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Osmotic Pumps Biodegradable Polymers

Long-acting depots

Wearable External Pumps
MicroCHIP devices
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Nanochannels .+ 4
No Need for Pumps! A/letho:hst

Opportunity: Fluids at the nanoscale do not follow
continuum-based laws of mass transport

Hypothesis: hindered-diffusion, electro-osmosis, ionic
/ concentration polarization can be used to achieve
Nanochannel controlled molecular transport across nanochannels.
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Objectives

development of silicon based
nanochannel membranes for:

1. Passive and Active release
of molecules, drug and
nanoparticles form implants, over
extended period of time.

2. Cell Transplantation

nDS1 Constant Release
Concentration-driven transport

nDS2 Active ad-hoc Release
Electrokinetic transport

nDS NanoGland
Cell Transplantation
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Nanochannel Membrane Meth(dlst
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Silicon Nitride

2.6 nm
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Grattoni, Fine et al. Lab Chip, 2010
Grattoni et al. Pharma. Res., 2010
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Validation Molecule

DOCETAXEL
TESTOSTERONE
LETROZOLE

1 RESVERATROL

| ATORVASTATIN

' HISTAMINE

Y-27632

CEFAZOLIN

" GLUCOSE
RHODAMINE B
CYCLOD. TESTOSTERONE

" LYSOZYME
! LEUPROLIDE
OCTREOTIDE

FITC-DEXTRAN
TGFpP THIOAPTAMER
INTERFERONa.-2b
BOVINE SERUM ALBUMIN
. HUMAN GROWTH HORMONE

AC60 FULLERENE

' DF-1 FULLERENE
| LAPATINIB LIPOSOMES

Molecule

MW (Da) LogD (pH 7) Charge (pH7) Mol Size (A) nCH size (nm)

19,200
22,100
1,209
1,019
289
247

Interferona-2b
hGH
Leuprolide
Octrotide
Letrozole
Y-27632

2.5
-1.2

-2 42
-3 52
2.3 14
14
18
15

22
20
3.6
3.6
3.6
3.6

Ferrati et al. J. Controlled Release, 2013
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in vivo Constant Release of Drugs
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Aim 1: Tunable Controlled Aim 2: Bioresponsive
Implantable Sensor- Delivery Delivery

Drug De"very Network Nanochannel Electronics & Electronics & Remote

RF antenna Sensor
membrane - o RF antenna || Nanochannel Implant

membrane |
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clinical Telemedicine capability
. ] enhancement
applications

Grattoni et al. ASME Mech. Eng., 2011 on-ISS
Grattoni et al. Aviat. Space Envir. Med., 2012
Grattoni, Fine et al. Adv. Health. Mat. 2013

in vivo testing
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Drug Delivery on ISS Meth(dlSt

Microgravity provides a unique environment for life-science
investigation: Accelerated and spontaneous models of osteoporosis,
muscle atrophy, kidney stones formation, loss of biological clock

The Challenge:

« tight restrictions in animal handling

« very few options for the administration of therapeutics on the ISS
 limitation of the spectrum of investigations in microgravity
 limitation in the utilization of the extraordinary ISS laboratory

The Solution: il
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Electrode Fabrication and testing
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Geninatti, et al. Biomed. Microdev., 2014
Geninatti, et al. Manoscale, 2015
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Electrode Fabrication and testing

Degradation testing:

Effect of 1.5 VDC applied electric potential Assessment of biocompatibility
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The nDS is an implantable, silicon- based
membrane used for the ACTIVE release of
molecules, drugs or nanoparticles, over
extended period of time.

L — - —

1 um

Nanoéhannel

The application of an electric
field across nanochannels allows
the modulation or the
interruption of drug release
through:

- lonic Concentration
Polarization (ICP)

- Electrophoresis

SEM micrograph of the nDS architecture.

A membrane contains hundreds
of thousands of nanochannels
as small as 2 nm.
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RF-Remotely Controlled Meth(dlSt

nanochannel Delivery System (nhnDS2)

Membrane housing Drug Reservoir
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5.7 nm, Pt-foil electrodes . ] 5.7 nm, deposited electrodes
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Study of Constrained
Transport in Space
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At nanoscale coupled interaction effects take over
the molecular transport.
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® |nteractions

= Adsorption Makes the
S

= Size & Shape difference
= Charges

= Osmosis )

Challenge: decoupling single
effects at nanoscale.
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Pimpinelli et al. Applied Physics Letters, 2013
Ziemys et al. J. Computational Physics, 2011
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Hypothesis
Microgravity will allow to scale-up from Nano to Micro,
and to shine light into decoupled nanoscale effects in a tightly

controlled experimental setup. )
Benefits

Approach * Reduced complexity
Microscopy analysis of fluorescent ImProved capabilities and analysis
by y * Greater control of size & shape

microparticles in micro-confinement
* Controlled surface

Micr.o-nanoparticles Silicon Microchannel
Size (um): 1, 4 Depth (um): 2.5 - 10

%4 @e

a amm et

1 pum fluorescent
microparticles

9/30/2008 HV  [spot| mag WD HFW 20 ym

5:29:58 PM[20.00 kV| 1.0 |1 981 x|9.9 mm |75.3 ym Rice University

| 12.4 +/- 0.1 mm |

e |
Long channels
i 5.5 mm -

; . 4 parallel sets
m of differently sized
— = microchannels

—x

9.4 +/-0.1mm

~ Short channels
— ——— 1.5mm———

9.4 +/-0.1 mm

| 12.4 +/- 0.1 mm |
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Molecules and
nanoparticles on-Earth
and in Microgravity

s of
scale R,
"=z nspo rt P
ostructured

Materials New sieving

Personalized _ technologie_:s for
Therapeutics for New-technologies for Ultraselective
Medicine on Earth and SPace Exploration Filtration

in Space, and Military

Applications.
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