples of the use of non-human primates to evaluate
the efficacy of oral and rectal PrEP products in inhibiting HIV trans-
mission include Cyanovirin-N (Tsai et al., 2003), TFV (Cranage
et al., 2008), MIV-150 (Kenney et al., 2012) and Maraviroc (Massud
et al,, 2013). Each of these drug candidates has been shown to be
protective in this model. In the study evaluating Cyanovirin-N
(CN), when 2 ml was given rectally to cynomolgus macaques at
1% or 2% the product was found to fully protect animals from
SHIV89.6P infection without observed toxicity. The Cranage study
which evaluated colorectal pretreatment with TFV gel (1%) using
Indian rhesus macaques showed that tenofovir was able to protect
from rectal challenge with SIVac251/32n. Interestingly, in this study
the plasma concentration of TFV was monitored and shown to peak
rapidly following rectal administration. A strong positive associa-
tion between the concentration of TFV in the plasma 15 min after
rectal application of gel and the degree of protection in macaques
challenged with virus was seen. The results indicate that a plasma
concentration of TFV above 120 ng/ml effectively protected the
animals against infection. The NNRTI MIV-150 in carrageenan gel
was investigated in rhesus macaques to prevent rectal transmis-
sion of SHIV (Singer et al., 2011). Results showed that MIV-150/car-

rageenan protected the animals from infection following rectal
viral challenge. In the MIV-150 study, pre-challenge application
was found to be more effective than a post-challenge application
indicating a need to implement the appropriate regimen strategy
for achieving efficacy with this rectal microbicide candidate. More
recently the NHP model was used to evaluate the efficacy of oral
administration of maraviroc (MVC) (Massud et al., 2013) following
rectal HIV challenges. MVC is a potent CCR5 co-receptor antago-
nist. In this study, MVC was evaluated for its potential to prevent
rectal SHIV transmission using a macaque model through weekly
SHIV162p3 exposures. It is found that oral maraviroc lacked pro-
phylactic efficacy despite high drug concentrations in rectal tissues
(40 times higher than that required to block SHIV infection of
peripheral blood mononuclear cells (PBMCs) in vitro). Conversely,
a macaque study evaluating a rectal specific MVC gel (1%) showed
that 4 of 6 macaques receiving MVC gel remained protected fol-
lowing 10 viral challenges (Heneine W and Dobard C, personal
communication).

These animal models provide a tool for the evaluation of safety
and efficacy of PrEP products by offering a platform to investigate
parameters which can affect prophylactic efficacy of antiretrovirals
(ARVs) including pharmacokinetics, drug dissolution/release, drug
permeability and tissue penetration and pharmacodynamics.
Importantly, both the macaque and humanized mouse models
have been used to evaluate the efficacy of oral and topical PrEP
products against rectal HIV exposure. Although animal testing is
an important component of any pharmaceutical development plan,
it should be kept in mind that none of the models presented ex-
actly mimics human HIV infection. Each model presents its own
limitations due to species-specific anatomy and physiology and
biological aspects of HIV infection.

3. Early rectal PrEP development

Although, a number of preclinical studies have been conducted
on rectal microbicides (Table 1), a limited number of clinical stud-
ies have been completed or are underway (Table 2) (McGowan,
2012; McGowan and Dezzutti, 2013). The initial focus of early clin-
ical studies was on the rectal safety assessment of existing vaginal
microbicide gels. The first Phase 1 clinical trials designed toward
this effort were HIVNET-008 (nonxynol-9 gel) (Tabet et al., 1999),
RMP-01 (UC781 gel) (Anton et al., 2011), RMP-002/MTN-006
(TFV gel) (Anton et al., 2012) and MTN-007 (TFV reduced glycerin
gel) (McGowan et al., 2013). The vaginal products used in these
studies possessed physicochemical attributes (such as low pH
and hypertonicity) which are not optimal for rectally delivered
products. Target specifications for vaginal products differ from
those for rectal microbicide products due to physiological differ-
ences between the vaginal and colorectal compartments. Conse-
quently, Phase 1 gastrointestinal adverse events were observed
for some of the vaginal products evaluated when administered rec-
tally. For the N-9 product and its matching placebo, high rates of
histological abnormalities were observed (Tabet et al., 1999). No
safety issues were observed for rectal use of the UC781 gel in a
36 participant Phase 1 study and ex vivo efficacy was demon-
strated. However, the sponsor (CONRAD) of the vaginal UC781
gel product has terminated this gels development program due
to other reasons. Rectal use of vaginal TFV gel in a Phase 1 study
involving 18 participants (RMP-002/MTN-006) resulted in product
related gastrointestinal adverse events including diarrhea, bloat-
ing, urgency, abdominal pain, and flatulence. However, rectal use
of the reformulated reduced glycerin TFV gel formulation resulted
in no product related gastrointestinal adverse events with no re-
ported cases of urgency, bloating or nausea in the 65 participants
in the MTN-007 Phase 1 study. The field has reached a consensus
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Table 1
Agents that have been evaluated in preclinical studies.
Agents Study Status References
Cellulose acetate, Pro2000,SPL 7013, Vena Gel, UC781 Explant model Completed Abner et al. (2005)
PRO2000, Dextrin sulfate, Tenofovir Explant model Completed Fletcher et al. (2006)
Tenovofir Explant model Completed Dezzutti et al.
(2012a,b,c)
C34, T20, T1249, L'644 Explant model Completed Harman et al. (2012)
Tenofovir, emtricitabine, UC781, dapivirine (TMC 120) Explant model Completed Herrera et al. (2011)
Saquinavir Explant model Completed Stefanidou et al.
(2012)

Tenofovir Humanized mouse model Completed Chateau et al. (2013)
BufferGel, nonoxynol-9, C31G, octylglycerol, polystyrenen sulfate, Non-human primate safety model Completed Summarized in

cellulose sulfate, SPL7013, Carraguard, UC781 Patton et al. (2009)
Tenofovir/griffithsin combo gel Explant model, rabbit rectal irritation model Completed Wang et al. (2012)
Maraviroc gel tenofovir/maraviroc combo gel Explant model, rabbit rectal irritation safety model, Ongoing

non-human primate efficacy model

Maraviroc, griffithsin Explant model Ongoing
MIV-150, carageenan, zinc acetate Explant model Ongoing
Tenofovir/IQP 0528 gel Explant model Completed Dezzutti et al. (2012c)

Cyanovirin gel

Non-human primate efficacy model

Completed Tsai et al. (2003)

Tenofovir gel Non-human primate efficacy model Completed Cranage et al. (2008)
MIV-150 gel Non-human primate efficacy model Completed Singer et al. (2011)
Table adapted from McGowan 2013 with updates.
Table 2
Agents that have been evaluated in clinical trials.
Agents Sponsor Trial Study stage Status ClinicalTrials.gov identifier ~References
Nonoxynol-9 gel NIAID HIVNET-008 Phase 1 Completed NCT00000929 Tabet et al. (1999)
UC781 gel CONRAD RMP-01 Phase 1 Completed NCT00408538 Anton et al. (2011); Ventuneac et al. (2010)
VF* of TFV gel CONRAD RMP-02/MTN- Phase 1 Completed NCT00984971 Anton et al. (2012)
006
RGVF of TFV gel CONRAD MTN-007 Phase 1 Completed NCT01232803 Mcgowan et al. (2013)
RGVF of TFV gel CONRAD Project Gel Phase 1 Ongoing NCT01283360
VF, RGVF, RF¢ of TFV gel lan McGowan CHARM-01 Phase 1 Ongoing NCT1575405
VF, RGVF, RF of TFV gel  lan McGowan CHARM-02 Phase 1 Ongoing NCT01575418
RGVF of TFV gel CONRAD MTN-017 Phase 2 Ongoing NCT01687218

Table adapted from McGowan 2013 with updates.
¢ VF, vaginal TFV gel (1%).
> RGVF, reduced glycerin TFV gel (1%).
¢ RF, rectal specific TFV gel (1%).

to avoid hyperosmolar products in the rectal compartment. This
view is based on observations of induced mucosal damage due to
dehydration of epithelial cells and consequential cell shrinkage
caused by extremely hyperosmolar test and commercial products
with osmolality over 3000 mOsm/kg (Begay et al., 2011; Dezzutti
et al., 2012a; Fuchs et al., 2007). Furthermore, increased vulnera-
bility to sexually transmitted infections has been associated with
the consistent use of hyperosmolar lubricant products (Gorbach
et al., 2012).

The development of dual compartment microbicide products is
being explored. The pre-clinical safety and efficacy of a reduced
glycerin (reduced osmolality) TFV gel developed by CONRAD was
evaluated for its potential to be used in both compartments (Dez-
zutti et al., 2012b). The reduced glycerin gel with decreased osmo-
lality resulted in improved epithelial integrity of polarized
ectocervical and colorectal explants following exposure over that
observed for the original TFV gel. This data suggests better safety
profile for the reduced glycerin TFV product for rectal use. Another
product evaluated for pre-clinical safety and efficacy as a dual
compartment microbicide product was a combination gel contain-
ing TFV and IQP-0528 (Dezzutti et al., 2012c). Epithelial integrity of
ectocervical and colorectal explants remained intact after a 24 h
exposure of the gels despite the osmolality of the single entity
product containing only IQP-0528 and the combination product
(TFV and IQP-0528) still being somewhat hyperosmolar (below
900 mOsm/kg and similar to that of the reduced glycerin TFV gel)

(Ham et al,, 2012). More recently, Kenney et al. (2013) developed
a non-ARV dual compartment gel (zinc acetate in carrageenan)
with nearly iso-osmolality and close to neutral pH which was
shown to be safe and effective against SHIV-RT infection in maca-
ques given vaginally and HSV-2 infection in mice given both vagi-
nally and rectally.

Studies are ongoing to develop critical data needed for the
development of rectal specific microbicide formulations with prop-
erties which are better suited for use in the rectal compartment
(Wang et al., 2012, 2011). The Combination HIV Antiretroviral Rec-
tal Microbicide (CHARM) program is developing both single entity
and combination antiretroviral rectal specific products. Through
these efforts a rectal specific TFV 1% gel in a carbopol and sodium
carboxymethylcellulose base was developed. This newly developed
product entered clinical trials this year. The ongoing CHARM-01
and CHARM-02 Phase I clinical trials evaluate the safety, accept-
ability, pharmacokinetic/pharmacodynamic profile and distribu-
tion of three TFV containing gel formulations including the
original vaginal TFV gel (1%), the reduced glycerin TFV gel (1%)
and the rectal specific TFV gel (1%) products. In preclinical evalua-
tions, this rectal specific TFV product was shown to be safe and
effective in in vitro and ex vivo studies, and was safe when evalu-
ated in vivo in a rabbit rectal irritation study. Additionally, this
group has developed a rectal specific combination gel product
which contains TFV and griffithsin, a lectin viral entry inhibitor
drug candidate. The combination product was also shown to be
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safe and effective in vitro, ex vivo and in vivo (Wang et al., 2012) in
preclinical assessments. Currently this same group is developing a
combination rectal specific product which contains TFV and
maraviroc within the scope of CHARM. All rectal specific microbi-
cide products developed to date share similar properties of iso-
or near iso-osmolality and neutral pH, proper rheological profile,
adequate drug in vitro release profile, sufficient bioactivity and lack
of toxicity in preclinical assessments. Table 3 provides examples of
vaginal, rectal specific and dual compartment products for
comparison.

4. Design of rectal specific products

To date all formulations used in clinical studies have been aque-
ous based gels (hydrogels) because of the perceived acceptance of
gels over other dosage forms (Carballo-Dieguez et al., 2008). How-
ever, hydrogel products may present greater challenges than sup-
positories or other dosage forms given the high water content
required for hydrogel formulations. Such aqueous based formula-
tions may be problematic for drug candidates with limited water
solubility or with aqueous instability. It should be noted that the
dosage form and formulation components will not only alter drug
stability but also drug release and pharmacokinetics which may
subsequently impact safety and the efficacy of rectal microbicide
products. Considering that a number of rectal microbicide drug
candidates are highly water insoluble, particularly several NNRTIs
and a number of other ARVs being evaluated, alternative formula-
tions or addition of cosolvents or other strategies to enhance active
pharmaceutical ingredient solubility should be assessed. The
addition of cosolvent in formulations may pose a potential factor
for increased safety risk. Glycerin, a commonly used cosolvent
excipient to enhance API solubility, can impart hyperosmolar con-

Table 3
Comparison between rectal, vaginal and dual compartment products.

ditions on the rectal or colon tissues. This hyper-osmolality may
result in adverse effects in the gastrointestinal tract potentially
leading to enhanced HIV-1 infection (Begay et al., 2011; Fuchs
et al.,, 2007). In the clinical trial RMP-02/MTN-006 (Anton et al.,
2012) gastrointestinal adverse events were significantly increased
with multiple day dosing of the hyperosmolar TFV gel. Fewer ad-
verse effects were observed in the succeeding clinical trial MTN-
007 which used a formulation containing a reduced amount of
glycerin (McGowan et al., 2013).

The safety profile of a drug or drug product may be different
when given by the rectal route as opposed to other routes of
administration (McGowan, 2012). Given differences in the fragility
of colorectal tissue combined with rectal compartment tissue dis-
tribution variances, it is important to thoroughly evaluate rectal
safety not only for products specifically designed for rectal admin-
istration but also for products designed for vaginal administration
which may be applied to the rectal compartment. In addition to the
safety of rectal microbicide products, the convenience and accept-
ability of the products as well as its applicator should also be con-
sidered. When N-9 was investigated as a potential rectal
microbicide in the HIVNET-008 Phase I study, results showed that
the rectal microbicide was not only impacted by adverse effects
from N-9 (Tabet et al., 1999) but also by adverse effects associated
with applicator use (Gross et al., 1999).

Clearly, it is imperative to develop a rectal compartment spe-
cific microbicide product with improved safety and possibly better
efficacy. Many factors can impact the success of rectal microbicide
product development such as physiological and anatomical factors
of the rectum, formulation type, active pharmaceutical ingredient,
excipient choice, physicochemical properties of the product, vol-
ume to be delivered and applicator type. It is important to obtain
information on safety, efficacy, and acceptability at the early stages

Properties Rectal specific product Vaginal product Dual compartment products
RF* gel VE” gel UC781 gel RGVF* gel TFV/IQP-0528 gels
Ingredients Carbopol 974P, Na-CMC?, HEC!, citric acid, glycerin Caropol 974P, HEC, citric acid, glycerin Poloxamer, HPC?, carbopol
glycerin (2.5%), EDTA®, (20%), EDTA sodium methylcellulose, glycerin, (5%), EDTA sodium 974P, EDTA, glycerin (5%),
sodium hydroxide, purified hydroxide, purified water, sodium hydroxide, purified hydroxide, purified water, sodium hydroxide, purified
water methlyparaben, methlyparaben, water, methlyparaben, methlyparaben, water, methlyparaben,
propylparaben propylparaben propylparaben propylparaben propylparaben
Physical appearance Translucent, colorless, a Transparent, colorless, Off white to light yellow  Transparent, colorless viscous
little hazy semisolid viscous semisolid semisolid semisolid
Semisolid
Formulation  Hydrogel Hydrogel Hydrogel Hydrogel Hydrogel
type
pH 7 4.5 5.2 4.6 4.8
Osmolality 479 With a target of iso or 3111 With an unspecified NA" With an unspecified 836 With a target of less 882 With a target of less than
(mOsm/ near iso-290 target target than 1000 1000
kg)
Rheology Shear thinning Shear thinning Shear thinning Shear thinning Shear thinning
profile
Viscosity 3049 9921 NA 9161 50,000
(cp) at
10 rpm
Reference McGowan (2012) McGowan (2012); Anton et al. (2011); McGowan (2012); Ham et al. (2012)
Dezzutti et al. (2012a,b,c)  Ventuneac et al. (2010) Dezzutti et al. (2012a,b,c)
2 RF, rectal specific TFV formulation.
b VF, vaginal TFV formulation.
¢ RGVF, reduced glycerin TFV formulation.
4 Na-CMC, sodium carboxymethylcellulose.
¢ EDTA, disodium edetate.
f HEC, hydroxyethyl cellulose.
& HPC, hydroxypropylcellulose.
h

NA, not available.
Only evaluated in preclinical studies.
" Data was taken at 1s

-1

, which equivalent to about 0.3 rpm.
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of rectal microbicide product development. Attention to these fac-
tors will lead to a greater probability of success in design of a safe
and effective rectal product which men and women are willing to
use.

The single cell lining and large surface area of the rectal com-
partment create a poor barrier to pathogen entry. The rectal epi-
thelium is composed of absorptive cells and goblet cells which
secrete mucin. These factors contribute to the challenges associ-
ated with design of pharmaceutical products for the rectal com-
partment. Further there are a number of physiological factors
which impact drug absorption from this compartment including
colonic content, compartment localization, pH, presence of mucin,
and lack of buffering capacity of rectal fluids. Isotonic and neutral
(pH of 7) products would be optimal as rectal microbicides.

Several dosage forms could be applied as rectal microbicide
product platforms including gels, creams, foams, suppositories,
enemas, and douches (Carballo-Dieguez et al., 2008; Kinsler
et al., 2013; Tsai et al., 2003). A significant contributor to product
effectiveness is user compliance. In an acceptability study con-
ducted by Newman et al., formulation, scent, applicator, color,
and taste were identified as factors that will impact rectal microbi-
cide acceptability (Newman et al., 2013). In a recent randomized
crossover trial, Pines et al. (2013) compared the acceptability of
three distinct anorectal delivery systems (enema bottle pre-filled
with a clear isotonic liquid Normosol-R, a disposable vaginal appli-
cator pre-filled with 4 ml of a clear water based, condom compat-
ible isotonic gel Pre-Seed™, and a 1.4 g anorectal suppository
Tucks™). Although the magnitude of differences between complete
product acceptability scores differed by age, gender, and data col-
lection mode, overall participants found the applicator with water
based gel to be most acceptable. Acceptability studies in this area
to date suggest that gels are the most acceptable dosage forms
for rectal microbicide development (Carballo-Dieguez et al,
2008; Newman et al.,, 2013; Peinado et al.,, 2013; Pines et al.,
2013). However, it should be noted that these studies evaluated
only a limited number of dosage form options.

An additional parameter to consider for rectal microbicides is
the volume of product to administer rectally, Carballo-Dieguez
et al. (2008) demonstrated that up to 35 ml of a transparent and
odorless placebo gel (Femiglide®) would be acceptable to men
who engage in RAI and would be required to achieve effectiveness
in a volume escalation trial. Studies to date on rectal administra-
tion of gel products have predominantly used a vaginal applicator
for delivery of the product into the rectum. Carballo-Diéguez et al.
initiated the work towards the development of rectal microbicide
specific delivery device (funded by NICHD RO1 046060). However
the feasibility of the applicator remains to be answered.

In a study toward development of rectal specific microbicides
(Wang et al., 2011) two fundamentally different approaches to
establishing an effective rectal microbicide product were applied.
One approach involved creating a formulation that spreads easily
and coats all tissue surfaces of the rectum and distal colon rapidly
prior to RAI, this would be achieved by a fluid product; the other
approach involved creating a deformable, erodible barrier that
could remain relatively localized at the administration site until
distributed by rectal intercourse, and this strategy is achievable
with a gel formulation. In this work, a series of rectal placebo for-
mulations with a wide range of physicochemical properties was
developed which was shown to be non-toxic in both ex vivo colo-
rectal tissue and in vivo rabbit rectal irritation study. Namely, four
product types: aqueous fluid, aqueous gel, lipid fluid and lipid gel,
were developed to create a wide range of spreadability, erodibility,
retention at site of administration, and effect on permeability.
Several key parameters for rectal specific product development
were defined in this work. Iso-osmolality, neutral pH, appropriate
viscosity of less than 200 cps for liquid product and greater than

5000 cps for gel products, compatibility with latex condoms, dem-
onstration of safety and efficacy in preclinical assessments were
set as target specifications. This set of placebos was evaluated in
clinical testing for their spreading characteristics and effect on rec-
tal tissues. Hendrix et al. have established a technique to study dis-
tribution of rectal microbicide gel candidates which combines the
use of single photon emission computed tomography (SPECT)/
computed tomography (CT) (Cao et al., 2012), magnetic resonance
imaging (MRI) and sigmoidoscopy (Fuchs et al., 2013; Hendrix
et al, 2008). When assessed using this technique, these rectal
microbicide products showed a wide range of clinical parameters
regarding modification of mucosal permeability and product distri-
bution within the rectal compartment. Mucosal barrier modifica-
tions are evaluated in this method by combining a radioisotope
probe (technetium sulfur colloid) with the test product. Analysis
of data collected from this trial is under way. Results from this
study have served as a basis for the development of the rectal spe-
cific product which has recently entered clinical trials through the
CHARM program.

5. Questions to be addressed and future directions

Although significant advances have been made in the field of
rectal microbicides or rectal PrEP there are still a number of ques-
tions to be answered. The biology pertinent to HIV infection in this
compartment and key aspects of interactions between compart-
ment and dosage forms have yet to be fully understood. Contribu-
tions of product functionality, defining user preferences for specific
dosage form options, volume of product which should optimally
delivered, and coverage of target site requirements still remain to
be defined. Although work has begun on the design of applicators
for delivery of products into the rectal compartment, the feasibility
of such applicators has not been established. Traditional gel prod-
ucts serve as the preponderance of products currently being eval-
uated but novel or alternative dosage forms should be explored
which would provide greater user acceptability, convenience, and
product targeting and efficacy. Proof of concept has been shown
for ideas such as combined delivery of multiple active agents and
dual compartment formulations but their utility must still be
established. Given the prevalence of URAI and increased risk of
HIV infection through this route, it is essential to rapidly fill these
knowledge gaps so that a pharmaceutical product can be designed
which can safely and effectively protect men and women from
acquisition of HIV through the rectal route.
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