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Phill, we asked a 100 - e
companies what was - Materials S
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Tim, are materials on
there?

The UK National Strategy for Additive Manufacturing revealed that lack of
materials was the #1 concern for adoption of AM/3DP
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The vision = Additive

F Manufacturing

Vision: We will remove the barriers to the uptake of 3D printing through the adoption of
high throughput formulation, establishing sector specific material libraries and creating
a “plug and play” approach to materials selection, thereby securing the UK at the
forefront of the 3D printing revolution

Thie University of

' | Nottingham



Formulation for 3D printing: v
Creating a plug and play platform for a disruptive UK industry > Manufecting

« EPSRC - £3.53M grant, 4 Years, started 1 Oct 2016
* Project partners:

- Academic partners
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- Industrial partners
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’ Manufacturing

Additive Manufacturing has shown that it has many levers that allow us to
formulate to need

N We can systematically reformulate the material

The University of

E Nottingham

UKITED KINGDOR < CHIRA = BALAYELS,




= Additive

F Manufacturing

Additive Manufacturing has shown that it has many levers that allow us to
formulate to need

Materials screening *
(i) .) oeli)
4 D . . . .
i i i 1 "o N We can find new materials via screening
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UKITED KINGDOR < CHIRA = BALAYELS,
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F Manufacturing

Additive Manufacturing has shown that it has many levers that allow us to
formulate to need

We can we change the shape and geometry

The University of

Nottingham

I

UKITED KINGDOR < CHIRA = BALAYELS,




= Additive

F Manufacturing

Additive Manufacturing has shown that it has many levers that allow us to
formulate to need

We can manipulate the microstructure

: Thie University of
' | Nottingham

UNITED KINGDOM < CHIRA = KALAYSLA,



= Additive

F Manufacturing

Additive Manufacturing has shown that it has many levers that allow us to
formulate to need

We can vary the composition

: Thie University of
' | Nottingham

UNITED KINGDOM < CHIRA = KALAYSLA,



An example API formulation problem

* Find materials that enable ink jet printing of both poorly soluble and highly
soluble drugs

Ropinirole HCI (Requip™) Carvedilol (Coreg™)

For treatment of Parkinson’s )
For treatment of hypertension

Highl luble i t
Ighly soluble In water Poorly soluble in water

-

Clark et al. “‘Making tablets for delivery of poorly soluble drugs using
photoinitiated 3D inkjet printing’
International Journal of Pharmaceutics, 578 2020 118805

2

Clark et al. ‘3D Printing of Tablets using Inkjet with UV photoinitiation’
International Journal of Pharmaceutics, 529 2017 523-530

University of

Reading

@ UNIVERSITYOF
¢y BIRMINGHAM

EPS Rc University of
Engineering and Physical Sciences Nnttlngham
Research Council UK CHINA | MALAYSIA




UV curable materials for solid dosage forms: soluble

Release Characteristrics of Ropinirole HCI

Mate rial Wt % s im Citric Acid Dissolution Medium
PEGDA 30 : ; '
Irgacure 2959 0.5 X o
s . g i :
ropinirole 2 £
Water 67.5 ] 3
” I:.IE "-Il'l I HII I '-:: ) I'I"'I I I;I'I I Iﬂll'l ";"I I x40
Formulation: iamil -
 Printable
APl stable
* APl elutes within prescribed limits
EPSRC University of UNIVERSITYOF University of
Nottingham .
oAyl BIRMINGHAM Readin g




UV curable materials for solid dosage forms: poorly soluble

Irgacure 2959 0.50 wt%
Carvedilol 10.00 wt%
N-vinyl 2-pyrrolidone (NVP) 73.06 wt%
PEGDA (M= 250 g/mol, Sigma-Aldrich) 16.44 wt%
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When we don’t quite know what will work: screening
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A scheme for identifying

printable, resistant to bacterial e
attachment materials
Tl
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140 monomers, 1273 unique polymer tested

in 19,870 assays with 4 pathogens and
multiple different environments




Borrowing materials shown to have microbial resistance

0
%ND%

Ethylene glycol dicyclopentenyl ether
acrylate

0
0]
vkgf\g%f\o)v
Tricyclo[5.2.1.0.2,6]
decanedimethanol diacrylate

E PS Rc w University of
Begines et al ‘Development, printability and post-curin Tormulations QLA s NGEbNghamobia

Engfry Snif PhyEiC
inkjet based 3D printing’, Rapid Prototyping Journal, 22¢2016-835-841 UK CHIMA | MALAYSIA
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Borrowing materials shown to have microbial resistance

0

Ethylene glycol dicyclopentenyl ether
acrylate

Tricyclo[5.2.1.0.2,6]
decanedimethanol diacrylate

EPS Rc w University of
Begines et al ‘Development, printability and post-curing STHAIES pfformulations GELa s NGEbnghamiobia

inkjet based 3D printing’, Rapid Prototyping Journal, 22*,‘"2016‘-‘53‘5—841 UK CHIMA | MALAYSIA
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Borrowing materials shown to have microbial resistance
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Ethylene glycol dicyclopentenyl ether

acrylate

- : R T e e
0 AT : ek R P R
\J\Q O . T ek, t _EII:.::-.--:..: o = ..-__-I..::-._h.
\ /"“'\\.:" J\/ . : el .:.._-.- 2 : o .:-_.l.-'.f.-:l.
[-’- o /” g -: E_. .-::. _.- : ; _I 1:-._-.':-:':.. : .:ll'.-.
: 2 = .. _:__.'IJ_..; -.|I -.':_:_ 1
, , HEn - e R

Tricyclo[5.2.1.0.2,6]

decanedimethanol diacrylate
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Borrowing materials shown to have microbial resistance

Q mm 0.5%
\\\')J\ONO\C 60- : ;:
B 4%
£
: z
Ethylene glycol dicyclopentenyl ether  §
acrylate g l
0 " 204
N .
\)I\Q%%’\OJ\/
Tricyclo[5.2.1.0.2,6] .
decanedimethanol diacrylate & & ?p,,s“ ?gé*' vﬁﬁ? ﬁ&
ﬁﬁqﬁy ,QPQ‘:? @"‘9 .‘d‘p +<'.$° qdéz

Begines et al ‘Development, printability and post-curin JOrmulations h Niﬂﬁiﬂwnﬂobia y I"r:;;
inkjet based 3D printing’, Rapid Prototyping Journal, 22 2016 835841 UK CHIMA | MALAYSIA SR

~HRSNG TN



Borrowing materials shown to have microbial resistance

0 - 0.5% CONTROL PDMS

Ethylene glycol dicyclopentenyl ether
acrylate

O 204
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Borrowing materials shown to have microbial resistance
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Borrowing materials shown to have microbial resistance
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Borrowing materials shown to have microbial resistance

0O
%ND%
caled up material.

RETAIN

functionality
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Design and manufacturing a
bacterial resistant implant

Assess efficacy using an in
vivo mouse model

A) ®) Pseudomonas aeruginosa (C)
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Or will can look at other functionality: fungal attachment
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So can we use high
throughput identification
of inks for various
functions!?
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High-throughput Inkjet

Printability Determination

Attempt 2
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Validation of results: demonstration of printability
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Assays and characterisation
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Assays and characterisation
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Assays and characterisation
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* One single formulation

e Multiple release rates

* Meets both IR and SR requirements
e Can meet all QTPP requirements

100 A

80 -
o
ﬁ 1
E 60 -
b
~
5
';n; 40 ]
—o—Mesh tablet —o—Ring tablet ——>Solid tablet
20
D | T ! T T 1
0 120 240 360 480 600 720
Time (min)

Extrusion 3D Printing of Paracetamol Tablets from a Single Formulation with Tunable Release
Profiles Through Control of Tablet Geometry, Khaled, et al AAPS PharmSciTech,2018




Geometrical control with ink jet printing and modelling hiﬁe&ﬁ:we

B
F Manufacturing

Slabs with shorter
| length than those
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Geometrical control with ink jet printing and modelling Eﬁ"&m&?ﬁue
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UV curable materials for solid dosage forms: poorly soluble = Additive

Irgacure 2959 0.50 wt%

Carvedilol 10.00 wt%
N-vinyl 2-pyrrolidone (NVP) 73.06 wt%
PEGDA (M= 250 g/mol, Sigma-Aldrich) 16.44 wt%
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Microstructure that arises from 3DP
Idirects release behaviour
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Microstructure that arises from 3DP
Idirects release behaviour

A single drop screening a0 printing " Trandelapril
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E cﬁﬁedﬂiﬁcive
o Manufacturing
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Concluding points

« Additive Manufacturing / 3D Printing can be an effective ‘on demand’
manufacturing tool

e [t isn’t just about ‘shape freedoms’
 There are many levers that can be used to control functionality

e Design by Shape, by multimaterial / functional Composition, by
Microstructure

« Materials identification screening works — now for materials and

formulation control
EPSRC E
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Thanks!
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