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NOVINJECT

Innovative Injection

HIGHLY CUSTOMISABLE HOLLOW
POLYMER MICRONEEDLE SOLUTIONS

In this paper, Marion Sausse Lhernould, PhD, Novinject Project Leader; Serge Tailler,
PhD, and Michel Deleers, PhD, both of Novinject; and Alain Delchambre, PhD, Professor
at BEAMS, Université Libre de Bruxelles, present a hollow microneedle delivery device

manufactured using a novel proprietary process in order to overcome the mechanical

and functional challenges microneedles face, leading to a low-cost, fully customisable

and scaleable design.

Twelve billion injections are performed
each year around the world whilst 10% of
the population suffers from trypanophobia

(fear of needles).!

Microneedles suppress
the fear of injection, while insuring efficient
injections. Because microneedles do not
reach the innerved parts of the skin, injec-
tion of a pharmaceutical solution can now
be performed in a non-invasive way using
microneedle systems. Intradermal admin-
istration using microneedles presents all
the advantages of traditional hypodermic
injections (rapid onset of action and the
possibility of large molecule administration,
for example) without enduring any of the
disadvantages such as pain and irritation.
Novinject provides hollow polymer
microneedle injection systems to be used in
the delivery of drugs through the skin, with
a high patient compliance. The concept is
based on an innovative, breakthrough devel-
opment of the Université Libre de Bruxelles
in the domain of micro-technologies applied
to transdermal drug delivery (TDD).
Novinject is a soon to be created spin-off,
which engineers customisable and afford-
able hollow polymer microneedle solutions
for high patient comfort. Microneedles can
also extend pharmaceutical product lifecy-
cles, and open the possibility towards deliv-
ery of new therapeutic agents and self-injec-
tions. Indeed, they allow the injection of a
wider range of molecules, and are easy to
use. Several applications are envisioned for
the technology, particularly for molecules,
whose size did not allow their administra-
tion through the skin (DNA vaccination, for
example), but also more traditional fields
such as painkiller injection, insulin injec-

tion, vaccination, dermatological injections,
CNS (central nervous system) therapeutics.?
Novinject develops custom products that
meet company needs in the domain of inno-
vative transdermal drug delivery.

OVERVIEW: STATE-OF-THE-ART &
CONTEXT OF DEVELOPMENT

Regarding manufacturing, the first
microneedles were made out of silicon and
metal. These choices are justified by the
mechanical properties of these materials
and their biocompatibility potential, besides
their microelectronic origins. However
inconveniences like high production costs
and fragility necessitated the discovery of
other options, and polymer solutions were
proposed.’ Polymer materials present sever-
al advantages fitting well with microneedle
production: proven biocompatibility; biode-
gradable option; and adequate mechanical
properties for microneedle use.

The challenge designing microneedle sys-
tems often resides in the fact that, because
they should be usable in a wide range of
applications, they must be optimised in
terms of mechanics and fluid dynamics, as
well as being cost-competitive with tradi-
tional hypodermic injections.

The main problems encountered in
designing microneedle solutions concern:
volume of injection; injection time; needle
resistance; and, most of all, production
costs. In this context, Novinject presents a
technical development opening up the pos-
sibility of manufacturing microneedle arrays
that meet all of the requirements in terms of
mechanics, fluidics and costs.
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Figure 1: A 16 hollow microneedle array moulded in highly biocompatible
polymeric material.

PROPOSED MICRONEEDLE
SOLUTION

Novinject proposes to industrials hol-
low polymer microneedle solutions, adapt-
ed to their specifications, in order to meet
their needs corresponding to their applica-
tions. The developments are focused on
polymer microneedles because they can be
manufactured using injection moulding,
which is the preferable production method
in view of industrialisation.

The presented microneedle arrays are
realised using a breakthrough fabrication
method (patent pending).* Their conical
shape ensures good mechanical resistance,
also due to the excellent mechanical char-
acteristics of polymeric materials. The side
opening prevents potential outlet clogging
and ensures efficient liquid flow.

As illustrated in Figure 1, a proof-
of-concept microneedle array has been
designed and optimised taking into account
mechanical resistance and fluid flow.’ In
this example microneedles are 900 pm tall
structures, with a 600 pm base diameter,
and a 100 pm diameter side-opening.
The array comprises 16 microneedles with
a pitch-to-pitch separation distance of
2 mm, making the array a 10x10 mm
device. This density of microneedles avoids
the phenomenon called the “bed of nails”
effect which, due to the elastic response
of skin, may prevent correct microneedles
insertion. Three principal parameters may
indeed affect correct insertion: size of
microneedle tip; number of microneedles;
and their density.

Our expertise is nevertheless at your ser-
vice to meet specific demands.® Our vision is
to work in close collaboration with industry
on the co-development of the microneedle
device specifically customised for specific
applications.
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TECHNICAL CHARACTERISTICS

The innovative manufacturing method
using a double mould technology allows
us to create a cavity inside the needles

Excimer laser
post-manufacturing

(Figure 2). The exit hole is simply post-
processed in a second manufacturing step
using excimer (exciplex) laser technology.
This gives a lot of flexibility to the design
and provides excellent fluid dynamic prop-
erties to the needles. The exit hole can be
drilled perpendicular to the needle walls but
also parallel to the axis of symmetry. Laser
technology allows simultaneous drilling of
all exit holes in a few seconds.

The needle outlets, resulting from the
manufacturing method, are very short in
length and cylindrical in shape. The charge
losses are thus reduced to a minimum,
meaning the device’s fluid dynamics char-
acteristics while injecting fluids are similar
to those of hypodermic needles (Figure 3).
This implies the possibility of injecting at
relatively high flow rate with reduced injec-
tion pressures, and possibility to manage
even viscous fluids.

Internal cavity

Figure 2: Original design of Novinject microneedle solutions.
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Figure 3: Theoretical pressure for different needle gauges and Novinject microneedles

to inject 1 mL/min of solution.
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Novinject

Figure 4: Possible Luer configuration for
the microneedle array.

The theoretical pressure p (Pa), necessary
to push the fluid at a given rate Q (m?s) is
given by the equation 7 :

p = OxR

where R is the hydraulic resistance, and
is defined in the case of cylindrical channels
such as hypodermic needles by:

128l
needle ~ nd*

where p is the fluid viscosity (Pa.s), d is the
channel diameter and L the channel length.

In the case of microneedles, the cylindri-
cal channels are parallel outlets and the cor-
responding charge loss factor is:
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with our example of 16 identical micronee-
dles, and since charge losses with the design
principally occur at needles outlets and are
negligible in the cavity,’ this becomes:
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The very short length of the microneedles
outlet leads to low charge losses compared
with microneedle designs where there is no
cavity inside the microneedles, i.e. when

Integrated device with microneedle
applicators and infusion mechanism

No electronic parts

Figure 5: Representation of an impact applicator solution.

proposed, which includes a fluidic connection
with a reservoir containing the solution and
an assisting insertion and delivery device.

PRACTICAL USAGE OF THE SYSTEM

Several solutions are proposed to con-
nect the microneedle array to a reservoir of
fluid to be delivered. In view of proposing
a standard solution the microneedle array
can be fitted on a Luer connection aimed at
being connected to a standard pharmaceuti-
cal container (Figure 4).

With the current proof of concept, layers
600 pm deep into the skin can be reached.
An impact insertion system is envisioned in
order to insert the microneedles into the skin
efficiently and repeatably. As is the case for
the design of the microneedle array itself, the
Novinject team believes that the design of the
insertion-assisting device should be adapted
to targeted pharmaceutical applications. This
is why, whilst Novinject already proposes

“The main problems encountered

in designing microneedle solutions concern:
volume of injection; injection time; needle
resistance; and, most of all, production costs’

the micro-fluidic channel goes through the
whole needle, from under the substrate. Our
design even allows delivery of viscous fluids.

The Novinject microneedle array is intend-
ed to inject a liquid substance into the hypo-
dermis and dermis. The amount of substance
delivered can reach 1 mL. A full system is also

some solutions, the finalised design should be
optimised depending on the fluidic properties
of fluid to inject, quantity to deliver, and
targeted delivery site. The assisting injection
device uses spring mechanisms, which can be
calibrated to reach desired insertion forces
(i.e. insertion depth) and injection rates.
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Polymer microneedles are very resistant
with practically no risk of needle breakage
into the skin. In case of accidental misuse,
needles do not break but tend to bend or
crush instead, leaving no residue in the
skin. The material used is a highly biocom-
patible polymer, already widely used for
biomedical applications.

DISCUSSION AND CONCLUSION

Novinject has brought together univer-
sity expertise and industrial needs in order
to develop a technology allowing low-cost,
high-rate, microneedle production. We
are able to design customised microneedle
devices, which reach the underlying skin
layers in order to deliver pharmaceutical or
dermatological substances, in a safer and
more compliant way for patients.

It is the team’s belief that microneedle
technology should be considered early in the
development process where pharmaceutical
needs can be taken into account. This is why
the soon to be created Novinject spin-off
offers co-development and customisation ser-
vices. Looking at the microneedle array pro-
posed and presented as a proof of concept, the
principal features that can be adapted are (but
not restricted to): the length of the micronee-
dles, and size and position of the delivery hole.

Multiple outlet holes can also be designed
in order to reach even faster delivery rates.
Moreover, number, density and reparti-
tion of microneedles can also fit particular
demands. Novinject microneedles are pro-
duced using microinjection moulding tech-
nology, enabling increased production rates
with affordable costs.
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Our expertise is at your service to sup-
port and engineer microneedles solutions
for you.

LOOKING FOR PARTNERING
OPPORTUNITES

Novinject is a spin out of the Université
Libre de Bruxelles Bio Electro And
Mechanical Systems (BEAMS) department.
Four main predilection areas of research
emerge from this department: microtechnol-
ogies, biomedical group, embedded systems
and electrical engineering. The biomedical
group focuses on the design, modelling and
development of biomechanical devices for
mini-invasive surgery: implantable pumps for
drug delivery, laparoscopic tools for hepatic
surgery, surgical station for endoscopic inter-
ventions, modelling of human organs, biome-
chanics, experimental and numerical analysis
of the human joints and patient specific mod-
elling; and brings thus a large added value to
Novinject developments.

Today Novinject is looking for partner-
ing opportunities with industry in order to
develop the breakthrough injection device
of the future.
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‘Novinject presents a technical development
opening up the possibility of manufacturing
microneedle arrays that meet all of the requirements
in terms of mechanucs, fluidics and costs’

ACKNOWLEDGEMENT

This work was possible thanks to the
support and funding of Region Wallonne,
Belgium.

REFERENCES

1 Hamilton |G., “Needle phobia:

a neglected diagnosis”. | Family
Practice, 1995, Vol 41, pp 169-175.

2 Bariya SH, Gohel MC, Mehta TA,
Sharma OP, “Microneedles: an
emerging transdermal drug delivery
system”. | Pharm and Pharmacol,
2012, Vol 64(1), pp 11-29.

3 Kim Y-C, Park J-H, Prausnitz MR,
“Microneedles for drug and vaccine
delivery”. Adv Drug Del Rev, 2012,
Vol 64(14), pp 1547-1568.

4 Sausse M, Deleers M, Vandormael D,
Lenders C, “Devices for puncturing a
human or animal body’s membrane”.
W0O2012126784, 2012.

K Sausse Lhernould M, Delchambre
A, “Innovative design of hollow
polymeric microneedles for trans-
dermal drug delivery”. Microsystem
Tech, 2011, Vol 17(10-11), pp
1675-1682.

6  Lhernould MS, “Optimizing hollow
microneedles arrays aimed at trans-

dermal drug delivery”. Microsystem
Tech, 2013, Vol 19(1), pp 1-8.

7 Hood RL, Kosoglu MA, Parker M,
Rylander CG, “Effect of microneedle
design parameters on hydraulic resist-
ance”. | Med Dev, 2011, Vol 5(3), pp
12-16.

,

for th

All-New Case Studies on Improved
Large Molecule Delivery Methods

BRISTOL-MYERS SQUIBB Reviews
Manual and Device-Based
Subcutaneous Biologic Delivery
Strategy

TARIS BIOMEDICAL Explores Drug-
Device Combination
Delivery Methods

THERASYN PHARMA Advances Oral
Peptide Delivery

N

- DELIVERY

coming the Greatest Modeling, Bioa¥s
Enhanced Delivery of Small /

Analytical and Simulation Techniques
Essential for Enabled Formulations
and Improved Delivery

KYOWA HAKKO KIRIN Designs
Bioequivalence and Bridging Tests for
Non-IV Biologics

GENENTECH Uses Front-End
Mechanistic Drug Absorption Studies
for Improved PKPD Predictions

IMPAX LABS Removes In-Vivo
Bioavailability Limits with New
Technologies

Upstream and Downstream Processes
to Maintain Drug Stability and
Bioavailability Across Multiple
Manufacturing Steps and Sites

ALLERGAN Minimizes Crystallization
During the Shelf Life of Amorphous
Solids

ABBVIE Embraces Modeling
Applications for Large-Scale
Manufacturing of Drug/Polymer
Composites

J

TO REGISTER: Call 866-207-6528 or visit www.exlevents.com/drugdelivery

www.ondrugdelivery.com

Copyright © 2015 Frederick Furness Publishing Ltd




NOVINJECT

Innovative Injection

Theeoneeptis based on an innovative, breakthrough
development of the Université Libre de Bruxelles in the
domain of micro-technologies applied to transdermal drug
delivery (TDD).

Currently, our proof of concept is a 16 microneedles patch

With 900um high microneedles, molded in a polymeric
material with excellent biocompatibility properties

Microneedle array developed by Novinject

Customizable for your company

CUSTOMIZABLE AND HIGH PRECISION TECHNOLOGY
FOR EASIER AND SAFER PATIENT INJECTIONS.

Novinject — Université Libre de Bruxelles
Av. Roosevelt 50, CP165/56 1050 Brussels Belgium




