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Novel Follicular-Targeted Nanoemulsions for Acne

ABSTRACT RESULTS METHODS

Background: Acne vulgaris is a common condition caused by blockage of
pilosebaceous units with proliferation of p. acnes bacteria leading to
unsightly, inflamed lesions primarily on the face, neck and back. The
effectiveness of acne treatments have been limited by the ability to permeate
into the pilosebaceous unit. A novel antibacterial nanoemulsion (NB-003)
composed of nanometer-sized droplets that physically disrupt p. acnes, was
investigated in the hamster ear model for it's ability to permeate the
pilosebaceous unit.

Methods: In vitro skin permeation studies with several different NB-003
formulations (e.g., lotions and gels) were performed using hamster ear as the
skin model. Nanoemulsions with entrapped fluorescein were assayed at
various time points after a 100 pl/cm? single dose of NB-003 . Residual test
article was removed by rinsing and swabbing. Hamster ear skin was
cryosectioned to 7 ym sections and viewed under a light and a fluorescent
microscope. The permeation of NB-003 was assessed by measurement of a
chemical marker for the emulsion droplets, cetylpyridinium chloride (CPC), by
HPLC following dissection of sebaceous glands from hamster ears. The levels
of NB-003 were analyzed in surrounding tissues (e.g. epidermis dermis,
receptor compartment) by measurement of CPC content.

Results: Fluorescence micrographs demonstrated permeation of NB-003 into
the entire pilosebaceous unit. All pilosebaceous units in the examined fields
showed evidence of NB-003 uptake. There was an increase in the delivery of
CPC to the sebaceous glands with increasing concentrations of NB-003 at 24
hours that appeared to plateau at the 0.5% NB-003 concentration.

Conclusions: These data suggest that NB-003 specifically targets the
pilosebaceous unit achieving high concentrations where acne begins. The
concentrations of NB-003 are well above the MBC for P. acnes providing a
potential acne therapeutic. NB-003 is currently being studied in a Phase 1
clinical trial to measure the reduction of facial P. acnes.

BACKGROUND

* Acne is a common skin disorder caused by multiple factors, including an
inflammatory response to the gram negative bacillus, Propionibacterium
acnes, that selectively grows in the pilosebaceous glands of humans.

* Topical and oral antibiotics have been used to treat acne, but their
effectiveness has been diminished due to the increasing incidence of drug
resistant P. acnes isolates (Table 1).

+NB-003 is a novel microbicidal nanoemulsion with low resistance potential that
has potent in vitro bactericidal activity against resistant strains of P. acnes
(Table 1).

*We hypothesized that due to the unique surface activity of the nanoemulsion
formulation, it would preferentially distribute to hair follicles and sebaceous
glands (Figure 1).

»We tested this hypothesis by examining the permeation of fluorescein labeled
nanoemulsion in the hamster ear sebaceous gland model, as well as
measurement of a nanoemulsion marker (CPC) in the dermis and sebaceous
glands (Figures 3 and 4).

Figure 1. Proposed mechanism of delivery of nanoemulsion after topical application.
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Table 1. In vitro activity of anti-infective agents against 16 isolates of
P. acnes, some with defined ribosomally-based resistance
mechanisms to erythromycin, clindamycin and/or tetracycline as
compared to NB-003.

MIC,,/MBC,, Value*

Compound
NB-003 1 2
Erythromycin >128 >128
Clindamycin >64 >64
Tetracycline >32 >32
Benzoyl peroxide 50 200
Salicylic acid 1000 2000

Figure 2. Scanning Electron micrographs of P. acnes before (a)
and after treatment (b) with NB-003 for 10 minutes at room
temperature.
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Figure 4. In-vitro permeation of NB-003 in epidermis /dermis and
sebaceous glands of hamster ear skin (CPC (ug/ear): mean + SD). No
levels of CPC was detected in the receptor solution.

Emulsion manufacturing. NB-003 is an oil-in-water emulsion
manufactured from ingredients that are Generally Recognized

As Safe (GRAS) with a cationic detergent (cetylpyridinium chloride,
CPC) that has proven safe for oral human use. The average droplet
size was 180 nm as measured by dynamic light scattering. The
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MIC/MBC determinations. Minimum inhibitory concentrations (MIC) and bactericidal
concentrations (MBC) to clinical isolates of P. acnes were determined anaerobically using
standard methodology (Clinical and Laboratory Standards Institute).

In-Vitro Diffusion Method: Percutaneous absorption was measured using the in vitro cadaver
skin finite dose technique.

Apparatus In-vitro Franz diffusion cell
Membrane Hamster Ear skin

Duration 24 hours

Marker Cetylpyridinium chloride (CPC)

0.1%, 0.3%, 0.5% Nanoemulsion NB-003 and 0.3% NB-003 gel

Formulations
0.3% Nanoemulsion and entrapped 0.01% Fluorescein

Dose and Frequency 100 pl/cm? was applied once
Cell Volume 7.7mL

Receptor Conditions pH 7; 37°C (receptor solution); 32°C (skin surface temperature)
70% Ethanol Solution

HPLC Isocratic method for CPC, cryosectioning and light and fluorescent
microscopy

Extraction Solvent

Test Methods

Surface wash, combined epidermis and dermis, isolated sebaceous glands
and receptor samples.

CONCLUSIONS

+ NB-003 selectively permeates into hair follicles and sebaceous
glands.

+ The combination of bacteriocidal activity, selective permeation
and low resistance potential make NB-003 an interesting
candidate for clinical trials in acne.

* A Phase | clinical study is currently underway examining the in
vivo bacteriocidal activity of NB-003
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