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Abstract

Printing technologies have been forecast to initiate a new era of personalised
medicine in pharmaceuticals. To facilitate integration, a non-destructive and
robust method of product authenticity is required. This study reports, for the
first time, the interface between 3D printing and 2D inkjet printing technologies
in order to fabricate a drug-loaded 3D printed tablet (printlet) with a unique
track-and-trace measure in a single step process. In particular, quick
response (QR) codes and data matrices were printed onto the surface of
polymeric-based printlets for scanning using a smartphone device, and were
designed to encode tailored information pertaining to the drug product, patient
and prescriber. Moreover, a novel anti-counterfeit strategy was designed,
which involved the deposition of a unique combination of material inks for
detection using Raman spectroscopy. The inks were characterised for
printability by measuring surface tension, viscosity and density, and each
were successfully detected on the 3D printed tablet post-printing. Overall, this
novel approach will enable an enhanced transparency and tracking of 3D
printed medicines across the supply chain, leading to a safer treatment

pathway for patients.
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1. Introduction

Substandard or falsified medicines pose a serious threat to global public
health. According to the World Health Organization (WHO), 10.5% of low- and
middle-income countries are imposed by substandard or falsified medicines,
costing an estimated US$ 30.5 billion annually (Kelesidis and Falagas, 2015;
WHO, 2018). In sub-Saharan Africa alone, counterfeit anti-malarials are found
to contribute up to an additional 267,000 deaths annually (Naughton, 2018). It
is clear that the development of effective anti-counterfeit strategies is required
to maintain patient safety across the pharmaceutical supply chain (Han et al.,

2012; You et al., 2016).

As a result of global initiatives such as the European Union Falsified
Medicines Directive and the US Drug Supply Chain Security Act (EU, 2011,
FDA, 2013), pharmaceutical manufacturers and suppliers are looking towards
adopting a worldwide standardised identification system to support product
traceability and combat drug counterfeiting. Current authentication strategies
utilise two main strategies: 1) use of tamper-evident or —resistant packaging;
and 2) serialisation of packaging i.e. printing of two-dimensional (2D)
barcodes (Bansal et al., 2013; EMA, 2016). However, these strategies would
likely only be suitable for those medicines that are manufactured en masse, in

the presence of specialised packaging.

In the case of personalised medicines, whereby small or ‘one-off’ batches of
tailored dosage forms are produced for on demand administration, a novel

authentication method is required (Ngrfeldt et al., 2019). Printing technologies



have been widely explored over the last decade for production of personalised
medicines (Alhnan et al., 2016; Awad et al., 2019; Awad et al., 2018a; Basit
and Gaisford, 2018; Fina et al., 2018; Sadia et al., 2018). The most widely
researched three-dimensional (3D) printing technology is fused deposition
modeling (FDM), whereby a drug-loaded filament is extruded through a
heated nozzle for deposition onto a build platform, layer-by-layer (Awad et al.,
2018a; Kollamaram et al., 2018; Melocchi et al., 2016; Zhang et al., 2017).
Moreover, 2D inkjet printing technologies enable a precise spatial control over
droplet ejection, enabling small and personalised dosages and patterns to be
deposited onto oral substrates (Alomari et al.,, 2018; Buanz et al., 2011,
Edinger et al., 2018; Edinger et al., 2019; Sandler and Preis, 2016; Thabet et

al., 2018; Vuddanda et al., 2018; Wickstrém et al., 2018).

Due to their compact size, affordability and flexibility, printing processes are
highly suitable for the production of tailored medicines in decentralised
locations, such as at the point-of-care or within localised specials
manufacturing facilities (Awad et al., 2018b; Robles-Martinez et al., 2019;
Trenfield et al., 2018a). As such, it is likely that 3D printed personalised
medicines would be produced in the absence of specialised anti-counterfeit
packaging. In this instance, it would be more favourable to include an
authentication measure directly on the dosage form. Due to their relatively
simple internal graphic design, codes such as data matrices and quick
response (QR) codes have previously been included directly onto the surface
or imbedded within small dosage forms (Chen et al., 2018; Edinger et al.,

2018; Fei and Liu, 2016). Favourably, these codes can encode a host of



product information, such as the drug name, dosage, patient name, prescriber
details, etc. ready for scanning using a handheld smartphone device before
administration (Edinger et al., 2018; Liang et al., 2012). Application of a
barcode directly on the dosage form have been indicated for preventing
counterfeiting of medicine (You et al., 2016), as well as improving medication
safety and adherence and reduction of visits to healthcare professionals by
enabling clinicians and patients to monitor digitally (Mira et al., 2015;

Rathbone and Prescott, 2017).

However, as 2D barcodes are visible they pose the risk of duplication and, as
such, combination with a covert (or invisible) anti-counterfeit method could be
used to ensure product authenticity. This concept was demonstrated in the
case of SmartWater™, whereby a uniqgue combination of detectable
ingredients are deposited onto goods, aiding in asset traceability and to deter
theft (Cleary, 1998). This strategy could be applied to pharmaceuticals; using
inkjet printing, a unique combination of pharmaceutically approved materials
could be deposited onto the printlet surface according to a randomised anti-
counterfeit code. The deposited materials could then be scanned and
identified using Raman spectroscopy, which is a non-destructive and rapid
detection method widely explored for its use in anti-counterfeit applications
(Kakio et al., 2017; Lawson et al., 2018; Mazivila and Olivieri, 2018; Trenfield

et al., 2018b).

To this end, the aims of this project were, for the first time, to evaluate the use

of dual FDM 3D printing and 2D inkjet printing technologies. To date, these



technologies have been used separately, whereby 3D printed constructs
require removal from the build platform and inserted into an inkjet printer for
coating or ink deposition (Krivec et al., 2017). Here, we have instead
combined these printing technologies to fabricate a drug-loaded personalised
medicine with a combined track-and-trace identifier (QR code or data matrix)
and anti-counterfeit method (deposited material inks) in a single step process.
This concept seeks to serve two-fold purposes: 1) to ensure that the 3D
printed drug product is genuine; and 2) to be assigned to an individual patient

at the point of production to enable transparency and tracking.

2. Materials and Methods

2.1. Materials

Paracetamol USP grade (Sigma-Aldrich, Co. Ltd., UK) was used as a
model drug (BCS Class I, high solubility and high permeability, molecular
weight: 151.16, solubility in water at 25°C: 14 mg/mL) (Yalkowsky et al.,
2003). For anti-counterfeit model production, commercial polylactic acid (PLA)
1.75 mm filaments (XYZ printing, NE) or polyvinyl acetate (PVA) 1.75 mm
filaments were purchased (Makerbot Inc. USA). For the production of
paracetamol-loaded filaments, L-hydroxypropylcellulose (L-HPC; Nisso™,
US) was used as the polymer, mannitol (Sigma-Aldrich Co. Ltd., UK) was
used as a plasticiser and magnesium stearate (Sigma-Aldrich Co. Ltd., UK)
was used as a lubricant. The following materials were evaluated for suitability
of anti-counterfeit code deposition: methylparaben (VWR Life Science, US),
Eudragit RS100 (Evonik, US) and sodium benzoate (Sigma-Aldrich Co. Ltd.,

UK). Fluorescein sodium (Fluka, Sigma-Aldrich Co. Ltd., UK) was used as a



dye to indicate printability. Solvents used for ink preparation included
ethylmethylketone (Fischer Scientific, UK), acetone (Sigma-Aldrich Co. Ltd.,

UK) and methanol (Sigma-Aldrich Co. Ltd., UK).

2.2. Filament preparation

Paractamol (5%), L-HPC (75%), mannitol (15%) and magnesium stearate
(5%) were mixed in a pestle and mortar until an absence of polymer
agglomeration. The mixture was then extruded using a single-screw filament
extruder (Noztec Pro Hot Melt Extruder; Noztec, UK) in order to obtain a
filament suitable for printing (temperature 150°C, nozzle diameter 1.75 mm,
screw speed 15 rpm). The extruded filaments were stored protected from

light.

2.3. Designs and Printing of Tablets

Printlet 3D models were designed using XYZ Maker software, comprising

a centralised QR code or a data matrix and surrounded by four coloured dots

(representing the regions of material deposition) as an example anti-

counterfeit tablet model (Figure 1). In particular, a pure black circle (RGB:

0,0,0), a pure cyan circle (RGB: 0,255,255), a pure magenta circle (RGB:

255,0,255) and a pure yellow circle (RGB: 255,255,0) were created using

Adobe Photoshop software (Adobe, Co. Ltd., US) and were applied on the top
of the printlet by using the ‘Sketch 3D’ function within the software.

A Da Vinci Color 3D printer (XYZ Printing, US) was used in this study,

which is a full colour 3D printer that combines fused deposition modelling

(FDM) and piezoelectric 2D inkjet printing technology in order to fabricate



objects of designed colours and patterns. All printlets were printed at 210°C in
a mode of high printing detail and slow printhead moving speed. The minimal
printing layer height of tablets was 0.1 mm.

A variety of diameters (10mm, 12 mm and 15 mm) and tablet heights (1
mm and 3.6 mm) were designed and evaluated for ease of scanning using a
smart phone QR code and data matrix reader (QR Reader for iPhone,

Tapmedia Ltd, UK).

2.4. 2D barcode generation

Data matrices and QR codes containing the required information were

prepared using an online code generator (http://datamatrix.kaywa.com/ and

https://www.gr-code-generator.com/, respectively). The matrices were

encoded to direct to a website address that contained a designated ‘anti-
counterfeit code’, which determined the positions of material deposition
(positions 1 to 4; with position 1 being above the QR code or data matrix and
moving in a clockwise direction to positions 2-4; Figure 1). Furthermore,
personalised information relating to the printlet (such as the active ingredient,
dose, batch and expiry date) and that of the patient (such as name, date of

birth, gender) were encoded (Figure 2).

2.5. Material ink preparation

The inks were prepared by dissolving each material, namely methylparaben
(20% wi/v), Eudragit RS100 (10% wi/v) and sodium benzoate (2% w/v) into a

mixture of ethylmethylketone, acetone and methanol (50:20:30). To aid with


http://datamatrix.kaywa.com/
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development of optimised inks, the printability was calculated by using the

following equation (1):

1/2
7 = (apy)
n

1)

Where Z represents printability of the ink; a, p, y, and n are the radius of the
cartridge orifices (um), the density (gm3), surface tension (mNm) and
viscosity (mPa.s) of the ink, respectively (Fromm, 1984). Stable drop
formation has been found to be achieved when the Z value of an ink is

between 1 and 10 (Derby and Reis, 2003).

2.6. Surface Tension Measurements

Measurement of the inks was performed using a Kibron Delta 8 multi-channel
microtensiometer (Kibron Inc, Finland) using 50 pL of the sample solution to
fill each well of the DynePlate (n = 8). The measurement involves withdrawing
a probe from the solution and recording the maximum force exerted on the
surface tension (maximum pull force method). Data were captured with the
Delta-8 Instrument Setup software and calibration was performed prior to
measurement using distilled water as a reference (surface tension = 72.8
mNm- at 20°C) in accordance with the manufacturer’s instructions. Data are

presented as mean * SD.



2.7. Dynamic Viscosity Measurements

An automated viscometer (AMVn) and an ‘mf MS 1.6’ measuring system
set was used to undertake viscosity measurements at 25°C (n = 5). This
measuring system set included a capillary with a diameter of 1.6 mm which
was suitable for viscosity measurements between 0.3-10 mPa.s. A small
golden ball was injected into the capillary and moved under gravity through
the capillary held at a 50° angle. To calculate the viscosity, the time required
for the ball to pass between two marks on the capillary was measured. The
viscosities of solutions were calculated with reference to data for the densities

of solutions. Data are presented as mean + SD.

2.8. Modification of ink cartridges

All experiments were performed with an unmodified Da Vinci Color
Printer (XYZ Printing, NE). Ink cartridges (cyan, magenta and yellow) were
modified by removing the rubber plug cover at the top and impaling the plug
with a syringe to remove the original inks. The cartridges were flushed
repeatedly with distilled water and absolute ethanol (50:50) until clean. The
cartridges were loaded with the appropriate inks to be jetted and replaced in
the carrier in the printer. In particular, methylparaben 20% ink was filled into
the cyan cartridge, Eudragit RS100 10% ink into the magenta cartridge and
the sodium benzoate 2% ink into the yellow. The inks were then printed on
either a 12 mm tablet (for data matrix) or 15 mm tablet (for QR codes)
according to the anti-counterfeit designs. In particular, positions 1 and 3 were
Eudragit RS100, position 2 was methylparaben and position 4 was sodium

benzoate.
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Initial printability was indicated by printing a test page consisting of
vertical and horizontal lines of a specific colour. After each use, the cartridge

was rinsed with distilled water and absolute ethanol (50:50) until clean.

2.9. Raman Spectroscopy

Raman spectroscopy was performed to evaluate the presence of
material inks on the printlet surface. The topside surface of samples were
mounted and focused using a X50 objective on an InVia confocal Raman
microscope (Renishaw, UK) equipped with a 300 mW 785 nm HPNIR

Renishaw laser at 100% laser power. A 1200 line grating was used providing

spectral resolution up to 1 cm Spectra were collected over the range of 100
- 3200 cm?, with a 10 second exposure time and 1 accumulation. Data
analysis was performed using MATLAB software version R2017a (The

MathWorks, CA, USA).

3. Results and Discussion

For the first time, it was possible to modify a combined 2D ink jet and
3D printer in order to fabricate a drug-loaded printlet with a unique anti-
counterfeit mechanism. The Da Vinci Color printer used in this study is a full
colour 3D printer that combines fused deposition modelling (FDM) and
piezoelectric 2D inkjet printing technology in order to fabricate objects of
designed colours and patterns (Figure 3). The commercial printer functions by
extruding a colour-absorbing PLA filament through a heated nozzle (0.4 mm

diameter; 210°C) which is deposited onto a build platform in a layer-by-layer

11



manner. Four piezoelectric ink cartridges (cyan, yellow, magenta and black;
CYMK) are situated directly above the extrusion nozzle to enable coloured ink
deposition onto the filament post-printing. Upon an applied voltage, a
piezoelectric material deforms within the inkjet printhead causing the ink to be
ejected from the print nozzle as a droplet (Alomari et al., 2015; Scoutaris et
al., 2011).

The commercial printer was modified in order to print pharmaceutical
filaments and inks. In particular, loading and printing of an alternative
commercially produced PVA filament as well as a drug-loaded filament
(paracetamol 5% w/w and L-HPC) was performed, which are materials that
have been used in other pharmaceutical studies for the production of dosage
forms (Goyanes et al., 2014; Goyanes et al., 2015a; Goyanes et al., 2015b;

Skowyra et al., 2015).

3.1. Optimisation of 2D Barcode Scanning

During initial optimisation, the commercial CYMK inks were used to print an
anti-counterfeit QR code or data matrix design on top of placebo PVA
printlets. The 2D printed codes were encoded such that upon scanning it
would direct the user to a webpage address containing the relevant anti-
counterfeit code, as well as the personalised medication and prescribing
information. The inks were found to deposit well and were not removed upon

wiping or washing with distilled water.

Previous studies have shown that the size and resolution of printed QR codes

and data matrices can directly affect their ease of scanning and hence

12



information retrieval (Kato et al., 2011). As such, it was hypothesised that the
tablet diameter might directly affect the ease of code scanning. To evaluate
this, a variety of different sized diameter printlets were produced (10 mm, 12
mm and 15 mm) and the minimum tablet diameter that enabled scanning of
the printed QR codes and data matrices was evaluated (Figure 4). It was
found that the minimum size that could be scanned by a smartphone for QR

codes was 15 mm and for the data matrix was 12 mm.

The ease of scanning of the printed QR codes and data matrices was
limited by the size of the jetted barcodes. For example, although the same
information was encoded, the generated data matrix was inherently less
complex in internal graphics structure than the generated QR code. Previous
studies have demonstrated that data matrices occupy 30-60% less space
than their QR code counterparts when encoding the same information (Falas
and Kashani, 2007). This made it possible for data matrix to be read when
printed onto the surface of the 12 mm tablet compared with the QR code.
Favourably, after 6 months of storage at ambient conditions, all printlet
barcodes were able to scan and retrieve the information in the QR code and
data matrix.

Importantly, the size of the dosage form could also affect the ease of oral
administration from a patient perspective. Ease of scanning and reduction of
dosage form diameter could be further improved if the resolution of the inkjet
printing process was increased; the commercial Da Vinci Color printer is
designed to print medium to large-sized objects whereby high resolution is not

needed. To be suitable for pharmaceutical applications, the printer would
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have to be modified further to make it more suitable for printing on smaller
sized objects (e.g. tablets, capsules or medical devices), where a high
resolution is of utmost importance to enable a precise and controlled

deposition of material.

Conventionally, QR codes and data matrices are printed in black on
commercial packaging. However, with the flexibility of inkjet printing in
combination with FDM 3DP, it is feasible to print such codes in a variety of
colours. To evaluate the impact of colour selection on ease of scanning, cyan
and yellow QR code and data matrices were printed onto printlets (diameters:
15 mm and 20 mm). For the cyan colour, it was found that the minimum
scanning size for QR codes was 20 mm and for data matrices was 15 mm.
For the yellow colour, neither sizes could be identified nor scanned. A similar
occurrence has been observed in previous studies, whereby a reduction in
contrast between the printed barcode and the white background negatively
affected the ease of barcode scanning using a barcode scanner (Omerasevic

et al., 2014).

3.2. Development of Anti-Counterfeit Material Inks

If 3D printers were being used away from the clinic (i.e. in a centralised
specials manufacturing hub for shipping to patients), the use of an anti-
counterfeit measure is warranted. Previous studies have highlighted the risk
of duplication of 2D barcodes if being used alone (Edinger et al., 2018). As
such, we propose developing a covert material ink deposition method to

overcome such challenges whereby a randomised anti-counterfeit code is

14



assigned to each printlet for scanning using Raman spectroscopy. Surface
tension and viscosity have previously been found to be the most critical
parameters when optimising inks for printing to enable stable drop formation
(Alomari et al., 2015; Clark et al., 2017; de Gans et al., 2004). The original
CYMK inks were found to have dynamic viscosity measurements around the
values of 0.9 - 1.0 mPa.s and surface tension values in the range of 25 - 28
mNm* (Table 1). As such, the developed material inks were at first optimised
by varying the solvent ratios to achieve surface tension and dynamic viscosity
values that fell in the range of the original inks. The solvent combination that
was found to achieve inks that were within the range of surface tension was
ethylmethylketone, methanol and acetone at a ratio of 50:30:20.

As well as the surface tension and viscosity of the ink, the size of the
nozzle orifice is highly influential on the printability (Jang et al., 2009). As
such, scanning electron microscopy (SEM) imaging was used to evaluate the
orifice size of the inkjet printer head nozzles. The black, cyan, magenta and
yellow nozzle orifice sizes were found to be 35 ym, 35 um, 37.5 ym and 40
MM, respectively. The differences in nozzle orifice sizes have been observed
in other studies and depend on nature of the colourant inks (e.g. present as
either a solution or suspension, and particle size of suspended pigments).
This suggests that the cartridges may be employed to jet alternative liquids,
as long as the particles are solubilised in the solvent mixture or if the
diameters of the dispersed particles are smaller than that of the orifices

(Buanz et al., 2011).
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To aid with development of the optimised inks, printability was
assessed by calculating the Z value (Equation 1), taking into account the
nozzle orifice size, ink surface tension, ink viscosity and ink density (Fromm,
1984). Stable drop formation has been found to only occur when the value of
Z is between 1 and 10 (Derby and Reis, 2003; Jang et al., 2009). For the
original CYMK inks, the Z value was ~ 4, indicating their printability. For each
of the inks, the Z value was found to be 3.58, 1.15 and 4.58 for
methylparaben 20% w/v, Eudragit RS100 10% w/v and sodium benzoate 2%
w/v inks, respectively. Despite remaining in the printable range, the Eudragit
RS100 ink exhibited a lower Z value compared with the other excipients. This
was attributed to Eudragit RS100 presence increasing ink viscosity, likely due
to the fact that Eudragit RS100 has a larger molecular mass (32,000 g/mol)
compared with the other excipients (sodium benzoate: 144.1 g/mol; and
methylparaben: 152.2 g/mol). Buanz et al. have previously demonstrated that
viscosity is the most critical parameter for printability; as the viscosity of their
ink formulations was increased, the consistency of the amount of the drug

printed was reduced (Buanz et al., 2011).

Printability of the inks were evaluated using Raman microscopy, whereby the
printlets were affixed onto a stage and viewed under white light at an x50
optical zoom. Each of the three inks were visually detected on the printlet

surface post-printing (Figure 5).
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3.3. Material Ink Detection with Raman Spectroscopy

Raman spectroscopy is commonly used as a material identification
method in pharmaceuticals due to the generation of spectra with characteristic
peaks that can be attributed to functional groups within the drug or excipient
molecular structure. Furthermore, the method is inherently non-destructive,
rapid and user friendly, which would likely be suitable for use on printlets in
the pharmaceutical supply chain (Chen et al., 2017; Edinger et al., 2017;
Rebiere et al., 2018; Trenfield et al.,, 2018b). As such, the use of Raman
spectroscopy was evaluated for the identification of material inks on the

surface of the printlets.

Initially, the pure materials (sodium benzoate, methylparaben and
Eudragit RS100), as well as a blank polymeric-based printlet, were scanned in
order to identify peaks of interest that could satisfy the following criteria: 1) do
not overlap with the printlet peaks; and 2) have high enough sensitivity for
material detection in the printed inks. For sodium benzoate, a sharp peak with
high intensity was recorded at 1006 cm, which has been described in the
literature (Figure 6) (De Veij M, 2009). Methylparaben showed three main
regions of interests; two sharp peaks at 858 cm™ and 1285 cm*, and a region
of peaks with uniqgue morphology at 157 cm! — 1635 cm-* (ChemicalBook,
2017). Eudragit RS100 was found to have a sharp peak at 812 cm™ (Figure
6). Once the peaks of interest had been identified, positions 1-4 on the printlet
surface were scanned using Raman spectroscopy to evaluate material

identification.
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Favourably, for all four materials, the previously identified peaks were
detected among the background blank printlet peaks (Figure 7A),
demonstrating the ability for a spectroscopic approach to identify and classify
the smart material inks as a novel anti-counterfeit strategy. The dual track-
and-trace and anti-counterfeit method demonstrated here could transform the
way that printing technologies are utilised in healthcare, providing a more
streamline and robust method of product tracking and authentication across

the supply chain, and leading to a safer treatment pathway for patients.

4. Conclusions

This study was the first to combine 2D and 3D printing technologies to
produce a drug-loaded printlet with a dual track-and-trace and anti-counterfeit
mechanism. QR codes and data matrices were successfully printed onto the
printlet surfaces, which were suitable for scanning with a smartphone device
to provide tailored information about the drug product, patient and prescriber.
A novel anti-counterfeit mechanism was devised which involved the
deposition of a unique combination of materials, which were successfully
detected using Raman spectroscopy. This dual printing process could have
benefits for the tracking of personalised medicines across the distribution
chain: from prescription through to administration and adherence. However,
the inclusion of a data matrix or QR code on the printlet surface could have an
impact on the visual appearance and affect the acceptance of medication by
patients. As such, this should be evaluated in clinical studies in the future.
Favourably, by increasing the plethora of excipients and/or colouring agents

within the material inks, the randomised code could cover millions of
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combinations, facilitating the integration of personalised medicines via an

improved tracking and authentication system across the supply chain.
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7. Figures and Tables
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Figure 1. Computer aided designs of anti-counterfeit tablets: (A) Data matrix with anti-counterfeit
material deposition (shown as four coloured dots) (B) QR code with anti-counterfeit material deposition

(shown as four coloured dots)

Track-and-trace of 3D printed medicines

Treatment information Patient information
Active ingredient/Dose Name
Drug X 100mg Ms K. Finch
Batch Date of birth
N-102276 22/08/1974
Manufactured by Gender
Manufacturing Company Female
Expiry date Legal Category
15/07/2021 Prescription Only Medicine (POM)
Prescribed by and Date Anti nterfeit cod
Dr A. Smith, 04/01/2019 COUIIEHEREOCe
1E,2M,3E 4S5
Approved by and Date
Ms S. Jones, 04/01/2019
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Figure 2. Personalized information that was retrieved upon scanning using a handheld smartphone

device.

Figure 3. Schematic of combined 2D and 3D printing process for anti-counterfeit measures. Step 1:
Extrusion of drug-loaded filament through printhead nozzle; Step 2: Deposition of inks using 2D printing;
Step 3: Production of combined personalized medicines with track-and-trace QR code or data matrix

and anti-counterfeit material deposition
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Figure 4. 3D printed tablets with novel anti-counterfeit designs; A) data matrices with model

material inks and B) QR codes with model material inks. Scale bar is in cm.
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Table

1.

prepared

Surface tension, dynamic viscosity and density measurements of the
Surface Tension  Dynamic Viscosity at
Z Value
(mNm?) 25°C (mPa.s)
Ink Composition

Mean Mean

+ SD + SD
Original ink (black) 28.0+1.079 0.93+0.005 4.06
Original ink (cyan) 26.1+0.963 0.97+0.032 3.62
Original ink (magenta) 27.1+0.736 1.03+0.027 3.80
Original ink (yellow) 25.5+0.713 1.04+0.005 3.78
Methylparaben 20% ink 28.3+0.661 1.03+0.049 3.58
Eudragit RS100 10% ink 27.9+0.583 3.31+0.363 1.15
Sodium benzoate 2% ink 27.4%0.763 0.91£0.065 4.58

inks
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1 Figure 5. Printed material inksbviewed under an x50 zoom objective. ) oint 1 (Edragit RS100 10% ink); B) Point 2 (methylparaben 20%

2 ink); C) Point 3 (sodium benzoate 2% ink).
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4 Figure 6. Raman spectra of the raw ingredients of a blank tablet, sodium benzoate, methylparaben

5  and Eudragit RS100.
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6 Figure 7. Raman spectra of the four positions of material inks; Position 1 (Eudragit RS100 ink); position 2 (methylparaben 20 ink); ink); position 3 (Eudragit RS100 ink);

7  position 4

(sodium

benzoate 2%

32



33



