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Scalable nanocarrier formulation platform: Flash NanoPrecipitation (FNP)

mixing begins homogeneity  nucleation  stabilization

FNP turbulent mixing:

100 nm

homogeneous

  T = 0 ms T = 5-10 ms T = 20-30 ms       T = 50-60 ms

“Bulk nanoprecipitation” poor mixing:

10,000 nm

T = 5-10s  T = 0 ms T = 5-10 ms T = 20-30 ms       T = 50-60 ms

Key challenges for FNP: “intermediate” 
hydrophobicity & block copolymer cost
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Adapting FNP for use with low-cost stabilizers and continuous drying

strongly 
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drug
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Hydrophobic molecule encapsulation
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HPMCAS
$50/kg

Low-cost stabilizer
Amphiphilic modified cellulosic

core-shell 
nanocarrier, 
tunable within
60-400nm

20x

solubility limit

Dissolution kinetics 
in intestinal fluid

BÜCHI B290 
spray drier

Ristroph et al., J. Trans. Med. 2019
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Adapting FNP to encapsulate hydrophilic biologics
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Hydrophobic molecule encapsulation
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Hydrophobic ion pairing (HIP)
Solubility engineering for hydrophilic APIs
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60-400nm
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paired complex

–
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- Forms ~100nm NCs, tunable 
- 90-100% EE 
- 30-40% API loading

- Release rate varies with 
counterion chemistry and 
quantity; why?

Ristroph et al., Nanoscale Advances 2020
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12C tail, phosphonic acid

12C tail, carboxylic acid

12C tail, sulfonic acid

N/A N/A

Liquid crystalline structures in NC cores control release rate (poster 300)

- Phase behavior can be controlled with choice and quantity of counterion.
- Allows straightforward method of tuning release rate.

PMB release from NC formulations

Increasing extent of internal ordering 
(various counterions, charge ratios)

Ristroph et al., JCIS 2020
Ristroph et al., Mol. Pharm 2021
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Nanocarrier targeting: macrophage-targeted antitubercular NCs (poster 301)

B.

p < 0.01

p < 0.01

ecumicin core

hexamannose 
targeting moiety for 
macrophages

PCL-b-PEG-HM

In press, Adv. Mat. Tech. 
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In vivo efficacy of NCs made by FNP with HIP

Ristroph et al., Int. J. Pharm. 2021 

Ovalbumin (OVA): 43 kDa, pI = 5.2

•EE: 88% OVA loading: 29%
•NC formulation improved immunogenicity in 
vivo in a nasal vaccine mouse model

-5.32 log 10
 reduction

-5.66 log 10
 reduction-2.44 log 10

 reduction

Markwalter et al., JCR 2021
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Acknowledgements and conclusions

- We are continuing to expand the Flash 
NanoPrecipitation platform to enable 
novel nanoformulations for enhanced 
delivery.

- This work will continue in the 
newly-formed Ristroph Lab at the 
Purdue University Department of 
Agricultural & Biological Engineering. 
www.ristrophlab.com 

http://www.ristrophlab.com/

