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Abstract

The feasibility of using a liposome drug delivery system to formulate octylglycerol (OG) as a
vaginal microbicide product was explored. A liposome formulation was developed containing 1%
OG and phosphatidyl choline in a ratio that demonstrated in vitro activity against Neisseria
gonorrhoeae, HSV-1, HSV-2 and HIV-1 while sparing the innate vaginal flora, Lactobacillus.
Two conventional gel formulations were prepared for comparison. The OG liposome formulation
with the appropriate OG/lipid ratio and dosing level had greater efficacy than either conventional
gel formulation and maintained this efficacy for at least 2 months. No toxicity was observed for
the liposome formulation in ex vivo testing in a human ectocervical tissue model or in vivo testing
in the macaque safety model. Furthermore, minimal toxicity was observed to lactobacilli in vitro
or in vivo safety testing. The OG liposome formulation offers a promising microbicide product
with efficacy against HSV, HIV and N. gonorrhoeae.
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Introduction

With 33.3 million people living with AIDS and 2.6 million newly infected in 2009, sexually
transmitted diseases (STDs), including HIV, continue to be a significant health problem
worldwide®, more severe and frequent in women than in men. Currently, behavioral changes
and condom use are the only mechanisms available for prevention of STDs; but
unfortunately, have not been successful judging by the increased number of infections every
year. Efforts have been made to develop vaccines against STDs with varying success?, but
there is no evidence suggesting that any of the vaccines being studied will prevent HIV-1.
Before women can protect themselves, a strategy is required that will allow them to control
the prevention modality; vaginal microbicides offer such a platform. Microbicides offer
prophylactic protection from STDs, including HIV, by inactivating pathogens deposited into
the vagina during sexual intercourse. Ideally, this protection would occur without significant
permeation of the active microbicide through vaginal or cervical tissues into the systemic
circulation3-11,

Previous studies have shown that milk lipids could inactivate a number of bacteria and
enveloped virus, including HIV12. Some of these antimicrobial lipids have been modified to
increase their stability and aqueous solubility while maintaining their antimicrobial
activity!3 such as glycerol monolaurate (GML). Haase’sgroup recently showed that GML
formulated in a K-Y warming gel prevented mucosal transmission of simian immuno-
deficiency virus (SIV) in the SIV-rhesus macaque model, the monkey version of HIV. More
recently, Skinner, et al.1> showed that GML in a gel formulation inhibited Candida and
Gardnerella vaginalis both in vitro and in vivo, but did not affect Lactobacillus.

Octylglycerol (OG), a synthetic lipid derived from lipids in human breast milk developed by
Dr. Charles Isaacs at the Institute for Basic Research in Developmental Disabilities (Staten
Island, NY), has been shown to have potential as a vaginal and rectal microbicidel213.16.17,
This compound destabilized viral envelopes and the membranes of pathogenic bacteria and
fungi and inactivated HIV, HSV, gonorrhoeae, and Trichomonas without harming
Lactobacillus. OG is a low molecular weight compound (M.W. 204.3) with excellent
stability to heat and oxidation. Due to the ether linkage between the octyl group and
glycerol, OG is resistant to degradation by mammalian and microbial lipases, heat and
oxidation. Given that a topical microbicide should optimally inactivate a wide spectrum of
microorganisms, OG provides an excellent drug candidate.

To date, the majority of microbicide drug candidates tested in the clinic have been
formulated in aqueous hydrogel formulations. Although these hydrogel formulations provide
a familiar inexpensive dosage form for vaginal delivery of microbicide drug candidates, one
drawback for these formulations is that they can be associated with leaking and messiness.
Liposomal formulations may provide an alternative to traditional gel products. OG is poorly
soluble in water. Its hydrophobic nature makes it difficult to formulate in an aqueous
hydrogel. The lipid phase of the liposome bilayer provides a non-polar environment that is
ideal for hydrophobic drugs such as OG. Liposomes can be easily dispersed in aqueous
environments, making them an effective tool for “solubilizing” and distributing poorly
water-soluble drugs. Liposomes are composed of natural phospholipids, that are
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biodegradable and have therefore inherently very little toxicity. As a drug delivery system,
liposome encapsulation has been investigated for therapeuticapplicationswidely,suchasanti-
inflammatory drugs®-20, antitumor drugs?-23, treatments for Hepatitis B and C viruses?4,
and HIV treatments2>26. Thus, formulating OG into liposomes could enhance its bioactivity
by providing a sustained and targeted release of OG.

In this study, the feasibility of using a liposome drug delivery system to formulate OG as a
vaginal microbicide was investigated. A series of liposome formulations containing OG
were developed which varied in preservative choice, OG to lipid ratio, viscosity agent and
OG dosing levels. The impact of these liposome formulation modifications on HSV-1 and
HSV-2 in vitro efficacy and Lactobacillus toxicity as compared to two conventional gel
formulations comprised of OG in the base of either Carbopol® or poloxamer was studied. In
these studies, it was seen that liposome formulation composition impacted both the observed
product efficacy and toxicity. The results of this study demonstrate that a topical
microbicide product of OG encapsulated in a liposome system may offer better in vitro
efficacy than a conventional aqueous-based gel formulation against HSV-1, HSV-2, and
HIV-1. OG in vitro release studies showed that the liposome formulation resulted in a
sustained release of OG from the formulation as compared to the gel formulation.
Furthermore, the liposome formulation was found to be non toxic to excised human tissues
and Lactobacillus. In addition, the OG liposome formulation was found to be safe in a
standard macaque safety model. Such an OG liposomal topical microbicide product could be
applied intra-vaginally prior to coitus and would be a potentially effective way to prevent
HIV.

Materials and methods

Materials

Analytical

Octylglycerol was provided by the Institute of Basic Research in Developmental Disabilities
(Staten Island, NY), citric acid, benzoic acid, sodium citrate, vitamin E, polysorbate 80,
lactic acid, benzyl alcohol, propylene glycol, phosphatidylcholine, methylparaben,
propylparaben, and propylene glycol were obtained from Spectrum Chemical (New
Brunswick, NJ); benzethonium chloride (BZT) was obtained from ACROS Organics
through Fisher Scientific (Fair Lawn, NJ); all chemicals used were either USP or NF grade.
Carbopol® 934 and Carbopol® Ultrez 10 were obtained from Noveon (BF Goodrich,
Cleveland, Ohio); poloxamer 407 (Lutrol® F127 NF) was provided by BASF Corporation
(Mt. Olive, NJ); octanol and hexane were obtained from Fisher Scientific (Fair Lawn,NJ);
ethanol was obtained from AAPER Alcohol and Chemical Company (Shelbyville, KY);
N,O-bis(trimethylsiyl)trifluoroacetamide (BSTFA) was obtained from Pierce (Rockford,
IL).

Gas chromatograph (GC) assay for OG—A GC method with a split injector and
flame ionization detector (FID) was developed for the quantitation of OG. OG was extracted
from an aqueous medium using a mixture of chloroform and aqueous medium at a 2:1 ratio.
The chloroform layer was then evaporated to dryness and 100 uL of BSTFA was added to
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convert the OG to a trimethyl sialo derivative. The split ratio was set to 1:30. The injection
volume was 1 L. The GC system used was a Hewlett Packard (Model #5890A), and the GC
column used was DB17 J & W Scientific capillary column, 30 m x 0.25 mm i.d. with 0.25
um stationary film thickness. The carrier gas was helium and make-up gas was nitrogen. The
carrier gas and make-up gas flow rates were approximately 30 and 400 mL/min,
respectively. The injector was maintained at 250°C. The temperature program was set at
100°C, increased at a rate of 10°C/min up to a temperature of 250°C, then kept at 250°C for
7 min. The FID was operated at 250°C; hydrogen and air flows were set at 40 and 400 mL/
min, respectively. The peak area of the chromatogram was analyzed by Series Il Chem
Station software.

HPLC (high pressure liquid chromatography) assay for OG—Given the
complexity of the GC method, a HPLC method was also developed to determine the
concentration of OG. A modular Waters (Waters Corp, Milford, MA) system equipped with
Waters 600E pump, Waters W717 autosampler, evaporative light scattering detector (ELSD)
PL-ELS 2100 (Polymer Laboratories Inc. Amherst, MA), and Milennium 3.2 software
(Waters) were used in this assay with a Luna 5 um NH, 100 A 4.6 x 150 mm (Phenomenex
Corp., Torrance, CA) column. Separations were done in an isocratic system using a mixture
of acetonitrile (ACN): Milli Q water (97.5:2.5) at a flow rate of 1.0 mL/min, with an
injection volume of 25 pL.

Formulation preparation

Liposome formulation—OG liposome formulations were manufactured at Optime
Therapeutics Inc, (Petaluma, CA). Formulations were prepared by mixing two phases
through an OptiMix Mixer (technology currently owned by Lippomix Incorporated (Novato,
CA)). The OptiMix Mixer is an in-line static mixing device equipped with two storage
compartments and a mixing chamber. The two storage compartments, one for the lipid phase
and one for the aqueous phase, are vertical and provide continuous flow of two phases
which is metered precisely by pumps. The two storage compartments for the two phases are
maintained under controllable temperature conditions2’. The compositions for the different
liposomal formulations tested are shown in Table 1. Briefly, the aqueous phase consisted of
deionized water (DI) or a citrate buffer at pH 5.0. The lipid phase consisted of
phosphatidylcholine (1 to 10%), propylene glycol, vitamin E acetate, preservative (BZT or a
combination of methylparaben and propylparaben), and 0 to 1% OG. The two phases were
loaded into the two storage compartments separately and heated to 65°C. In the OptiMix
system, the fluid flow rates are set at a range of 5-30 cm3/s and a range of 20-80 cm?3/s for
the lipid phase and aqueous phase, respectively, depending on the ratio of lipid phase to
aqueous phase in the formulation. The lipid phase was continuously dispersed into the
aqueous phase in the mixing chamber. A placebo liposome formulation was prepared which
consisted of all ingredients except OG. For evaluation of the incorporation of viscosity
agents, Carbopol® 934 or Carbopol® Ultrez 10 was hydrated in the aqueous phase by
stirring prior to mixing with the lipid phase.

Carbopol® gel—OG gel formulations were prepared with either of the two polymers,
Carbopol® or poloxamer, as the gelling agent (see Table 2). Briefly, the Carbopol® was

Drug Dev Ind Pharm. Author manuscript; available in PMC 2015 June 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 5

added to the water using an overhead propeller mixer (Model RW20, IKA Works, Inc.
Wilmington, NC) at room temperature and mixed until dissolved. OG in 1/5 of the glycerin
was added and mixed until uniform followed by the methylparaben, propylparaben and
methylcellulose dispersed in the remainder of the glycerin. The sodium hydroxide solution,
1N, was added to adjust the pH to 4.5 £ 0.2.

Poloxamer gel—Poloxamer was added slowly to 50% of the amount of water needed at 4
to 8°C using an overhead propeller mixer (Model RW20, IKA Works, Inc. Wilmington,
NC). After storing overnight in a refrigerator, the citric acid, sodium citrate and lactic acid
(dissolved in 10% of the water) were added sequentially and mixed until uniform. OG and
benzyl alcohol dissolved the propylene glycol was added, mixed until uniform and the pH
adjusted to 4.5 £ 0.2 with lactic acid.

Formulation properties

Viscosity—Rheological profiles were determined using a cone and plate viscometer
(Brookfield HADV I+ and LDV IlI ultra) recording shear stress over a range of shear
rates at both increasing and decreasing shear rates, i.e. up curve and down curve,
respectively. All viscosities reported are “apparent” viscosities calculated as the ratio of
shear stress to shear rate. For comparison purposes, viscosities were calculated at a fixed
shear rate corresponding to a cone rotational speed of 10 rpm.

pH—The pH was determined using an Accumet pH meter (Fisher Scientific) with an
AccuFet solid-state probe calibrated with pH 4.0, 7.0 and 10.0 standards.

In vitro release—An in vitro release test was utilized for formulated OG as a quality
control measure to establish product function and reproducibility and was not intended to
simulate biologically relevant conditions. The test was conducted as follows: a Franz-cell
system with a 15-mm-diameter opening (1.77 cm? cross sectional area) was used with a 33-
mm regenerated cellulose dialysis flat membrane (Spectra/Por1, 6000-8000 molecular
weight cut-off (MWCT), Spectrum Laboratories Inc.) sandwiched between the donor and
receptor compartments. A circulating water-bath maintained the system at 37°C. The
formulated product, 0.2 g, was placed in the donor compartment and 12 mL of pH 7.4
phosphate buffered saline (PBS) was used as the receptor medium. Precautions were taken
not to entrap air bubbles between the PBS and the membrane. Samples, 200 uL (replacement
with fresh PBS), were taken from the receptor compartment at 0, 0.5, 1, 2, 3, 4,5and 6 h,
and analyzed by HPLC and GC for OG content.

Lipid stability—Since phosphatidylcholine can be hydrolyzed into stearic acid and lyso-
phosphatidylcholine, the integrity of the phosphatidylcholine in the liposome OG
formulation was evaluated at a 1-month-time point using a normal phase analytical HPLC
method. The HPLC system (Waters Corp, Milford, MA) equipped with a Waters 2487 UV
detector and an Alltech evaporative light scattering detector (ELSD 2000) was used. The
stearic acid control eluted at 5.2 min, lyso-phosphatidylcholine at 18.5 min, and
phosphatidylcholine at approximately 12 min (see Figure 1). All other standards, including

Drug Dev Ind Pharm. Author manuscript; available in PMC 2015 June 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 6

vitamin E acetate, OG, and cholesterol were observed to elute in the void volume (1.6 min);
propylene glycol was not detected using the ELSD.

Stability studies—In order to study the efficacy of OG formulations upon storage, the
optimized OG liposome formulation containing 1% OG described in Table 1 along with its
placebo formulation were placed on stability at three conditions: 5+ 2, 25 + 2, and 35 +
2°C. In a separate study, the stability of two polymer-based gel formulations containing 1%
OG in either a 0.43% Carbopol® or a 17% poloxamer base was monitored at two conditions:
25 + 2°C with relative humidity of 60 £ 5% and 40 * 2°C with relative humidity of 75 + 5%.
The liposome and gel products were monitored for efficacy against HSV-1, HSV-2, and
HIV for a period of 2 months. Physicochemical stability including appearance, pH,
osmolality, and viscosity at 25°C were monitored up to 6 months for liposome formulations
and 3 months for gel formulations.

Safety studies

Human ectocervical tissue—Freshly excised ectocervical tissue was obtained from the
Tissue Procurement Facility at the Magee Women’s Hospital according to IRB protocol
number MWH-98-065 from premenopausal women undergoing hysterectomy for benign
conditions. The age range of subjects was 35-49 years old. No patient identifiers were
provided and all tissues collected were anonymized, deidentified, unlinking any patient ID
to the investigators. All tissue specimens were obtained within 1 h of surgical excision.
After the surgery, the tissue was held at 5°C in either PBS or Dulbecco’s modified Eagle
Medium (Mediatech Inc, Herndon, VA) media until used. Excess stroma from cervical
tissue was removed using a Thomas-Stadie-Riggs tissue slicer (Thomas Scientific,
Swedesboro, NJ).

Exposure of human ectocervical tissue to OG formulations—The same Franz-cell
system as described in the permeability study was used to determine toxicity to a short-term
exposure of OG formulations to human ectocervical tissue. Formulated product was placed
in the donor compartment; the tissue removed after 2-h exposure, fixed in Clark’s solution
(ethanol/acetic acid 75:25) for 24 h, transferred to ethanol for 24 h, subsequently embedded
in paraffin, and stained with Hematoxylin and Eosin to identify any morphological changes.

Permeability of OG through human ectocervical tissue—Permeability studies were
conducted in a water-jacketed Franz-cell system (maintained at 37°C via a circulating water-
bath) with a 7-mm diameter opening (0.385 cm? cross sectional area) and a receptor
compartment volume of 4.9 mL. PBS (pH 7.4) solution was used in the receptor
compartment. Human ectocervical tissue was sandwiched between the two compartments
with the epithelial side facing the donor compartment and equilibrated with 400 pL of PBS
(pH 7.4) in the donor compartment for 5 min. After the equilibration period, the PBS (pH
7.4) solution was removed from the donor compartment and replaced with 400 uL of OG
solutions in PBS at 0.25, 0.5 and 1.0% concentration. Samples, 200 pL, were taken from the
receiver compartment (replacement with fresh PBS) at the following time intervals: 0, 0.5, 1,
2,4, 6, 8, and 20 h and analyzed by GC for OG content. Duplicate experiments in four
tissues were conducted.
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Safety evaluation in macaque monkeys—Product safety was assessed in the rectal
exposure pigtailed macaque safety model?829, Rectal product application was utilized since
the rectal tissues are more susceptible to perturbation than vaginal tissues. In these studies,
six breeding-aged female Macaca nemestrina were obtained from colony animals at the
Washington National Research Center (University of Washington, Seattle). The animals
were housed and cared for under conditions that meet NIH standards as stated in the Guide
for the Care and Use of Laboratory Animals (National Academy of Sciences, 1996), ILAR
recommendations, and AAALAC accreditation standards for animals of this species. All six
animals were treated identically, in that each underwent the same experimental protocol
twice. Each experiment lasted 4 days: with daily applications over 3 days of either 2.5 mL
active optimized final liposome formulation (Table 1) or no product administered
intrarectally. Animals were under general sedation with telazol (3—-6 mg/kg body weight,
IM) during application of the products. Study endpoints evaluated included microbiological
assessment, rectal pH, and evidence of blood or epithelial sloughing in rectal lavage
samples.

Efficacy studies

HSV-1 and HSV-2—HSV-1 and HSV-2 (American Type Culture Collection ATCC,
Manassas, VA) were grown in Vero and CV-1 cells, respectively and assayed as described
previously30. Briefly, between 105 and 108 tissue culture infectious doses of HSV-1 or
HSV-2 were mixed with the formulated product and incubated for 1 h at 37°C in the
presence of 1% heat inactivated fetal bovine serum (Atlanta Biologicals, Norcross, GA).
Following incubation, viral infectivity was determined by serial dilution end point method as
described by Reed et al.3L. Dilutions (10-fold) were inoculated into mono-layers of Vero
cells. The plates were examined for 3 to 5 days and examined daily for cytopathic effect.

HIV-1—Experiments were conducted using the method described previously32. PHA-
stimulated Peripheral bood mononuclear cells (PBMC), 2 x 10°, were plated per well in a
96-well-plate and centrifuged at 800 rpm for 5 min to pellet the cells at the bottom of the
well. Plates were held in the incubator until ready to be inoculated with the virus. Hundred
microliter of HIV (50,000 pg/mL p24 equivalent) were incubated for 30 min at 25°C with
equal volume of test material. As a control, HIVV was incubated with medium for the same
period of time. After incubation, samples were centrifuged at 10,000 rpm for 15 min, filtered
through a 0.45-pum-filter, and re-centrifuged at 22,000 rpm for 1 h to pellet the virus.
Pelleted viruses were resuspended in 200 uL of the RPMI medium containing 20% fetal calf
serum (FCS) and 5% natural 1L2 and inoculated onto PBMC in the 96-well-plate. After 5
days of incubation at 37°C, production of HIV was monitored by measuring HIV p24 in the
culture supernatant using the antigen capture assay (Dupont/Perkin Elmer, Boston, MA). At
the end of incubation, cell viability was also measured by the 3-(4,5-dimethyl-thiazol-2-
yl)-2,5-dipheny! tetrazolium bromide (MTT) assay. HIV suppression was calculated using
the following equation:

Control p24(pg/ml) — Test p24 (pg/ml)

100
Control p24 (pg/mil) .

Suppression=
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N. gonorrhoea and normal vaginal microflora

Results

The minimum cidal concentration (MCC) assay was used to determine the minimum
concentration of OG required to kill 99.99% of the test organisms in 30 minl7:33. Reference
strains were obtained from the American Type Culture Collection, ATCC (Manassas, VA).
Field isolates were obtained from human vaginal samples and identified to the species level
as described previously33. Organisms were stored frozen at —70°C in litmus milk until
needed. Stock cultures were revived by plating onto Chocolate agar with supplements (PML
Microbiologicals, or prepared in house) for Neisseria gonorrhoeae or blood agar plates
(Columbia blood agar base) for Lactobacillus. Cultures were incubated at 35°C in air
enriched to 6% CO, overnight or until good growth was observed. The OG liposome and gel
formulations were used directly. Killing was determined by suspending the test organisms in
saline to a density of a 0.5 McFarland standard, diluting 1 to 10 in sterile saline, 10 pL of
bacterial suspensions were added to 90 uL of test solution. After incubation at 35°C for 30
min, 25 pL samples were taken and plated on to the appropriate medium, allowed to absorb
and dry for 10-15 min then spread over the surface of the agar plate. Plates were incubated
as described above for 24 h and evaluated for killing of the test microorganisms by
examination. Samples yielding 10 or fewer colony forming units were considered sensitive
to killing (99.99% of organisms killed). ACES buffer was used at a pH of 7.0 and lactate
buffer was used at pH 5.0. The isotonic strength of each lot of buffer was determined in a
vapor pressure osmometer (Vapro 5520, Wescor, Inc.) and adjusted to 200—-300 mmol/kg
prior to use.

Formulation development

Prototype formulation development—Initial development of the OG liposome
formulation utilized benzethonium chloride (BZT) as a preservative. Several formulations
were prepared with and without preservative, and varying concentration of OG (0.25 to 1%)
(Table 1). This first generation of liposome formulation presented significant efficacy
against HIV-1 (above 90% suppression). However, toxicity was observed with the
formulations containing BZT in the tissue exposure assay. Formulations without BZT did
not show toxicity while maintaining significant anti-HIV activity. Consequently, BZT was
eliminated as a preservative in subsequent formulations. Methyl and propyl parabens
replaced BZT as non toxic preservatives.

Optimization of OG/lipid ratio—After elimination of BZT, formulation development
continued by varying the OG/lipid ratio with the intent of optimizing the lipid concentration
(Tables 1 and 3). The concentration of OG was maintained at 0.5% whereas the
phospholipid, phosphatidylcholine, was varied from 1 to 10%. Efficacy of the formulations
against N. gonorrhoeae, (ATCC 19425, GC 131, DOD 633, UPS 1170, ATCC 49226),
HSV-1, HSV-2 and HIV-1 showed that the OG liposome formulations effectively killed all
strains of gonococcus tested as well as HSV-1 and HSV-2. PHA-simulated PBMC infection
by HIV appeared to be suppressed by all active OG liposome formulations tested, but was
not suppressed by the placebo controls. The 1% phospholipid formulation suppressed about
91% of the HIV infection as compared to 80% suppression for the 10% phospholipid
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formulation suggesting an inverse correlation between the concentration of lipid and the
activity of the formulation. Without being bound by any theory, it was believed that this
reduced activity at higher lipid concentration was due to less active agent being present per
liposome. In addition, tests to check preservation of normal vaginal flora were conducted
with Lactobacillus crispatus (ATCC 6099, and 1211). Formulations with an OG/lipid ratio
less than 0.2 were not toxic to Lactobacillus present in the normal vaginal flora as no killing
was observed. However, killing of lactobacilli was observed with the formulation containing
an OG/lipid ratio of 0.5.

Evaluation of viscosity increasing agents and preservative—A series of
formulations incorporating Carbopol® 934 or Ultrez 10 with fixed 0.5% OG, variable 0—
10% phospholipid, with and without preservatives were prepared (Table 1) and tested for
HSV efficacy. The viscosity ranged from 2500 to 7200 cps and the in vitro release rate
ranged from 1.05 to 2.32 pg/cm?/mint/2. However, all the formulations showed reduced
efficacy against both of HSV-1 and HSV-2 by showing less than a 2-log drop compared to
non-treated control group. This suggested interference in efficacy by the viscosity increasing
agents. Consequently, viscosity increasing agents were not used in the final formulation.

Final formulation development—A series of liposome formulations were prepared
containing 10% phospholipid while varying the concentrations of OG from 0.1 to 6% with a
citrate buffer to maintain the pH of the formulation around 4.5-5.0 (Table 1). Efficacy of the
formulations against N. gonorrhoeae, (UPS 1155, UPS 2015, UPS 1170, DOD 633, ATCC
19425, UPS 1137), HSV-1, HSV-2 and HIV-1 appeared to be concentration-related (Table
4). Concentrations below 0.3% OG were not able to kill STD pathogens while significant
killing efficacy was observed at 20.5% OG. Lactobacillus crispatus (ATCC 6013, 6090,
6027, 2047ATCC 6099, and 1211) toxicity at pH 5.0 (10 mM ACES buffer) and pH 7.0 (10
mM Citrate buffer) was observed at >3% OG. In this stage of the development, toxicity to
human ectocervical tissue was also evaluated. Figure 2 shows the comparison of histology,
of human ectocervical tissue before and after 2-h exposure to 1% OG liposome formulation.
No gross morphological changes in the tissue were found post exposure.

The final liposome formulation developed as shown in Table 1 consists of 1% OG, citrate
buffer, 10% phosphatidylcholine, 5% propylene glycol, 5% ethanol, 1% vitamin E acetate,
0.04% methyl paraben and 0.02% propy! paraben.

In vitro release

OG invitro release rate from liposome formulations were compared with that from the
conventional gels in Table 5. The release rate was obtained by linear regression of the slope
of amount of OG released per area against square root of time34. OG exhibited greater
release rates in Carbopol® gels than in liposome formulations and the release rate appeared
to be viscosity dependent. Increasing the concentration of Carbopol® from 0.25 to 0.61%
decreased the release rate by 30%. The release rate from the poloxamer-based gel was
similar to that of the liposome formulation even though the viscosity of the poloxamer gel
was 10-fold greater than that of the OG liposome formulation.
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pH and viscosity stability—No significant difference was observed in pH during
stability testing over a period of 6 months for both the OG and placebo liposome
formulation (see Figure 3). The rheological profile of the final liposome formulation was
non-Newtonian, pseudoplastic (shear thinning). This is a desired profile for microbicide
products in that it indicates a formulation which has retention at the applied site, but can be
easily spread during intercourse3®. Viscosity was also monitored to ensure physical product
stability (see Figure 4). An initial decrease in viscosity was observed for the active liposome
formulation stored at 5°C attributed to an insufficient holding time for the formulation to
achieve equilibrium. Once equilibrium was obtained, no further change in viscosity was
observed.

The conventional OG gel formulations using two different polymers (Table 2) were stable
over the 6-month-stability testing period at both of 25 and 40°C; the pH ranged from 4.2 to
4.8, the osmolality was less than 1000 mmol/kg and the viscosity ranged from 4086 to 7000
cps.

Lipid stability evaluation—Analysis of the OG liposome formulation, by monitoring
phosphatidylcholine hydrolysis, showed no presence of fatty acid or lyso-
phosphatidylcholine over a 30-day testing period. This suggests that phosphatidylcholine
present in the liposome formulation remained stable with no evidence of hydrolysis.

Safety studies

Permeability and exposure — human ectocervical tissue—OG permeability,
assessed using the Franz-cell system, showed no detectable level of OG in the receptor
compartment over 20 h. This indicates a lack of tissue permeability by OG in this model, but
does not rule out tissue absorption of OG.

Histological evaluation of the tissues showed no significant morphological alterations after
2-h exposure to 1% OG liposome formulation as compared to pre exposure tissue (Figure 2).

Macaque safety studies—The 1% liposome formulation or no product was administered
rectally at a dose of 2.5 mL daily for 3 days. pH, epithelial sloughing, and microbiological
assessments were examined 15 min and 24 h after each application. Microbiological
assessments indicated that the presence of lactobacilli remained equally constant after active
liposome formulation or no product use. Endogenous hydrogen peroxide production by
viridans streptococci was likewise unaffected. In general, the rectal microbiology remained
unaffected by test product used, and compared favorably to rectal microbiology after no
product use.

Both the no product and active liposome formulation treatments had minimal effect on rectal
pH (Table 6). Although fluctuations in rectal pH measurements were noted throughout the
study in active liposome and no product groups, no trend of product-related effects were
seen. Observations of rectal lavage viewed under 7x magnifications, indicated no
association between active OG product administration and increased epithelial desquamation
(evidence of epithelial sheets (one side =3 mm)). Shedding of epithelial sheets in rectal
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lavage samples (Table 7) was noted sporadically in both active liposome and no product
arms of the study.

Efficacy studies

HSV-1 and HSV-2—O0G and placebo liposome formulations were tested against HSV-1
and HSV-2 at time 0, 1, 1.25 and 2 months stability at 5, 25 and 35°C (see Table 8). OG
liposome formulations were fully active against HSV-1 over a period of at least 2 months by
consistently decreasing the HSV-1 titer by greater than 6 logs. HSV-2 titers were decreased
by greater than 5 logs at time O, but only by approximately 2 logs at time periods of 1 month
or more. The liposome placebo formulation had no activity.

OG showed less activity against HSV-1 and HSV-2 in the two gel formulations by showing
only a 1 to 2-log drop in viability as compared to non-treated control. This level of activity
was maintained throughout the stability testing period. Furthermore, HSV in vitro
bioactivity studies showed that both gel placebos exhibited some degree of activity revealing
that gel placebo formulations themselves had baseline activity.

HIV-1—OG and placebo liposome formulations were tested against HIV-1 in vitro at time 0
and 2 months. Results are shown in Figure 5. No significant variations were observed. More
than 80% HIV-1 was suppressed by the OG liposome formulations, which indicated that
anti-HIV-1 activity of OG liposome formulation was maintained after stored at 5, 25 and
35°C for a period of 2 months. The liposome placebo formulation did not show activity
against HIV-1 at any conditions of storage.Gel formulations were evaluated for anti HIV-1
activity after storage as well. The data, summarized in Figure 6 showed that all gel
formulations including placebos presented significant suppression of HIV infection at the
initial time point. Both the Carbopol® and liposome formulations containing OG maintained
suppression of HIV infection at greater than 80% over the 2-month period. However, the
poloxamer formulation appeared to decrease in efficacy with increased storage time.
Efficacy of the OG containing poloxamer formulation was decreased by 26 and 28% after 2
months storage at 25 and 40°C, respectively. This observed decrease was potentially due to
formulation destabilization.

N. gonorrhoeae—Efficacy of the formulations was tested against N. gonorrhoeae as

shown in Table 9. Formulations were exposed to the microorganism (ATCC 49226 and
ATCC 19425) and activities were measured by killing or not killingl”-33, OG Liposome
formulation showed efficacy against N. gonorrohoeae even after 2-month storage. The

placebo formulation showed no activity.

Discussion

AIDS continues to take a devastating toll on lives across the world. Several earlier clinical
trials of vaginal topical microbicides failed to show efficacy when evaluated in large clinical
trials36-39. However, recently it was shown in the CAPRISA trial that a vaginal gel product
containing the nucleotide reverse transcriptase inhibitor tenofovir resulted in a 39%
reduction in new HIV infections®C. This study demonstrates the feasibility of such products
for use in prevention of HIV infection, but also demonstrate the need for the design of better
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product which can more efficiently deliver active microbicide drug candidates resulting in
increased product efficacy. A number of drug
candidatesbeingevaluatedaspotentialmicrobicidesshow potency against HIV, but are
hydrophobic in nature such as OG. Liposomal vaginal gel products can be an effective
means to deliver such hydrophobic drug candidates to the vagina. Although liposome
encapsulation as a drug delivery system has been investigated in numerous therapeutic
applications as indicated previously, little work with the application of liposomal creams for
the delivery of microbicide drug candidates has been published to date. A liposomal
microbicide product containing a non-nucleoside reverse transcriptase inhibitor (MC1220)
was reported to protect Rhesus Macaques from infection following intravaginal challenge
with RT-SHIVAL,

One critical specification for topical microbicide products is that the product should be non
toxic to either vaginal or rectal tissues. These studies assessed toxicity using two models: ex
vivo excised human tissue exposure and in vivo macaque safety rectal exposure. We used
exposure studies to human ectocervical tissue to evaluate the vaginal safety of formulation
products. Both of the OG liposome formulation and gel formulations did not show evidence
of toxicity to freshly excised ectocervical tissue. A further safety study in the pigtailed
macaque model demonstrated that the OG liposome formulation and no product had no
effect on rectal pH, no impact on microbiological flora, and caused no epithelial
desquamation.

Another challenge is to preserve the normal microflora, which plays a significant role in
natural defense mechanisms, while maintaining activity against STD pathogens; lactobacilli
are a major component of the vaginal microflora in premenopausal women. The in vitro
biocompatibility study with Lactobacillus, demonstrated that Lactobacillus toxicity could be
avoided by controlling the OG/lipid ratio. An OG/lipid ratio of less than 0.5 at a fixed
concentration of OG (0.5%) and a ratio less than 0.3 at fixed lipid concentration (10%)
spared four strains of Lactobacillustested (ATCC 6013, 6090,6027, and 2047). However, it
should be noted the accepted MCC for OG is 0.05 and 0.1% for most Lactobacillus. Thus,
the MCC for OG drug substance is less than it is for the OG containing formulated liposome
product. Other studies have demonstrated that the binding of the OG renders the molecule
ineffective at killing the bacteria until the binding molecule is saturated with OG, or until the
equilibrium dynamics reaches the point where the MCC is met. The binding may occur with
albumin or fatty acids!’.

Product efficacy is a second critical specification for microbicide products. A dose response
study established that 1% OG with 10% lipid resulted in sufficient in vitro efficacy against
HSV-1, HSV-2, HIV, and GC while sparing Lactobacillus and showing no toxicity in the
excised tissue model.

Our studies demonstrate that both the OG liposome and gel formulations exhibit activity
against HSV-1 and HSV-2 in the Vero and CV-1 cell model. The OG liposome formulation
showed better activity against HSV-1 and HSV-2 as compared to the conventional OG gel
formulations at the 0 time point with the liposome formulation having greater than a 6-log
drop for HSV-1 and greater than a 5-log drop for HSV-2. Our results correlate with previous
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studies showing HSV-2 to be inherently slightly less sensitive to OG than HSV-142,
Liposome product efficacy as measured by those in vitro evaluations was maintained
throughout the 2 months of stability monitored for HSV-1. However, efficacy of the
liposome product against HSV-2 decreased over time. The placebo liposome formulations
did not show activity against HSV-1 and HSV-2. The two gel formulations, Carbopol®-
based and poloxamer-based, showed approximately a 1.5-2 logs drop for HSV-1 and HSV-2
following 2 months of storage. The baseline activity observed in the gel placebo formulation
is probably due to the preservative in these formulations.

The effects of HIV-1 suppression were investigated using a PBMC cell-based model that
was designed specifically to test potential microbicides in the form of a cream or gel32. 0G
liposome formulations showed efficacy against HIV in greater than 80% suppression and
this efficacy was maintained throughout stability monitoring. The gel formulations studied
including their placebos showed efficacy against HIV; however, the poloxamer gel
formulation did not maintained this efficacy after 2-month storage.

In the process of liposome formulation development, we incorporated bioadhesive polymers,
either Carbopol® 934 or Ultrez 10. These excipients were added to obtain a desirable
viscosity of the formulation with the intent to achieve potentially greater retention in the
vagina. The viscosities of liposome formulations were increased to a range of 3000-7000
cps which was about 6-14 times as compared to 502 cps for liposome formulations without
bioadhesive polymers. Bioadhesive liposome gels have been studied for local therapy of
vaginitis characterized and evaluated in vitro®3. Other mucoadhesive liposomes were
reported for prolonged and controlled release®. In our studies, it was observed that addition
of polymers resulted in reduced activity against HSV. Additionally, activity against HIV
was reduced. Although correlations could not be made between the increase in viscosity and
reduction of bioactivity, the polymers were believed to inhibit the release of OG, further
decreased the activity. Other formulation constituents can impact product efficacy. It should
be noted that previously reported studies have also shown that differing the composition of
lipid in the liposomal formulation can impact cytotoxicity as well as efficacy against HIV
infection>43,

Controlled release of liposome encapsulated OG was one of the defining characteristics
observed in the developed liposome product. These observed controlled release properties
agree with release profiles observed by other liposomal products described in the
literature®-49. This attribute may provide more effective targeting, deposit and prolong the
activity of active drug ingredient. In additiobn, controlled and targeted release may reduce
product side effects. A liposome formulation containing nevirapine, a hydrophobic reverse
transcriptase inhibitor, showed potential improvement for HIV treatment by targeted
delivery of the anti-retroviral drug to select compartments and cells which resulted in
reduction of systemic toxic side effects®0. In our study, the release profile of OG from the
liposome product was controlled and prolonged. The in vitro release rate of OG (1.65
pg/cm2/mint’2) from the liposome formulations was approximately 2.2-5.4 times less than
that from Carbopol®-based gel formulations. The OG release rate from multiple batches of
liposome formulations prepared during the formulation optimization process, were
consistent in their demonstration of controlled and prolonged delivery of OG.
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Unlike the Carbopol®-based gel formulation, OG poloxamer-based gel formulation showed
similar release rate to the liposome formulations. This phenomenon may be due to the high

viscosity nature of poloxamer gel which was 4.5- to 12-fold greater than the viscosity of the
liposome formulations.

Our studies indicate that a liposome drug delivery system is more effective for the delivery
of OG as a microbicide than typical gel formulations. Additional research is required to
further optimize the liposome drug delivery system developed for OG. Further investigation
is needed to define encapsulation efficiency and a more thorough characterization of the
liposome system must be conducted. Additionally it will be essential to efficacy to fully
elucidate the tissue targeting which is achieved with this developed OG containing liposome
product.

Conclusions

Combined the described studies demonstrate the feasibility of formulating OG as a
liposomal drug delivery system. Compared to conventional gel formulations, the liposome
formulation appeared to offer better activity against HSV-1, HSV-2, and HIV. In addition,
the formulation showed efficacy against N. gonorrhoeae. With regard to safety, exposure to
the OG liposome formulation resulted in no harm to Lactobacillus, the predominant innate
microflora organism. Additionally, safety was demonstrated in vitro, ex vivo, and in vivo.
Notably no toxicity was observed when exposed to human ectocervial tissue for a period of
2 h and was shown in a macaque model. This formulation was stable and retained efficacy
after 2 months of storage. The results indicate the developed OG liposomal formulation may
provide a safe and effective microbicide product with advantage over traditional hydrogel
dosage forms.
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Figure 1.
Typical HPLC chromatograms of distearylphosphatidylcholine (b) and its hydrolysis

products: stearic acid (a) and lysophosphatidylcholine (c) using an ELSD detector.
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(b)

Figure 2.
Comparison of histology, 20x magnification, of human ectocervical tissue before (a) and

after (b) 2-h exposure to 1% OG liposome formulation.
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pH stability of OG liposome formulations during stability studies at 5°C, 25°C and 35°C for

a period of 6 months.
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Viscosity stability of OG liposome formulations during stability studies at 5°C, 25°C and

35°C for a period of 6 months.
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Figure 5.
HIV-1 suppression of OG liposomal formulations after 2 months stability.
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HIV-1 suppression of OG gel formulations after 2 months stability.
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Table 1

Percent composition (%ow/w) for OG liposome formulations developed and tested in these studies.

OG/Lipid ratio

Ingredients Prototype optimization Effect of viscosity agent Dosing study Final
0oG 0.25/0.5/0.75/1 0.5 0.5 0.1/0.3/0.5/,1.0/3.0/6.0 1.0
Phosphatidylcholline 5 1/2.5/5/10 0.5/1/5/10 10 10
Propylene glycol 5.00 5.00 5.00 5.00 5.00
Ethanol 5.00 5.00 5.00 5.00 5.00
Vitamin E acetate 1.00 1.00 1.00 1.00 1.00
Methylparaben 0/0.15 0.04 0.04
Propylparaben 0/0.05 0.02 0.02
BZT Oor0.1

Carbopol® 934 or Oor0.4

Ultrez 10

Citric acid anhydrous 0.12 0.12
Sodium citrate 0.3 0.3
DI water gs to 100 gs to 100 gs to 100 gs to 100 gs to 100

gs, quantity sufficient.
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Table 2
Formulation of OG conventional gels.

Carbopol®-based Poloxamer-based
Ingredients (%) Ingredients (%)
oG 1 oG 1
Carbopol® 934  0.25/0.43/0.61 Poloxamer 407 17
Methylcellulose 1 Lactic acid 0.8
Glycerin 5 Citric acid anhydrous 1
Methylparaben 0.15 Sodium citrate 0.3
Propylparaben 0.05 Benzyl alcohol 0.5
Milli Q water gs Propylene glycol 15

Milli Q water as
Total 100 100
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Table 3

Efficacy of OG liposome formulations as a function of OG/lipid ratio. Efficacy test against Gonococcus
(ATCC 19425, GC 131, DOD 633, UPS 1170, ATCC 49226), Lactobacillus crispatus (ATCC 6099, and
1211), HSV-1 and HSV-2, and HIV-1.

Ratio OG/Lipid % Lipid % OG GC Lactobacillus HSV-1 HSV-2 HIV-1 (% Suppression)

0.5 1.0 0.5 X x + + 91
0.2 25 0.5 X / + + 87
0.1 5 0.5 X / + + 87
0.05 10 0.5 X / + + 80

x = Killing by showing greater than a 4-log drop compared to control after exposure to the formulation mixture for 30 min.
/ = No killing by showing less than a 4-log drop compared to control after exposure to the formulation mixture for 30 min.

+ = Killing by showing greater than a 3-log drop compared to non-treated control.
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Table 4

Dose response of OG in liposome formulation. Efficacy test against Gonococcus (GC, 5 strains: UPS 1155,
UPS 2015, UPS 1170, DOD 633, ATCC 19425, UPS 1137), HSV-1 and HSV-2, HIV-1, and Lactobacillus
crispatus (ATCC 6013, 6090, 6027, 2047).

Ratio OG/Lipid % Lipid % OG GC Lactobacillus HSV-1 HSV-2 HIV-1 (% Suppression)

0 10 0 / / - - NA
0.01 10 0.1 / / - - 52
0.03 10 0.3 / / - - 27
0.05 10 0.5 x / + + 80
0.1 10 1.0 x / + + 91
0.3 10 3.0 X x + + 95
0.6 10 6.0 x X + + 99

x = Killing by showing greater than a 4-log drop compared to control after exposure to the formulation mixture for 30 min.
/ = No killing by showing less than a 4-log drop compared to control after exposure to the formulation mixture for 30 min.
+ = Killing by showing greater than a 3-log drop compared to non-treated control.

- = No killing by showing less than a 3-log drop compared to non-treated control.
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Table 5

Characterization of 1%0G liposome and gel formulations.

Release Rate” cvesi?fg sriEt)r/n
Product ug/cm2minl/2
desciption Medium: PBS 25°C  37°C  pH
Conventional gels
Polymer base Conc. of polymer (%)
Carbopol 0.25 8.92 1208 NA 45
0.43 8.00 4086 NA 45
0.61 6.24 7117 NA 45
Poloxamer 17 0.91 5970 7055 4.5
Liposome
Placebo 0 0 5734 5792 53
Active 0 1.65 501.8 513 53

*
Data obtained from linear portion of in vitro release profile plotting from 30 to 240 min.
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Table 6

Safety study in monkeys. Rectal pH evaluations after exposure to no productand liposome formulation after
stability of 8 weeks (n = 6).

Day 1 Day 2 Day 3 Day 4

Formulation  TimeO 15 min Time 0 15 min Time 0 15 min Final

No product 65+08 70+09 66+08 68+04 7.6+07 7506 74%07
Liposome 68+09 73+08 69+07 68%+06 7.1+07 68+07 73%06
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Table 7
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Rectal lavage evaluationsafter exposure to no productand liposome formulation. Stroma and blood associated

with measurable epithelial sheets (Evidence of epithelial sheets (one side =3mm)).

Day 1 Day 2 Day 3
Day 4
Monkey # Time0O 15min Time0O 15min  TimeO 15min Final
Liposome 1 0 0 0 0 0 0 0
2 0 0 0 0 0 12 0
3 0 0 0 0 0 0 1
4 3 0 0 0 0 0 0
5 0 12 lb 0 0 0 2
6 0 0 € 0 2 0 2
No product 1 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0
4 0 0 0 0 5 4 0
5 0 0 0 0 12 g8 2
6 0 0 0 ld 0 1

aTrace blood noted on sheet.

bTrace blood and stroma noted on sheet.
CTrace blood noted on 1 sheet.

dTrace blood and stroma noted on sheet.

eTrace blood noted on 2 of 8 sheets.
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Efficacy of OG liposome formulation vs. gel formulations against HSV-1 and HSV-2 for a period of 2 months

storage.
HSV-1 HSV-2
Formulations  Time (months) 0 1 1.25 2 0 1 1.25 2
Liposome No Treatment Control 6.38 6.25 6.38 6.50 6.25 5.63 6.00 5.63
Placebo
5°C 6.75 6.25 550 575 6.25 563 550 b5.75
25°C 675 6.00 575 6.00 625 625 6.00 538
35°C 6.75 625 563 6.00 625 575 550 5.38
Active
5°C <0 <0 <0 <0 >1 375 275 325
25°C <0 <0 <0 <0 >l 350 300 3.75
35°C <0 <0 <0 <0 >1 375 275 3.63
Gel Carbopol-based
Placebo NA 513 NA 460 NA 450 NA 450
Active NA 413 NA 500 NA 450 NA 350
Poloxamer-based
Placebo NA 413 NA 500 NA 450 NA 350
Active NA 513 NA 550 NA 500 NA 450

Data presented as logarithmic values of tissue cultrue infectious doses.
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Efficacy of OG liposome formulation against Neisseria gonorrhoeae during stability studies.

Time (month)

0.5

1

2

Microorganism  Formulation 0
N. gonorrhoeae  Active x
(ATCC 49226) Placebo /
N. gonorrhoeae  Active X
(ATCC 19425)  Placebo /

X

/

X

/

X

/

X

/

X

/

X

/

Table 9

x = Killing by showing greater than a 4-log drop as compared to control group.

/= No killing by showing less than a 4-log drop as compared to control group.
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