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Implantable Sustained Delivery  

Future Work  

Nanoscale Constrained Diffusion  

The NanoPortal  Platform  

NanoPortal  Fabrication and Assembly  
In Vivo Results  

ÅConstant -rate release  
ÅExtended duration  
ÅGuaranteed compliance  
ÅSpace-efficient, compact design  
ÅExclusively titanium and titania  

ÂǉïŷĘïƱĘ ĘŚĺĺǘƶŚƃŷĖ ïƶ ĘģƶčƱŚĄģĘ ĄǺ UŚčŧƯƶ ŪïǳƶĖ Śƶ ĘƱŚǲģŷ ĄǺ čƃŷčģŷǉƱïǉŚƃŷ 
gradients: molecules in high concentration solutions diffuse into lower 
concentration solutions more quickly at first, in a burst.  As the system 
comes to equilibrium and the concentration gradient reduces, the rate of 
diffusion decreases. Nanoscale constrained diffusion proceeds 
independently from concentration gradients. Pores that are slightly larger 
than the molecules limit diffusion, forcing the molecules to move through 
the pores single -file, producing constant -rate release kinetics until the 
device is nearly empty.  

NanoPortal  membranes are produced in 
three steps. Solid titanium disks are prepared 
with blind holes, referred to as windows, on 
one side and a flat surface  

NanoPortal  technology allows for independent 
tuning of implant size , treatment duration , molecule 
size, and delivery rate, enabling optimization for a 
variety of treatments. Although it is initially intended 
for subdermal  implantation, biocompatiblity  and 
resistance to harsh environments imbued by its 
titanium/titanium oxide construction may enable 
extension to other physiological locations.  

NanoPortal  Customization  
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Identical membranes used for both molecules  

FITC-Dextran, 3 
kDa, Fickian  
release  

FITC-Fab2, 110 kDa,  
Constant -rate 
release  

NanoPortal TM membranes were assembled into prototype capsules and loaded 
with fluorescein isothiocyanate -Dextran 3 kDa (FITC-Dextran 3kDa), as a model for 
a smaller protein or peptide. A fluorescein isothiocyanate  conjugated antibody 
fragment (Fab 2) of 110 kDa was used to model a larger protein or antibody. The 
effect of size -related differences in kinetics was isolated by using identical 
membranes for both molecules. For 70 days, capsules were agitated in phosphate 
buffered saline (PBS) at 37 °C. Linearity was determined by linear regression.  

Prototype NanoPortal TM capsules were loaded with polyethylene glycol (40 kDa). Although the membrane 
used in this study was not expected to produce linear release kinetics for molecules of 40 kDa, polyethylene 
glycol was chosen as a model molecule because of its stability and ease of detection in blood plasma. 
Identical capsules were tested in parallel experiments, both in vitro and in vivo.  
 
The in vitro release kinetics were Fickian (as expected), showing non -linear release kinetics.  By day 14, 80 -
85% of delivery was completed, with rapid subsequent reduction in release rate. The corresponding in vivo 
plasma levels increase to equilibrium over 
the first 3 days after implantation as the 
released polyethylene glycol is taken up by 
the lymph and transported into the 
bloodstream.  
 
After a subcutaneous infusion, the blood 
concentration is expected to rise as 1 -e-kt, 
where k is the absorption rate and t is time. In 
this study, the concentration slowly comes to 
a near equilibrium before delivery completes 
around day 14. Then, blood plasma 
concentrations decrease with a half - life of 
roughly 12 days, similar to the half - life of 
injected polyethylene glycol of molecular 
weight 40 kDa (results not shown here).  

Prototype capsules incorporating NanoPortal  
membranes were implanted into the dorsal 
subcutaneous space. Devices were embedded in 
methyl methacrylate and sliced prior to hematoxylin  
and eosin staining.  At eighteen months , a well -
formed,  thin fibrous capsule (10 -15 cells layers thick) 
had formed over the indented region where the 
membrane is exposed. Most cells were in contact 
with the exterior facing titanium structure, with a few 
cells, if any, in direct contact with the nanotube 
portion of the membrane.  Neither immune cell 
infiltrate nor significant differences between 
nanotube membranes and solid titanium controls 
were observed . 

Nano Precision Medical is currently applying 
NanoPortal TM technology to specific therapeutic 
molecules, for which we are developing stable 
formulations, optimizing membrane geometry, and 
further improving manufacturing processes. For 
further questions or comments regarding potential 
future work with this technology, please visit our 
website:  
www.nanoprecisionmedical.com .  
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Nanotube bottoms, as fabricated  Side view  
50 microns  

Nanotube tops  

1 µm 
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Delivery Complete at Day 14  
Identical devices 
tested in parallel in 
vitro (top) and in vivo 
(bottom); n=5  

Delivery is 
complete around 
80-85% of loaded 
mass 

Decays as expected after 
delivery is complete  
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¡ïŷƃ ¹ƱģčŚƶŚƃŷ ~ģĘŚčïŪƯƶ ŚųƜŪïŷǉïĄŪģ ĘģǲŚčģ Śƶ čƃųƜƃƶģĘ ƃĺ ï ĘƱǘŋ ƱģƶģƱǲƃŚƱ ǳŚǉŖ 
the NanoPortal  membrane attached at one or both ends. Made exclusively from 
titanium and titania, the adhesive -free NanoPortal  capsule is optimized for 
biocompatibility; once fully assembled, the only material in contact with the body is 
titanium oxide. Thus, there is a negligible immune response to the implant (see In 
Vivo Results section ). Furthermore, the passive delivery mechanism eliminates the 
additional components, materials, and failure modes present in mechanical 
alternatives.  

on the other . Electrochemical anodization  of these disks produces a layer of titania nanotubes on the flat 
side of the disk [1,2]. Upon anodization  completion, the titania nanotubes are closed at the interface with 
the titanium. An inductively -coupled plasma (ICP) deep etch removes any remaining material [3], thus 
uniformly opening the bottoms of the nanotubes and producing a membrane structure with a nanotube 
layer connected to a patterned titanium surface. Nanotubes on NanoPortal  membranes are 50 Ǭų long 
and can be produced with pore diameters ranging from 1 nm to 50 nm at the narrow end, where the 
bottom of the nanotubes was in contact with titanium.  
 
The membranes are welded to the reservoirs, producing the full device. Helium leak tests have shown a 
hermitic seal, with a leak rate of less than 10 -10 sccm  He/sec. Since the nanotubes are grown from the 
surface of the titanium disk, there is no space between nanotubes and titanium at the interface. As a 
result, after device assembly, the only exit for molecules is through the nanotubes; furthermore, 
assembly is achieved without adhesives or additional materials (aside from titanium and titanium 
dioxide). 

Minimized Implant Design  
Because the membrane, itself, regulates drug 
release, no additional mechanical components are 
necessary. Thus, the NanoPortal  device has a high 
loading capacity, permitting maximal drug content 
for a given device size and allowing a small device to 
provide clinically -meaningful treatment durations.  

Extendable Implant Duration  
For a given device size, various durations can be 
achieved by adjusting the formulation concentration. 
Nano Precision Medical is developing proprietary 
formulation technology that stabilizes molecules at high 
concentrations under physiologic conditions. Highly 
potent drugs can fit the longest duration into the  

Tunable Delivery Rate  
The NanoPortal  design can 
easily provide target delivery 
rates by controlling the 
number of accessible 
nanotubes, i.e. the number 
and/or size of the windows in 
the membrane; altering the  

Tunable Pore Size  
Constant -rate delivery is 
produced by having a pore 
that is appropriately 
matched in size to the drug 
molecule. NanoPortal  
membranes can be 
produced with pore sizes 

Loading capacity (the volume 
of drug formulation as a 
percentage of total device 
size) ranges from 50%, for 
small devices, to 85% for larger 
devices. For many indications, 
devices have diameters of 2 
mm or less, permitting the 
entire device to fit within a 
standard 12 gauge needle for 
easy implantation .  
 

smallest implant ; for example, 
an indication that needs a 
delivery rate of 100 ug/day 
could fit 230 days of drug into 
a 2 mm diameter device (2.1 
cm long) at 5 00 mg/ml as 
compared to a concentration 
of 200 mg/ml, which would fit 
92 days into the same device.  

from ones of nanometers to tens of nanometers with 
angstrom -scale precision, allowing constant -rate 
delivery of a range of molecules, from small molecules 
and peptides to antibodies and blood -clotting factors.  

number, size and shape of the membranes, 
themselves, adds additional flexibility in delivery rate 
tuning.  Nano Precision Medical has demonstrated 
delivery rates as large as hundreds of micrograms 
per day and as little as one microgram per day . 

To produce different pore sizes, layers of titanium oxide are 
deposited onto the surface of the nanotubes using atomic layer 
deposition (ALD). The deposition rate of titania remained 
constant at 0.69 Å/cycle across the number of cycles, giving 
very fine - tuned  resolution for pore diameter.  
Pores were produced from 0 nm to 50 nm in diameter by 
varying the ALD cycle number . Deposition can be designed to 

coat the surface evenly,  
with less than 1 nm 
variation in a 11.8 nm 
coating over many 
microns. This achieves a 
coating aspect ratio of 
greater than 10 4, with the 
coating aspect ratio 
defined as the length of 
the coating over the 
variation in coating 
thickness (see TEM 
images below).  

Because the NanoPortal  membrane delivers at 
a constant rate regardless of the concentration 
of drug inside the reservoir, longer durations 
and/or smaller implant size can be achieved by 
increasing drug concentration. The NanoPortal  
device is designed for subdermal  implantation 
with an inserter based on a hypodermic needle, 
for patient convenience and comfort.  
 
Durations of 3 months or longer are most likely 
to be adopted by patients and clinicians; for 
example, a potent drug, with a dosage of 50 
Ǭŋ¶ĘïǺĖ ǳŚŪŪ ĺŚǉ Śŷǉƃ ï ĘģǲŚčģ ǳŚǉŖ ï ƶųïŪŪ ģŷƃǘŋŖ 
diameter to fit into conventional needles ( eg: a 2 
mm device fits into 12 gauge needle) at 
formulations of 200 -500 mg/ml for 90 -230 days 
(1.1 cm long). Less potent drugs, such as one 
ǳŚǉŖ ï Ęƃƶïŋģ ƃĺ ŀȆȆ Ǭŋ¶ĘïǺĖ ǳŚŪŪ ƱģƥǘŚƱģ Ňŀ ųŋ 
for 90 days, and thus a 4 mm diameter device 
would need to be used in order to keep the 
length to 2.2 cm at 200 mg/ml. Nano Precision 
Medical is developing formulations with 
concentrations of 200 mg/ml and greater, in 
order to produce the smallest possible devices.  
 
Complete filling prior to assembly yielded a high 
percentage of filled reservoir capacity when 
used in conjunction with the screw -cap 
prototype, but was not possible when 
incorporating a laser weld. Filling after assembly 
was found to load 93.0% +/ - 11.9% of reservoir 
capacity under optimal conditions.   

Since the windows are made using conventional machining techniques, 
they can be adjusted to an arbitrary size and number. Though all data 
shown on this poster was achieved with 0.42 mm 2 of surface area, 
membranes can be made with up to 6 mm 2 of surface area.  

Nanotube membrane  Control membrane  

Membranes in prototype devices  
18 months 

Histology in situ 

2 mm 

Capsule over 
nanotube 
membrane  

2 mm 

Capsule over 
sham 
membrane  

Pore too small  
No diffusion  

Pore appropriately 
tuned  
Linear diffusion  

Pore too large  
Burst release with 
Fickian diffusion  

Both molecules had release rates around 1 Ǭŋ/day after an initial burst release ( <3% of total release). Although the FITC-Dextran 3kDa had 
extended release (R2 = 0.96 to 42 days), the residual errors were not random, and the overall curve was more consistent with Fickian release. 
The FITC-Fab2, however, maintained linear release to at least 56 days, and the curve was consistent with non -Fickian, constrained release 
kinetics (R2 = 0.99). 
 

Top surface  

 2 �®�5 from the 
top surface  

Pressure from payers for improved compliance and thus, 
convenience, is driving the need to innovate novel solutions 
in drug delivery.  Unfortunately, many therapies can only be 
administered through undesirable injections or infusions, 
since most proteins, antibodies, and other large molecules 
have low bioavailability though mucosal and dermal routes. 
In addition to pain and compliance issues, the spikes and 
troughs associated with injection pharmacokinetics can 
cause side effects and reduce efficacy in treatments with a 
tight therapeutic window. The NanoPortal  implant maintains 
zero-order release of macromolecules, removing the 
pharmacokinetic fluctuations of injections, and constantly 
administers medication to the patient, thus ensuring 
compliance.  

D
ec

re
as

in
g 

na
no

tu
be

 d
ia

m
et

er
 

0 cycles  
33 nm pore  

50 cycles  
26 nm pore  

160 cycles  
17 nm pore 

210 cycles 
0-1 nm pore 

Window side  Nanotube side  

versus  

http://www.nanoprecisionmedical.com

