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According to a specific task we are able to develop the more suitable 

polymeric system, on the basis of the required properties

THE MATERIAL SIDE

Suitable polymeric 

system

Properties

Medical demand Chemical, Physical

Mechanical, Thermal

Introduction 



Electrospinning technology 

Self-standing 

non-woven mats

- Micrometric and nanometric fibers

(from hundreds of nm to a few µm)

- High porosity  90%

- Pore size from a few µm to tens of 

µm

Randomly arranged fibers



Highly tunable 

design

Aligned fibers

Random fibers

Micro- Nanofibers

Core shell fibers Hollow fibers

Porous fibers

Electrospinning technology 



Functional polymeric materials

3D microenvironment to 

mimik different tissues
Drug delivery

Bioactive Scaffolds 

(bioconjugation) 

• To study cell faith 

mimiking different 

pathologies

• To perform cell culture for 

cell transplant

• Tuning the material 

properties is possible to 

obtain the desired release 

kinetics of one/multi drug 

systems

• Create link between 

the selected material 

and 

antibodies/peptides/ 

growth factors

Recent research lines



Poly(butylene succinate) - PBS

Poly(butylene thiodiglycolate) - PBTDG

Poly(butylene diglycolate) - PBDG

▪ Thermal properties

▪ Mechanical

properties

▪ Hydrolitic

degradation rate

▪ Wettability

▪ Osteogenic/

chondrogenic cell

differentiation

Homopolymers

Blends

Multiblock copolymers

New polymeric systems for bioinspired scaffolds



New polymeric systems for bioinspired scaffolds



2.4 Shape Memory Characterization

The one-way shape memory behavior of the materials was
investigated under the application of a three-stage thermo-
mechanical cycle, carried out by meansof aDMA Q800, on the
rectangular bars, and consisting in: (i) deforming the specimen
at Tm + 40 °C under a loading ramp at 29 10 2 N min 1 up to

a given stress level (200 kPa for the PCLMAx set of materials,
and 600 kPa for the PCLSGx materials); (ii) cooling the
specimen at least 15 °C below Tc at 2 °C min 1 by keeping the
attained strain constant, maintaining the material under these
conditions for about 10 min in order to allow crystallization,
and finally unloading; and (iii) heating the deformed specimen

Scheme 1 Schematic representation of the crosslinked systems synthesis

Table 1 Mechanical (E tensile modulus, r b stress at break, and eb strain at break), structural (mcrosslink density), ther-
mal (Tc crystallization temperature and Tm melting temperature), and shape memory behavior of the PCL-based systems

Mater ial

code

Precursor

molecular

weight

(g/mol)

Tensile tests at Tm + 40 °C DSC tests Shape memory behavior

E, MPa

m,

mol/cm3 r b, kPa eb, % Tc, °C Tm, °C

Applied

stress,

kPa

One-way tests Two-way tests

Strain

fixity, %

Strain

recovery,

%

Ttrans,

°C

Overall

CIE,

eCIE, %

Residual

strain,

eres, %

PCLMA3 3900 3.5 4.09 10 4 440 20 0 38 200 97 100 37 3 3

PCLMA6 6700 1.5 1.69 10 4 380 30 18 53 200 98 95 50 7 2

PCLMA13 13400 0.3 3.69 10 5 > 200 > 120 24 60 200 99 94 55 63 10

PCLSG2 2200 4.6 5.59 10 4 1080 30 26 24 600 72 100 23 35 10

PCLSG3 3900 2.1 2.49 10 4 730 50 8 41 600 99 99 43 24 4

PCLSG6 6000 1.2 1.39 10 4 ÆÆÆ(a) ÆÆÆ(a) 18 51 ÆÆÆ(a) ÆÆÆ(a) ÆÆÆ(a) 48 ÆÆÆ(a) ÆÆÆ(a)

PCLSG10 10000 1.3 1.49 10 4 850 140 25 55 600 100 98 53 88 11

(a)Values could not be measured due to the limited amount of tensile specimens
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PCL-based through Sol-Gel Electrospinning

Shape memory meshes



Shape memory meshes



FIBROUS COMPONENT

Plasma treated Poly(L-lactide) fibers

GEL COMPONENT

RGD-like hydrogel

Human embryonic SCs
Human induced 

pluripotent SCs

Hydrogel-fiber 3D composite system for multipotent stem cell culture



Macromol. Biosci. 2016, 16, 1533−1544

Hydrogel-fiber 3D composite system for multipotent stem cell culture



Bioinspired 3D matrices: Tendon substitutes



“Step-by-‐step: integrated approach for the patient with acute neurologic lesions”

Prof. Laura Calzà

AIM: Development and testing of

devices made of electrospun fibers

for the controlled release of two drugs

to favore the riemilinization process and

to locally control the inflammation in

neurological traumatic lesions

Nanostructured materials for multi-drug release



NPs + PLGA 50:50

NPs + PLGA 75:25

SILICA core ~ 10 nm 

NPs size ~ 25 nm

Rampazzo et al., Nanoscale, 2012, 4, 824

Controlled in situ release of luminescent nanoparticles



Implantable polymeric scaffolds for neural repair:

In vitro testing for safety and efficacy.

The preclinical side.
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“implantable scaffolds”:

How to keep close PoC efficacy studies and FDA compliant safety tests

“Implantable” polymeric scaffolds



Biomaterials in translational perspective

Translational research



Metals Ceramics

Polymers
ML Focarete

CIRI-SDV& 
Ciamician

Natural/Synthetic 

BIOMATERIALS

3D mimicking

Self-healing

Drug delivery devices

Cell-scaffolds devices

Semiconductor 

Materials

CNS repair: a challenge for material science

Neurobiology 

and 

translational 

point of view



FDA-approved 

polymers (PLLA, 

PLGA)

Flexible, permeable, implantable

biological reservoirs

IRMI, technological 

cluster ALISEI (MIUR)

scaffolds for self-

healing improvement 

in the CNS

Step-by-Step, POR-

FESR (RER)

scaffolds for localized 

drug delivery in the 

CNS

In vitro testing of biomaterials

Electrospun artificial polymers



In vitro testing (and regulatory issues)

Baldassarro et al., Biores Open Access. 2016

Toward clinical application: how we design a translational study:

in vitro experiments

Primary end-points Toxicity

efficacy

Readout cell viability

neurite elongation

Statistical power: conventional vs high-

troughput technologies

Regulatory: GLP/ISO compliance

materials Glass

Plastic

PLLA

topography 2D

Random semi 3D

Aligned semi 3D

Chemical 

functionalization

No-coating

Lamin

ECM extract

Cell type SY5Y cell line

Primary neurons

Neural stem cells



The cell system

description PRO CONTRA

SY5Y (and 

other cell 

lines)

neuroblastoma

cell line derived 

from human 

tissue

• can be easily differentiated 

toward a neuronal-like cell 

• widely available

• easy-to-handle 

• highly reproducible system 

• Human

• Maturation in 7DIV

• Tumor cells

• The sensitivity to a wide 

range of toxic stimuli is lower 

compared to primary neurons

• neurite outgrowth may be 

different from that occurring 

in primary neurons

Primary 

neurons

From fetal and 

neonatal brain

• physiologically significant 

• Low possibility of false 

positives and negatives

• Maturation in 15/21DIV

• Animal (and human)

• require selective skills for 

handling and result 

interpretation

• mixed

NSCs From fetal,

neonatal and 

adult brain

• physiologically significant 

• Low possibility of false 

positives and negatives

• Maturation in 15DIV (lineage)

• Mixed cell composition

• Animal (and human)

• require selective skills for 

handling and result 

interpretation

• Mixed cell composition

Baldassarro et al., Biores Open Access. 2016



Hoechst 6E10 Mitotraker MAP-2 Merge

Field 20x

Well

HCS analysis

Mitocondria membrane 

potential

Toxicity:
• Cell adhesion

• Mitochondria membrane potential

• Nuclear morphology

• LDH

Efficacy:
• Neurite elongation

Statistical design:
• 6 technical replicates

• 3 biological replicates

Statistical design:experimental variables:
• Material topography

• Material chemical functionalization

• Neural cell type

Cell-based high content screening

Baldassarro et al., Microchem J, 2017, in press



coefficient of variation:

2D cultrex coated, MTT = 17.62% HCS = 22.35%; 

semi-3D aligned uncoated, MTT = 32.86% HCS = 3.90%) 

Baldassarro et al., Microchem J, 2017 in press

Cell-based high content screening



2D, semi3D systems:

A: SEM micrograph of PLLA electrospun 

scaffold

B: RESC cells on es-PLLA scaffold; actin, 

red, nuclear Hoechst 33258blue

C: 3D Oct4-IR RESCs (green

Alessandri et al., Matrix Biol, 2014

Ex 1: RESC

actin immunostaining (green) 

F: 3D-BME

G: glass 

H: es-PLLA

material functionalization Cellular test system

chemistry Physical Proliferation/viability

topography chemical differentiation

2D vs 3D pharmacological Biological properties



Ex 1: RESC, proliferation & viability

Proliferation and viability assays of 

RESCs cultured on different 2D and 

3D surfaces

Hoechst33258

caspase3

BME: Basement Membrane Extract

es-PLLA: submicrometric elctrospun fibres  

Alessandri et al., Matrix Biol, 2014



Ex 1: RESC, differentiation

Oct4 expression in RESCs cultured on different surfaces. 

A: Real-time PCR analysis of Oct4 mRNA expression in RESCs grown on 3D-BME, plastic, BME-coated 

plastic, es-PLLA scaffold, BME-coated es-PLLA scaffold at two different time points (3 and 15 DIV)

Alessandri et al., Matrix Biol, 2014



Ex 1: RESC, differentiation

Alessandri et al., Matrix Biol, 2014

Flk1VEGF



Dolci et al., Plasma Process. Polym, 2013

O O O
H

COOH NH2

Plasma treatment

“ the fourth state of matter”: Heating a gas may ionize 

its molecules or atoms (reducing or increasing the 

number of electrons in them), thus turning it into a 

plasma, which contains charged particles: positive ions 

and negative electrons or ions

Ex 2: Plasma treatment of polymers



Dolci et al., Plasma Process. Polym, 2013

Ex 2: Plasma treatment of polymers



Ex 2: Plasma treatment of polymers

BME-coated glass                            es-PLLA, untreated                            es-PLLA, plasma treated

Dolci et al., Plasma Process. Polym, 2013



Ex 3: Efficacy, neurite elongation
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Ex 3: Efficacy, lineage

Baldassarro et al., Biores Open Access. 2016



Ex 3: Efficacy, lineage
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Ex 3: Efficacy, safety/toxicology

Baldassarro et al., Biores Open Access. 2016



Materials as medical devices

Chemical selection

Material design

Biomaterial functionalization

Cell selection

Test readout

Test robustness



Studies reporting the prevalence of 

irreproducibility

Freedman et al., PlosBiol, 2015



Ready to work together for research programs, collaboration 

with companies, third party research

Topics:

✓ scaffold fabrication (natural and synthetic polymers) and bio-

conjugation

✓ shape memory polymers and functional polymeric materials

✓ in vitro testing using neural cell lines, primary neurons and glial 

cells, neural stem cells, embryonic stem cells

✓ - in vivo testing in rodent models for multiple sclerosis, neonatal 

hypoxia-ischemia, traumatic spinal cord injury, Alzheimer’s 

disease

✓ - GLP and ISO service for in vitro and in vivo safety
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