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Intranasal Nose-to-Brain (N2B) Delivery: atocry
Addressing the Research to Commercialization Gap

dDespite intensive research in N2B delivery area, the number of commercial products to treat ST
CNS disorders does nots satisfy the current unmet need. With growing interest in intranasal pasal coll —
delivery of CNS-active drugs like ketamine (Spravato®), naloxone (Nyxoid®), & epinephrine
(Neffy®), the need remains for a versatile platform able to efficiently deliver drugs to the brain. sustentacular cell
dProduct Development Challenges: Teaniscellular
1 Drugs must have high solubility with permeability (potent drugs) Intracellular Extracellutar_ ==
1 Limited dosing volume (ideally 100 -150 pL per nostril) + Rapid mucociliary clearance 4 Olfactory {ﬂ&\,
1 Deposition must be primarily in olfactory region — depends on formulation & device Pathway ,
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J Patients often needs specialized devices; Not patient compliance a1 y i
J Advanced nasal systems are costly & not scalable in industry "‘-‘.;;3\ & \EasilseR

Hypothesis: Self-Nanoemulsifying Drug Delivery Systems (SNEDDS) are scalable to high S .. Trigeminal Lymphatic

commercial volumes formulations that possess high solubilization and permeability = Pathway Pathway

enhancing ability for poorly soluble drugs, drug combinations and critical excipients and ll ~ . o R

can be formulated as nasal sprays (fine mist or viscous liquids). s ﬂ \A \o. -

Aim: To engineer a universal “Incorporation-ready” delivery platform for N2B targeting able /’f p;.,mj % 8 R

to: | el g
d Enhance the solubilization & permeation of various solubility drugs across the nasal Vi 7 —

mucosa (model drugs; BCS 2: Naproxen, BCS 3: Promethazine, BCS 4: Aripiprazole
and Naproxen:Promethazine lonic Complex)

1 Target the olfactory mucosa using a commercially available spray device

1 Be scaled up easily while enhance patient compliance.

Fig 1. Pathways for N2B delivery

Designing a Platform SNEDDS-based Nasal Spray Solubility Enhancement in SNEDDS
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Fig 4. Ex vivo permeability across excised nasal porcine mucosa (A-C); A: Naproxen SNEDDS and Naproxen-Promethazine complex SNEDDS are ry 9 g
statistically significant after 15 minutes compared to Naproxen or Naproxen sodium (One way ANOVA), Key: Naproxen SNEDDS (black square), Naproxen (red circle), Naproxen sodium SNEDDS
(blue triangle), Naproxen sodium (green triangle) Naproxen-Promethazine complex SNEDDS (purple rhombus), Naproxen-Promethazine complex (orange triangle); B: Naproxen-Promethazine 5
complex and Promethazine SNEDDS are statistically significant compared to Promethazine HCL after 15 and 30 minutes respectively (One way ANOVA), Key: Promethazine SNEDDS (black > A iy ” ".
square), Promethazine HCL (red circle), Naproxen-Promethazine complex SNEDDS (blue triangle) and Naproxen-Promethazine complex (green triangle); C: Aripiprazole SNEDDS at 3 dose levels 45 45 degrees 60 degrees et 4
(2.5 mg: black square; 5mg: blue triangle; 7.5 mg: purple rhombus) vs Aripiprazole controls at these dose levels (2.5 mg: red circle; 5mg: green triangle; 7.5 mg: orange triangle). Receptor chamber:
1% B-cyclodextrin in the receiver chamber (15 mL, pH 6). 40 75 degrees
Pullulan Optimised SNEDDS Sprays show Enhanced Mucous Retention T o
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" " / _i_: coating a nasal casts (LM-005, Koken Co. Ltd., Tokyo, Japan) with water sensitive paste
v N ‘ ‘F' a5 (Sar-Gel®) and sprayed with formulation at different angles. The highest deposition in
- A i o ’,*’ —a—C6 olfactory region (~40%) was achieved by SNEDDS (50%), pullulan (0.5%) sprayed using
3 1 gm .-~ an Aptar Classic Line Spray at an angle of 75° (shown in image, Bar: 10 mm). Key: S30,
w A g — oo i """ S50: 30% and 50% w/v SNEDDS respectively; S30/S50 45,60,75: Angles for spray
w0 . o | nozzle at 45°, 60° and 75° with respect to nasal position, Olfactory: Olfactory area in
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5 1 24 Images were analysed with ImageJ.
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Flg 5 Optlmlzmg SNEDDS nasal spray formulation (A-F); A: Particle size (nm) and zeta potential of SNEDDS in pH 6 buffer. B: Droplets sizes after Platform SN EDDS TQCh nOIOgy for

actuation by laser diffraction (Spraytec®, Malvern) C: Plume Geometry Angle (o) and Spray Pattern Ovality were assessed using the Proveris® SprayVIEW system. C5 shows similar ovality to
the marketed nasal spray but reduced plume geometry angle due to its viscous nature (data image is attributed to formulation C5) which enables olfactory targeting. D. Force to actuate is
measured by NSP® actuator integrated with Proveris® SprayVIEW. Formulas compared with commercially available nasal spray devices. C5 indicated actuation forces like that of marketed

Nose to Brain Sprays

products. Formulations were tested for sprayability by investigator from a scale of 1-5 with 1 being more sprayable (Sprayability: C1: 1, C2: 2, C3: 3: C4: 5, C5: 3, C6: 5, Marketed: 3). E: Ex = .
vivo mucoadhesive experiments undertaken using porcine nasal excised tissue coated with freshly prepared 8% w/w of mucin type lIl. Probe used: TA10 (1/2” dia., acrylic cylinder,35 mm tall. D Optlmlsed SNEDDS Sprays can be applled
Test speed: 0.2mm/s, applied force: 50g, return distance: 10mm, contact time: 2s, trigger force: 10g. Formulation C5 indicated the highest mucoadhesion. F. Ratio tan (d) i.e. ratio of loss : - :
modulus (G”) to storage modulus (G) that is a measure of how elastic (tand<1) or plastic (tand>1) measured at 1-300 rad/s sheer rate at 35°C. C1 and C5 indicate sol-gel transition (tan(d)<1) tO a Wlde range Of therapeUtlcs carrylng
but C5 has higher loading. Key; C1-C6 Nasal Spray Formulations were prepared based on the ratio of Pullulan: SNEDDS in pH6 buffer; C1: 2.73/27.72, C2: 0.54/30.89, C3: 1.63:50, C4: h|gh pay'oads (up to 500/0) and resu|t|ng in

2.43:50, C5: 0.5:50, C6: 2.0:50 w/w. Marketed refers to a commercial FDA approved nasal suspension o ] _
40% deposition to the olfactory region using

D D |_ 5o a standard available nasal spray device.
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