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Control drug transport

www.subping.com
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Pharmaceutical nanoparticles - tools to control drug transport
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Mazza et al (2013) ACS Nano, 7: 1016-1026
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Delivering genes to a voiding bladder
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EAGC IC50 = 0.4 – 4.1 mg mL-1

Lipofectamine IC50 = 0.03 mg mL-1

EAGC

E28GC45 – Molecular weight = 45 

kDa

E28GC83 – Molecular weight = 83 

kDa

On bladder 

instillation, a high 

molecular weight 

polymer (83 kDa) 

delivers genes to a 

voiding bladder

Gene expression 

contained in the 

bladder, e.g. no liver 

gene expression

Li et al (2021) J Control Release, 332, 210 -224.
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Peptides and nucleic acids in the brain
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Central Nervous System Diseases

• 1 billion people living with neurological conditions including brain cancer and 

neurodegeneration

• Chronic migraine is the most common neurological disorder in the world 

affecting an estimated 1% of the global population

• 50 million people living with epilepsy worldwide

• 35 million people suffering from Alzheimer’s Disease worldwide

• 6 million patients suffer from chronic neuropathic pain in the developed world 

with no estimates for the global prevalence of chronic neuropathic pain

• Neurological disorders are predicted to grow to become the leading cause of 

morbidity among the world’s 15 – 45 year olds in 2030

• Brain tumours have a poor prognosis 

• Treatment of many CNS diseases hampered by the blood brain barrier
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Nose to brain nucleic acid delivery

Nasal delivery

Lipofectamine 

IC50 = 0.03 mg 

mL-1 Carlos et al (2017) Int J Pharm, 526, 106–124.  
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Nose to brain gene silencing

Nucleic acid binding

Biocompatibility

4APPA IC50 = 14 mg mL-1

Lipofectamine IC50 = 0.03mg mL-1

4APPA
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Elouzi et al, submitted
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Nose to brain gene delivery

GC60 / Luc-DNA

0.02 mg/Kg 0.04 mg/Kg 0.06 mg/Kg 0.1 mg/Kg

Highest gene expression consistently found in the cortex over multiple experiments
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Petkova et al, 2022, Pharmaceutics, 14, 1136

Fatani et al, in preparation
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Nose to brain gene delivery

Highest gene expression consistently found in the cortex over multiple 

experiments
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Therapeutic Intervention - ITCH as a Target

Apoptosis

p73 

-

Gene activation
ITCH targets 

p73 for 

degradation

+
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ITCH

A combination of ITCH shRNA 

and a sub-therapeutic dose of 

gemcitabine suppressed 

tumour growth for 17 days
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ITCH, p73 and apoptosis

ITCH (2 days)

ITCH (3 days)

p73 (3 days)

SiNC
LF 

(1:2)

B-Actin (3 days)

GC60

(1:100)

DAPI (Live Cells) PI (Dead Cells)
Annexin V 

(Apoptosis) Merged

siNC

Lipofectamine

GC60
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Therapeutic strategy 

Day 0

Intracranial tumour 

cell (U87MG) 

implantation

Day 4

Intranasal treatment:

a) Saline

b) SiRNA ITCH

c) Gemcitabine

d) Gemcitabine + siRNA ITCH

Day 0 – Day 50 

a) clinical scoring

b) weighing

Fatani, in preparation
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Brain gene therapy
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Brain gene therapy

Treatment Survival 

Saline 26 days

siRNA ITCH 27 days

Gemcitabine 34 days

Gemcitabine + siRNA ITCH 45 days

Survival extended by 33% when siRNA ITCH combined with gemcitabine

Fatani, in preparation
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Molecular Envelope 

Technology
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Nanomerics’ active excipient platform accelerates the development of 

precision medicines
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Molecular Envelope Technology (MET) – Ophthalmology, Neurology 

and More

Non-irritant permeation 

enhancer targeting front and 

back of the eye ocular 

diseases

Nasal spray 

targeting brain 

diseases Intravenous to oral 

switch
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• Ocular delivery

– Topical (eye drops) delivery of drugs to the 

front and back of the eye

– 5 – 18X more drug delivered compared to 

conventional eye drops

– No plasma exposure - efficacy without 

systemic side effects or ocular injections

• Oral delivery

– Switch from intravenous to oral medicines

– Convenience without medical infrastructure

– 3 – 38X increase in Cmax

• Nose-to-brain delivery

– Delivery of drugs to the brain bypassing the 

blood-brain-barrier with minimal plasma 

exposure

– Efficacy without systemic side effects

Applications
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Pain – A solution

• Acute Pain

– Breakthrough pain (70% of cancer patients)

• Severe chronic pain 

– Cancer and neuropathic pain (diabetic neuropathy and post herpetic 

neuralgia)

– 8.2 Million US patients

– 20% of European Adults 

• Efficacy Problems

– Only 25% neuropathic pain patients experience pain relief

• Mostly mu opioid receptor agonists

– 80% patients experience side effects: constipation, nausea, sedation

– Analgesic tolerance

– 3 – 19% of patients become addicted to opioids

– Respiratory depression

• 425,000 opioid emergency admissions and15,000 deaths annually 

in the US

• Hypothesis

– Efficacy plus reduced side effects = a differentiated product
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Brain delivery of peptides - peptide nanofibres
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Molecular Envelope Technology (MET)

• Control of polymer properties through chemistry

• Stability for safety and predictability

• Charge controlled surface interactions 

• GMP manufacture
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MET: Safety Demonstrated in GLP Regulatory Tox 

Studies 
Test Outcome

Single intravenous dose in the rat Maximum tolerated dose = 150 mg kg-1

7 Day repeat intravenous dose study in the rat Maximum tolerated dose = 100 mg kg-1

GLP Mutagenicity testing Ames test Negative

GLP Mutagenicity testing Mouse Lymphoma Test Negative

GLP Intravenous Rat Irwin Study Nothing abnormal detected at 100 mg kg-1

GLP cardiovascular safety pharmacology *

GLP Intravenous respiratory safety pharmacology in the rat NOAEL = 40 mg kg-1

Oral 7 day repeat dose ranging dog study NOAEL = 300 mg kg-1 (top dose studied)

GLP oral 28 day repeat dose dog study NOAEL = 150 mg kg-1 (top dose studied)

Oral 7 day repeat dose ranging rat study NOAEL = 200 mg kg-1

GLP oral 28 day repeat dose rat study NOAEL = 200 mg kg-1 (top dose studied)

Intranasal 7 day repeat dose ranging rat study NOAEL = 30 mg kg-1 (Reduced weight gain at 50 mg kg-1)

GLP 28 day intranasal dose in the rat NOAEL = 18 mg kg-1 

6 day topical Ocular tolerability study in the rabbit NOAEL = 40 mg mL-1 (top concentration studied)

* Access through licensee
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Envelta™️ - Molecular Envelope Technology + leucine enkephalin
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Centrally Acting

Godfrey et al, Control Release 2017, 270, 135-144.
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Intranasal NM0127 acts exclusively on the central opioid receptors and is only inhibited by the central 

inhibitor Naloxone (Nal) and is not inhibited by the peripheral inhibitor (Naloxone Methiodide –

NalMeth).

NM0127 unlikely to cause constipation as the constipation side effect is largely peripherally mediated.
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Conditioned Placement Preference Behavioural Experiments

SHAM TEST

Day 1 – Time in 

chambers measured

SHAM TEST

Day 2 – Spinal ligation 

on test animals

Only sham surgery on 

sham animals

SHAM

Placebo

Test

TEST

Placebo

Test

Day 9 – Habituate to 

placebo and drug 

chambers

Placebo

Test

Placebo

Test

SHAM TEST

Day 10 – Time in 

chambers measured

Godfrey et al, Control Release 2017, 270, 135-144.
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Activity in a Spinal Ligation Model of Neuropathic Pain

NM0127 activity  in a neuropathic pain spinal nerve ligation (SNL) model, BL = 

Baseline.  

SNL animals prefer the NM0127 paired chamber whereas Sham animals show no 

preference.

There is an absence of reward seeking behaviour Godfrey et al, Control Release 2017, 270, 135-144.
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Envelta™️

Nanoparticle technology 

enables exclusive brain 

exposure to amphiphilic 

peptides via the nasal 

route
• Activity in all pain models

• No reward seeking behaviour

• No tolerance

• Active in morphine tolerants

• Centrally acting so unlikely to 

cause constipation
Godfrey et al, J Control Release 2017, 270, 135-144.



⌂ ≣

Envelta™️ out-licensed to Virpax Pharmaceuticals (NASDAQ:VRPX)

Parameter Envelta™️ Fentanyl Morphine

Fast acting within (15 

minutes)

✔ ✔ X

Non-invasive route of 

administration

✔ ✔ X ✔

Active ingredient efficacious 

in humans

✔ ✔ ✔

Absence of constipation side 

effects

✔
(as centrally 

acting)

X X

Absence of respiratory 

depression

✔
(delta opioid 

receptor 

agonist)

X X

Absence of analgesic 

tolerance

✔ X X

Active in morphine tolerants ✔ X 

(only at high 

doses)

X

Absence of reward seeking 

behaviour

✔ X X

In-licensed Naltos 

delivery device
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MET Comparative Advantage – Corneal Deposition
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Ocular penetration enhancement
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MET Ocular Delivery vs. Eye Drops - Key USPs

Parameter MET Suspensions Emulsions

Hydrophobic drugs ✓ ✓ ✓

Penetration Enhancement ✓ X X

Front of eye enhanced ✓ X X

Back of eye ✓ X X

Reduced dosing frequency ✓ ✓ X

No irritation ✓
Stabiliser 

specific
X

No loss of visual acuity ✓ ✓ X

No need to shake ✓ X ✓

Ease of manufacture ✓ ✓ X
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OC134

• Topical OC134 (0.1%) eye drops for allergic conjunctivitis

• 15-20% of the population experience allergic conjunctivitis

• 35% of cases not controlled by antihistamines

• Superior drug deposition to the commercial preparation
– OC134 delivers 5X more drug to the conjunctiva 

• Competitor 0.1% eye drops  results in 80ng/ g in the conjunctiva1 hour after 
dosing.  

– OC134 delivers 18X more drug to the cornea
• Competitor 0.1% eye drops results in 250ng/ g in the cornea 1 hour after dosing.  

– OC134 delivers drug to the aqueous humour
• Competitor 0.1% eye drops are not detectable in the aqueous humour.  

– OC134 does not result in plasma exposure

– Non-opaque formulation

– Higher response rates anticipated

– Targeting an orphan drug indication

– Innovative Licensing Access Pathway (ILAP) passport awarded

– Clinical trials project started in 2021
• Quotient Sciences

Badr et al, Int J Pharm, 2021,120364. doi:10.1016/j.ijpharm.2021.120364
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OC137

• OC137 (0.2%) eye drops for non-
infectious posterior uveitis 

• Prevalence of 0.12%, causes 5 – 25% 
of global blindness 

• Drug efficacious on intravitreal delivery

• Topical delivery to the back of the eye 
with proven preclinical efficacy in a 
posterior uveitis model

• Upregulates Treg and downregulates 
Th17

• Superior to the intravitreal formulation 
that is currently in development
– Ease of use in the home without the 

need for medical personnel 
administered intravitreal injections

– Targeting an orphan indication

• Status
– Preclinical proof of concept
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Ocular MET for Hydrophobic Drugs - Competitive Advantage

Parameter Nanomerics’ 

MET

Drug 

suspensions

Oil in 

water 

emulsions

High hydrophobic

drug capacity

✓ X ✓

Formulation ease of 

manufacture

✓ ✓ X

Permeation 

enhancement

✓ X X

No ocular irritation ✓ ✓/X X

Optically clear ✓ X

No shaking before 

use

✓ X ✓
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• Ocular own

– OC134

• Ocular partnered

– OC135

• Nose-to-brain partnered

– Envelta™ and Naltos device 

• Nasal partnered

– AnQlar

Pipeline with 4 Phase I ready/ IND-enabling assets 

Pipeline
OC = ocular

OR = oral

NB = nose-to-brain

NA = nasal

ND = device
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Summary

Delivering metabolically labile peptide drugs to the brain
Pain therapeutics

Delivering drugs to the retina using eye drops
Reducing the need for intravitreal formulations

Targeting drugs to ocular surface tissues with no plasma 
exposure using eye drops

Reduced systemic side effects

Delivering nucleic acids to the brain
Neurological disorders

Delivering genes to the bladder
Bladder cancers
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