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Background

= 3D Printing: concept and application in topical drug delivery systems

3D Printing Market

______________________________________

T s Innovative |
h . 20 34%
----- Cost-effective |- ] .
L * — ! Q
- : ~ ~—
| — Sustainable |- : dh | &
o | Personalized |- H

2022-2031 e -

THE FUTURE OF DELIVERY SCIENCE



Qutline and aims

Printing process optimization

@ = Development of a 3D Printing tool
@ * 3D patches optimization and characterization
0
o '

— » Applications of 3D printing in topical drug delivery systems
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3D Printing Optimization

What, Why and How optimize the process?

Process

Materials

Pre-manufacturing

. Risk Analysis

Design & Slicing

Materials Pre-manufacturing

: H
Type Amount P! Solvent

Temperature

|_

3D Printing

Printing

Packaging

Gelation type —»-

Surface adhesion

Experience Certified  * giocompativility Solubilty Mixing rate . materials Conservation
. suppliers Changes in the Certified conditions
. ‘;erttetp ‘ o Mixing time order of mixture Ink viscosity —» o terial  suppliers
informa IonHandIing and TY,PE MW Biocompatibility Polymer Microbiclogical Needic di t eedle material PP Ty’ze 9f|
- - - i b eedle diameter - materia
Skills packaging AmountViscositySolubility Sntl:;l;l:i); tlnsf contamination Sterility Sterility —»
" : Losses of product 1o arature —» . Inertia of
Qualification Type Wavelength (UV)  Gajation  Inertia of during transfers P Distance between the materials
p ¢ . . needle and the platform | Jpo|—
rocess Amount  Related agents  containers Cleaning state of Extrusion
knowledge Substances i the equipment  chamber filing  \¢——G-code 3D
Hydrogel
Patch
- Printing setups i
Humidity Amount g ps —» Degradation rate oH
Particle size —» <+—— Layers Biocompatibility Microbiological
Air quality ) ) Solubility Contour strategy _ ) icrobiologica
Melting point —» Construct integrity contamination
Sterility logP Initial layer  |nk uniformity — Adhesiveness
Related __, Di i Y Dimensions of the ink
Substances MW imensions X.y.z Stability
Temperature Feed rate . Elasticity
CAD drawing —» Porosity
Environment Drug Desu_gp o Characterization
slicing
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3D Printing Optimization

= What, Why and How optimize the process? . Risk Analysis

Process

— Materials Pre-manufacturing Design & Slicing 3D Printing |—

_——.___Raw Materials Attributes

Failure Modes Solvent / Polymer\ Bioactive or drug Cells or derivates
Amount Amount Solubility Amount Amount
Gelation Time Low Medium Medium Medium
Porosity Medium Medium Medium Medium
Printing Accuracy ~ Medium Medium Medium Medium
Ik COAS Printing Fidelity Medium Medium Medium Medium
Flexibility Medium Medium Medium Medium
Adhesivenss Medium Medium Medium Medium Medium
Mechanical strenght Medium Medium Medium Medium Medium
Release rate Medium Medium Medium Medium Medium
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3D Printing Optimization

= What, Why and How optimize the process? ‘ Risk Analysis

Process

— Materials Pre-manufacturing Design & Slicing 3D Printing l—

Process Parameters
Pre-manufacturing (Formulation production)

Failure Modes

Temperature Mixing rate Time
Gelation Time Medium Low Medium
Porosity Medium Low Medium
Printing Accuracy Medium Low Medium
Printing Fidelity Medium Low Medium
Ink CQAS Flexibility Low Medium Low
Adhesivenss Low Low Low
Mechanical strenght Low Medium Medium
Release rate Low Medium Low
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3D Printing Optimization

What, Why and How optimize the process?

Process

‘ Risk Analysis

Materials Pre-manufacturing Design & Slicing

3D Printing

|_

Process Parameters

Design and slicing

/ \

Failure Modes

Line width Wall line count Layer Structure @ill density (%) Dimensions (x,y,z)> Number of

Height layers

Gelation Time Low Low Medium Medium e m Medium

Porosity Medium Medium Medium Medium Medium

Printing Accuracy Medium Medium Medium Medium Medium

Ik COAS Printing Fidelity Medium Medium Medium Medium Medium
Flexibility Low Low Medium Medium Medium Medium Low
Adhesivenss Low Low Medium Medium Medium Medium Low

Mechanical strenght Low Low Low Medium Medium Low Medium

Release rate Medium Medium Medium Medium _ Medium Medium
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3D Printing Optimization

= What, Why and How optimize the process? . Risk Analysis

Process

— Materials Pre-manufacturing Design & Slicing 3D Printing |—

Process Parameters

3D Printing
Failure Modes Printing Environment Needle material and Distance betwee Surfaf:e Extrusion
temperature temperature Pressure diameter the nozzle and adhes_lon chamber filling
the platform materials
Gelation Time Low Low Low Low Low Low
Porosity Medium Medium Medium Medium Medium
Printing Accuracy Medium Medium Medium Medium Medium
Ik COAS Printing Fidelity Medium Medium Medium Medium Medium
Flexibility Low Low Low Low Low Low Low
Adhesivenss Low Low Low Low Low - Low Low
Mechanical strenght Low Low Low Low Low Low Low Low
Release rate Low Low Low Low Low Medium Low Low
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3D Printing Optimization

= What, Why and How optimize the process?

Hybrid

Plastic
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3D Printing Optimization

= What, Why and How optimize the process? ‘ Risk Analysis

Process

— Materials Pre-manufacturing Design & Slicing 3D Printing |—

In short, it is fundamental to control the:
= Polymer amount

* Ink Rheology

= Patch Design

* Printing settings
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Characterization

Rheology .
Raman spectroscopy ‘

€
FTIR-ATR spectroscopy . éﬂ\ﬁ

‘ Rheology

‘ FTIR-ATR spectroscopy
Q>
Differential scanning calorimetry @ ,Q

&
Texture analyser . Q. \
Scanning electron microscopy ‘ 8 [
|

FTIR-ATR spectroscopy . \&

Differential scanning calorimetry .

Rheology . Q/W

7
Drug release profile ‘ /NG

Texture analyser

‘ Differential scanning calorimetry

‘ Texture analyser

PRINT\NG

‘ Raman spectroscopy

‘ Scanning electron microscopy

‘ Topographic analysis
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A_pplications - From a simple formulation to complex structures

From a 3D hydrogel patch, different patches _
Versatile Formulation can be used in 3D

can be followed: . )
Printing to create personalized patches for

different types of treatments
ledical Device
= |
7 e N

Formulation ink

‘ "\‘ with ® API
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Applications

= Wound healing treatment . . Antibacterial activity

3 8. epidermidis Bl S aureus
o

Bl E. coli B P. aeruginosa

Manuka Honey

Cultivable bacteria (CFU/mL)
Cultivable bacteria (CFU/mL)

COOH

Human dermal fibroblasts =~ Human epidermal
keratinocytes

RS o In VIVO Angiogenesis

» The 3D Manuka-Gelatin base patches not only have antibacterial activity but also not induce cytotoxicity
against human dermal fibroblasts and human epidermal keratinocytes and did not induce irritation on HET-
CAM tests and slightly promoted angiogenesis.
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Applications

= Cell-free treatment

Bovine Serum Albumin o T ® 3D Patches Characterization
(model bioative)
@ Triangular (Tri, 3 layers) Grid (Gri, 3 layers)
Skin Lesions 3D Printing

0.7 1.3 0.7/1/0.7

Grid (Gri, 3 layers)

T~ Gel-CCM ink

. I | |
V' Patch Printing
i Tri S soee O
| e

PERSONALIZED femerE

= Insights into  design-dependent release
modulation strategies;

THERAPIES

= 3D technology allows rapidly producing patches
] with different release profiles, depending on the
30 | -Tri_0.7 .,

) ! +Ti07 skin's needs.
B-Gri_0.7/1/0.7
10 4-100% Infill

applied (%)

Amount of BSA released per amount

i Effects onrelease kinetics A ‘ . . ‘
' 0 60 120 180 240 300 360
Time (minutes)
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Applications

= Cosmetic: Moisturizer e e Under no-occlusion (4h)
A B
180.0 110.0
Hydration Efficacy . 160.0 | 000
1400
. £120.0 | { goe
§100.0 | J £ 500
oy £ 80.0 E 300
® 5 5
> . g 60.0 4 g 10.0
. T 40.0 ]
3 200 =00
I 0.0 108.85 | 134.57 s 30,0
-20.0 T4-TOh (%) 500 T4-TOR (%)
: g . B Ocl_Patch 0 Ocl_Patch+Gel mPor_Patch B Ocl_Patch 00Qcl_Patch+Gel mPor_Patch
u Gelatin-based ink : @Por_Patch+Gel OBlank area @BPor_Patch+Gel  OBlank area
Ocl vs Por patches @ o Under occlusion (24h; plastic occlusion stress test, POST)
: A B
N 60 3
—0
— R 50 | © Ocl_Patch -@-Por_Patch ~© Blank area 25 |
&40 ]E’ 7T,
E g
< % £ 1.87 1.85
: = %%3‘5\ g
L4 B 20 7 ega, o §| 11
10 b 05 <4
0 y T y y ' 0
0 5 10 15 20 25 30 Ocl_Patch Por_Patch Blank area

Time (minutes)

= Modulate the hydration rate and control the TEWL by adjusting the skincare mask's internal geometry.
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Applications

= Cosmetic: Anti-aging e ® Rheological and Topographic analysis

A B
IBR-TCLC ... ' 0eee
©. % 10000 g
e 25 35 45 55 1 25 35 45 55
Temperature, T (°C) Temperature, T (°C)
"~ WO o Anti-agina 3D-printed eve patch
IBR-TCLC® - Purified @ ging P yep

tomato extract with
recognized antioxidant
and anti-aging properties

%.’%

Control

5%

0.5% IBR-TCLC

1.0% IBR-TCLC

Gelatin-IBR-TCLC®
¢ 3Dprinted patch

= The adoption of an adequate printing optimization strategy (from rheology to process settings) is fundamental to achieve reproducible and high-quality patches

that cater the skin needs.
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Applications

= Flare-up rosacea treatment

Jr— » Influence of internal design and line distance
Metronidazole

Rheological and Topographic analysis
... 100000

Prolonged o
Use 4224 +2.88°C

.
.
.
.
.
.
—_ .
- - .
.
. 1 : : : ‘
. 25 35 45 55 65 75
.
.
.

High Pressure
And Friction

G'and G" (Pa)
=
8

Temperature °C

Flare-up
Rosacea

Occlusive

Gelatin-based ink
with metronidazole
(1%, wiw)

»= The bricks and triangular design-patches showed the highest tensile strength,
followed by the occlusive and grid ones

Printing Angle

(S ———

» Decreasing the line distance (1.3 to 0.7) increased the resistance of patches to
breakage in 69.8%. The occlusive ones showed the highest tensile distance (72

mm)
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Applications

= Flare-up rosacea treatment

. JETIIT ° In vitro release verical diftusion Franz cells; 32 °C
Metronidazole
5 120
¢-.. o 100 1
. oL . . .
o 35 897 = Different designs have different forms

=20 T .
§5 07 of release providing personalized

Prolonged 2 g 40 1 tfreatment

Use 53 20

* iz ? E E 0 T T T T T T
S5 ®©

Hich Pressure g 0 2 4 6 8 10 12 14

ig .

And Friction < Time (hours)

O— Occlusive —A—Triangular == Grid
Flare-up :
Rosacea ; f=tereidy
. After 4 hours of over the
b) Baseline PPE mask use  hydrogel patch
Gelatin-based ink @ rieeeeenneeaees e Invivo efficacy

with metronidazole

» Facial skin temperature values obtained when
(1%, wiw)

the hydrogel patch was placed underneath the
mask, from the baseline values. In contrast,
increase in skin hydration and attenuation of
frontal red areas.

Left

Front
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Conclusions and Future Work

Highlights

= |nsights into the practicality of using 3DP to modulate the compounds' release by employing straightforward
construction design strategies;

= 3D printing technology offers the necessary versatility to quickly modify and adjust the vehicle to the
different requirements of various treatments;

Ongoing and Future Work

= Explore in vivo the influence of different internal designs on the penetration profile and efficacy;
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Questions

Joana Marto
jmmarto@ff.ulisboa.pt
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