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RENACER® Materials
Platform Technology

RENACER® - the next generation of ortho-silicic acid releasing biomaterials

JA\ unique |IC|UId raw material is developed at Fraunhofer ISC that...

= ... can be processed into particles, fibers and coatings,
. is fully resorbable into ortho-silicic acid and free of microplastics,
. is bioactive impacting regeneration of e.g. skin and bone,

. is shown to be biocompatible and safe, (former developed product based on silica gel
is approved as a CE-certified medical product class IlI),

patented technology
priority date: 2017
DE, US, EP — granted

. can be manufactured and scaled up under GMP conditions
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Silicic Acids in Humans

Bioactivity
0 silicic acids are omnipresent in nature Q silicic acids are bioactive
d : . g .
& sea water and minerals . Boosting wound regeneration
U
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. @ plants, fruits, plankton t g Promoting bone healing
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aim: Creating eco-friendly and effective products by patented silicic acid technology
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Inspired by Nature
RENACER® Materials

High condensation grade
high mechanical stability
low solubility into ortho-silicic acid (0SA)

incorporation of
poly-(silicic acids)
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Know How
Fraunhofer ISC

RENACER®

Adjustable condensation grade
degradation into bioactive
ortho-silicic acid (oSA)
release of bioactive amounts of
ortho-silicic acid (oSA)

degradation into:
OH
HO — 9i — OH
o

O0SA
natural &

bioactive
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RENACER® Materials

Platform Technology

synthesis liquid raw material

Fabrication
of
RENACER®
materials

particles fibers membranes coatings

mm) resorbable, bioactive and plastic-free biomaterials inspired by nature
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RENACER® Materials
Markets

© Fraunhofer

examples:

wound regeneration
scaffolds

barrier membranes

coatings of medical products
customized developments

examples:

= drug encapsulation

= drug protection

= coating of oral dosage forms
mucoadhesive particles
(controlled) drug release

examples:

ointments

cremes

nail care

hair care

food supplements
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RENACER® Fibers
Application Fields

Ongoing product developments and improvements:

‘ ... next generation wound healing applications

‘ ... advanced therapeutic medicinal products (ATMPs)

‘ ... drug encapsulation
= fully in-vivo resorbable into natural o-silicic acid ‘ ... resorbable scaffolds

= Silica Gel - the underlying material class:
CE-approved as a medical product class Il
for the regeneration of chronic skin diseases
(diabetic ulcers, 2" degree burns)

‘ ... fiber reinforcement
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Fiber Fleece based on Silica Gel

Successful In-house Development KEMA Quality
— CERTIFICATE
(::MD::T:KING OF CONFORMITY c E

MEDICAL DEVICES

Silica Gel Fiber Fleeces for the Treatment of Chronic Wounds

before
= fully resorbable material with optimized mesh sizes culturing  after 4 weeks
= form stability while resorption into non-toxic o-silicic acid — Si(OH), | | |
= migration of healthy cells into the scaffold
= healing period: approx. 2 months
= established GMP-process
= CE-certification (diabetic ulcer and 2" degree burns)

versity of Nottingham

silica gel
fiber fleece

Uni

=
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Biodegradable Fibers and Membranes
Fabrication Techniques of RENACER®

Pressure spinning Electro spinning

p-fibers sub-p-fibers
fiber diameter: fiber diameter:
20-120 pm 0.1-5pm

= non-wovens or = planar or tubular

endless fibers membranes
= different nozzle = possibility of
geometries Co-spinning

= fleece or cotton ball-
like structures

=
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Biodegradable Fibers and Membranes
Property Profile and USPs of RENACER®

— adjustment of mesh size (OCT)

Adjustment of:
= fiber diameter = degradation profiles
= mesh sizes = fiber flexibility

= fiber orientation = drug incorporation

7 nozzles < 19 nozzles

mass%

adjustment of degradation profile adjustment of fiber flexibility adjustment of fiber diameters (electrospinning)
100 in phosphate buffered saline (PBS) 7 ’
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RENACER® Particles
Application Fields

Ongoing developments:

‘ ... drug delivery and therapy
‘ ... mucoadhesive properties

‘ ... small molecule, protein & plant extract encapsulation

‘ ... drug protection and release

‘ ... particulate filler and flow agents
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RENACER® Particles
Property Profiles and USPs

drug protection:

* =drug molecule
= silica gel matrix
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particle dissolution:

drug release during dissolution:

release (%)

c (0SA) (mg/L)
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Spraying techniques:

= Spray drying "
= Electro spraying .

In-vitro experiments —
mucus affinity:

application of drug-loaded
silica gel particles on in-vitro
airway model with mucus

Granulation
Precipitation
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RENACER® Coatings
Application Fields

Ongoing developments: Functional coatings on:

... (nano)topographic coating

. coatings of oral dosage forms

. coating of medical products

7
"

scaffo
1"‘" Il

Pﬂs

medical products

\_‘,’“/ .

‘ ... surface chemical functionalization

. surface biologization
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Biocompatible Coating Systems
Coating Techniques

Coating Techniques:

fluidizing bed

dip coating
rotational coating
spray coating
roll-to-roll coating
roller coater
doctor blade

Pretreatments:

annealing

plasma activation
etching

chemical treatment

© Fraunhofer

fluidizing bed: 50 g 2> 1 kg

doctor blade: _
up to A4 sheet 1

roll to roll: < 1 m width

Dip coating:
up to 1 m? substrates

| -

- ; e

‘ customized coating techniques including first up-scaling processes
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Biocompatible Coating Systems
Property Profiles and USPs

coatings on oral dosage forms (SEM):
Substrates:  particulate coat] _ ; 100 %
S
= planar 8
i ’Itaopographic S #H ; drug release
- fibers g ﬁi i# non-coated
e é ¢ coating 1
= tablets S !“.| coating 2
0 30 60 90 120 150 180
time (min)

protein coatings in medical produ;ts: mesenchymal stem cells (MSC) on nanotopographic coatings (SEM and immunostaining):
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Technology Readiness Level (TRL)
RENACER®

Pre- Production
Production Implementation

Technology
Assessment
& Proving

© Fraunhofer

TRL

= N W ~ U1 O

Market
Maturity

Development

Applied

Research

system proven in operational industrial environment
system complete and qualified

system prototype demonstration

technology demonstrated in industrial environment
technology validated in industrial environment

technology validated in lab

experimental proof of concept
technology concept formulated

basic principles observed

- silica gel fibers

4= RENACER® fibers

- RENACER® particles and -coatings

IP: = patents - DE, US and EP

= freedom-to-operate (FTO) is given
for different fields of use
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contacts

Dr. Sofia Dembski

Head of Unit Biomaterials

Fraunhofer Institute for Silicate Research ISC / TLC-RT
Neunerplatz 2, 97082 Wurzburg, Germany

Phone +49 (0)931 4100-516
sofia.dembski@isc.fraunhofer.de

Dr. Jorn Probst

Head of Unit Biomaterials and Strategy Development
Fraunhofer Institute for Silicate Research ISC / TLC-RT
Neunerplatz 2, 97082 Wurzburg, Germany

Phone +49 (0)931 / 4100-300
joern.probst@isc.fraunhofer.de
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