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Overview

• Introduction

• Nanomedicines for parenteral delivery
– long-acting drug delivery
– Nanocarrier approaches for targeted delivery

• Nanomedicines for oral delivery
– University of Liverpool antiretroviral nanomedicines

• Summary



Particles in liquid

Nanotechnologies being explored in drug delivery

Solid Drug Nanoparticles (SDNs; aka nanocrystals, nanosuspensions, nanodispersions)

“Bottom-Up”

Precipitation of 
solutions

“Top-Down”

Breaking large
solids

Nanocarrier systems (extremely diverse in composition)

Lipid-based carriers polymer-based carriers Inorganic carriers Biological



Current applications of nanotechnology in medicine

TherapeuticDiagnostic Theranostic

Earlier diagnosis Better disease monitoring Safer and more effective therapy

- Improved patient survival 
- Reduced patient morbidity

Fundamental knowledge of disease



• Demand for some preferred drugs in resource-limited settings is 
outstripping current manufacturing capacity.

• Any strategy that reduces doses required for effective viral suppression 
will increase the number of patients able to receive therapy and may 
reduce cost.

• 2014 WHO statistics estimate 2.6 million children <15 years are HIV 
positive, with only 32% of infected children on therapy. New 
formulations for children living with HIV are required.

• Other limitations of current active pharmaceutical ingredients (APIs) 
include:

– Poor patient adherence / compliance to medication

– Poor oral bioavailability and rapid clearance of many APIs

– High inter-individual variability in exposure / response (partially 
explained by pharmacogenetics) 

– Fed/Fasted variation for some drugs

– Adverse drug reactions (including off-target toxicities)

HIV therapy: paediatric considerations



Non-adherence to HIV medication is a key 

driver for long-acting antiretroviral regimens
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Non-adherence to HIV medication is a key 

driver for long-acting antiretroviral regimens
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- Potential for once a month (or longer) administration following intramuscular 
(or subcutaneous) delivery of solid drug nanoparticles

- Potential application in treatment and pre-exposure prophylaxis
- Requires an oral “lead in” to mitigate adverse drug reactions
- Only two drugs currently in development – current limitation for therapy!
- Currently many unanswered questions regarding mechanism for release.

Rilpivirine LA (NNRTI) S/GSK1265744 (integrase inhibitor)

Benefits of long-acting delivery of HIV drugs



SDNs for long-acting depot delivery of HIV drugs: mechanisms?

Lymph capillary Interstitial space

Muscle cells
?

?

Many unanswered questions regarding what regulates drug release!

Owen and Rannard. ADDR. 2016



Nanomedicine approaches are almost exclusively 
driven by a motivation to improve safety

Healthy tissue – normal vasculature

Tumour tissue – “leaky” vasculature

liposome

Fungal cell Human cell

efficacy Toxicity

Amphotericin



Can benefits of nanocarriers within the systemic 
circulation be achieved from orally dosed materials?



Can benefits of nanocarriers within the systemic 
circulation be achieved from orally dosed materials?
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Benefits of SDNs for oral delivery other indications
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Solid drug nanoparticles

Nanotechnologies and oral drug delivery
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1) High surface area to mass ratio 
results in more rapid dissolution of the 
drug in the gut lumen. I.e. more rapid 
and more complete dissolution.

Nanotechnologies and oral drug delivery



Gut lumen
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2) Surface interaction and subsequent 
dissolution results in high local 
concentrations that saturate drug 
transporters (donuts)

Nanotechnologies and oral drug delivery



Gut lumen
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3) Nanoparticles may become trapped 
in the mucous resulting rapid 
dissolution close to the intestinal 
barrier. Again, high local concentrations 
saturate efflux systems.

Nanotechnologies and oral drug delivery
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4) Nanoparticles may avoid transport 
systems by paracellular movement 
across the intestinal barrier (i.e. 
between cells).

Nanotechnologies and oral drug delivery



Gut lumen
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5) Particulate nature of the formulation 
results in endocytosis / phagocytosis by 
immune cells or enterocytes. Potential 
for entry into the systemic circulation 
via peyers patches.

Nanotechnologies and oral drug delivery



Nanotechnologies and oral drug delivery
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5) Nanoparticles may enter and release 
drug within the lymphatic system. Drug 
then moves through the lymphatic 
system prior to entering the systemic 
circulation.



Dessication

Supersaturation

Local Concentration

Particle Formation

Dry Porous Structure

“Zones” of Organic 

Compound

Two solvents

APIs and excipients dissolved

Zhang et al Nature Nanotechnology 3, 2008, 506 – 511

Emulsion-templated freeze/spray drying

• Generates solid nanosuspensions in one step

• Utilises volatile solvents (freeze drying, spray drying/granulation) 



Liverpool multidisciplinary nanomedicine 
development approach

Excipient screening

Freeze-dry library

Physical characterisation

Spray-dry / GMP translation

In vitro library screening

In silico PK prediction

In vivo confirmation

- Regulatory engagement / approval
- Clinical development (in collaboration with SSAT)
- Market analysis (in collaboration with MPP)
- Tech transfer and industry engagement



Summary of oral antiretroviral solid 
drug nanoparticle development

• Lead selection from detailed 
pharmacological investigation (Lopinavir
and efavirenz)

• Translated to cGMP production

• Long-term stability established in 
powder-filled capsules

• Regulatory approval of IMPDs and 
ethical approval of clinical protocol are 
now in place 

• First patient enrolled in December 2015 
(EudraCT number 2013-004913-41)





Discipline-dependent acceleration of 
nanomedicine development

Technological push Clinical pull

• A worryingly high percentage of nanomedicine candidates have been deemed 
not suitable for their intended clinical purpose.

• Communication is key to translation of successful new nano-enabled medicines.

Drug resistance is 
a major problem 
exacerbated by 
lack of adherence

我不明白

Nanomedicine
development
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