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Description

TECHNICAL FIELD

[0001] The object of the invention is a method for
obtaining injectable biocompatible drug delivery vehi-
cles, cell carriers or combinations thereof, in the form
of microscaffolds, an injectable composition containing
said vehicles, and its applications.

BACKGROUND ART

[0002] A key element in the process of tissue recon-
struction or regeneration is the preparation of a suitable
biomaterial for implantation. This biomaterial is a 3D
scaffold enabling the growth of cells. It should be noted
that the implanted scaffold can be precultured with pa-
tient cells and used as their carrier, or it can be populated
with cells after implantation of the scaffold at the targeted
site of injury. Polymers used as scaffolds should be
biocompatible, biodegradable and biofunctional. Bio-
compatibility in the case of cellular scaffolds means the
non-toxicity of their components (polymers, monomers,
residual solvents and polymerisation initiators) and the
physiological inertness of its biodegradation products.
The components of sucha systemand its biodegradation
products should not cause inflammation, other immuno-
logical reactions, changes in the composition of body
fluids, or exhibit mutagenic or carcinogenic properties.
Another vital criterion is biofunctionality, meaning the
ability of the biomaterial to fulfil specific functions arising
from its use. The overall porosity of the biomaterial and
pore size are also significant. It is assumed that the size
and arrangement of pores should ensure proper migra-
tion of tissue cells and transport of substances within the
scaffold as well as deposition of new extracellular matrix.
The morphological properties of scaffolds depend to a
large extent on the method of their fabrication.
[0003] Many types of porous cellular scaffolds are
described in the scientific literature, however not all of
them possess the feature of injectability. The two main
types of injectable cellular scaffolds are in situ cross-
linked hydrogels and microparticles. In situ crosslinked
hydrogels are the most common injectable scaffolds and
can be classified based on the crosslinking method.
Physically crosslinked hydrogels are less durable than
chemically crosslinked hydrogels. The properties of hy-
drogel scaffolds in terms of regeneration largely depend
on the chosen biomaterial, as it directs cell development,
differentiation, and organisation in tissue engineering
constructs. The biomaterial also provides physical sup-
port for cells and for the transport of chemical and biolo-
gical signals required for the efficient formation of func-
tional tissues.
[0004] Preclinical and clinical trials have provided a
range of information on the interaction of cells with var-
ious commercially available biomaterials. Fibrin gels,
Gelfoam™, crosslinked (gelated) or liquid hyaluronate

solution, hyaluronic acid sponges (e.g., HyStem®,
HYAFF), and Puramatrix® have been studied. Hyaluro-
nate in liquid or gel form has been found to demonstrate
wider acceptance in clinical trials as a delivery vehicle of
allogeneic mesenchymal stem cells or autologous stem
cells derived from bone marrow. However, hydrogels as
cell carriers for tissue regeneration have been chosen
moreoftendue to their easyhandlingandexcellent safety
profile, and not so often because of the desired biological
effects of the hydrogel-cell construct or hydrogel degra-
dation. Although hydrogels of natural origin offer numer-
ous biological benefits, finding the right range of physical
properties can be difficult. On the other hand, synthetic
hydrogels crosslinked in situ may prove cytotoxic due to
theuseof toxic initiators, prepolymers, ormonomers, and
the increase in temperature during crosslinking. A com-
mon feature of hydrogels that may work against them is
the semi-liquid form before the crosslinking step during
injection, causing cell leakage from tissue, e.g., in inter-
vertebral discs.
[0005] An injectable, biocompatible, and highly cross-
linked hydrogel polymeric composition for treatment,
characterised by shape memory after deformation by
compression or dehydration is known from document
EP2701745 B1. The composition has a porosity of at
least 75%. The composition may be disc-shaped, cylind-
rical, square, rectangular or string-shaped. Preferably, it
comprises an ingredient selected from the group con-
sistingofhyaluronicacid, gelatin, heparin, dextran, locust
bean gum, PEG, PEG derivative, collagen, chitosan,
carboxymethylcellulose, pullulan, PVA, PHEMA, PNI-
PAAm or PAAc.
[0006] The literature indicates that apart from hydro-
gels, polymericmicroparticles have gained attention as a
new type of injectable scaffolds (Constantini M, Guzows-
ki J, Zuk PJ, Mozetic P, De Panfilis S, Jaroszewicz J,
HeljakM,MassimiM, PierronM, TrombettaM,Dentini M,
Swieszkowski W, Rainer A, Garstecki P, Barbetta A,
Electric field assistedmicrofluidic platform for generation
of tailorable porousmicrobeads as cell vehicles for tissue
engineering. Advanced Functional Materials, 2018,
https://doi.org/10.1002/adfm.201800874).
[0007] Microspheres have been developed mainly for
controlled drug delivery (e.g., LupronDepot). Due to their
small size and large specific surface area, microspheres
can also act as injectable cell carriers in tissue engineer-
ing. Unlike hydrogels,microspheres allow cells to adhere
and proliferate in vitro before the construct is injected into
the damaged area, which is advantageous in specific
applications. Microspheres can be formed from natural
and synthetic polymers and inorganic materials. Like
hydrogels, the physicochemical properties (e.g., hydro-
philicity, strength and Young’s modulus) and bioactivity
(e.g., biocompatibility and degradation rate) of micro-
spheres are governed bymany factors such as composi-
tion, manufacturing process, particle size, surface mor-
phologyandmicrospheremodificationmethods.Besides
their direct use as injectable cell carriers, microspheres
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can be used in tissue engineering together with hydro-
gels. A significant limitation in the use of microspheres is
the lack of a fibrous three-dimensional surface morphol-
ogy that would allow the cells to enhance their interaction
with the material and function in tissue, e.g., in interver-
tebral discs. Inaddition, polymericmicrospheresproduce
a higher amount of by-products during degradation than
nanofibres,whichmayhave long-termadverseeffectson
surrounding tissues.
[0008] Onemethod of producing cellular scaffolds that
has potential for clinical application is electrospinning.
During electrospinning, a viscous stream of polymer
solution is ejected from a cone-shaped droplet and then
stretched in an electric field. Evaporation of the solvent
causes the stretched jet to solidify and form nanofibres,
which are then collected on a grounded collector in the
form of nonwoven fabric. Electrospinning is a very pop-
ular method, as it offers the possibility of nanoscale
material changes and is one of the few processes that
are able to produce materials with high porosity. The
method also offers the possibility to easy scaling up
and industrial production.
[0009] To improve the surface properties of PLA or
poly(lactide-co-glycolide) (PLGA), surface hydrolysis,
surface coating, plasma treatment, chemical surface
grafting, and other surface modification methods have
been optimised over the past two decades.Of all of these
methods, surface hydrolysis, especially surface alkaline
hydrolysis using sodium hydroxide, has proven to be the
most popular because it is simple, convenient, and ef-
fective.
[0010] Several examples of surface modification of
polymers have been reported in the scientific literature.
In a paper by Chen et al. (Chen F, Lee CN, Teoh SH.
Nanofibrous modification on ultra-thin poly(e-caprolac-
tone) membrane via electrospinning. Materials Science
and Engineering: C, 2007, 27: 325‑332), the authors
describe a modification of the surface of polycaprolac-
tone with 3 M of sodium hydroxide for about 3 hours, so
that the contact angle decreased from124° to 0°.Another
paper (Campos DM, Gritsch K, Salles V, Attik GN, Gros-
gogeat B. Surface Entrapment of Fibronectin on Electro-
spun PLGA Scaffolds for Periodontal Tissue Engineer-
ing. Biores Open Access, 2014 1;3(3):117‑126) de-
scribes the effect of concentration and incubation time
in sodium hydroxide on the degree of fibronectin attach-
ment to PLGA nanofibres. The authors showed that a
concentration of 0.1Mandan incubation time of about 20
min was sufficient to functionalise the fibre surface with
the protein.
[0011] The ability to modify and shape the surface of
polymers and compositematerials is of great importance
for various biomedical applications. For example, the use
of femtosecond laser ablation to create micropatterns on
electrospun nanofibre materials can be successfully ap-
plied to the fabrication of complex polymeric biomedical
devices, including scaffolds. In a paper by Paula et al.
(Paula KT, Mercante LA, Schneider R, Correa DS., Men-

donca CR. Micropatterning MoS2/Polyamide Electro-
spun Nanofibrous Membranes Using Femtosecond La-
ser Pulses. Photonics, 2019, 6(1): 3), laser ablation is
described as an easy and convenient method for pattern
formation (micropatterning) on electrospun polyamide
(PA6) nanofibres that were modified with molybdenum
disulfide (MoS2). The effects of the laser pulse energy
and structuring speed on the topography of the electro-
spun composite nanofibres were studied. The results
demonstrated that micropores of a controlled size scale
were formed using optimal laser parameters on electro-
spun nanofibres, whilemaintaining the initialmorphology
of nonwoven fabric. Most publications pertain to the
formation of patterns on the surface of nonwoven fabrics
(depressions) in which cells can be cultured (Lim YC,
Johnson J, Fei Z, Wu Y, Farson D, Lannutti JJ, Choi HW,
Lee LJ. Micropatterning and characterization of electro-
spun poly(ε-caprolactone)/gelatin nanofiber tissue scaf-
folds by femtosecond laser ablation for tissue engineer-
ing applications. Biotechnol. Bioeng., 108: 116‑126.
doi:10.1002/bit.22914).
[0012] Designing biomaterials that can mimic the ex-
tracellular matrix is crucial to enhancing therapeutic
methods’ efficacy. While covering superficial defects,
e.g., skin with centimetre-sized nonwoven fabrics is re-
latively effective, filling hard-to-reach defects, including
bone, cartilage, or intervertebral disc, has been found
been unavailable. Microscaffolds of nanofibres, which
canbe inserted intodefectsbyneedle injectionandwhich
remain in the area of injection, are not available. Mini-
mally invasive surgical methods are an alternative to
classical or microsurgical operations, requiring general
anaesthesia before surgery and gaining access to the
target tissues. Thanks to the use of minimally invasive
methods of treatment, the cause of pain is eliminated, as
the small size of the skin incision helps in reducing the
time spent in hospital to a minimum (often below 24
hours) and in returning to normal activity just a few days
after the surgery. The technology of three-dimensional
electrospun fibres, which can be injected minimally in-
vasive, is of great added value, e.g., in cell therapies. In a
paper by Michalek et al. (Michalek AJ, Buckley MR,
Bonassar LJ, Cohen I, Iatridis JC. The effects of needle
puncture injuryonmicroscale shear strain.SpineJ. 2010,
10(12): 1098‑1105), it was shown that needle puncture of
the fibrous ring of the intervertebral disc causes a drastic
change in its deformation on a microscale. This change
candirectly initiate degenerationof the intervertebral disc
due to an adverse change inmechanotransduction in the
tissue. Therefore, it is necessary to introduce cellular
scaffolds with devices/instruments that cause minimal
tissue damage in many cases. To date, open surgery is
the only way to implant conventional electrospun fibres,
which have a fibrous structure similar to the extracellular
matrix.
[0013] In this context, a method for producing a three-
dimensional porousstructuremadeof fragmentsmadeof
the nonwoven fabric is known from document
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US20160136332A (EP3014005 B1). The method com-
prises cutting dry or wet nonwoven fabric made of nano-
fibres (e.g. electrospun nanofibres) into fragments using
a laser (e.g. a pico‑ or femtosecond laser) and suspend-
ing the nonwoven fabric fragments in a liquid medium; or
cutting nonwoven fabric made of nanofibres present in a
liquidmedium into fragmentswith a laser, which results in
a suspension of nonwoven fabric fragments in the liquid
medium; and at least partially removing the liquid med-
ium; self-organisation leads to forming a three-dimen-
sional porous structure of nonwoven fabric fragments.
Preferably, prior to the laser treatment, the nonwoven
fabric is treated with ethanol and/or UV light ensuring its
sterilisation and modification of its physical and/or che-
mical properties and polymerisation. Preferably, the la-
ser-cut nonwoven fabric is separated from the collector.
Thus, during cutting, a vacuum table with the exhaust is
used, and the cut fragments may escape with the drawn
air and need to be captured. These aspects are not
disclosed in document US20160136332A.
[0014] A method of manufacturing implants from elec-
trospun nanofibres is known from document
US20140294783. The method comprises the following
steps of a) forming biodegradable, synthetic nanofibres;
b) processing the nanofibres to produce nanofibre frag-
ments; c) compressing the nanofibre fragments; and d)
heating the nanofibre fragments to produce a porous,
nanofibrous tissue scaffold. The cutting step involves
fabrication of nanofibre fragments of random or homo-
geneous size. According to the authors of that document,
such cutting may be performed manually or by milling,
grinding, homogenisation and so forth. The authors do
not mention the method of cutting by means of a laser
beam,which is a crucial method for achievingmicroscale
scaffolds.
[0015] Document KR20200056968 A discloses inject-
able nanofibre scaffolds and a method of fabricating
them. According to the invention, electrospun nanofibres
made of a biodegradable polymer are coated with a
hydrogel precursor solution, and the whole is poly-
merised to produce nanofibres comprising a biopolymer
core and a hydrogel coating. For electrospinning, a solu-
tion of a biodegradable polymer is placed in the inner
nozzle, and a solution of polystyrene (PS) is placed in the
outer nozzle. After electrospinning, fibres containing a
core of biopolymer and a coating of PS are formed. The
latter is then removed, leaving only the core of the bio-
polymer, which is then coated with hydrogel.
[0016] Microscaffolds containing a porous particle with
a three-dimensional network of electrospun fibres con-
taining a biocompatible polymer of cylindrical or polygo-
nal prism shape with a diameter of 20‑2000 µm and a
height of 10‑200 µm are known from document
GB2544748A. Preferably, the porosity of the microscaf-
folds is > 75%. Preferably, the microscaffolds comprise
ferromagnetic material (iron(II, III)oxide). Preferably, the
microscaffoldsmaycompriseacomponent selected from
the group consisting of an extracellular matrix molecule

(e.g. hyaluronidase, d-lysine, laminin, vitronectin, fibro-
nectin, collagen), peptide, nucleic acid, fluorescent dye,
streptavidin, biotin. The disclosed scaffolds may find
applications in regenerative medicine, tissue engineer-
ing, screening for biological use or drug screening. A
microscaffold may further comprise a magnetic material
and a method of manipulating one or more such micro-
scaffolds by exposing a composition comprising one or
more suchmicroscaffolds to amagnetic field of amagnet,
thereby causing one or more microscaffolds in the com-
position to be attracted to the said magnet by magnetic
attraction.
[0017] Similarly, the application WO2017089797 A1
discloses a microscaffold comprising a porous particle,
wherein said particle comprises a three-dimensional net-
workof fibres,whichfibres compriseapolymer, andhasa
particle size less than or equal to 2000 µm. Said docu-
ment further discloses a method of manipulating one or
more microscaffolds, which method comprises exposing
a composition which comprises one or more microscaf-
folds to amagnetic field of amagnet, and thereby causing
the one or more microscaffolds in the composition to be
attracted to said magnet by magnetic attraction.

DISCLOSURE OF THE INVENTION

[0018] Theproblemof known injectable carriers is their
mutual aggregation and sedimentation in solution, which
maycausecloggingof theneedleduring injection.There-
fore, the aim of the present invention is to develop a new
method of producing biocompatible mutually non-aggre-
gating in vitro drug delivery vehicles and/or cell carriers
for administration by injection.
[0019] The essence of the invention is a method of
obtaining an injectable biocompatible drug delivery ve-
hicle, cell carriers, or combinations thereof, in the form of
microscaffolds, characterised in that it comprises the
following steps:

a) preparation of a solution comprising a polymer
and at least one solvent;
b) fibre formation with a fibre diameter between 50
nmand10µmonaflat collector in anelectrospinning
process;
c) laser cutting of the nonwoven fabric layer formed
on the collector into individual detachablemicroscaf-
folds with a thickness between 0.01 and 0.2mm and
a cylindrical shapewith a basediameter between0.1
and 0.4 mm or a prism with a base edge length
between 0.04 and 0.4 mm;
d) separation of microscaffolds from the collector;
e) chemical modification of the microscaffolds by
suspending them in an aqueous NaOH solution of
0.001‑1 M for 1‑120 min;
f) rinsing excess NaOH from the microscaffold sur-
face.

[0020] Preferably, thepolymer is abiodegradable poly-
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mer selected from the group consisting of poly(L-lactide),
poly(D-lactide), polycaprolactone, poly‑(D,L)‑lactide,
poly‑(L-lactide-co-D,L-lactide), polyglycolide, poly(lac-
tide-co-glycolide), poly(lactide-co-caprolactone), polyur-
ethane, chitosan, collagen, mixtures thereof or copoly-
mers.
[0021] Preferably, in stepb), fibreshavingadiameter of
from 50 to 1000 nm are formed on the collector.
[0022] Preferably, in step b) a flat collector selected
from the group consisting of a collector made of conduc-
tive material, a metal collector, a collector made of thin
inorganic material, a glass collector, a collector covered
with a layer of conductive material, a collector made of
conductive material covered with a polymer film is used.
[0023] Preferably, in step a) active substance is added
to the polymer solution in an amount of <1% by weight of
the pure polymer.
[0024] Preferably, the added active substance is a
growth factor selected from the group consisting of
BMP‑2, BMP‑7, TGF, NGF or BDNF.
[0025] Preferably, in step c) the nanofibre layer is cut
with a laser beam selected from the group consisting of
an excimer laser, a picosecond laser or a femtosecond
laser.
[0026] Preferably, in step c) the nanofibre layer is cut
with a laser beam into prisms with a base being a figure
selected from the group consisting of a triangle, square,
rectangle, rhombus, parallelogram, trapezoid.
[0027] Preferably, the method according to the inven-
tioncomprisesstep (g)which includescoatingchemically
modified, rinsedmicroscaffolds fromstep f)with a layer of
a substance selected from the group consisting of chit-
osan, chondroitin sulfate, growth factor(s).
[0028] A further embodiment of the invention is an
injectable delivery composition comprising a buffer and
biocompatible in vitro mutually non-aggregating drug
vehicles, cell carriers or combinations thereof, charac-
terised in that the vehicles/carriers are electrospun fibre
microscaffolds fabricated with the method according to
the invention, wherein each microscaffold is a single
vehicle/carrier with a thickness of 0.01 to 0.2 mm and
the shape of a cylinder with a base diameter of 0.1 to 0.4
mmor a prismwith a base edge length of 0.04 to 0.4mm,
the surface of which is modified chemically with NaOH
solution, whereby the microscaffolds suspended in the
buffer form a suspension of non-aggregating micropar-
ticles.
[0029] Preferably, the composition comprises mam-
malian cells placed on microscaffolds, whereby the said
mammalian cells are selected from the group consisting
of chondrocytes, osteoblasts, fibroblasts and stem cells.
[0030] Preferably, the buffer is selected from the group
consisting of: buffer containing cell culture medium,
phosphate buffer, HEPES buffer (2‑[4‑(2-hydro-
xyethyl)‑1-piperazinyl]ethanesulfonic acid), MES buffer
(2-morpholinoethanesulfonic acid), BIS-TRIS buffer
([bis(2-hydroxyethyl)imino]‑tris(hydroxymethyl)
methane).

[0031] A further embodiment of the invention is a com-
position comprising buffer and electrospun microscaf-
folds which, when suspended in the buffer, form a sus-
pension of non-aggregating microparticles, and each
microscaffold is a single vehicle/carrier with a thickness
of 0.01 to 0.2 mm and the shape of a cylinder with a base
diameter of 0.1 to 0.4 mm or a prism with a base edge
length of 0.04 to 0.4 mm, the surface of which is modified
chemicallywithNaOHsolution, for use in the treatment of
bone, cartilage or intervertebral disc injuries.
[0032] Unexpectedly, it was found that the parameters
of the microscaffolds according to the invention, i.e. the
thickness of the microscaffolds, the diameter of the base
of the cylindrical microscaffolds and the length of the
edge of the base of the prism-shaped microscaffolds
must meet certain conditions.
[0033] Lower values of disclosed range of thickness,
diameter and edge length of the base of the microscaf-
folds according to the invention result from physical
limitations of the material, e.g. its strength, which trans-
lates into the disintegration of such small micro-objects
under the influence of even slight shearing stress en-
countered during mixing with the use of a stirrer. The
smallest microscaffolds that do not disintegrate in liquid
and after chemical treatment in the shape of a cylinder
haveabasediameter of 0.1mm,while theminimumedge
length for cubes, triangles or hexagons is 0.04 mm. The
benefit of such a small size (0.04 mm for a prism) is that
polymeric microscaffolds containing, for example, drugs
can be injected through 30G size needles, i.e. needles
with an internal diameter of 0.159 mm, without them
clogging the needles.When injecting amicroscaffold-cell
construct, themicroscaffolds should be sufficiently larger
toprovide surfacearea for cell growth.Theoptimal sizeof
microscaffolds that can be administered with a 26G size
needle is 0.14 mm. As far as cell therapies are con-
cerned, which are usually introduced into the body via
a needle, the use of a smaller size needle causes less
tissue trauma (e.g.whenpuncturing thefibrous ringof the
intervertebral disc) and minimises cell leakage through
the puncture created by the needle insertion. Only the
use of a small needle with a size of 20‑30G can ensure
that the procedure of delivery of a microscaffold-cell
construct is administered in aminimally invasivemanner,
reducing sideeffectsof cell therapyand thus reducing the
length of the patient’s hospitalisation.
[0034] The invention provides the following benefits:

• The method according to the invention serves to
fabricate microscaffolds of predetermined shapes
and sizes, which can be suspended inwater inwhich
they float freely and evenly throughout its volume
without aggregating;

• Hydrolysis within themethod according to the inven-
tion protect fabricated vehicles/carriers from ag-
glomeration and deposition on the walls, so it is
possible to inject aqueous suspensions of micro-
scaffolds through a needle with a small size of
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20‑30G without clogging during injection;
• Fabricated microscaffolds provide biocompatible

platforms that act as scaffolds for cells while allowing
the passage of nutrients, oxygen and metabolites;

• Fabricated microscaffolds can be used as cellular
scaffolds populated in vitro with cells taken from
patients to replace small bone defects or to regen-
erate the intervertebral disc in the same patients (in
this case, patients canbecell donorsand recipients);

• Fabricated microscaffolds can be used as scaffolds
for cells in bioreactors for expansion of cell cultures;

• Fabricatedmicroscaffolds for injectionallow thedrug
to be released directly at the application site and the
dose is reduced, which limits systemic toxicity;

• Microscaffolds fabricated with themethod according
to the invention show goodmanageability, cohesive-
ness and bioactivity;

• No cytotoxicity due to the use of femtosecond laser
cutting which enables cold ablation;

• The composition according to the invention contain-
ingmicroscaffolds obtained with themethod accord-
ing to the invention can be used as biological tissue
filler for the treatment of bone, cartilage and inter-
vertebral disc injuries.

BRIEF DECRIPTION OF DRAWINGS

[0035] The invention is illustrated in examples and in
figures, whereby Fig. 1 shows microscaffolds obtained
with the method according to the invention (SEM analy-
sis, magnification x85, scale 200 µm); Fig. 2 shows the
morphology of nonwoven fabric from microscaffolds be-
fore and after surface modification with the method ac-
cording to the invention (SEM analysis, magnification
x5000, scale 5 µm); Fig. 3 shows solutions of hyaluronic
acid with different concentrations of microscaffolds hav-
ing a 0.14 mm by 0.14 mm quadrilateral as the base, 1
minute after mixing the solution; the absence of micro-
scaffolds at the bottom of the sample with unmodified
microscaffolds and accumulation at the phase boundary
is visible; Fig. 4 shows the results of injectability tests of
modified microscaffolds according to the invention, hav-
ing a 0.14 mm by 0.14 mm quadrilateral as the base,
through needles of size 23, 24 and 26G;Fig. 5 shows the
profile of release of a model substance from microscaf-
folds made of PLGA, PLLA and PLCL polymers; Fig. 6
shows a viability analysis of L929mouse fibroblasts from
in vitro cultures with microscaffolds fabricated with the
method according to the invention (50 µm scale), where
live L929 fibroblasts are visible on the surface of the said
microscaffolds; Fig. 7 shows the adhesion of the L929
mouse fibroblast line to microscaffolds according to the
invention (SEM analysis, magnification x 500, scale 50
µm), where A) denotes unmodified control scaffolds, B)
denotes modified microscaffolds fabricated with the
method according to the invention.

DESCRIPTION OF EMBODIMENTS

EXAMPLES

Example 1.

[0036] In this example, 9 parts by weight (PBW) of
poly(L-lactide-co-caprolactone) (PLCL, 70% L-lactide,
30% caprolactone) was dissolved in 85.5 PBWof chloro-
form, and then 5.2 parts of dimethylformamide was
added. The polymer was dissolved at room temperature
until completely dissolved (for a minimum of 24 hours).
[0037] Although in this preferred example PLCL was
chosen for fabrication of scaffolds, other polymers (e.g.,
poly(L-lactide), poly(D-lactide), polycaprolactone,
poly‑(D,L)‑lactide, poly‑(L-lactide-co-D,L-lactide), poly-
glycolide, poly‑(lactide-co-glycolide), polyurethane, chit-
osan, collagen,mixtures thereof or copolymers)mayalso
be used in the method according to the invention.
[0038] The solution thusobtainedwasused to produce
nonwoven fabric. However, in the method according to
the invention, the said nonwoven fabric is obtained by
electrostatic spinning (electrospinning), inwhich streams
of polymer solution are stretched in an electric field to a
dimension of fractions of a micrometre.
[0039] In this example, the material was spun at a
voltage of 15 kV and a distance of 20 cm from the
grounded flat glass collector. In the method according
to the invention, other flat collectors can also be used
(e.g., a metal collector, a collector covered with a metal
layer or a collector made of conductive material covered
with a polymer film).
[0040] The pump volume flow rate was 0.8 ml/h. The
materials were prepared at room temperature (approx.
22‑24°C). Nanofiber material with a thickness of 0.1 mm
and a porosity of about 80% was obtained. In the next
step, the material together with the collector was placed
on the laser processing table. In this example, a femto-
second laser was used, but other lasers (e.g., picose-
cond laser or excimer laser) can also be used.
[0041] A material cutting pattern was introduced into
the laser software, which in this example included a
series of perpendicular cuts (in this example, the line
offset in the resulting lattice was 0.04 mm in the vertical
and horizontal direction). After setting the laser power,
the number of beam runs, and the cutting speed, the
result of the laser processing was a prism-shapedmicro-
scaffold with a 0.04 mm by 0.04 mm quadrilateral at its
base. By changing the laser settings, it is possible to
obtain a different shape of microscaffolds (e.g., it is
possible to obtain cylinder-shaped microscaffolds or
prism-shaped microscaffolds with a quadrilateral, trian-
gle, trapezoid, rhombus, parallelogram, square or other
rectangle or pentagon, hexagon, octagon or other poly-
gons as the base). Thus, scaffolds of different sizes and
shapes can be obtainedwith themethod according to the
invention. Depending on the selected shape, the para-
meters of the microscaffolds according to the invention
(i.e. the thickness ofmicroscaffolds, diameter of the base
of cylindricalmicroscaffolds, and length of the edgeof the

5

10

15

20

25

30

35

40

45

50

55



8

11 EP 4 294 373 B1 12

base of prism-shaped microscaffolds), the microscaf-
foldsmustmeet certain conditions resulting fromphysical
limitations of deployed materials (i.e., biodegradable
polymers). Thismeans that the smallest chemically-trea-
ted cylinder microscaffolds not degrading in a liquid have
a base with a diameter of 0.1 mm, and prism microscaf-
folds have a base with a minimum length edge of 0.04
mm. Minimum dimensions to ensure the stability of scaf-
folds were determined experimentally.
[0042] Cutting of nonwoven fabric deposited on the
collector in the laser cutting process according to the
invention takes place in ventilated chambers. Moreover,
cutting of nonwoven fabric bound to the collector used in
the method has an advantage over cutting nonwoven
fabric alone. Before laser processing, materials are fixed
to the tablewith theuseof avacuum,while in thechamber
itself, a fume extractor is used. When cutting nonwoven
fabric without a collector, microscaffolds are released
fromnonwoven fabric and sucked into the fumeextractor,
which significantly reduces the number of obtained mi-
croscaffolds.
[0043] Polymers used to manufacture nanofibres are
hydrophobic materials; thus, the water contact angle on
nonwoven fabric is higher than 90° and often exceeds
120°. Therefore, material cut on the collector is chemi-
cally modified by suspending microscaffolds in aqueous
sodium hydroxide solution over a specified time and then
rinsing with deionised (or distilled) water to remove the
sodium hydroxide. Modification is carried out in Eppen-
dorf or Falcon tubes or in glass containers by mixing in a
laboratory shaker, which reduces the time of the mod-
ification process. During the chemical treatment, a gra-
dual modification ofmicroscaffolds is observed, and their
sedimentation from the gas-liquid interface and their
accumulation on the bottom of the tube. When the ab-
sence of microscaffolds on the surface between phases
is observed, the microscaffolds are centrifuged, and the
fluid with hydroxide (modifying substance) is removed.
Too long incubation of microscaffolds in hydroxide solu-
tion leads to rapid degradation of the polymer,while in the
case of too high concentrations of, e.g., sodium hydro-
xide, immediate dissolution of microscaffolds is ob-
served.
[0044] Therefore, in this example, after cutting the
nonwoven fabric into microscaffolds of predefined
shapes, the glass collector with the cut material was
placed in a vessel (Falcon tube 50 ml) with an aqueous
solution of sodium hydroxide (NaOH) of 0.5 M and the
microscaffolds were removed from the collector surface
and then modified, which lasts about 25 min. The micro-
scaffolds were then centrifuged for 5 min at 13500 rpm,
and the sodium hydroxide solution was removed. Next,
the modified microscaffolds were suspended in deio-
nised water to rinse the sodium hydroxide, assess
whether the microscaffolds accumulated on the water-
air surface and, when all microscaffolds were modified,
the procedure of centrifugation and water rinsing was
repeated until a neutral pH level was obtained. The

microscaffolds (before and after treatment) were sub-
jected to quality control using an electron microscope.
Fig. 1 shows the scaffolds after chemical modification. A
comparison of the fibremorphology of themicroscaffolds
before and after chemical treatment with sodium hydro-
xide is shown in Fig. 2.
[0045] Thanks to the described method, microscaf-
folds of predefined shape and size can be suspended
in water (or in complex buffer), in which they float freely
andevenly throughout their volume. Thus, it is possible to
inject aqueous suspensions of microscaffolds with nee-
dles of small sizes of 20‑30G, in particular 24‑27G, with-
out clogging the needle during injection. The amount of
obtained microscaffolds can be counted using counting
chambers (e.g., Nageotte chambers), which enables the
selection of an appropriate concentration of microscaf-
folds for injection.
[0046] In this example, NaOH-modified prism-shaped
microscaffolds with a height of 0.1 mm (corresponding to
the thickness of the microscaffold) and a quadrilateral
base of 0.04 mm x 0.04 mm were obtained and sus-
pended in water.

Example 2.

[0047] Themethod is similar to the one in example 1. A
material cutting pattern was introduced into the laser
software, which in this example included a series of
perpendicular cuts (the line offset in the resulting lattice
was 0.4 mm in the vertical and horizontal directions).
After setting the laser power, the number of beam runs,
and the cutting speed, the result of the laser processing
was a prism-shaped microscaffold with a 0.4 mm by 0.4
mmquadrilateral at its base.Chemicalmodificationof the
cut scaffolds was carried out in an aqueous NaOH solu-
tion of 0.001 M concentration for 120 min.

Example 3.

[0048] In this example, 6.25 PBW of poly(L-lactide)
(PLLA) was dissolved in 84.38 PBW of chloroform, and
then 9.37 parts of dimethylformamide was added. Other
polymers (e.g., polyglycolide, poly(D-lactide),
poly(D,L)‑lactide, chitosan, collagen) can be used in
the method according to the invention. The polymer
was dissolved at room temperature for at least 24 hours.
The solution thus obtained was used for electrospinning.
The material was spun at a voltage of 17 kV and a
distance of 15 cm from the grounded flat glass collector.
However, other typesof flat collectors canbeused, e.g., a
metal collector or collector covered with a metal layer.
The pump volume flow rate was 0.8 ml/h. The materials
were prepared at room temperature (approx. 22‑24°C).
Nanofibrous material with a thickness of 0.09 mm and a
porosity of about 85%was obtained. In the next step, the
material together with the collector was placed on the
laser processing table. A cutting scheme of the material
was introduced into the laser software. It included a
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series of perpendicular cuts (the offset of the lines in the
resulting latticewas0.14mmin thevertical andhorizontal
directions). After setting the laser power, the number of
beam runs, and the cutting speed, the result of the laser
processing was a quadrilateral 0.14 mm by 0.14 mm
microscaffold. Next, the glass collector and cut material
were placed in a vessel with deionised water, and the
microscaffolds were removed from the collector surface.
The microscaffolds were left in water for 1 hour so that
water molecules could reach deeper layers of the nano-
fibres forming the microscaffolds, which leads to the
improvement of microscaffold penetration through an
aqueous solution. After 1 hour, the microscaffolds were
separated by centrifugation (20 minutes, 13500 rpm). If
this step fails, liquid can be removed with a very thin
needle (e.g., 31G) without removing the microscaffolds.
After removing the water, the microscaffolds accumu-
lated at the bottom of the Eppendorf tube were sus-
pended in 0.1 M sodium hydroxide solution. The sample
thus prepared was placed in a shaker to intensify the
modification process, whereby its progress was checked
every few minutes. The chemical modification was con-
sidered complete when the sedimentation of microscaf-
folds at the bottom of the Eppendorf tube from the gas-
liquid boundary surfacewas observed. The average time
for modification of PLLA fibre microscaffolds in 0.1 M
NaOH solution was 45 min. Then, the aqueous NaOH
solution together with the dispersed microscaffolds was
centrifuged (2 min, 13500 rpm) to remove the sodium
hydroxide solution. The microscaffolds were then sus-
pended in water to rinse the sodium hydroxide, and the
centrifugation and rinsing procedurewas repeated until a
neutral pH level was achieved (involving an average of 6
rinsing cycles). The microscaffolds (before and after
treatment) were subjected to quality control using an
electron microscope.

Example 4.

[0049] In this example, 5 PBW of polycaprolactone
(PCL)wasdissolved in95PBWofhexafluoroisopropanol
(HFIP). The polymer was dissolved at room temperature
for at least 24hours. Thesolution thusobtainedwasused
for electrospinning. Thematerial was spun at 12 kVand a
distance of 15 cm from the grounded flat glass collector
(other options: metal collector). The pump volume flow
rate was 0.8 ml/h. The materials were prepared at room
temperature (approx. 22‑24°C). Nanofibre material with
a thickness of 0.05 mm and a porosity of about 80% was
obtained. In the next step, the material together with the
collector was placed on the femtosecond laser proces-
sing table. A cutting scheme of the material was intro-
duced into the laser software. It included a series of
perpendicular cuts (the offset of the lines in the resulting
lattice was 0.05 mm in the vertical and horizontal direc-
tions). After setting the laser power, the number of beam
runs, and the cutting speed, the result of the laser pro-
cessing was a quadrilateral 0.05 mm by 0.05 mmmicro-

scaffold. Next, the glass collector and cut material were
placed in a vessel with deionised water, and the micro-
scaffolds were removed from the collector surface. The
microscaffolds were left in water for 1 hour so that water
molecules could reach deeper layers of the nanofibres
forming the microscaffolds, which leads to the improve-
ment of microscaffold penetration through an aqueous
solution. After 1 hour, the microscaffolds were separated
by centrifugation (20 minutes, 13500 rpm) (or, in case of
failure, the liquid was removed with a very thin needle
(e.g., 31G) without removing the microscaffolds). After
removing the water, the microscaffolds accumulated at
the bottom of the Eppendorf tube were suspended in a 1
M sodium hydroxide solution. The sample thus prepared
was placed in a shaker to intensify the modification
process, whereby its progress was checked every few
minutes. The chemical modification was considered
complete when the sedimentation of microscaffolds at
the bottom of the Eppendorf tube from the gas-liquid
boundary surface was observed. The average time for
modification of PCL fibre microscaffolds in 1 M NaOH
solution was 40 min. Then, the aqueous NaOH solution
together with the dispersed microscaffolds were centri-
fuged (2 min, 13500 rpm) to remove the sodium hydro-
xide solution. The microscaffolds were then suspended
in water to rinse the sodium hydroxide, and the centrifu-
gation and rinsing procedurewas repeated until a neutral
pH level was achieved (6 rinsing cycles).
[0050] Themicroscaffolds (before and after treatment)
were subjected to quality control using an electronmicro-
scope.

Example 5.

[0051] In this example, 4 PBW of poly(lactide-co-gly-
colide) (PLGA) was dissolved in 96 PBW of hexafluor-
oisopropanol (HFIP). Thepolymerwasdissolvedat room
temperature for at least 24 hours. The solution thus
obtained was used for electrospinning. The material
was spun at 15 kV and a distance of 14 cm from the
grounded flat glass collector (other options: metal col-
lector). The pump volume flow rate was 0.8 ml/h. The
materials were prepared at room temperature (approx.
22‑24°C). Nanofibre material with a thickness of 0.1 mm
and a porosity of about 76% was obtained. In the next
step, the material together with the collector was placed
on the laser processing table. A cutting scheme of the
material was introduced into the laser software. It in-
cluded a series of perpendicular cuts (the offset of the
lines in the resulting lattice was 0.14 mm in the vertical
and horizontal directions). After setting the laser power,
the number of beam runs, and the cutting speed, the
result of the laserprocessingwasaquadrilateral 0.14mm
by 0.14 mm microscaffold. Next, the glass collector and
cutmaterial were placed in a vessel with deionisedwater,
and the microscaffolds were removed from the collector
surface. The microscaffolds were left in water for 1 hour
so that water molecules could reach deeper layers of the
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nanofibres forming themicroscaffolds, which leads to the
improvement of microscaffold penetration through the
aqueous solution. After 1 hour, the microscaffolds were
separated by centrifugation (20minutes, 13500 rpm) (or,
in case of failure, the liquid was removed with a very thin
needle (31G) without removing themicroscaffolds). After
removing the water, the microscaffolds accumulated at
thebottomof theEppendorf tubewere suspended in0.05
M sodium hydroxide solution. The sample thus prepared
was placed on a shaker to intensify the modification
process, checking its progress every few minutes. The
chemical modification was considered complete when
the sedimentation of microscaffolds at the bottom of the
Eppendorf tube from the gas-liquid boundary surface
was observed. The average time for modification of
PLGA fibre microscaffolds in 0.05 M NaOH solution
was 40 min. Then, the aqueous NaOH solution together
with thedispersedmicroscaffoldswascentrifuged (2min,
13500 rpm) to remove the sodium hydroxide solution.
The microscaffolds were then suspended in water to
rinse the sodium hydroxide, and the centrifugation and
rinsing procedure was repeated until a neutral pH level
was achieved (6 rinsing cycles).
[0052] Themicroscaffolds (before and after treatment)
were subjected to quality control using an electronmicro-
scope.

Example 6.

[0053] In this example, 0.22 PBW of collagen was
dissolved in 75 PBWof ethanol and 24.78 PBWof water,
also containing 30 mM hydrochloric acid. The polymer
was dissolved at room temperature for at least 24 hours.
The solution thus obtained was used for electrospinning.
The material was spun at 12 kVand a distance of 10 cm
from the grounded flat metal collector coated with a
polymer film. The volume output of the pump was 0.3
mL/h. The materials were prepared at room temperature
(approx. 22‑24°C) and 10% relative humidity. Nanofibre
material with a thickness of 0.2 mm was obtained.
[0054] In the next step, the material together with the
collector was placed on an excimer laser processing
table. A cutting scheme of the material was introduced
into the laser software. It provided cylinders with a base
diameter of 0.4 mm.
[0055] Then, the collector andcutmaterialwereplaced
for 20min in a desiccator containing a vessel with 4mL of
ammonia water, and in the next step, it was placed in a
vessel with deionisedwater, and themicroscaffoldswere
removed from the surface of the collector. The micro-
scaffolds were left in water for 1 hour so that water
molecules could reach deeper layers of the nanofibres
forming the microscaffolds, which leads to the improve-
ment of microscaffold penetration through the aqueous
solution. After 1 hour, the microscaffolds were separated
by centrifugation (20 minutes, 13500 rpm). After remov-
ing the water, the microscaffolds accumulated at the
bottom of the Eppendorf tube were suspended in 0.01

M sodium hydroxide solution, and a chemical modifica-
tion that lasted 1 min was conducted.
[0056] Then, the aqueous NaOH solution and the dis-
persed microscaffolds were centrifuged (2 min, 13500
rpm) to remove the sodium hydroxide solution. The mi-
croscaffolds were then suspended in water to rinse the
sodium hydroxide, and the centrifugation and rinsing
procedure was repeated until a neutral pH level was
achieved (6 rinsing cycles). The microscaffolds (before
and after treatment) were subjected to quality control
using an electron microscope.

Example 7.

[0057] In this example, 8 PBW of chitosan was dis-
solved in 83 PBWof acetic acid and 9 PBWof water. The
polymer was dissolved at 30°C for a minimum of 24
hours. The solution thus obtained was used for electro-
spinning. Thematerial was spun at a voltage of 25 kVand
a distance of 7 cm from the grounded flat glass collector.
The volume output of the pump was 1 mL/h. The materi-
als were prepared at room temperature (approx.
22‑24°C). Nanofibre material with a thickness of 0.05
mm was obtained.
[0058] Acutting schemeof thematerialwas introduced
into the laser software. It provided prisms with a triangle
of 0.2 mm edge length as the base. The collector and cut
material were placed in a vessel with deionised water,
and the microscaffolds were removed from the collector
surface. The microscaffolds were left in water for 1 hour
so that water molecules could reach deeper layers of the
nanofibres forming themicroscaffolds, which leads to the
improvement of microscaffold penetration through the
aqueous solution. After 1 hour, the microscaffolds were
separated by centrifugation (20 minutes, 13500 rpm).
After removing the water, the microscaffolds accumu-
lated at the bottom of the Eppendorf tube were sus-
pended in 0.01 M sodium hydroxide solution, and a
chemical modification that lasted 60min was conducted.
Then, the aqueous NaOH solution, along with the dis-
persed microscaffolds were centrifuged (2 min, 13500
rpm) in order to remove the sodium hydroxide solution.
The microscaffolds were then suspended in water to
rinse the sodium hydroxide, and the centrifugation and
rinsing procedure was repeated until a neutral pH level
was achieved (6 rinsing cycles). The microscaffolds (be-
fore andafter treatment)were subjected to quality control
using an electron microscope.

Example 8.

[0059] In this example, 7 PBW of PLCL was dissolved
in 93 PBW of hexafluoroisopropanol (HFIP) and left on a
magnetic stirrer for 24 h until the polymer was completely
dissolved. The solution thus obtained was used for elec-
trospinning. The material was spun at a voltage of 15 kV
and a distance of 15 cm from the grounded flat glass
collector. The volumetric output of the pump was 0.8
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mL/h. Thematerial was electrospun at ambient tempera-
ture (approx. 22‑24°C). The obtained fibres were homo-
geneous along their entire length, with an average size of
700 nm. Finally, the material on the glass collector was
placed on a laser processing table and subjected to
femtosecond laser cutting into microscaffolds with the
shape and dimensions set in the software (e.g., a quad-
rilateral with a size of 0.14 mm by 0.14 mm). Next, the
glass collector and cut material were placed in a vessel
with deionised water, and the microscaffolds were re-
moved from the collector surface and put into the water.
First, themicroscaffoldswere left in thewater for 1 hour to
be wetted. After that, they were centrifuged (20 minutes,
13500 rpm) or, if unsuccessful, the liquid was removed
with a very fine needle (31G)without removing themicro-
scaffolds. The microscaffolds were then covered with
0.05 M NaOH solution for 5 min in order to hydrolyse
the surface. After 5 min, the NaOH solution was centri-
fuged, and the microscaffolds were rinsed with water to
remove residual NaOH. Rinsing was repeated 3 times,
each lasting about 15minutes, until the pH of the solution
was neutral. The thus prepared scaffolds were placed in
NHS/EDC solution (50 mM NHS and 50 mM EDC) and
left for 1 hour. After that, the NHS/EDC solution was
centrifuged, and the microscaffolds were rinsed in deio-
nised water for 5 minutes. Finally, the microscaffolds
were placed in a previously prepared growth factor solu-
tion. In this example, the growth factor was transforming
growth factor beta 1 (TGF-β1) with a concentration of 10
ng/ml in 0.01 M phosphate buffer. The microscaffolds
were incubated in the growth factor solution at the tem-
perature of 4°C for 24 hours. After this time, the micro-
scaffolds were centrifuged again and rinsed in deionised
water. Finally, themicroscaffoldsweredriedandstoredat
4°C.

Example 9.

[0060] The method is similar to the one in example 8,
except that 5 PBW of PLCL was dissolved in 95 PBW of
HFIP and left on a magnetic stirrer for 24 hours until the
polymerwascompletely dissolved. The resulting solution
was used for electrospinning, where the material was
spun at 15 kVand a distance of 15 cm from the grounded
flat glass collector. The volume output of the pump was
0.5 mL/h. The materials were electrospun at ambient
temperature (approx. 22‑24°C). Theobtainedfibreswere
homogeneous along their entire length and had a dia-
meter of 100 nm. Themethod, according to the invention,
also obtains fibres with a smaller diameter, e.g., 50 nm.

Example 10.

[0061] The method is similar to the one in example 8,
except that 15 PBW of PLCL was dissolved in 85 ml of
2,2,2-trifluoroethanol and left on the magnetic stirrer for
24hours until the polymerwas completely dissolved. The
resulting solution was used for electrospinning, where

the material was spun at 17 kV and a distance of 12 cm
from the grounded flat glass collector. The pump volume
flow ratewas 0.8ml/h. Thematerials were electrospun at
ambient temperature (approx. 22‑24°C). The obtained
fibres were homogeneous along their entire length and
had a diameter of 10 µm.

Example 11.

[0062] In order to prepare a solution containing 95%
w/w PLGA and 5%w/w chitosan, a two-stepmethod was
used to dissolve the components in hexafluoroisopropa-
nol (HFIP) to finally achievea solutionwitha total polymer
concentration of 4% w/w relative to the solvent. First,
chitosan was dissolved in a water bath at 50°C for about
24 hours. Then, PLGA was added to the chitosan solu-
tion, which was cooled to room temperature and left to
dissolve for another 24 hours. The solution thus obtained
was used for electrospinning. The material was spun at
17kVandadistanceof15cmfrom thegroundedflatglass
collector (other options: metal collector). The volume
output of the pump was 1.5 mL/h. The materials were
prepared at room temperature (approx. 22‑24°C). De-
pending on the voltage and feed rate of the solution,
fibres could achieve an average size of 350 nm. Finally,
the material on the glass collector was placed on a laser
processing table and subjected to laser cutting into mi-
croscaffolds with the shape and dimensions set in the
software (e.g., a quadrilateral with a size of 0.14 mm by
0.14mm). Next, the glass collector and cut material were
placed in a vessel with deionised water, and the micro-
scaffolds were removed from the collector surface and
placed in the water. The microscaffolds were left in the
water for 1 hour to be wetted. After that, they were
centrifuged (20 minutes, 13500 rpm) in order to be se-
parated (2 min, 13500 rpm), and then covered with 0.05
M NaOH solution and left for 5 min (surface hydrolysis).
The centrifugation procedurewas then repeated, and the
microscaffolds were covered with water to rinse the
NaOH.Rinsingwas repeated3 times, each time for about
15 minutes. The thus prepared scaffolds were placed in
NHS/EDC solution (50 mM NHS and 50 mM EDC) and
left for 1 hour. After that, the NHS/EDC solution was
centrifuged, and the microscaffolds were rinsed in water
for 5 minutes. In this example, the microscaffolds were
finally placed in a previously prepared 1 mg/ml chondroi-
tin sulfate solution with a concentration of 1mg/ml in 0.02
M NaCl solution for 24 hours. However, other solutions
can be used instead of chondroitin sulphate, e.g., chit-
osan or growth factor solutions. After that, themicroscaf-
foldswerecentrifugedagainand rinsed three times (once
in 0.02 M NaCl solution and twice in deionised water).
Finally, the microscaffolds were dried and stored at 4°C.

Example 12.
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Fabrication of microscaffolds with active sub-
stance.

[0063] In this example, 9 PBW of poly(L-lactide-co-
caprolactone) (PLCL, 70% L-lactide, 30% caprolactone)
was dissolved in 85.5 PBW of chloroform and then 5.2
PBW of dimethylformamide was added. The polymer
was dissolved at room temperature for at least 24 hours.
5 mg of SPAN‑80 surfactant was added to 1 gram of
polymer solution and stirred. Then, an active ingredient,
which was a growth factor in 0.01 M phosphate buffer,
was added to the polymer-surfactant solution in two
portions of 25 µL each. In this preferred example, the
growth factor used was bone morphogenetic protein 2
(BMP2); however other active substances, including
other growth factors (e.g., bone morphogenetic protein
7 BMP‑7, nerve growth factor NGF or brain-derived
neurotrophic factor BDNF), can also be used. In the
method according to the invention, different concentra-
tions of the active substance can be used, but preferably
the amount of active substance should be <1% relative to
the weight of the pure polymer used for electrospinning.
[0064] Thewholematerial wasmixed and shaken until
a homogeneous and stable emulsion of water in the
organic phase was formed. The material was spun at a
voltage of 15 kV and a distance of 20 cm from the
grounded flat glass collector. The volume output of the
pump was 0.8 mL/h. The materials were prepared at
room temperature (approx. 22‑24°C). Nanofibrematerial
with a thickness of 0.1 mm and a porosity of about 80%
was obtained. In the next step, the material together with
the collector was placed on the laser processing table. A
cutting scheme of the material was introduced into the
laser software. It included a series of perpendicular cuts
(the offset of the lines in the resulting lattice was 0.05mm
in the vertical and horizontal directions). After setting the
laser power, the number of beam runs, and the cutting
speed, the result of the laser processing was a quad-
rilateral 0.05 mm by 0.05 mmmicroscaffold. Further, the
glass collector and cut material were placed in a vessel
(Falcon tube 50 ml) with an aqueous solution of sodium
hydroxideof 0.1M, and themicroscaffoldswere removed
from the collector surface and thenmodifiedwhereby the
modification lasted for about 5 min. The microscaffolds
were then centrifuged for 5 min at 13500 rpm, and the
sodium hydroxide solution was removed. Themicroscaf-
folds were then suspended in water to rinse the sodium
hydroxide and to assess whether the microscaffolds
accumulated on the water surface at the border. If all
microscaffolds were modified, centrifugation and rinsing
were repeated until a neutral pH level was obtained. The
microscaffolds (before and after treatment) were sub-
jected to quality control using an electron microscope.

Example 13.

[0065] The composition according to the invention
contains microscaffolds obtained with the method ac-

cording to the invention and buffer, whereby the micro-
scaffolds were sterilised with 85%ethanol. After centrifu-
ging and removing the ethanol, the microscaffolds were
irradiated with UV light (2 x 30 min) and then suspended
in a sterile buffer.
[0066] In this preferred example, the composition com-
prises chemicallymodified (with 1MNaOHsolution, for 2
min) microscaffolds of polycaprolactone (PCL) having a
porosity of about 80% and a prism shape with a height of
0.1mm (corresponding to the thickness of themicroscaf-
fold) and a quadrilateral base of 0.14 mm x 0.14 mm,
which were suspended in 0.5% hyaluronic acid. For the
suspension of the composition according to the inven-
tion, other buffers understood to be standard laboratory
buffers, solutions, in particular aqueous solutions, and
water may be used, e.g., buffer containing culture med-
ium for cell cultures, phosphate buffer, HEPES buffer
(2‑[4‑(2-hydroxyethyl)‑1-piperazinyl]ethanesulfonic
acid), MES buffer (2-morpholinoethanesulfonic acid),
BIS-TRIS buffer ([bis(2-hydroxyethyl)imino]‑tris(hydrox-
ymethyl)methane), poloxamer, collagen gel or alginate
gel.
[0067] The said microscaffolds float freely and homo-
geneously in the volume of the buffer (i.e. 0.5% hyaluro-
nic acid solution) without accumulating at the solution-air
border and without aggregating (Fig. 3). Fig. 3 shows
solutions of hyaluronic acid with different concentrations
of microscaffolds having a 0.14 mm by 0.14 mm quad-
rilateral as the base, 1 minute after mixing the solution;
theabsenceofmicroscaffoldsat thebottomof thesample
with unmodified microscaffolds and accumulation at the
phase boundary is visible.
[0068] Thus, it is possible to inject aqueous suspen-
sions of microscaffolds with needles of small sizes (with-
ing the range of 23‑26G) without clogging the needle
during injection. The results of injectability tests of mod-
ified microscaffolds according to the invention, having a
0.14 mm by 0.14 mm quadrilateral as the base, through
needles of sizes 23, 24, and 26G, are presented in Fig. 4.
As indicated in Fig. 4, satisfactory injectability (i.e., above
90%) of microscaffolds according to the invention was
achieved for all tested needle types.
[0069] Regarding thedeterminationof thedesiredcon-
centration of microscaffolds in the buffer, they can be
counted using a Nageotte chamber (or other counting
chambers) to determine the appropriate concentration of
carrier/vehicle for injection or inoculation of cell cultures.
In this example, the composition contains 600microscaf-
fold/mL of hyaluronic acid solution.

Example 14.

[0070] In this example of the invention, the composi-
tion, according to the invention, comprises microscaf-
folds fabricated with a method according to the invention
with mammalian cells placed thereon and buffer contain-
ing cell culture medium.
[0071] In this preferred example, the said mammalian
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cells are human bone marrow stem cells. The composi-
tion, according to the invention,may comprisemicroscaf-
folds on which other cell types (e.g., chondrocytes, os-
teoblasts, or fibroblasts) are also deposited.
[0072] In this example of the invention, microscaffolds
obtained with the method according to example 6 were
used. They were sterilised with 85% ethanol before cell
sedimentation. After centrifuging and removing the etha-
nol, the microscaffolds were irradiated with UV light (2 x
30 min) and then suspended in a sterile buffer.
[0073] In order to deposit stem cells on the microscaf-
folds according to the invention, bone marrow stem cells
in an amount of 15‑103/mL were cultured in non-adher-
ent wells of a culture plate together with microscaffolds
fabricated according to example 6. The cultivation was
performed inDMEMmedium (Dulbecco’sModifiedEagle
Medium) supplemented with 10% bovine serum at a
temperature of 37°C in an atmosphere containing 95%
air and 5% CO2. After a 24 h incubation, the culture was
harvested and centrifuged. Centrifuged microscaffolds
were then washed to rinse non-deposited cells. The
microscaffolds were then resuspended in buffer, which
in this example is EMEM (Eagle’s Minimum Essential
Medium) cell culture medium supplemented with 10%
bovine serum. The said microscaffolds float freely and
homogeneously in the volume of the buffer and do not
aggregate.
[0074] Although in this preferred example, EMEM
medium supplemented with 10% serum was used as a
buffer, the said buffer can also be anothermedium (alone
or with additives including, e.g., bovine serum, antibio-
tics, vitamins, etc.) typically used for mammalian cell
cultures. Whereby, selection of the medium depends
on the mammalian cells to be deposited on the micro-
scaffolds according to the invention.

Example 15.

[0075] The composition according to the invention
contains microscaffolds obtained with the method ac-
cording to the invention and buffer, whereby the micro-
scaffolds were sterilised with 85%ethanol. After centrifu-
ging and removing the ethanol, the microscaffolds were
irradiated with UV light (2 x 30 min) and then suspended
in a sterile buffer. In this preferred example, the composi-
tion comprises chemically modified microscaffolds (che-
mical modification with 0.5 M NaOH solution in 5 min.)
made of poly(L-L-lactide-co-caprolactone) (PLCL) with
incorporated an active substance, which isRhodamineB
in the amount of 1% relative to the weight of the polymer.
The shape of the microscaffolds was a prism of 0.8 mm
height (corresponding to the thickness of the microscaf-
fold) with a quadrilateral base of 0.05mmx0.05mm. The
microscaffolds were suspended in phosphate buffer. Mi-
croscaffolds with PLGA and PLLA were prepared in a
similar way.
[0076] The thus prepared microscaffolds in the buffer
can be counted using a Nageotte chamber (or other

counting chambers) to determine the appropriate con-
centration of carrier/vehicle for injection or inoculation of
cell cultures. In this example, the composition contains
9000 microscaffold/ml buffer.
[0077] The said microscaffolds float freely and homo-
geneously in the volume of the buffer and do not aggre-
gate. Thus, it is possible to inject aqueous suspensionsof
microscaffolds with needles of small sizes (within the
range of 20‑27G) without clogging the needle during
injection.
[0078] Subsequently, the obtainedmicroscaffolds with
PLGA, PLLA, and PLCL were subjected to model sub-
stance release analysis (i.e., Rhodamine). The results of
the analysis are presented inFig. 5. As indicated inFig. 5,
the release of the active substance from the microscaf-
folds contained in the composition according to the in-
vention takes place in a controlled manner, whereby in
the first hours after implantation (i.e., injection of the
composition according to the invention into the target
tissue, e.g., cartilage) there will be an ejection of the drug
in the range of 10‑40% of the initial dose of the active
substance (depending on the polymer used) in themicro-
scaffold, followed by a gradual release of the substance,
which lasts for about 2‑4 weeks depending on the poly-
mer used.

Example 16.

Evaluation of cytotoxicity of microscaffolds fabri-
cated with the method according to the invention.

[0079] Cytotoxicity assessment of the material fabri-
cated according to the invention was performed using
L929mousefibroblastsobtained from theAmericanType
Culture Collection (ATCC). Before the experiment, the
microscaffolds were sterilised with 85% ethanol, and
after centrifuging and removing the ethanol, the micro-
scaffolds were irradiated with UV light (2 x 30 min).
[0080] Mouse L929 fibroblasts, a derivative of Strain L
(ATCC® CCL‑1™), were cultured according to the man-
ufacturer’s instructions (ATTC) using serum-supplemen-
ted EMEM (Eagle’s Minimum Essential Medium) culture
medium (temperature 37°C, atmosphere 95% air, 5%
CO2).
[0081] For cytotoxicity analysis, the L929 cells were
cultured in non-adherent wells directly in the presence of
suspended microscaffolds according to the invention.
After 24 h of incubation in an atmosphere with 5% CO2
and 37°C, live/dead differential staining (Live/Dead Fix-
able Dead Cell Stains (ThermoFisher Scientific, USA))
was performed. The number and viability of cells, as well
as their morphology, were assessed using ActinGreen™
and NucBlue™ Reagent (Invintrogen™, USA) and fluor-
escence microscopy.
[0082] Live cells demonstrated green fluorescence,
while dead cells demonstrated red fluorescence. After
24 h of incubation, a large number of live cells and single
dead cells were observed. The live cells demonstrated
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normalmorphology andwerewell spread on thematerial
(Fig. 6 and 7). This observation confirms that thematerial
is not cytotoxic to fibroblasts and promotes cell adhesion.
[0083] The lack of cytotoxicity of microscaffolds pro-
ducedby themethod, according to the invention,makes it
possible to use them as scaffolds for cells. Such amicro-
scaffold constitutes a porous nonwoven fabric that is a
scaffold for cells, which also allows the passage of nu-
trients, oxygen, and metabolites.
[0084] According to the invention, the compositions
may thus find use as cellular scaffolds populated in vitro
with cells taken from patients to replace small bone
defects or to regenerate the intervertebral disc in the
same patients (patients may, in this case, be cell donors
and recipients). Another use of the biomaterial may be to
provide a scaffold for cells in bioreactors for expansion of
cell cultures.

Example 17.

Evaluation of injectability of microscaffolds fabri-
cated with the method according to the invention.

[0085] The evaluation of injectability of microscaffolds
having a quadrilateral base with dimensions of 0.14 mm
by 0.14 mm was performed using 0.5% solution of hya-
luronic acid as a vehicle. Fifty microscaffolds in solution
were introduced into a 1 mL syringe and then injected
through a 23G needle. The same procedure was re-
peated four times, each time counting the number of
microscaffolds coming out of the needle. Tests were also
carried out with needle sizes 24G and 26G (Fig. 4).
[0086] The obtained results confirm that the composi-
tion, according to the invention, can be used as an
injectable cell carrier which, due to its small size, can
be administered in a minimally invasive manner.

Claims

1. A method for obtaining an injectable biocompatible
drug delivery vehicle, cell carriers or combinations
thereof, in the formofmicroscaffolds,characterised
in that it comprises the following steps:

a) preparation of a solution comprising a poly-
mer and at least one solvent;
b) fibre formation with a fibre diameter between
50 nm and 10 µm on a flat collector in an elec-
trospinning process;
c) laser cutting of the nonwoven fabric layer
formed on the collector into individual detach-
able microscaffolds with a thickness between
0.01 and 0.2 mm and a cylindrical shape with a
base diameter between 0.1 and 0.4 mm or a
prismwith a base edge length between 0.04 and
0.4 mm;
d) separation of microscaffolds from the collec-

tor;
e) chemical modification of the microscaffolds
by suspending them in an aqueous NaOH solu-
tion of 0.001‑1 M for 1‑120 min;
f) rinsing excess NaOH from the microscaffold
surface.

2. The method according to claim 1, characterised in
that the polymer is a biodegradable polymer se-
lected from the group consisting of poly(L-lactide),
poly(D-lactide), polycaprolactone, poly‑(D,L)‑lac-
tide, poly‑(L-lactide-co-D,L-lactide), polyglycolide,
poly(lactide-co-glycolide), poly(lactide-co-caprolac-
tone), polyurethane, chitosan, collagen, mixtures
thereof or copolymers.

3. Themethodaccording to claim1or2,characterised
in that in step b), fibres having a diameter of 50 to
1000 nm are formed on the collector.

4. Themethodaccording toanyof the precedingclaims
1 to 3, characterised in that in step b) a flat collector
selected from the group consisting of a collector
made of conductive material, a metal collector, a
collector made of thin inorganic material, a glass
collector, a collector covered with a layer of conduc-
tivematerial, a collectormade of conductivematerial
covered with a polymer film is used.

5. Themethodaccording toanyof the precedingclaims
1 to 4, characterised in that in step (a) an active
substance is added to the polymer solution in an
amount of <1% by weight of pure polymer.

6. The method according to claim 5, characterised in
that the added active substance is a growth factor
selected from the group consisting of BMP‑2,
BMP‑7, TGF, NGF and BDNF.

7. Themethodaccording toanyof the precedingclaims
1 to 6, characterised in that in step c) the nanofibre
layer is cutwith a laser beamselected from thegroup
consisting of an excimer laser, a picosecond laser or
a femtosecond laser.

8. Themethodaccording toanyof the precedingclaims
1 to 7, characterised in that in step c) the nanofibre
layer is cut by a laser beam into prismswith a base of
a shape selected from the group consisting of a
triangle, square, rectangle, rhombus, parallelogram
and trapezoid.

9. Themethodaccording toanyof the precedingclaims
1 to 8, characterised in that it comprises a step (g)
which includes coating chemically modified, rinsed
microscaffolds from step f) with a layer of a sub-
stance selected from the group consisting of chito-
san, chondroitin sulfate, and growth factor(s).
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10. An injectable delivery composition comprising buffer
and biocompatible in vitromutually non-aggregating
drug vehicles, cell carriers or combinations thereof,
characterised in that the vehicles are electrospun
fibre microscaffolds fabricated according to any of
claims 1‑9, where each microscaffold is a single
vehicle/carrier with a thickness of 0.01 to 0.2 mm
and the shape of a cylinder with a base diameter of
0.2 to 0.1 mm or a prism with a base edge length of
0.4 to 0.04 mm, the surface of which is modified
chemically with NaOH solution, whereby microscaf-
folds suspended in the buffer form a suspension of
non-aggregating particles.

11. The composition, according to claim 10, charac-
terised in that it comprises mammalian cells em-
bedded in microscaffolds, whereby the said mam-
maliancells are selected from thegroupconsistingof
chondrocytes, osteoblasts, fibroblasts and stem
cells.

12. The composition according to claim 10 or 11, char-
acterised in that the buffer is selected from the
group consisting of: buffer containing cell culture
medium, phosphate buffer, HEPES buffer (2‑[4‑(2-
hydroxyethyl)‑1-piperazinyl]ethanesulfonic acid),
MES buffer (2-morpholinoethanesulfonic acid),
BIS-TRIS buffer ([bis(2-hydroxyethyl)imino]‑tris(hy-
droxymethyl)methane).

13. The composition according to any of claims 10 to 12,
comprising buffer and electrospun microscaffolds
which, when suspended in the buffer, forma suspen-
sion of non-aggregating microparticles, and each
microscaffold is a single vehicle/ carrier with a thick-
nessof 0.1 to 0.2mmand the shapeof a cylinderwith
a base diameter of 0.01 to 0.2 mm or a prism with a
base edge length of 0.1 to 0.4 mm, the surface of
which is modified chemically with NaOH solution, for
use in the treatment of bone, cartilage or interver-
tebral disc injuries.

Patentansprüche

1. Verfahren zur Herstellung eines injizierbaren bio-
kompatiblen Trägers für Arzneimittel, Zellen oder
Kombinationen davon in Form von Mikrogerüsten,
dadurch gekennzeichnet, dass es die folgenden
Schritte umfasst:

a) Herstellung einer Lösung, die ein Polymer
und mindestens ein Lösungsmittel enthält;
b) Formung von Fasern mit einem Faserdurch-
messer zwischen 50 nm und 10 µm auf einem
flachen Kollektor durch ein Elektrospinnverfah-
ren;
c) Laserschneiden der auf dem Kollektor ge-

bildeten Vliesschicht in einzelne separate Mik-
rostrukturen mit einer Dicke zwischen 0,01 und
0,2 mm und entweder einer zylindrischen Form
mit einem Durchmesser der Grundfläche von
0,1 bis 0,4 mm oder mit der Form eines Prismas
mit einer Seitenlänge der Grundfläche von 0,04
bis 0,4 mm;
d) Trennung der Mikrogerüste vom Kollektor;
e) chemische Modifizierung der Mikrogerüste
durch deren Suspendierung in einer wässrigen
NaOH-Lösung von 0,001‑1 M für 1‑120 Min.;
f) Abspülen von überschüssigemNaOH von der
Oberfläche der Mikrogerüste.

2. Das Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Polymer ein biologisch abbau-
bares Polymer ist, das aus einerGruppe ausgewählt
wird, die Poly(L-Lactid), Poly(D-Lactid), Polycapro-
lacton, Poly(D,L)‑Lactid, Poly(L-Lactid-co-D,L-Lac-
tid), Polyglycolid, Poly(Lactid-co-Glycolid), Po-
ly(Lactid-co-Caprolacton), Polyurethan, Chitosan,
Kollagen, deren Mischungen oder Copolymere um-
fasst.

3. Das Verfahren nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass in Schritt (b) Fasern mit
einem Durchmesser von 50 bis 1000 nm auf dem
Kollektor geformt werden;

4. Verfahren nach einem der vorhergehenden Ansprü-
che 1 bis 3, dadurch gekennzeichnet, dass in
Schritt b) ein flacher Kollektor verwendet wird, der
aus einer Gruppe ausgewählt wird, die einen Kollek-
tor aus leitfähigem Material, einen Metallkollektor,
einen Kollektor aus dünnem anorganischem Mate-
rial, einen Glaskollektor, einen mit einer Schicht aus
leitfähigem Material bedeckten Kollektor und einen
mit einem Polymerfilm bedeckten Kollektor aus leit-
fähigem Material umfasst.

5. Das Verfahren nach einem der vorhergehenden An-
sprüche 1 bis 4, dadurch gekennzeichnet, dass in
Schritt a) der Polymerlösung ein Wirkstoff in einer
Menge von < 1 Gew.-% des reinen Polymers zuge-
setzt wird.

6. Das Verfahren nach Anspruch 5, dadurch gekenn-
zeichnet, dass der zugesetzteWirkstoff einWachs-
tumsfaktor ist, der aus einer Gruppe ausgewählt
wird, die BMP‑2, BMP‑7, TGF, NGF oder BDNF
umfasst.

7. Das Verfahren nach einem der vorhergehenden An-
sprüche 1 bis 6, dadurch gekennzeichnet, dass in
Schritt c) die Nanofaserschicht mit einem Laser-
strahl, ausgewählt aus einer Gruppe, die Excimer-
laser, Pikosekundenlaser oder Femtosekundenla-
ser umfasst, geschnitten wird.
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8. Verfahren nach einem der vorhergehenden Ansprü-
che 1 bis 7, dadurch gekennzeichnet, dass in
Schritt c) die Nanofaserschicht durch einen Laser-
strahl in Prismen geschnitten wird, die in der Basis
eine Figur enthalten, die aus einer Gruppe ausge-
wählt wird, die Dreieck, Quadrat, Rechteck, Raute,
Parallelogramm, Trapez umfasst.

9. Verfahren nach einem der vorhergehenden Ansprü-
che 1 bis 8, dadurch gekennzeichnet, dass es
einen Schritt g) umfasst, der die Beschichtung der
chemisch modifizierten, abgespülten Mikrogerüste
aus Schritt f) mit einer Schicht einer Substanz um-
fasst, die aus einer Gruppe ausgewählt wird, die
Chitosan, Chondroitinsulfat, einen Wachstumsfak-
tor oder Wachstumsfaktoren umfasst.

10. Zusammensetzung zur Verabreichung durch Injek-
tion, die einen Puffer sowie biokompatible, gegen-
seitig nicht aggregierende in vitro Träger für Arznei-
mittel, Zellen oder Kombinationen davon enthält,
dadurch gekennzeichnet, dass die Träger Mikro-
gerüste aus elektrogesponnenen Fasern, herge-
stellt nach einem der vorhergehenden Ansprüche.
1‑9, wobei jedes Mikrogerüst ein einzelner Träger
mit einer Dicke von 0,01 bis 0,2 mm und entweder
einer zylindrischen Form mit einem Durchmesser
der Grundfläche von 0,2 bis 0,1 mm oder mit der
Form eines Prismas mit einer Seitenlänge der
Grundfläche von 0,4 bis 0,04 mm ist, dessen Ober-
fläche mit einer NaOH-Lösung chemisch modifiziert
ist, wobei die in dem Puffer suspendierten Mikro-
gerüste eine Suspension aus nicht aggregierenden
Mikropartikeln bilden.

11. DieZusammensetzungnachAnspruch10,dadurch
gekennzeichnet, dass sie in Mikrogerüsten einge-
betteteSäugetierzellenenthält,wobei dieSäugetier-
zellen aus einer Gruppe ausgewählt werden, die
Chondrozyten, Osteoblasten, Fibroblasten oder
Stammzellen umfasst.

12. Die Zusammensetzung nach Anspruch 10 oder 11,
dadurch gekennzeichnet, dass der Puffer aus ei-
ner Gruppe ausgewählt wird, die Zellkulturmedium-
puffer, Phosphatpuffer, HEPES-Puffer (2‑[4‑(2-Hyd-
roxyethyl)piperazin‑1-yl]ethansulfonsäure), MES-
Puffer (2-Morpholinoethansulfonsäure), BIS-TRIS-
Puffer ([Bis(2-hydroxyethyl)amino]‑tris(hydroxyme-
thyl)methan).

13. Die Zusammensetzung nach einem der vorangeh-
enden Ansprüche 10 bis 12, die einen Puffer und
elektrogesponnene Mikrogerüste umfasst, die,
wenn sie in dem Puffer suspendiert sind, eine Sus-
pension aus nicht aggregierenden Mikropartikeln
bilden, wobei jedesMikrogerüst ein einzelner Träger
ist, mit einer Dicke von 0,1 bis 0,2 mm und einer

zylindrischen Form mit einem Durchmesser der
Grundfläche von 0,01 bis 0,2 mm oder mit der Form
eines Prismas mit einer Seitenlänge der Grundflä-
che von 0,1 bis 0,4 mm, und die Oberfläche jedes
Mikrogerüsts chemischmit einer NaOH-Lösungmo-
difiziert ist, zur Verwendung bei der Behandlung von
Knochen‑, Knorpel‑ oder Bandscheibenverletzun-
gen.

Revendications

1. Procédé d’obtention d’un support biocompatible in-
jectable pour des médicaments, des cellules ou des
combinaisons de ceux-ci, sous forme demicrostruc-
tures, caractérisé en ce qu’il comprend les étapes
suivantes :

a) préparation d’une solution contenant le poly-
mère et au moins un solvant ;
b) formation de fibres d’un diamètre de 50 nm à
10 µm sur un collecteur plat à l’aide d’un pro-
cédé d’électrofilage ;
c) découpe au laser de la couche de non-tissé
formée sur le collecteur en microstructures in-
dividuelles séparées d’une épaisseur de 0,01 à
0,2 mm et d’une forme cylindrique avec un dia-
mètre de base de 0,1 à 0,4 mm ou d’un prisme
avec une longueur de côté de base de 0,04 à0,4
mm ;
d) séparation desmicrostructures du collecteur;
e)modification chimique desmicrostructures en
les suspendant dans une solution aqueuse de
NaOH de 0,001‑1M pendant 1 à 120 minutes ;
f) rinçage de l’excès de NaOH à la surface des
microstructures.

2. Procédé selon la revendication 1, caractérisé en ce
que le polymère est un polymère biodégradable
choisi dans le groupeconstitué par le poly(L-lactide),
le poly(D-lactide), le polycaprolactone, le po-
ly(D,L)‑lactide, le poly(L-lactide-ko-D,L-lactide), le
polyglycolide, le poly(lactide-co-glycolide), le po-
ly(lactide-co-caprolactone), le polyuréthane, le chi-
tosane, le collagène, leurs mélanges ou les copo-
lymères.

3. Procédé selon la revendication 1 ou 2, caractérisé
en ce qu’à l’étape b), des fibres d’un diamètre de 50
à 1000 nm sont formées sur le collecteur ;

4. Procédéselon l’unedes revendicationsprécédentes
1 à 3, caractérisé en ce qu’à l’étape (b) un collec-
teur plat a été utilisé, choisi dans le groupe constitué
par un collecteur en matériau conducteur, un collec-
teur métallique, un collecteur en matériau inorga-
nique mince, un collecteur en verre, un collecteur
recouvert d’une couche de matériau conducteur, un
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collecteur en matériau conducteur recouvert d’un
film de polymère.

5. Procédé selon l’une des revendications précédente
1 à 4, caractérisé en ce que qu’à l’étape (a), une
substance active est ajoutée à la solution de poly-
mère en une quantité <1 wt% de polymère pur.

6. Procédé selon la revendication 5, caractérisé en ce
que la substance active ajoutée est un facteur de
croissance choisi dans un groupe comprenant
BMP‑2, BMP‑7, TGF, NGF ou BDNF.

7. Procédéselon l’unedes revendicationsprécédentes
1 à 6, caractérisé en ce qu’à l’étape (c), la couche
de nanofibres est découpée à l’aide d’un faisceau
laser choisi dans le groupe constitué d’un laser
excimer, d’un laser picoseconde ou d’un laser fem-
toseconde.

8. Procédéselon l’unedes revendicationsprécédentes
1à7,caractériséencequ’à l’étape (c) la couchede
nanofibres est découpée par un faisceau laser en
prismes contenant à la base une figure choisie dans
le groupe comprenant le triangle, le carré, le rectan-
gle, le losange, le parallélogramme, le trapèze.

9. Procédéselon l’unedes revendicationsprécédentes
1 à 8, caractérisée en ce qu’il comprend une étape
(g) consistant à recouvrir les microstructures lavées
chimiquement modifiées de l’étape (f) d’une couche
d’une substance choisie dans le groupe constitué
par le chitosane, le sulfate de chondroïtine, le(s)
facteur(s) de croissance.

10. Composition injectable comprenant un tampon et
des supports de médicaments, de cellules ou d’une
combinaison de ceux-ci, biocompatibles et ne s’a-
grégeant pasmutuellement in vitro,caractérisée en
ce que lesdits supports sont des microstructures de
fibres électrofilées préparés selon le procédé selon
l’une des revendications précédentes 1‑9, dans la-
quelle la microstructure est un support unique ayant
une épaisseur de 0,01 à 0,2 mm et une forme cylin-
drique ayant undiamètre debasede0,2 à 0,1mmou
unprismeayant une longueur de côté debasede0,4
à 0,04 mm, dont la surface est modifiée chimique-
ment avec une solution de NaOH, les microstructu-
res en suspension dans le tampon formant une
suspension de microparticules non agrégées.

11. Composition selon la revendication 10, caractérisé
en ce qu’ elle contient des cellules de mammifères
intégréesdansdesmicrostructures, lesdites cellules
de mammifères étant choisies dans un groupe
comprenant des chondrocytes, des ostéoblastes,
des fibroblastes ou des cellules souches.

12. Composition selon la revendication 10 ou 11, carac-
térisé en ce que le tamponest choisi dans le groupe
consistant en : tampondemilieudeculture cellulaire,
tampon de phosphate, tampon HEPES (acide
2‑[4‑(2-hydroxyéthyl)pipérazine‑1-yl]éthanesulfo-
nique), tamponMES (acide 2-morpholinoéthanesul-
fonique), tampon BIS-TRIS ([bis(2-hydroxyéthyl)
amino]‑tris(hydroxyméthyl)méthane).

13. Composition selon l’une des revendications précé-
dentes 10 à 12, comprenant un tampon et des mi-
crostructures électrofilées qui, lorsqu’ils sont en sus-
pension dans le tampon, forment une suspension de
microparticules non agrégées, chaque microstruc-
ture étant un support unique ayant une épaisseur de
0,1 à 0,2 mm et une forme cylindrique avec un
diamètre de base de 0,01 à 0,2 mm ou un prisme
dont la longueur du côté de la base est comprise
entre 0,1 et 0,4 mm, et la surface de chaque micro-
structure est modifiée chimiquement par une solu-
tion de NaOH, pour le traitement des lésions osseu-
ses, cartilagineuses ou des disques intervertébraux.
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