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THE UNIVERSITY OF BARI ALDO MORO

1925 — The Adriatic University Benito Mussolini was founded
2008 — The University of Bari was named to prof. Aldo Moro
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Full Prof Nunzio Denora
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Associate Prof. Massimo Franco Associate Prof. AngelaLopedota  Associate Prof. Annalisa Cutrignelli  Associate Prof. Valentino Laquintana

Brain delivery system - Theranostic NPs| ' Ligand for BDZ receptor - Surfactant Cyclodextrin -

- 3D printing - microfluidic - Topical formulation

Microparticles - paediatric formulation

Preformulation - 3D printing Dendrimers - biohybrid NPs

Associate Prof. Antonio Lopalco  Associate Prof. Rosa Maria lacobazzi

Liposome -
Amophus Solid dispersion

Bioconjugate polymer - Ligand TSPO

Researcher Dr. llaria Arduino
Solid lipid NPs - Microfluidic
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Researcher Dr. Giuseppe Racaniello
Mucodhesive polymers - 3D printing
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PLATFORMS

1
= MISHI

Molecular
Systems

Nano systems

Micro system

Lab-made and scalable platforms to produce tailored products with features that
meet the specific requirements for the patients:
microfluidics, prilling/vibration technology-spray drying, 3D printing
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ASTM CLASSIFICATION

Aditive

manufacturing
(AM)
Binder Material Vat Powder Bed Energy Sheet Material
Jetting Jetting Polymerization Fusion Deposition  Lamination Extrusion
(BJ) (MJ) (VP) (PBF) (ED) (SL) (ME)
Inkjet Laser-based Nozzle-based
System writing system deposition system
Drop-On-Demand Continuous Inkjet Stereolithography  Selective laser Semi Solid Fused Filament
Printing (DOD) Printing (CIJ) (SLA) sintering (SLS) Extrusion (SSE) Fabrication (FFF)
Drop-On-Solid Drop-On-Drop

deposition (DOS) deposition (DOD)

ATSM - American Society for Testing and Materials
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3D PRINTING EMERGING PHARMACEUTICAL APPLICATIONS
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Automatic fa O Q
Formulation
Mass Production

COmpI Clinical Trials
Optimisation

I MASS y- N, DRUG -~
On-Demand PERSONALISATION DEVELOPMENT oo

PRI 3D Printing Pre-clinical Studies
@ Pharmaceuticals
Veterinary Q
Medicines Fluid Sampling
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ADVANTAGES

Advantages (Parsonalization )
* Dose individualisation for paediatric, [ complex |,
- @e  geriatric, or special patient groups ey
¥ Gl g%  Development of complex dosage —
. . . . id \
et e o o forms, including multilayer or (i)
lil ' = controlled-release systems _ .
_ ~ _._ . °On-demand production in hospital Or /ondemsnd ;
o A o community pharmacies (integration  Preducton”
6§ S | into extemporaneous compounding) ‘
e Bt i, T 05 R s WA ° . . f Cost
- * Creation of orodispersible dosage |effectiveness
forms (ODTs, ODFs) and implantable 7 /improved
. { tient ‘
devices \ comptlence./
&y UNIVERSITA
e PT RI @ .59 9 DEGLI STUDI DI BARI
e Frcarin Tamarions Betom bonnvmaran | THE CHILDREN'S MEMORIAL HEALTH IRSTITUTE EPTRI Scientific Meeting | 28-29 July 2026 | Warsaw, Poland s ALDO MORO



DIRECT POWDER EXTRUSION 3D PRINTING TECHNIQUE

Combining the hot melt extrusion (HME)
process with the 3D printing technique to
generate from pharmaceutical grade
powders or pellets customizable solid
dosage forms

Direct Powder Extruder (DPE)

COVEYING _ _

ZONE « Extrude material directly from pellets
or powders using a single-screw

MELTING iruder

ZONE ex

;g:"'EP'NG * Preparation of the filament by Hot Melt

Extrusion (HME) is not necessary

« Continuous, single step production
process
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DEVELOPMENT STAGES OF THE NEW 3DFORME®

2021
2022
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CASE STUDIES

KBUDESONIDE MINI-TABLETS

MIDAZOLAM ORO-DISPERSABLE
FILMS

OLAPARIB TABLETS j
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BUDESONIDE TABLETS AND
EOSINOPHILIC COLITIS
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The purpose of this study was to =L e m— —

jomel Bomesage s slse

combine direct powder extrusion =

(DPE) 3D printing and fluid Ded i msmbies for e nestment of cosimopniic et i -
. . ediatric patients
coating techniques to create a . ...

Monica Pislone ', Gluseppe Francesto Racaniello”, FRomnna Rizsi |, Fosa Maria lacobaze ™,
liaria Arduing ”, Antonie Lopatoo”, Angela Assunta Lopedota ™, Nunzio Denora ™

BUDESONIDE loaded solid oral e i i s i

e of Coosloprapie CRE Awwlels o T25%. T2 ol ind

formulations for the treatment of
eosinophilic  colitis  (EC)
paediatric patients
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EOSINOPHILIC COLITIS

Rare Disease characterized by elevated colonic
infiltration of eosinophils

Clinical scenario associated with this condition
appears to be closely related to the layer of the
affected intestine leading to abdominal pain,
diarrhea, hematochezia, and bloating

Eosinophilic disorders in the colon can involve
patients of all age groups, although a high
incidence in the paediatric population has been

observed
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BUDESONIDE

v Budesonide (BD), a potent second-generation
glucocorticoid with local anti-inflammatory action
and reduced systemic side effects

v BD is used for the local treatment of rare
paediatric diseases such as the Eosinophilic
Esophagitis (EoE) and the Eosinophilic Colitis
(EC)

v' BD is BCS Class Il drug (low solubility in water,
good permeability)
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MINI TABLETS CHARACTERIZATION

Table 1
Composition relative to 100 g of powder mixtures for printing.
BD* AB* IC* HP-§-CD* PEG 6000~ HPMC*
% w/w
MixBD 0.59 20.00 / 4 3.97 75.44
MixBD-CD 0.59 8.17 i 46.41 2.99 41.84
MixIC / 817 47.00° / 2.99 41.84

" BD = budesonide; AB = Adjuvant Blend consisting of citric acid/tartaric
acid/sodium bicarbonate; IC = BD/HP--CD inclusion complex; HP-f-CD =
hydroxypropyl-p-cyclodextrin; PEG 6000 = polyethylene glycol 6000; HPMC =

h}rdrnmrgp}r]_ mEﬂ]}rlcﬁlluIﬂSE_ Fig. 2. From left to right: formulation 1 (MT1), formulation 2 (MT2), and
. f i 1 i A i N
The value ¢ espo s to 0.59% w/w of BD. ormu{adon 3 (MT?) derived from the direct extrusion of MixBD, MixBD-CD.

s and MixIC, respectively.

Table 3
For each formulation, the characteristics of each MT obtained by DPE.
MT Weight Uniformity” (mg) Drig content” (mg) Friability* (%) Breaking Force [(M)* Dimensions (mm)’
[riameter Height
1 1E8,08 + 20017 0,71 + 0,09 0,022 > iAW 517 £ 0.29 4.14 4+ 0,33
p 1X7.08 = 10.68 68 4+ 0,09 0064 29867 + 6214 552 4+ 0.21 3.78 + 0.13
3 13040 = 18.39 0ue0 + 0,05 0038 320,08 = 9770 546 + 018 3.76 + 0.21

" The value is the average of 10 tablets. + is the deviation standard.
STy UNIVERSITA

e P T R I (v, ) DEGLI STUDI DI BARI

B Pacasinl i Biiarm bz THE CHILDREN'S MEWORIAL HEALTH IRSTITOTE EPTRI Scientific Meeting | 28-29 July 2026 | Warsaw, Poland 35;;;39?? AL DO MORO




COATED MINI TABLETS Angelini

Composition of the polymer mixture used as film coating. P [cm|
cm
Function Ingredient YW, w Dry substance (g) 0 1 2
Polymer Eudragit® F5 30 [ 43.01 126
Plasticizer Triethyl citrate 0.65 0.65
Anti-tacking Tale G.45 6.45
Dviluent Purified water 49,80
Tatal 100.0 20,0

C-MT2 6%

[em]

selective releaseatapH > 7.0
Fig. 8. Images of the C-MT2s formulations at 4 % and 6 % coating.
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IN VITRO RELEASE STUDY

pH=1.2 pH=6.8 pH=7.4
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Fig. 11. Release studies of the coated formulations (C-MT2 4 % and C-MT2 6 %) compared with the uncoated MT2 formulation. In the insets A and B, the two C-
MT2s are shown after passage in simulated gastric and enteric medium (pH 1.2 and 6.8, respectively).
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MIDAZOLAM/y-CYCLODEXTRIN ORO-DISPERSIBLE FILMS
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Carlsolydrate Polymers
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—E‘-_l__ a1 = g #‘ Fig. 1. Polymers hydroxypropyl methyleellulose (HFMC) poly(ethylene axide) (PEQ), rooypclodewtrin (C0) and Midazolam (MDZ) chemical stouctares.
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Table 3

Average MDZ weight (g) and dimensions {(mm) in the different printed ODFs and

their standard deviations (5.D.). Number of replicates (n) 5 for each
formulation.
Printed Weight + 5. Diameter + 5. Thickness + 5. Drug
films D . D. loading
(g) () (mm) (%)
MO 0,050 £ 14.96 1+ 0,16 0.67 £+ 0L05 0,95 = 0,03
0,004
M1:1 0.049 + 1512 + 0.22 0.71 £+ 0.0B 0.96 = 0.04
0.005
IC1:1 0,050 + 15,26 4+ 0.24 0.69 + 0,04 .94 = 0.0
0,004
CD1 0.052 £ 1488 £ 0.14 0.72 £ 0,06 i
0.007

ePTRI

Lo P w, s mariow b

©

tmunrn THE CHILDEEN'S MEMORIAL HEALTH INSTITUTE

EPTRI Scientific Meeting | 28-29 July 2026 | Warsaw, Poland

ODFs CHARACTERIZATION

Mecazolam
(MDZ)

) UNIVERSITA

DEGLI STUDI DI BARI
ALDO MORO



DISINTEGRATION AND DISSOLUTION TIME
EVALUATION

A B
= - :
CcD1 s i ."- = o . = * MO
= M1:1 f é
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IC1:1 = IC1:1 z j “ 1C11
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3 N
* Q 25+ ‘ )
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0 20 40 60 80 100 0 2 4 6 8 10
Time (s) Time (min)

Fig. 9. Total disintegration time (A) and dissolution profile (B) of the ODFs. Error bars shown in figure represent the SD. n = 5 ODFs. **** (p value <0.0001).
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EX-VIVO MUCOADHESION AND DISSOLUTION TEST

= M 1:1
-+ |C1:1

MDZ release (%)

Time (min)

Fig. 10. The drug release profile from the formulation set on the porcine tissue.
Error bars shown in figure represent the SD. n = 5 ODFs.

“1 i RS

S~ 7/ DEGLISTUDI DI BARI
& ALDO MORO

ePTRI__ €

wurm THE CHILDEEN'S MEMORIAL HEALTH IRSTITOTE EPTRI Scientific Meeting | 28-29 July 2026 | Warsaw, Poland



OLAPARIB: BACKGROUND AND AIM

UNPUBLISHED DATA

DPE 3D PRINTING

¥

%‘/\) /l\/ POLIMORPH
I FORM A
BCS CLASS IV

-—> ==
OLAPARIB POLIMORPHS . . Personalization dosage
AandlL [ oy # m/ Control d lid
:;‘ o § ontrol drug solid state
e ! i
ANTICANCER iy —~— Modulate drug release
PARP INHIBITOR — ——
AMORPHOUS
FORM
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CONCLUSIONS

The case studies presented demonstrate that the Direct Powder Extrusion

3D Printing technique has significant potential for the personalized
manufacturing of pediatric dosage forms

By enabling flexible, on-demand production tailored to individual patient

needs, this technology represents a promising step toward the routine
implementation of personalized pediatric medicines
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