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During myocardial infarction about a billion of
cardiomyocytes (CMs) is lost and the human heart is
healed by fibrosis, leading often to heart failure being
recently a world-wide epidemics. The lack of regenerative
capacity of adult human heart is caused by the property
of CMs, which are terminally differentiated cells.
However, it has been demonstrated that some CMs can
undergo divisions which in adult human heart is
estimated to reach 1% of CMs per year. It is considered
that this feature is a remnant of effective proliferation of
fish and amphibians CMs or the CMs of new-born
mammals, which like mice can efficiently heal the heart
within first week of life. Accordingly, it is considered that
this repairing capacity, lost with adulthood, can be
exploited for the purpose of regenerative medicine.
Uncritical belief in the (omni)potency of stem cells (SCs)
(or in fact any cell named as “stem” cells), combined with
the lack of understanding of the SCs features resulted
initially in application of bone marrow-derived cells for
treatment of myocardial infarction and then developing
heart failure [1]. The results of these first studies,
although very much advertised and acclaimed, have
been, however, refuted and it has been demonstrated
that bone marrow-cells do not have the capacity to
differentiate to CMs. However, this did not stop the
clinical trials which have been initiated without
confirmation of the pre-clinical experiments. This resulted
in numerous applications of BM-derived autologous or
allogeneic cells which are injected into the failing heart
[1,2]. However, accumulating evidence clearly
demonstrate that the effectiveness of such a treatment is
transient and limited, if any [1]. The refuted claims of
differentiation capacity have been then replaced by the
paracrine hypothesis, suggesting that the injected cells
release the substances which stimulate endogenous
heart repair mechanisms. Meanwhile, the persistence of
the injected cells in the heart is very limited what
questions also the humoral effect.
Nevertheless, these doubtful approaches do not exclude
the possibility (although maybe very limited) for
stimulating the regeneration of damaged heart. It can be
considered that some molecules, active in the early
periods of heart development, when human CMs are still
capable of division, can be used for stimulation of the
proliferation of heart CMs after myocardial infarction.
To this end the efficient overexpression of such
molecules can activate CMs divisions. Moreover, the
pluripotent stem cells, able to differentiate to CMs, are
tested for application in heart regeneration. Embryonic
SCs (ESC) or induced pluripotent SCs (iPSCs) can now
be easily differentiated not only to CMs but also
endothelial cells, raising the possibility of effective
stimulation of heart regeneration [3-5]. However,
achieving real clinical effectiveness will require
overcoming the problems of electrical incompatibility of
beating CMs and the heart, what creates the danger of
arrhythmia after the cells’ injection into the organs.

This can be potentially solved by delivery of not
differentiated CMS, but their precursors, isolated during
ESCs or iPSCs differentiation to CMs. However, even if
such progenitors or CMs will be generated in the
sufficient numbers, they will still face the rapid elimination
from the heart after the injection. To this end different
scaffolds are being tested, opening the possibility for
various biomaterials to be used both for immobilization of
the injected cells in the heart and improving their
regeneration potentials.
The promise for the future of the regenerative medicine in
heart diseases is possible. However, one has to balance
the expectations and the possibilities, not offering the
hype which are not linked to scientific rationale and
experimental evidence.
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Introduction
Biodegradable biomaterial scaffolds are useful tools to
conduct tissue development. At the same time
biomaterials have an impact on the host immune
response. The induced immune response is essential
since it can facilitate the healing process. It is therefore
important to predict and promote the proper immune
response after implantation [1]. The aim of the present
study is to synthesize and characterize chitosan-grafted-
poly(ε-caprolactone) copolymers (CS-g-PCL) with PCL
contents of 20 wt% and 50 wt% and evaluate (i) their
immunomodulatory potential by analyzing the
differentiation of primary bone marrow derived
macrophages (BMDMs) cultured on copolymeric films, (ii)
the osteogenic differentiation potential of pre-osteoblastic
cells on copolymeric films, and (iii) the angiogenic
potential of human umbilical vein endothelial cells
cultured on copolymeric materials.

Materials and Methods
Copolymeric material specimens were synthesized and
characterized by scanning electron microscopy (SEM),
NMR, FTIR [2]. Cell culture experiments were performed
with primary bone marrow derived macrophages
(BMDMs), pre-osteoblastic cells MC3T3-E1, and human
umbilical vein endothelial cells (HUVECs). Cell viability
and proliferation was quantified by means of the
PrestoBlue assay. Cell morphology on the copolymers
was visualized by SEM and fluorescence confocal
microscopy. The osteogenic response was evaluated in
vitro by measurement of the alkaline phosphatase
activity, collagen production in the ECM, calcium
biomineralization by alizarin red staining, and osteogenic
gene expression by PCR [3]. For the assessment of the
in vitro angiogenic response we quantified the production
of Platelet Derived Growth Factor (PDGF BB),
a characteristic marker of endothelial "tip cell'', which
leads the angiogenic sprouting, as well as the expression
of angiogenesis-related genes DLL4, VEGFR2, ANGPT2,
SPROUTY2, PDGFBB an MMP2 by means of semi-
quantitative PCR.

Results and Discussion
We have successfully synthesized novel CS-g-PCL
copolymers and prepared thin films on glass substrates.
In vitro experiments of BMDM onto CS-g-PCL films have
shown a strong cell attachment and good cell proliferation
after 7 days in cell culture. Our data from the cytokines
secretion detection by ELISA show that the CS-g-PCL
copolymer significantly decreases the secretion of the
inducible levels of pro-inflammatory cytokines IL-12/23 by
31±6%, and thus possesses anti-inflammatory ability.

Moreover, this anti-inflammatory action is correlated with
the increased chitosan content of the copolymer.
In addition, the CS-g-PCL copolymer significantly
enhances the production of arginase 1 (Arg1), the
hallmark of M2 polarized macrophages, as shown by
semiquantitative RT-PCR analysis.

Conclusions
We demonstrate an enhanced osteogenic response of
pre-osteoblastic cells on CS-g-PCL copolymers and
a pronounced angiogenic differentiation potential of
human umbilical vein endothelial cells, supporting their
potential use as scaffolding materials in vascularized
bone tissue engineering.
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Abstract
One of indispensable requirements related
to biomaterials is their sterility. Ionizing radiation seems
to be a very convenient and useful tool to achieve that,
especially in relation to polymeric components of medical
devices and their packaging. However, in parallel
to destruction of living microorganisms radiation
treatment causes changes in physicochemical properties
of irradiated materials. Both electron beam and gamma
radiation used for sterilization may initiate all types
of fundamental polymer reactions in biomaterials,
i.e. polymerization, degradation, crosslinking, grafting,
oxidation, gases formation, etc. The presence of water
in irradiated systems enhances the observed changes
by indirect effect of radicals formed in water at high yield.
Some of such changes are undesirable from the point
of view of properties of biomaterials and have to be
suppressed, e.g. by introducing into composition
of materials selected additives, as it is done for
polypropylene syringes or UHMW polyethylene applied
for total joint arthroplasty.
On the other hand, such “additional” reactions during
terminal sterilization of biomaterials can be utilized for
achieve their final, desired properties.
In the last 30 years, our research group has created
a number of radiation technologies of polymeric
biomaterials. Some of them have been commercialized
and are used, modified and developed by other
laboratories and companies all over the world, some
of them still await industrial investments. The
comprehensive review of such biomaterials will be
presented including hydrogels dressings, hydrogel
systems for induction of childbirth, hydrogel-based dietary
product, hydrogel-based hybrid artificial organs, hydrogel
implants for intervertebral discs, hydrogel dosimeter for
radiotherapy, hydro-nanogels, degradable and/or non-
degradable scaffolds for regeneration of peripheral nerve
and formation of animal neural tissue in 3D,
thermoresponsive surfaces for cultivation of skin cells
as well as the method for preservation of biological
activity of peptides undergoing radiation sterilization in
aqueous solution.
The developed technologies as well as the area of their
applications have formed a new direction of research –
radiation engineering of polymeric biomaterials – see
Report for the IAEA [1].

Conclusions
The above mentioned biomaterials and new methods
have been achieved using a typical radiation chemistry
methodology and experimental techniques, e.g. sol-gel
analysis, molecular weight measurements, pulse
radiolysis with spectrophotometric and light scattering
detection methods (LSI) as well as specific tests
recommended for biomaterials by ISO 10993.

Human-friendly hydrogel systems, due to the rising trend
to prolong life span and to improve the results of medical
care, seem to be one of the most expected and required
products. The unique advantages of radiation technology
can be successfully utilized for the preparation of new
commercial products, with designed functions that satisfy
expectations of patients and physicians. Implants, wound
dressings, drug delivery systems, artificial organs, and
bioengineering generally are the domains in which
radiation formed polymer materials begin to play an
increasingly significant role. Despite a great number of
investigations on radiation processes which allow for
clarification of some mechanisms of reactions and
elaboration of some general rules governing those
phenomena, there are still some doubts and needs of
further studies, both fundamental and applied. Despite
many patents devoted to radiation bioengineering there
are continuing needs for new products and more
sophisticated biomaterials. The use of ionizing radiation
in the production of human-friendly products seems to be
the most promising way to broaden the range of
commercial applications of radiation technology.
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Historical evolution of bioceramics
Bioceramics have been used as materials of choice for
repairing bone defects of the jaws since 60s. The main
representative at that era was alumina (Al2O3). Next
years different types of carbons there also were used for
the same reason. In the middle of 80s zirconia (ZrO2)
became a very popular bioceramic in orthopaedics and
maxillofacial surgery. Calcium phosphates in general and
especially hydroxyapatite played a determent role as jaw
bone defect repairing materials, mostly because the
negative immune response of human body. Calcium
sulphate and trioxide aggregates are nowadays also
available for bone defect repairing materials. Recent
decades the meanings of biomimetics, nanotechnology
and functionalization led research to new paths for the
development of combined bioceramics able to mimic the
bone microstructure, to present the benefits of the
nanoproducts and to be very irritating leading human
osteoblasts to produce narrative healthy bone around
them. Depending of the purpose they were intended to
use, they present proportional properties as they are the
mechanical properties, the porosity, the bioactivity and
the absorbance. For extended areas of bone loss
bioceramics with high mechanical strength, and high
percentage of porosity with high porous size distribution
were preferable, while in the case of small bone loss
more bioactive with balanced absorbance bioceramics
were preferable.

Experimental work
A brief report of five experimental studies are going to be
presented, the first of which has to do with the fabrication
of 3D porous scaffolds with complex geometries using
a hydroxy-apatite/chitosan composite. In this work the
efficiency of nanohydroxyapatite (nHA/CS) vs. hydroxyl-
apatite (HA/CS) was tested (FIG. 1). The second deals
with the in vitro evaluation of bioinspired, chitosan based
3D hybrid nanohydroxyapatite scaffolds where a physical
proteinic cross-linker extracted from plant gardenia was
used. The third presents the structural and mechanical
characterization of biphasic α-tricalcium phosphate-nano-
hydroxyapatite bone cements, the forth deals with the
fabrication of biocements and implants by combination of
nanostructured geopolymers and calcium phosphate and
the fifth studies the development of 3D scaffolds using
a combination of nanohydroxyapatite-carbon nanotubes-
biopolymers for promoting bone regeneration. The
procedures followed for the fabrication of every combined
nanoceramics were different using specific laboratory
techniques. From the above-mentioned experimental
products, SEM images were received and EDS analysis
was performed. Mechanical properties, μCT analysis for
porosity 3D profilometry, cell cultures and experiments in
animals were also conducted (FIG. 2).

Results and Discussion
Many authors [1-3] have proposed a numerous of
techniques and materials combinations for the production
of new bioceramics for repairing bone loss in the

individual maxillofacial field producing HA nanocrystals
and scaffold microstructure quite similar to those of the
natural bone.
Experiments revealed a range of porous size distribution
starting from microporosity till high porous sizes with
satisfactory interconnectivity. New factors in the synthesis
of the combined bioceramics can play a decisive role in
their biological performance, as for example are genipine
as natural cross-linker, the presence of amino acid
L-arginine and geopolymers, which assist to viable
proliferation of osteoblasts in the produced scaffolds and
give to them better mechanical properties.
Experiments with cell cultures and implantation of new
bioceramics in animals verified in the most of the cases
their beneficial interaction with osteoblasts.

FIG. 1. SEM BEI and SEI images of HA:CS scaffolds
(upper row) and nHA:CS scaffolds (lower row).

FIG. 2. MicroCT cross section of 90% α-TCP-10%
geopolymer, implanted in New Zealand femur and the
relevant histological picture.

Conclusions
The conclusions derived of the above-mentioned
experiments are that new combinations of bioceramics
produced using nanotechnology can improve efficiently
the replacement of lost bone with the precondition that
the correct fabrication properties and the right surgical
procedures will implemented.
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Introduction
The varying environmental conditions of oral cavity may
influence on surface properties of dental prosthesis.
The high value of surface free energy of dental materials
may cause unsuitable processes of bacterial plaque
adhesion. An analysis of surface free energy and levels
of wettability, cohesive energy, parameter of surface
solubility become key aspects in testing of biomaterials
[1,3,4].

Materials and Methods
The object of the study was dental acryl Villacryl SV4.
The dimensions of samples were: 10.55 (±0.83)
x30.10 (±1,10) [mm] and thick 4.75 (±0.21) [mm], all
samples were made according to producer instruction.
The changes of surface free energy (γS - SFE), its
components (dispersive - γS

d, polar - γS
p) parameter of

solubility (δ) and cohesive energy (ec) by using analytical
Owens-Wendt (OW) model were estimated. Two
measurements liquids: (W) distilled water (Poch S.A.)
and (D) diiodomethane (Merck sp.zo.o.) were used. The
volume of liquid drop was 0.5 [μl], each test was repeated
ten times in room temperature 22 ±1°C. The contact
angle values were measured with the use of sessile drop
method by the See System computer-based instrument
produced with Advex Instruments. The samples were
storage in different environments and thus divided into
groups (G): 1 day of storage in 22°C in „pepsi” (G1) and
in orange juice (G2), 7 days of storage in 22°C in „pepsi”
(G3) and in orange juice (G4) and in coffee (G5), 7 days
in 0.9% NaCl solution in 60°C (G6), in milk 60°C (G7), in
0.9% NaCl solution in 40°C (G8), in milk 40°C (G9). The
results were compared with reference sample.

Results and Discussion
The values of contact angle of acrylic material surface
with deposits arising after storage were obtained (FIG. 1
and FIG. 2). The average values of angle were used to
determine the SFE and its components, as well as the
cohesive energy and solubility parameter (TABLE 1).
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FIG. 1. The contact angle values for groups G1-G5 (room
temperature of storage).
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FIG. 2. The contact angle values for groups G6-G9
(temperature of storage 40 and 60°C).

TABLE 1. The comparison of surface properties.

No
γS γS

d γS
p ec δ

[mJm-2] [MJm3] [mJ1/2m-3/2]

G0 43.5 (2.1) 42.1 (1.3) 1.4 (0.8) 442.9 (31.5) 21.0 (0.7)

G1 46.7 (1.9) 42.5 (1.6) 4.1 (0.3) 491.6 (31.5) 22.2 (0.7)

G2 46.3 (2.1) 43.4 (1.9) 2.9 (0.2) 485.7 (32.5) 22.0 (0.7)

G3 68.3 (1.8) 40.1 (0.7) 28.2 (0.9) 870.3 (31.7) 29.5 (0.5)

G4 66.1 (2.7) 34.7 (0.7) 31.4 (2.0) 827.7 (50.7) 28.8 (0.9)

G5 49.2 (1.6) 43.5 (0.8) 5.7 (0.8) 532.2 (25.7) 23.1 (0.6)

G6 48.5 (2.7) 38.5 (1.7) 10.0 (1.0) 521.7 (44.5) 22.8 (1.0)

G7 57.0 (3.0) 34.5 (1.2) 22.5 (1.8) 662.8 (51.6) 25.7 (1.0)

G8 46.8 (2.7) 39.5 (1.5) 7.6 (1.2) 493.6 (42.3) 22.1 (0.9)

G9 46.1 (2.5) 32.5 (1.2) 13.7 (1.3) 483.3 (38.8) 21.9 (0.9)

Analyzing the change of the surface energy and its
components after the storage, the effect of the fluid
nature on the sediment formed on the surface of the
material can be clearly seen. The increase of a polar
component in each of the tested group, including the
largest - 20 times over 7 days of storage in orange juice
(G3) and "pepsi" (G4) was observed. The changes of
a dispersive component had a different trend, the
greatest increase was approx. 4% in the G5 and the
decrease was ca. 24% in the G9. The highest value of eC
was shown for G3 and G4.

Conclusions
The mechanisms inducing bacterial adhesion to dental
material depends on many factors associated with
a substrate, including SFE [2]. Some of consumed liquids
influence on substantial increase of SFE value.
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Introduction
Influence of storage conditions of pig’s skin tissue
properties is important information from the point of view
of clinical research, in which a pig’s skin is used as
a substitute for the human skin. Completing the material
for experimentation more than once requires some
amount of time to form an adequate research group.
Thus, ways of skin sample storage and storage
conditions, i.e. time, media (preservation liquids) and
temperature are searched for [1,2]. The aim of the
research was an evaluation of contact angle and free
surface energy for pig’s skin stored in different conditions.

Materials and Methods
Skin taken from the back of a 5-month old domestic pig
was used in this investigation. Two variants of sample
storing were applied before conducting the test: in the
isotonic salt solution (0.9%) at the temperature of 4 [°C],
and frozen at the temperature of -18 [°C]. The period of
sample storing was 24 hours, 5 and 8 days.
The contact angle values were measured with the use of
the sessile drop method with the See System computer-
based instrument produced by Advex Instruments. Three
liquids were used: distilled water (Poch S.A.),
diiodomethane (Merck Sp. z o.o.) and anhydrous glycerol
(Chempur). The volume of the drop was 0.5 [μl] and the
temperature of the test was 22 [°C]. Measurements were
carried out at least ten times for each surface. The values
of contact angle were shown as the average values with
a standard deviation. The obtained values of water and
diiodomethane contact angle were used for the skin
surface free energy (SFE) according to Owens-Wendt
model calculation. The critical surface tension (γc) was
determined by Zisman plot.

Results and Discussion
The shape of three liquid drops deposited on the surface
of fresh and stored skin samples were shown in FIG. 1.
The decrease of drops’ height after storing in salt solution
and freezing can be seen.

FIG. 1. The shape of drops deposited on skin samples
incubated in salt solution (I) and frozen (II): A – fresh
sample, B – after 24 hour storage, C – after 5 days
storage, D – after 8 days storage

In FIG. 2, the values of contact angle for pig’s skin were
shown. The storing conditions resulted in decrease of the
contact angle values. The change of contact angle values
was similar for immersed and frozen samples after 24
hours and 5 days. But after 8 days of storing, significant
decrease of the contact angle value can be seen for
samples immersed in salt solution.

FIG. 2. Water contact angle for fresh and stored pig’s
skin.

TABLE 1. SFE (γs) and its polar (γs
p) and dispersive (γs

d)
components for fresh and stored pig’s skin.

γs[mJ/m2] γs
p[mJ/m2] γs

d[mJ/m2]
fresh 43.47 3.71 39.76
Salt – 24h 43.87 16.95 26.92
Salt – 5 days 50.27 13.66 36.61
Salt – 8days 60.72 34.08 26.64
Frozen – 24h 50.77 8.34 42.43
Frozen – 5 days 49.91 9.64 40.27
Frozen – 8 days 49.31 18.58 30.73

FIG. 3. Zisman plot for fresh and stored pig’s skin.

SFE values increased under the influence of storage
(TABLE 1). The changes of SFE resulted mainly from the
increase of the polar component. The determinated value
of the critical surface tension decreased after five days of
storage, especially in the case of samples incubated in
salt solution (FIG. 3). The obtained values of the water
and diiodomethane contact angle and SFE for fresh pig’s
skin are in good agreement with these values obtained by
Krawczyk [3].

Conclusions
Problem of soft tissue samples preservation is key factor
in keeping the cellular component of the samples viable.
The results showed that measurements of contact angle
and SFE values can be one of the method to characterize
usefulness of skin samples to mechanical tests.
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liquids were used: distilled water (Poch S.A.),
diiodomethane (Merck Sp. z o.o.) and anhydrous glycerol
(Chempur). The volume of the drop was 0.5 [μl] and the
temperature of the test was 22 [°C]. Measurements were
carried out at least ten times for each surface. The values
of contact angle were shown as the average values with
a standard deviation. The obtained values of water and
diiodomethane contact angle were used for the skin
surface free energy (SFE) according to Owens-Wendt
model calculation. The critical surface tension (γc) was
determined by Zisman plot.

Results and Discussion
The shape of three liquid drops deposited on the surface
of fresh and stored skin samples were shown in FIG. 1.
The decrease of drops’ height after storing in salt solution
and freezing can be seen.

FIG. 1. The shape of drops deposited on skin samples
incubated in salt solution (I) and frozen (II): A – fresh
sample, B – after 24 hour storage, C – after 5 days
storage, D – after 8 days storage

In FIG. 2, the values of contact angle for pig’s skin were
shown. The storing conditions resulted in decrease of the
contact angle values. The change of contact angle values
was similar for immersed and frozen samples after 24
hours and 5 days. But after 8 days of storing, significant
decrease of the contact angle value can be seen for
samples immersed in salt solution.

FIG. 2. Water contact angle for fresh and stored pig’s
skin.

TABLE 1. SFE (γs) and its polar (γs
p) and dispersive (γs

d)
components for fresh and stored pig’s skin.

γs[mJ/m2] γs
p[mJ/m2] γs

d[mJ/m2]
fresh 43.47 3.71 39.76
Salt – 24h 43.87 16.95 26.92
Salt – 5 days 50.27 13.66 36.61
Salt – 8days 60.72 34.08 26.64
Frozen – 24h 50.77 8.34 42.43
Frozen – 5 days 49.91 9.64 40.27
Frozen – 8 days 49.31 18.58 30.73

FIG. 3. Zisman plot for fresh and stored pig’s skin.

SFE values increased under the influence of storage
(TABLE 1). The changes of SFE resulted mainly from the
increase of the polar component. The determinated value
of the critical surface tension decreased after five days of
storage, especially in the case of samples incubated in
salt solution (FIG. 3). The obtained values of the water
and diiodomethane contact angle and SFE for fresh pig’s
skin are in good agreement with these values obtained by
Krawczyk [3].

Conclusions
Problem of soft tissue samples preservation is key factor
in keeping the cellular component of the samples viable.
The results showed that measurements of contact angle
and SFE values can be one of the method to characterize
usefulness of skin samples to mechanical tests.
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Introduction
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of clinical research, in which a pig’s skin is used as
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for experimentation more than once requires some
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temperature are searched for [1,2]. The aim of the
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surface energy for pig’s skin stored in different conditions.
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isotonic salt solution (0.9%) at the temperature of 4 [°C],
and frozen at the temperature of -18 [°C]. The period of
sample storing was 24 hours, 5 and 8 days.
The contact angle values were measured with the use of
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of contact angle were shown as the average values with
a standard deviation. The obtained values of water and
diiodomethane contact angle were used for the skin
surface free energy (SFE) according to Owens-Wendt
model calculation. The critical surface tension (γc) was
determined by Zisman plot.

Results and Discussion
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of fresh and stored skin samples were shown in FIG. 1.
The decrease of drops’ height after storing in salt solution
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shown. The storing conditions resulted in decrease of the
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was similar for immersed and frozen samples after 24
hours and 5 days. But after 8 days of storing, significant
decrease of the contact angle value can be seen for
samples immersed in salt solution.
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SFE values increased under the influence of storage
(TABLE 1). The changes of SFE resulted mainly from the
increase of the polar component. The determinated value
of the critical surface tension decreased after five days of
storage, especially in the case of samples incubated in
salt solution (FIG. 3). The obtained values of the water
and diiodomethane contact angle and SFE for fresh pig’s
skin are in good agreement with these values obtained by
Krawczyk [3].

Conclusions
Problem of soft tissue samples preservation is key factor
in keeping the cellular component of the samples viable.
The results showed that measurements of contact angle
and SFE values can be one of the method to characterize
usefulness of skin samples to mechanical tests.
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Introduction
Bacterial nanocellulose (BNC), a natural polysaccharide
nanomaterial, is synthesized by bacteria of the
Gluconacetobacter genus, i.a., by Gluconacetobacter
xylinus strains. In comparison with plant cellulose,
contaminated with hemicelluloses and lignines, BNC is
characterized by high purity, high degree of crystallinity
and polymerization, and good mechanical properties.
This material meets the requirements of biomaterials: is
biocompatible, not mutagenic, not toxic and not
teratogenic. Furthermore, it does not induce either
immune responses or tendency to thrombus formation.
Due to these unique properties, BNC membranes are
used for wound dressings, and their potential for the
production of cardiac implants is currently under study.
Although BNC material is not biodegradable in vitro
condition, its biodegradation in vivo conditions has not
been tested yet. Hence, before using BNC implants in
human body it is necessary to carry out pre-clinical tests
on animal model.

Materials and Methods
BNC, obtained according to the method described in
patents PL 171952 and PL 212003, was supplied by
Bowil Biotech Sp. z o.o. The aortic patches implants
based on BNC were implanted to pigs body. After 6
months, euthanasia of animals was performed and
changes in the structural and morphological properties of
the implants were tested by using XRD and SEM
techniques, respectively.

Results and Discussion
Presence of the BNC cardiac implant in a pig model body
for 6-months, resulted in a change in polysaccharide
structure and surface morphology. Results obtained
revealed that the crystallinity degree of BNC was
deceased compared to the unimplanted sample.
In addition, differences in individual cases were noted,
possibly related to the biological variability of the
examined animals. Microscopic observations showed that
natural fiber network structure of BNC was overgrown by
biological tissues.

Conclusions
BNC implants integrate with surrounding tissues, so they
are biocompatible. After 6 months implantation, they do
not biodegrade in the pig animal model.
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Introduction
Biomaterials based on calcium phosphates are effective
bone substitutes, mainly due to their chemical and
mineralogical similarity to the inorganic component of
bone. Recently, calcium phosphate bone cements
(CPCs), especially on the basis of α-tricalcium phosphate
(α-TCP), have been intensively studied [1]. CPCs are
characterized by excellent biocompatibility and surgical
handiness. Interesting modifier of CPCs is calcium
carbonate (CaCO3). Calcium carbonate has three
anhydrous polymorphs vaterite, aragonite and calcite [2].
Calcite is a geologically abundant material, which can be
used to produce scaffolds for clinical dental and
orthopaedic applications It has been proven that CaCO3
can be apply as one of the constituents of CPCs, in order
to support formation of carbonated apatite as the end-
product of setting reaction. Moreover, presence of
calcium carbonate can improve the degradability of the
apatitic calcium phosphate cements [3].

Materials and Methods
This study aimed to examine the effect of calcite
incorporation into α-tricalcium phosphate based
biomaterials. Materials containing 30wt% and 50wt% of
calcite were examined. The influence of initial
composition on setting times (Gilmore Needles),
crystalline phase content (X-Ray Diffraction) and
microstructure (SEM) of materials was investigated.

Results and Discussion
Setting times of cements ranged from 11 to 14 min
(initial) and from 19 to 27 min (final). The setting
depended on the composition of powder and liquid
phase. Results of XRD analysis revealed that only two
crystalline phases i.e. tricalcium phosphate and calcite
were present after 7 days of hardening. SEM
observations of fractured cement samples showed that
calcite grains were embedded in calcium phosphate
matrix (FIG. 1).

FIG. 1. SEM microphotograph and EDS analysis of
fractured cement sample.

Compressive strengths of cements varied from 1.6 to
4.8 MPa. Increasing the amount of CaCO3 decreases the
mechanical strength of investigated biomaterials.

Conclusions
Presence of calcite in tricalcium phosphate based
cements slightly increases their setting times and
decreases the mechanical strength of final materials.
Further in vitro and in vivo studies are required for the
complete evaluation of the biomaterials.
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Abstract
The frequency of complications of dental implantation at
the present stage varies from 6% to 23%, what
determined the relevance of this examination.
The aim of this work is to determine the predictive
effectiveness of the development of inflammatory
complications of dental implantation on the basis of
indicators of lipid peroxidation (POL) of the oral fluid
(level of malondialdehyde (MDA) and the activity level of
superoxide dismutase (SOD)).
We examined 49 patients 25-59 years old which had no
traumas, operations and diseases requiring medical
rehabilitation, inflammatory disease in the maxillofacial
area and the gastrointestinal tract, as well as other
factors that can affect qualitative and quantitative content
of the oral fluid. These patients underwent delayed dental
implantation (one implant in one segment of the jaw). The
POL indices were determined twice: before operation of
dental implantation and 3 days after operation. The
effectiveness of the proposed method was determined in
accordance to the clinical and economic studies
requirements.
Prognostic efficiency in accordance with the procedure of
conducting clinical and economic examinations on the
basis of MDA level was 78%, and based on the level of
SOD activity – 76%, which classifies it as high and allow
to reduce the number of complications and diagnostic
mistakes including in the planning and execution of
invasive procedures associated with the installation of
dental implants.

Introduction
The frequency of complications of dental implantation at
the present stage varies from 6% to 23% [1]. At the same
time laboratory methods of examination because of the
subjectivity and the lack of informativeness does not
allow to use them to predict these complications in the
preclinical stage of development. In the literature there
are reports emphasizing the need to develop screening
criteria activity and severity of inflammatory-destructive
processes in dental implantation on the basis of use for
the study of non-invasive biological environment, the oral
fluid farst of all [3]. There are some reports on the
methods of prognostication of development of peri-
implantitis on the basis of biochemical indicators of oral
fluid [4], what determined the relevance of this study.

Materials and Methods
The study included 49 patients 25-59 years old which had
no traumas, operations and diseases requiring medical
rehabilitation, inflammatory disease in the maxillofacial
area and the gastrointestinal tract, as well as other
factors that can affect qualitative and quantitative content
of oral fluid. These patients underwent delayed dental

implantation (one implant in one segment of the jaw).
A method of predicting of inflammatory complications
development of dental implantation based on the level of
malondialdehyde (MDA) level and superoxide dismutase
activity (SOD) in oral fluid was used in each patient twice:
1) before the operation of dental implantation, 2) 3-days
after the operation. Efficiency of the offered method was
determined in accordance with the procedure of
conducting clinical and economic studies [2].

Results and Discussion
On the 3-rd day after surgery in 38 (77.6%) patients were
defined normal indices of MDA level and 40 (81.6%),
indicating no risk of inflammatory complications. In 11
(22.4%) of patients were diagnosed the risk of developing
these complications on the level of MDA and 12 (24.5%)
− the level of SOD activity. Treatment plan of these
patients was subjected to correction with the use of
surgical and therapeutic methods in order to prevent the
development of complications or further development of
the pathological process and to avoid rejection/removal of
the implant. In long-term follow up 45 patients (91.8%)
had prosthetic operation and were satisfied by immediate
and long-term results of treatment and rehabilitation.
Number rejection/removal implants due to the
development of peri-implantitis was 4 (8.2%). Prognostic
efficiency in accordance with the procedure of conducting
clinical and economic studies on the basis of MDA level
was 78%, and based on the level of SOD activity – 76%,
which classifies it as high.

Conclusions
The application of prognostication the development of
inflammatory complications of dental implantation on the
basis of MDA level and the activity level of SOD oral
liquid will reduce the number of complications and
diagnostic mistakes including in the planning and
execution of invasive procedures involved in installing
dental implants and also in assessing both immediate
and long terms results of treatment.
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Introduction
One of the urgent problems in oral and maxillofacial
surgery is prevention of alveolar bone atrophy [1,2]. This
problem determines: the significant spread of tumours
and tumour-like bone diseases, alveolar ridge decreases
after typical and atypical tooth extraction operations [3,4].
The aim of the trials − to study comparatively osteoplastic
bioresorbable membranes "Collapan" and "Collost" used
for the prevention of the mandible alveolar part atrophy.

Materials and Methods
42 individuals (men, 45 to 70 years) were involved in trial.
The first group included 20 individuals in whom we used
"Collapan" in surgical treatment. This was a comparison
group. Group 2 included 22 patients in whom we used
the "Collost" membrane. The individuals were undergone
oral surgery of atypical tooth extraction, cystectomy with
apex root resection made by standard operative protocols
with standard anti-inflammatory therapy. Clinical efficacy
was assessed on the number of complications in the
postoperative period. The level of the alveolar bone
atrophy was assessed at the long-term follow-up (after 1
year) on the parameters of the mandibular bone tissue
determined on the radiological data (cone-beam
computed tomography).

Results and Discussion
In the postoperative period in group 1 there were
revealed 6 (14%) facts of infectious-inflammatory nature
complications - alveolitis. 2 (5%), in group 2 - 2 (5%)
complications: 1 (2.5%) – alveolitis, 1 (2.5%) – forced
tooth extraction.
The results of clinical radiographic evaluation of the bone
wounds healing in the comparison groups after 1 year
allowed us to come to the conclusion that using of barrier
membranes in oral surgery in general, optimizes the pace
of reparation and regeneration due to osteoinductive and
osteoconductive properties of these materials and
contributes to the prevention of alveolar atrophy. “Collost”
demonstrated more pronounced effectiveness according
obtained data in comparison with the membrane
“Collapan”.

Conclusions
The osteoplastic bioresorbable membrane "Collost" is
mostly appropriate for the prevention of the lower jaw
alveolar part atrophy.
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Introduction
Acute odontogenic periostitis of the jaws is one of the
most common inflammatory diseases in the outpatient
surgical dentistry. During the pus research mixed
microflora is revealed in the case of acute purulent
periostitis: various Streptococci and Staphylococci
species, Gram-positive and Gram-negative rods,
putrescent bacteria. 75% of them are anaerobic and 25%
refers to aerobic flora [1].
The aim of the trials − to study the possibility of using the
drug «Sextaphag» (pyobacteriophag polyvalent) in the
treatment of acute odontogenic periostitis of jaws.

Materials and Methods
The trials were carried in “5-th Minsk city outpatient clinic”
in 10 patients of 26 - 53 years with acute odontogenic
periostitis of jaws. 2 patients had comorbidities: one
patient had thyroid gland disease (nodular goiter) and
one patient was 16 weeks pregnant. After the primary
surgical treatment of purulent focus it was injected 1.0 ml
of «Sextaphag» solution once in periostotomical wound.
Drug treatment was according the clinical protocol. The
efficiency was estimated according the clinical picture.

Results and Discussion
On the first day after operation we observed in patients:
the body temperature 37.2-37.6°C, asymmetric face with
collateral soft tissues swelling, enlarged submandibular
lymph nodes 1.5−2.0 cm in diameter. There were
revealed edematose, hyperemic, painful oral cavity
mucosa in periostoetomical wound area, profuse,
purulent exudation on drainage. On the second day there
were revealed reduction of: lymph nodes size and there
painfulness, of mucosal swelling around periostoetomical
wound, of exudation from the periostotomical wound.
There were no clinical symptoms on the third day of
patients careering.
The adverse reactions were not observed during applying
the «Sextaphag» drug, also in pregnant women and
patient with nodular goiter.
The drug “Sextaphag” consists of a sterile filtrate of
fagolisated bacteria Streptococcus, Staphylococcus,
Proteus, Pseudomonas aeruginosa, Klebsiella
pneumonia, Escherichia coli enteropathogenic strains, so
it has the specifically lysing ability of them and affects
entire microorganisms' spectrum that cause odontogenic
periostitis of the jaws.

Conclusions
The drug «Sekstafag» can be used successfully in acute
odontogenic periostitis of jaws local treatment.
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Introduction
The first critical course for assessing the suitability of a
new biomaterial in medicine is - in addition to the
biofunctionality - the compatibility of the biosystem at the
site of its effect. Knowledge of the molecular interactions
of biomaterial surface modifications – topography and
chemistry - with the biosystem is of specific importance.
Osteoblasts, important cell type in orthopedic and dental
applications, are known to sense the biomaterial surface
characteristics [1]. The most central initial process in this
cell-material interaction is the mechanical anchoring of
the cell to the biomaterial interface – the cellular adhesion
(FIG. 1) [2]. The "race for the surface" is decisive for the
integration and acceptance of biomaterials [3]. The
contacts via adhesion molecules like the integrins lead to
modulated cell functions such as signaling events [4].
External signals from physico-chemical environments
finally affect the cell physiology [5,6]. Therefore, it is
important to study in vitro effects of biomaterials on
cellular adhesion, the expression and location of the actin
cytoskeleton, the expression of signaling molecules and
finally cell function markers [5,6]. The understanding and
interpretation of the cellular behavior via biophysical
in vitro-studies is critical for the acceptance of new
biomaterial surfaces in medicine.

Materials and Methods
In our field of research, we conducted the in vitro-studies
on the acceptance and functionality of newly developed
biomaterials. In addition to biomaterial tests, we also
specifically investigated the influence of a defined
topography or chemistry to provide insights in cellular
behavior [5,6]. To analyze the cell morphology we used
microscopy – scanning electron microscopy (FE-SEM) or
confocal laser scanning microscopy (LSM). The flow
cytometry was applied for the expression of cellular
components or cell cycle regulation. To determine further
specific cellular markers and reactions, many techniques
are used such as rtPCR, Western-Blot, ELISA or Bio-
Plex. The biological characteristics of a range of
materials (titanium, silicon, polymers or ceramics) are
studied in vitro with relevant osteoblast-like cells as well
as primary cells in the appropriate media under
physiological conditions: 37°C, 5% CO2 [4-6]. To validate
the data we used GraphPad Prism with the
corresponding test of significance.

Results and Discussion
Established on our basic research, we were able to
demonstrate that a defined surface topography influences
the osteoblast behavior: changes in cell morphology, the
organization and expression of cellular structures,
signaling events and finally also the expression of bone-
specific markers. Morphological analyses with FE-SEM as
an important parameter revealed the cellular behaviour on
biomaterials (FIG. 2). Using LSM we were able to
recognize the influence of nano- and microstructures and
chemical modifications on the spatial organization of
cellular components, e.g. the actin cytoskeleton (FIG. 3).
These studies of the cell architecture and physiology are
first important steps for assessing cellular behavior at the
interface of a biomaterial.

FIG. 1. Scheme of cell-material interaction.

FIG. 2. Morphology of 24 h adherent MG-63 osteoblasts
on defined micro pillars (Si-Ti, 3x3x5 µm, W x L x H by
RIE; Prof. Kern/Tubingen) (FE-SEM, magnification 1kx,
bar 10 µm, Lange/Rostock). Note that cells are elongated
and oriented along the structures (A). The cells are able
to pull the pillars due to their adhesion strength (B).

FIG. 3. The actin cytoskeleton organization of primary
osteoblasts on the planar surface Si-Ti (LSM410, bar
25 µm). Note the well-defined stress fibers spanning
across the entire cell body.

Conclusions
Cell biologic in vitro-studies are necessary for a better
understanding and assessment of innovative medical
materials and their interplay with the surrounding
biosystem.
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Introduction
Synthetic hydroxyapatite (HA) has been successfully
used for biomedical (especially orthopedic) applications,
because of its close compositionally resemblance to the
natural bone [1-3]. HA is one of the components
of composites used in bone regeneration very often. The
composites usually require an appropriate durability, so
most of the researches have focused on the use of HA
whiskers as promising reinforcement for such
materials [4]. It was also found that the HA whiskers are
non-toxic and are compatible with human body. The
application of well-crystalized, stoichiometric HA whiskers
in resorbable composites for bone regeneration may be
limited due to its slow resorption [5], so more
appropriable seems to be using resorbable calcium
phosphates or whiskers being bi- or triphasic mixtures.
There are a number of different methods for producing
calcium phosphate whiskers [6-8]. The most frequently
hydrothermal homogenous precipitation is used. But
hydrothermal synthesis procedure requires special
autoclaves enabling heating of aqueous solutions to high
temperatures up to 200°C [9.10].
The present work shows the results of synthesis
of calcium phosphate whiskers through the method
described in literature [11], by the hydrolysis reaction
of β-tri-calcium phosphate (β-TCP) in presence of H2O2.
The process was carried out in considerable lower
temperature than for hydrothermal methods. The
formation, morphology and phase composition
of whiskers obtained were studied as a function
of temperature and time of reaction.

Materials and Methods
Calcium-phosphate whiskers were synthesized in one-pot
technique. 4 grams of β-TCP powder (Fluka) were placed
in 250 ml capacity Pyrex glass bottle. Then, 100 ml
of 30% solution of H2O2 (Avantor) was added. The bottle
was capped and shaken for 2 min, followed by heating for
8-96 hours in an electric dryer in 90-95°C. The final
whiskers from the bottle were filtered, washed with
distilled water and dried overnight at 90°C.
The morphology and phase composition of whiskers were
analyzed by scanning electron microscopy (SEM) and
X-ray diffractometry (XRD), respectively. Functional
groups of the samples were identified by Fourier
transform infrared spectroscopy (FTIR).

Results and Discussion
Test results indicate that using the above mentioned
procedure calcium phosphate whiskers were obtained.
As can be seen at FIG. 1, the synthesis led to form
whiskers and aggregates with different sizes (from
several to tens µm). The morphology and size of these
whiskers depend on time and temperature of the
reaction. The length and width of whiskers increase with
increasing of time and temperature.

FIG. 1. SEM images of whiskers obtained via one-pot
technique.

Phase analysis of the obtained product remains with
opposite to the literature’s data [11] where produced
whiskers were found to be biphasic mixtures of apatitic
CaP and octacalcium phosphate (Ca8H2(PO4)6·5H2O).
In our tests XRD patterns revealed the triphasic mixture
of: hydroxyapatite, calcium pyrophosphate (Ca2P2O7) and
residue of β-tri-calcium phosphate. These results are
confirmed by FTIR spectra. The amount of β-tri-calcium
phosphate decreased with the time of reaction up to
15 wt%, the amount of hydroxyapatite increased up to
72 wt%, whereas the content of calcium pyrophosphate is
almost stable and decreased only insignificantly from
16 to 12 wt%.

Conclusions
Applying one-pot technique of synthesis using β-TCP
powder and 30% solution of H2O2, calcium phosphate
whiskers were obtained. They were characterized as
a triphasic mixture of HA, calcium pyrophosphate and
β-TCP.
Test results indicate that there are at least two factors
(temperature and time of reaction) that simultaneously
affect the morphology and size of the obtained whiskers.
Such whiskers may be useful as promising reinforcing
filler for composite of increased mechanical strength.
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Introduction
Biomaterials for regenerative medicine, are subjected to
continuous improvement, by i.e. amending their
integration with body tissues or giving them bactericidal
properties [1,2]. The porosity and sizes of pores enables
appropriate migration of cells and ensures easy delivery
of nutrients within the implant, appear to be of significant
importance [3]. Literature reports suggest that natural and
synthetic, biostable and biodegradable polymers as well
as calcium phosphates (e.g. hydroxyapatite, TCP)
or Hench's bioglass [4], which have no antibacterial
properties, are currently used in tissue engineering.
Chitosan is also widely used in medicine. Its main
characteristics include biocompatibility, antimicrobial and
hemostatic properties, and biodegradability [5]. Due to
the osteoconductive properties it is suitable for hard
tissue engineering [6]. Silver is most commonly used as
an antibacterial agent, but other metal ions (i.e. Zn2+) are
also characterized by bactericidal properties [7].
The purpose of the study was to determine the effect
of glass composition, amount of polymer used and
preparation method on microstructure of chitosan-based
antibacterial composites, suitable for use in regenerative
medicine.

Materials and Methods
Porous biocomposites based on chitosan solution and
1wt% or 2wt% ZnO doped bioglass from CaO-SiO2-P2O5
system were fabricated using lyophilization method.
Composite microstructure was controlled by the
appropriately selected amount of bioglass in relation to
the polymer, its appropriate grain size and by the amount
of the solvent present in lyophilizated dispersions.
The morphologies of the resulting composites were
determined by scanning microscope observations. Their
bioactivity was assessed by comparing SEM-EDS
analysis of chemical compositions before and after
contact with SBF solution. By measuring the specific
surface area using BET method, the effect of the
dispersion composition on development of the surface
of composites was determined. The evaluation of
cytotoxicity was performed according to PN-EN 10993-5
“Biological evaluation of medical devices - Part 5: Tests
for cytotoxicity: in vitro methods” after contact with
fibroblast like cells L929. Studies of antimicrobial activity
were performed by a dilution method, using precultures
of test bacterial strains of Pseudomonas aeruginosa and
Staphylococcus aureus.

Results and Discussion
All obtained composites showed random distribution
of bioglass grains in polymer matrix with no visible
agglomerates. The cross-section SEM image of the
P5Zn1gCH_1:1 composite (FIG. 1) shows the structure

of internally connected open pores of sizes in range of
40–300 µm. The increase of bioglass amount in relation
to polymer results in a more distorted microstructure of
the composite. Also, the presence of bioglass of larger
grains disrupts composite microstructure and causes
deformation of the pores. The change of solvent amount
affects the stability of the dispersions in lyophilization, the
shape and the size of composite pores, as well as its
rigidity. Specific surface area that determines the kinetics
of ion release, which indirectly affects bioactivity, for
P5Zn1gCH_1:1 composite was 127.68 ±0.02 m2/g.
Changes in intensity of Si, Ca and P signals on EDS
spectra indicate that apatite layer formation starts after
composites incubation in SBF solution.

FIG. 1. SEM image of P5Zn1gCH_1:1 composite
microstructure.

Morphological images of cell cultivations in the indirect
method, after a contact of L929 with eluates
of examined composites, were correct, and proliferation
indicated after 48 h was tending to increase. Results
of antimicrobial activity indicate that all of obtained
materials caused the reduction of the number of bacteria.
The best results were obtained for P5Zn2CH_1:1
composite doped with 2% of ZnO.

Conclusions
Chitosan-based, ZnO-doped antibacterial biocomposites
have an optimal mean pore size for bone tissue ingrowth
as well as exhibit antibacterial activity against the strains
of Pseudomonas aeruginosa and Staphylococcus
aureus. The composites microstructure could be
controlled by changing of the preparation parameters.
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Introduction
The NiTi shape memory alloys (SMA) with its chemical
composition near to that of equiatomic ones are used in
a wide range of biomedical fields. Their biomechanical
properties make it more suitable for bone fixation than
other metallic materials [1]. In order to improve
biocompatibility, the surface of NiTi alloys is modified by
producing biocompatible layers [2]. It is desirable that the
protective layers increase the functionality of the implant
surface, for example by enhance the osseointegration.
The best bonding of the metal implant surface to bone
tissue is achieved by producing calcium phosphate-
based coatings (CaPs) such as hydroxyapatite (HAp) or
whitlockite ceramic (TCP) [3].
The main aim of presented results was focused on the
biocompatibility intensification of NiTi SMA done by its
surface modification. The technology of material
preparation was concentrated on the passivation of NiTi
substrate by autoclaving and following electrophoretic
deposition (EPD) of whitlockite ceramic (β-TCP).

Materials and Methods
A NiTi alloy with the following chemical composition of
50.6 at.%. Ni and 49.4 at.%. Ti (Memry GmbH) was used
as substrate for layers deposition. Before EPD, the
substrate was passivated in autoclave at 134°C for
30 min. The autoclaving resulted in formation of a thin
amorphous TiO2 layer what improves the corrosion
resistance and provides a stable connection of deposited
ceramic particles to metal substrate [2,4].
The powder of whitlockite (nGimat) consisted of 87.1
±1.0 wt% β-Ca3(PO4)2 and 12.9 ±0.2wt% β-Ca2P2O7 was
used to prepare a colloidal suspension having
a concentration of 0.1wt% the powder in 99.9% ethanol
(Avantor). Next, the mixture was put into a magnetic
stirrer (30 min) and then transferred to an ultrasonic bath
(30 min). The average size of the particles was ca.
550 nm [5]. Afterwards, electrophoretic deposition (EPD)
under cathodic condition and room temperature was
performed to cover the NiTi substrate by CaPs particles.
The constant voltages (from 20 to 80 V) at time periods
(from 30 to 120 s) were applied. After deposition, the
green form coatings were dried for 24h at ambient
temperature. Then, in order to consolidation and increase
the adhesion strength of the ceramic coating to the metal
substrate samples were heat treated in vacuum furnace
at 1000°C for 2h.

Results and Discussion
The outcomes revealed that applied voltage and
deposition time have a great impact on the quality of
whitlockite coatings electrophoretically deposited on the
passivated NiTi substrate. Due to lower voltage and
deposition time, the ceramics particles spread on the
surface heterogeneously forming larger agglomerates.
Increase of the quantity of deposited particles, at the
constant voltage with elongation deposition time,

in comparison to constant time and increase of voltage
was observed. Deposition parameters such as 80V/120s
impact on a significant increase in the density and
thickness of the coating. The applied heat treatment
conditions (1000°C for 2h) resulted in a visible change in
the morphology of the coating. The areas between the
agglomerates changed from smooth to rough. It may be
caused by the intensification of the titanium oxide
crystallization from the amorphous oxide layer, previously
formed on NiTi substrate during the autoclaving. The
presence of crystallized clusters of fine particles,
especially close to CaP aggregates, was also stated
(FIG. 1).

FIG. 1. SEM image of surface observed for the NiTi
coated substrate.

Diffraction data (GIXRD) collected for samples after
deposition and after sintering process reveled well-
defined peaks both of β-TCP (ICDD - PDF 04-008-8714)
with rhomboedral structure (R-3c) and trace amount of
β-Ca2P2O7 phase with tetragonal structure (P41) (ICDD-
PDF 04-009-8733). The crystal structure of coatings
materials remain unchanged in comparison to starting
material. The presence of diffraction lines from whitlockite
decomposition products was not proved. The applied
heat treatment (1000°C / 2h in vacuum) resulted in
a partial decomposition of NiTi substrate (ICDD - PDF 01-
078-4618) to equilibrium phases: Ti2Ni (ICDD - PDF 04-
007-1531) with cubic structure (Fd-3m) and Ni3Ti with
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Introduction
The NiTi shape memory alloys (SMA) with its chemical
composition near to that of equiatomic ones are used in
a wide range of biomedical fields. Their biomechanical
properties make it more suitable for bone fixation than
other metallic materials [1]. In order to improve
biocompatibility, the surface of NiTi alloys is modified by
producing biocompatible layers [2]. It is desirable that the
protective layers increase the functionality of the implant
surface, for example by enhance the osseointegration.
The best bonding of the metal implant surface to bone
tissue is achieved by producing calcium phosphate-
based coatings (CaPs) such as hydroxyapatite (HAp) or
whitlockite ceramic (TCP) [3].
The main aim of presented results was focused on the
biocompatibility intensification of NiTi SMA done by its
surface modification. The technology of material
preparation was concentrated on the passivation of NiTi
substrate by autoclaving and following electrophoretic
deposition (EPD) of whitlockite ceramic (β-TCP).

Materials and Methods
A NiTi alloy with the following chemical composition of
50.6 at.%. Ni and 49.4 at.%. Ti (Memry GmbH) was used
as substrate for layers deposition. Before EPD, the
substrate was passivated in autoclave at 134°C for
30 min. The autoclaving resulted in formation of a thin
amorphous TiO2 layer what improves the corrosion
resistance and provides a stable connection of deposited
ceramic particles to metal substrate [2,4].
The powder of whitlockite (nGimat) consisted of 87.1
±1.0 wt% β-Ca3(PO4)2 and 12.9 ±0.2wt% β-Ca2P2O7 was
used to prepare a colloidal suspension having
a concentration of 0.1wt% the powder in 99.9% ethanol
(Avantor). Next, the mixture was put into a magnetic
stirrer (30 min) and then transferred to an ultrasonic bath
(30 min). The average size of the particles was ca.
550 nm [5]. Afterwards, electrophoretic deposition (EPD)
under cathodic condition and room temperature was
performed to cover the NiTi substrate by CaPs particles.
The constant voltages (from 20 to 80 V) at time periods
(from 30 to 120 s) were applied. After deposition, the
green form coatings were dried for 24h at ambient
temperature. Then, in order to consolidation and increase
the adhesion strength of the ceramic coating to the metal
substrate samples were heat treated in vacuum furnace
at 1000°C for 2h.

Results and Discussion
The outcomes revealed that applied voltage and
deposition time have a great impact on the quality of
whitlockite coatings electrophoretically deposited on the
passivated NiTi substrate. Due to lower voltage and
deposition time, the ceramics particles spread on the
surface heterogeneously forming larger agglomerates.
Increase of the quantity of deposited particles, at the
constant voltage with elongation deposition time,

in comparison to constant time and increase of voltage
was observed. Deposition parameters such as 80V/120s
impact on a significant increase in the density and
thickness of the coating. The applied heat treatment
conditions (1000°C for 2h) resulted in a visible change in
the morphology of the coating. The areas between the
agglomerates changed from smooth to rough. It may be
caused by the intensification of the titanium oxide
crystallization from the amorphous oxide layer, previously
formed on NiTi substrate during the autoclaving. The
presence of crystallized clusters of fine particles,
especially close to CaP aggregates, was also stated
(FIG. 1).

FIG. 1. SEM image of surface observed for the NiTi
coated substrate.

Diffraction data (GIXRD) collected for samples after
deposition and after sintering process reveled well-
defined peaks both of β-TCP (ICDD - PDF 04-008-8714)
with rhomboedral structure (R-3c) and trace amount of
β-Ca2P2O7 phase with tetragonal structure (P41) (ICDD-
PDF 04-009-8733). The crystal structure of coatings
materials remain unchanged in comparison to starting
material. The presence of diffraction lines from whitlockite
decomposition products was not proved. The applied
heat treatment (1000°C / 2h in vacuum) resulted in
a partial decomposition of NiTi substrate (ICDD - PDF 01-
078-4618) to equilibrium phases: Ti2Ni (ICDD - PDF 04-
007-1531) with cubic structure (Fd-3m) and Ni3Ti with
hexagonal structure (P63/mmc). In addition, the
appearance of diffraction lines belonging to non-
stoichiometric TiO0,325 with hexagonal structure
(P63/mmc) (ICDD - PDF 04-005-4356) and TiO with cubic
structure (Fm-3m) (ICDD - PDF 04-016-4319) were be
identified.

Conclusions
Application of deposition voltage of 20V for 60s resulted
in homogenous covering of passivated NiTi substrate by
whitlockite layer. As a result of heat-treatment (1000°C /
2h in vacuum) crystallization of titanium oxides and
partial decomposition of NiTi alloy were observed.
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Introduction
The most common postoperative complications after
implantation are inflammation and infection. A solution to
the problem can be controlled drug delivery from the
surface of the implanted device which can bring several
advantages for patients. Currently, such strategy is one
of the most rapidly advancing areas of the biointerface
development, offering numerous advantages: in–site
treatment, effectiveness, reduced toxicity, and improved
patient convenience. The most important benefits are the
application of smaller doses of the drug and its delivery
directly to the target tissue. Controlled site–specific drug
delivery offers an attractive alternative to the typical
administration. What is more, such delivery allows the
achievement of necessary therapeutic doses at the
desired location, while maintaining low or negligible
systemic level.
Among several methods, which can be used to fabricate
antibacterial surfaces, sonochemistry has proved to be
a very effective technique, particularly for polymeric
surfaces. The principles are based on the ultrasonic
irradiation of water–soluble antibiotic which leads to the
formation of nanoparticles (NPs). When the irradiation is
performed in the presence of a polymeric surface, the
antibiotic NPs are subsequently embedded into the
exposed surface in a one–step process. This strategy
allows obtaining a composite NPs/polymer with
prolonged antibiotic release from the surface.
The aim of this study was to generate gentamicin
nanoparticles under ultrasound irradiation, subsequently
embed them into oxygen plasma modified parylene C
films in a one–step reaction, evaluate the drug surface
distribution and resultant elution kinetics.

Materials and Methods
Experiments were performed with chemical vapor
deposition (CVD) prepared Parylene C (8 μm of
thickness) films, provided by ParaTech Coating
Scandinavia AB. To modify the parylene C surface,
oxygen plasma treatment was carried out using a Diener
electronic Femto plasma system (Diener Electronic
GmbH, Nagold, Germany). Gentamicin sulphate
nanoparticles were formed and deposited on the oxygen
plasma modified parylene C using homogenizer (Sonics
Vibracell CV18) with the frequency of 20 kHz, amplitude
30%, and time 6 min. The size of the sonochemically
formed GNPs was determined using LM10 Nanosight
instrument (Malvern Instruments Ltd) equipped with
a sCMOS camera (Hamamatsu Photonics, Hamamatsu,
Japan) and a 450 nm blue laser. Data were processed
with NTA software version 3.1 Build 3.1.45.
FTIR imaging analyses of the polymeric films were
performed in reflectance mode on a Spectrum Spotlight
400 FTIR microscope connected to a Spectrum 100 FTIR
spectrometer (PerkinElmer, Inc.). The images were taken
at a resolution of 8 cm−1 between 4000 and 700 cm−1 with
16 scans per pixel.

Drug release studies of the parylene C with
sonochemically embedded GNPs were performed in
phosphate buffered saline solution (PBS). The prepared
samples were placed in 4 mL of PBS (Lonza) and
transferred into an orbital shaker−incubator (Biosan, ES-
20/60) set at 130 rpm and 37°C.

FIG. 1. Schematic representation of the sonochemical
synthesis of genaminic nanoparticles and embedding to
the nanopoares of parylene C surface.

Results and Discussion
It was found that using sonochemistry, gentamicin
nanoparticles in the size range 35-70 nm can be
obtained. The presence and homogenous distribution of
the drug was confirmed using IR–image technique. The
collected spectra revealed a characteristic band at
1037 cm–1 for gentamicin (group C–N, C–O). The
corresponding absorbance maps (20 µm×20 µm) were
collected at this characteristic selected wavelength.
Drug elution studies were performed to determine
stability of the gentamicin NPs deposited on the
parylene C. The average sample (2 cm2) drug load was
3 µg. It was found that GNPs/parylene C system provided
drug elution time up to 7 days. The obtained data were
fitted into the first order kinetic and Korsmeyer–Peppas
models. The experimental results were in good
agreement only with Korsmeyer–Peppas (R2 = 0.9796,
n = 0.308, and k = 30.77) with the diffusion dominated
mechanism. The drug elution is within the therapeutic
window (MIC = 2 µg/ml), the GNPs/parylene C system
can be successfully used as a coating with therapeutic
function preventing contamination of the implant surface
before surgery and actively lower the risk of post–
operation infection.

Conclusions
It was concluded that sonochemical synthesis gives an
effective alternative to biodegradable–based therapeutic
layers providing prolonged elution of the active substance
to the surrounding tissue which was proved for the
GNPs/parylene C system as a representative example.
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Introduction
Solid–water interfaces play a vital role in biomaterials
science since they provide a natural playground for most
biochemical reactions and physiological processes. This
is the reason why the functionalization of surfaces is
brought to the centre of interest with the aim of optimizing
the implant−tissue interface. For the tuning of the
properties of medical device surfaces, oxygen plasma is
the most commonly applied. An apparent benefit is
surface cleanliness; however, the key issue is the
incorporation of oxygen-containing surface functional
groups such as −COOH, −OH, and −CHO into the
originally oxygen free polymers, i.e. protective parylene C
(poly(chloro-p-xylylene).
Molecular dynamics (MD) simulations have been
employed to investigate with atomistic resolution
interactions between water molecules and solid surfaces;
however, they are typically focused on model systems
such as silica or graphite which are far from polymeric
surfaces.
The aim of the study was to perform in silico simulations
of atomistic-level interactions between water molecules
and the polymeric surfaces of parylene C with the idea to
compare them with experimental results of surface
wettability and osteoblasts adhesion.

Materials and Methods
Fully atomistic molecular dynamics simulations were
performed to investigate interactions between water
molecules and several surfaces modelling both
parylene C and differently modified parylene C surfaces.
A total of four different functional groups corresponding to
different ways of surface modification were considered,
namely chloride (−Cl), hydroxyl (−OH), carbonyl (−CHO),
and carboxyl (−COO−) groups. The atomistic MD
simulations were carried out in an NVT ensemble using
GROMACS 4.6 software.
Parallel experiments were performed with chemical vapor
deposition (CVD) prepared Parylene C (8 μm of
thickness) films, provided by ParaTech Coating
Scandinavia AB. To modify the parylene C surface,
oxygen plasma treatment was carried out using a Diener
electronic Femto plasma system (Diener Electronic
GmbH, Nagold, Germany). The oxygen insertion and
pore formation have a strong impact on the hydrophilicity
of the parylene C film. The changes within the surface

were followed by contact angle measurements, using
a Surftens universal instrument (OEG GmbH). Static
contact angles of water were calculated using Surftens
4.3 Windows image processing software for digital
images for the determination of contact angles and
surface tension.
The evaluation of cells adhesion and focal contacts were
performed with MG-63 osteoblast-like cell line.

Results and Discussion
The MD simulations of water film in contact with variously
decorated carbon surfaces were performed to quantify
the interactions between water molecules and parylene C
surfaces. Initially, the SFE of unmodified parylene C is
43.7 mJ/m2 and consists mostly of dispersive component
(43.1 mJ/m2) with minimal polar influence (0.6 mJ/m2) as
shown in FIG. 1. Modification of parylene C with oxygen
plasma and incorporation of oxygen-containing surface
functional groups cause a significant increase of the SFE
value to 74.2 mJ/m2 as well as the dispersive and polar
components γs

d/γs
p ratio. The role of the dispersive

component diminishes to 26.5 mJ/m2, while the polar
component becomes dominant with 46.6 mJ/m2. The
experimentally obtained ratio of γs

d/γs
p = 0.5 is in line with

the theoretically determined 60% surface coverage for
−OH, while the corresponding ratio of dispersive and
electrostatic energies (Edispersive/Eelectrostatic) is 0.56.
Additionally, the surface coverage of −OH groups of 60%
compares quite well with the previously reported XPS
and LDI-MS results [1], for chlorine substitution with
oxygen [2]. This agreement reveals that the direct insight
obtained from MD in silico modelling is predictive not only
regarding the optimal surface coverage of functional
groups but also regarding the key role of balance
between electrostatic and dispersive components.
Additionally, the obtained results have the practical
consequences in terms of biocompatibility observed as
enhanced adhesion and focal contacts formation on
oxygen plasma modified parylene C.

FIG. 1. Summary of the oxygen plasma effect on
parylene C SFE and contact angle and typical MD
snapshot.

Conclusions
Molecular dynamic simulations give a unique insight into
water-material interaction which can be further employed
to design polymeric surfaces with intended biological
function. Introducing controlled amounts of polar groups
of various chemical identities opens new possibilities for
more-rational surface modifications and tailoring of
implant surface properties for optimal cells−biomaterial
interactions.
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Molecular dynamics (MD) simulations have been
employed to investigate with atomistic resolution
interactions between water molecules and solid surfaces;
however, they are typically focused on model systems
such as silica or graphite which are far from polymeric
surfaces.
The aim of the study was to perform in silico simulations
of atomistic-level interactions between water molecules
and the polymeric surfaces of parylene C with the idea to
compare them with experimental results of surface
wettability and osteoblasts adhesion.

Materials and Methods
Fully atomistic molecular dynamics simulations were
performed to investigate interactions between water
molecules and several surfaces modelling both
parylene C and differently modified parylene C surfaces.
A total of four different functional groups corresponding to
different ways of surface modification were considered,
namely chloride (−Cl), hydroxyl (−OH), carbonyl (−CHO),
and carboxyl (−COO−) groups. The atomistic MD
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pore formation have a strong impact on the hydrophilicity
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images for the determination of contact angles and
surface tension.
The evaluation of cells adhesion and focal contacts were
performed with MG-63 osteoblast-like cell line.

Results and Discussion
The MD simulations of water film in contact with variously
decorated carbon surfaces were performed to quantify
the interactions between water molecules and parylene C
surfaces. Initially, the SFE of unmodified parylene C is
43.7 mJ/m2 and consists mostly of dispersive component
(43.1 mJ/m2) with minimal polar influence (0.6 mJ/m2) as
shown in FIG. 1. Modification of parylene C with oxygen
plasma and incorporation of oxygen-containing surface
functional groups cause a significant increase of the SFE
value to 74.2 mJ/m2 as well as the dispersive and polar
components γs

d/γs
p ratio. The role of the dispersive

component diminishes to 26.5 mJ/m2, while the polar
component becomes dominant with 46.6 mJ/m2. The
experimentally obtained ratio of γs

d/γs
p = 0.5 is in line with

the theoretically determined 60% surface coverage for
−OH, while the corresponding ratio of dispersive and
electrostatic energies (Edispersive/Eelectrostatic) is 0.56.
Additionally, the surface coverage of −OH groups of 60%
compares quite well with the previously reported XPS
and LDI-MS results [1], for chlorine substitution with
oxygen [2]. This agreement reveals that the direct insight
obtained from MD in silico modelling is predictive not only
regarding the optimal surface coverage of functional
groups but also regarding the key role of balance
between electrostatic and dispersive components.
Additionally, the obtained results have the practical
consequences in terms of biocompatibility observed as
enhanced adhesion and focal contacts formation on
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however, they are typically focused on model systems
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of atomistic-level interactions between water molecules
and the polymeric surfaces of parylene C with the idea to
compare them with experimental results of surface
wettability and osteoblasts adhesion.
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molecules and several surfaces modelling both
parylene C and differently modified parylene C surfaces.
A total of four different functional groups corresponding to
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namely chloride (−Cl), hydroxyl (−OH), carbonyl (−CHO),
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thickness) films, provided by ParaTech Coating
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GmbH, Nagold, Germany). The oxygen insertion and
pore formation have a strong impact on the hydrophilicity
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contact angles of water were calculated using Surftens
4.3 Windows image processing software for digital
images for the determination of contact angles and
surface tension.
The evaluation of cells adhesion and focal contacts were
performed with MG-63 osteoblast-like cell line.
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The MD simulations of water film in contact with variously
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surfaces. Initially, the SFE of unmodified parylene C is
43.7 mJ/m2 and consists mostly of dispersive component
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functional groups cause a significant increase of the SFE
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components γs
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−OH, while the corresponding ratio of dispersive and
electrostatic energies (Edispersive/Eelectrostatic) is 0.56.
Additionally, the surface coverage of −OH groups of 60%
compares quite well with the previously reported XPS
and LDI-MS results [1], for chlorine substitution with
oxygen [2]. This agreement reveals that the direct insight
obtained from MD in silico modelling is predictive not only
regarding the optimal surface coverage of functional
groups but also regarding the key role of balance
between electrostatic and dispersive components.
Additionally, the obtained results have the practical
consequences in terms of biocompatibility observed as
enhanced adhesion and focal contacts formation on
oxygen plasma modified parylene C.

FIG. 1. Summary of the oxygen plasma effect on
parylene C SFE and contact angle and typical MD
snapshot.

Conclusions
Molecular dynamic simulations give a unique insight into
water-material interaction which can be further employed
to design polymeric surfaces with intended biological
function. Introducing controlled amounts of polar groups
of various chemical identities opens new possibilities for
more-rational surface modifications and tailoring of
implant surface properties for optimal cells−biomaterial
interactions.

References
[1] M. Golda et al., Mater Sci Eng C 33 (2013) 4221-4227
[2] M. Golda-Cepa et al., ACS Appl Mater Interfaces 9
(2017) 16685−1669361

mailto:GOLDA@UJ.EDU
mailto:GOLDA@UJ.EDU
mailto:GOLDA@UJ.EDU


22
•••••••••

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

THE FIRST REPORT ON
CHARACTERISATION OF
PARTIALLY COVERED SELF-
EXPANDABLE METALLIC
STENTS IN ESOPHAGEAL
CANCER TREATMENT:
IN VIVO DEGRADATION
MONIKA GOŁDA-CĘPA2*, JANUSZ WŁODARCZYK1, JAROSŁAW
KUŻDŻAŁ1, PAULINA CHYTROSZ2, ANDRZEJ KOTARBA2

1 DEPARTMENT OF THORACIC AND SURGICAL ONCOLOGY,
JAGIELLONIAN UNIVERSITY COLLEGIUM MEDICUM,
JOHN PAUL II HOSPITAL, KRAKOW, POLAND
2 FACULTY OF CHEMISTRY, JAGIELLONIAN UNIVERSITY,
KRAKOW, POLAND
*E-MAIL: MM.GOLDA@UJ.EDU.PL

[ENGINEERING OF BIOMATERIALS 143 (2017) 22]

Introduction
Squamous cell carcinoma of the esophagus is the fourth
cause of death in males and seventeenth in females.
There is no change or slight decrease in incidence over
the last three decades [1]. More than 50% of patients
present with unresectable tumour, progressive weight
loss and dysphagia require palliative treatment. Among
the many available methods of palliation, stenting, laser
therapy, chemoradiation, and photodynamic therapy are
considered. However, most often stenting is the method
of choice. This is because of technical simplicity, wide
availability and immediate alleviation of dysphagia.
Patients requiring stenting are usually diagnosed with III
and IV grade dysphagia and significant weight loss. The
stents that are currently used, despite relative good
tolerance, are not free from side-effects and
complications. One of the most common problems
associated with stenting is granulation tissue overgrowth
and stent obstruction. Coverage with a polyurethane or
silicone membrane protects from tumour ingrowth, but
overgrowth beyond ends of the stent and granulation
tissue formation remains an issue.
The aim of the study was to investigate the impact of
long-term usage in the body on physicochemical
properties of partially-covered esophageal stents.

Materials and Methods
Structural analysis of 16 partially covered self-expandable
metallic stents (SEMS) has been subjected after removal
due to their dysfunction. SEMS were implanted because of
dysphagia as a result of inoperable esophageal cancer or
before chemo-radiotherapy such as bridge to radical
surgery treatment. Prostheses have been removed
because of their obstruction and recurrence of dysphagia
which make oral nutrition impossible for patients.
For the investigations, partially covered SEMS 7–12 cm
long and with diameter of 18 mm (Ultraflex Boston
Scientific, Natick, MA, USA) were used. For the
physicochemical investigation, the obtained stents were
cut into 1x1 cm coupons. The morphology of the NiTi stent
and polyurethane covering surfaces were evaluated by
a Hitachi S-4700 scanning electron microscope (SEM).
The properties of polymeric samples were analysed using
a TGA/DTA Mettler-Toledo apparatus. The polymeric
samples of about 1 mg were placed in an open alumina
crucibles. The measurements were carried out in
a temperature range of 30–600°C with a heating rate of
5°C min–1 at an Ar flow of 50 cm3 min–1 [2]. The changes
within the surface of polyurethane were followed by
contact angle measurements (CA), using a Surftens

universal instrument (OEG GmbH) equipped with Surftens
4.3 Windows image processing software. For each
sample, 5 independent 1 μL water drops were applied [3].
ATR-FTIR analyses of the polymeric films were performed
on a Spectrum 100 Nicolet 6700 (Thermo Scientific). The
spectra were recorded in at least 3 independent spots at
the samples in the range 4000–650 cm−1.

Results and Discussion
Structural analysis has been subjected of 16 removed
prostheses from patients (3 women and 13 men aged
40-80) which were treated in the course of squamous cell
carcinoma (14 patients) and adenocarcinoma of the
esophagus (2 patients). Among the treated patients 5
received chemo or chemo-radiotherapy, 5 preoperative
chemo-radiotherapy, 6 did not receive treatment.
The SEM observations revealed surface changes on the
metal alloy, mostly cracks, on the used esophageal
stents when compared to the reference sample. The
changes in surface morphology of polyurethanes covers
were also visible – the damage of the surface was mostly
due to cracks and peeling off 5–10 µm polymeric
fragments. The degradation of the polyurethane films was
confirmed with ATR-FTIR, indicating the significant loss
of intensity at 2930 cm–1, 2860 cm–1, 1740 cm–1, and
1245 cm–1 which correspond to the functional groups
–CH2, C=O, C-N, respectively. It is worth mentioning that
the degradation of polymers was greater at the distal end
of the stent. The highly probable reason for that is the
more acidic environment nearby the stomach when
compared to the proximal end. The bulk changes in the
polymer structure before and after stent implantation
were compared in terms of melting temperature (Tmelt).
The Tmelt for the distal end of the investigated stents were
shifted of ≈ 20°C towards higher temperatures which
indicates significant bulk changes in the polyurethane
covers exposed to the human body environment.

FIG. 1. The overview of the conducted research strategy.

Conclusions
The 16 esophageal stents (Nitinol-polyurethane) were
examined after prolonged usage in the body.
Physicochemical characterization (SEM, ATR-FTIR,
TG/DTA, CA) revealed significant changes in the
materials bulk (Tmelt) and surface morphology as well as
surface functional groups (CA, IR). It was concluded, that
the degradation strongly depends on the physiological
environment (i.e. medical treatment, in-site pH). The main
directions for improvement of the stents were pointed out.
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Introduction
Squamous cell carcinoma of the esophagus is the fourth
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There is no change or slight decrease in incidence over
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present with unresectable tumour, progressive weight
loss and dysphagia require palliative treatment. Among
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complications. One of the most common problems
associated with stenting is granulation tissue overgrowth
and stent obstruction. Coverage with a polyurethane or
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overgrowth beyond ends of the stent and granulation
tissue formation remains an issue.
The aim of the study was to investigate the impact of
long-term usage in the body on physicochemical
properties of partially-covered esophageal stents.
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due to their dysfunction. SEMS were implanted because of
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surgery treatment. Prostheses have been removed
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long and with diameter of 18 mm (Ultraflex Boston
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Introduction
Squamous cell carcinoma of the esophagus is the fourth
cause of death in males and seventeenth in females.
There is no change or slight decrease in incidence over
the last three decades [1]. More than 50% of patients
present with unresectable tumour, progressive weight
loss and dysphagia require palliative treatment. Among
the many available methods of palliation, stenting, laser
therapy, chemoradiation, and photodynamic therapy are
considered. However, most often stenting is the method
of choice. This is because of technical simplicity, wide
availability and immediate alleviation of dysphagia.
Patients requiring stenting are usually diagnosed with III
and IV grade dysphagia and significant weight loss. The
stents that are currently used, despite relative good
tolerance, are not free from side-effects and
complications. One of the most common problems
associated with stenting is granulation tissue overgrowth
and stent obstruction. Coverage with a polyurethane or
silicone membrane protects from tumour ingrowth, but
overgrowth beyond ends of the stent and granulation
tissue formation remains an issue.
The aim of the study was to investigate the impact of
long-term usage in the body on physicochemical
properties of partially-covered esophageal stents.

Materials and Methods
Structural analysis of 16 partially covered self-expandable
metallic stents (SEMS) has been subjected after removal
due to their dysfunction. SEMS were implanted because of
dysphagia as a result of inoperable esophageal cancer or
before chemo-radiotherapy such as bridge to radical
surgery treatment. Prostheses have been removed
because of their obstruction and recurrence of dysphagia
which make oral nutrition impossible for patients.
For the investigations, partially covered SEMS 7–12 cm
long and with diameter of 18 mm (Ultraflex Boston
Scientific, Natick, MA, USA) were used. For the
physicochemical investigation, the obtained stents were
cut into 1x1 cm coupons. The morphology of the NiTi stent
and polyurethane covering surfaces were evaluated by
a Hitachi S-4700 scanning electron microscope (SEM).
The properties of polymeric samples were analysed using
a TGA/DTA Mettler-Toledo apparatus. The polymeric
samples of about 1 mg were placed in an open alumina
crucibles. The measurements were carried out in
a temperature range of 30–600°C with a heating rate of
5°C min–1 at an Ar flow of 50 cm3 min–1 [2]. The changes
within the surface of polyurethane were followed by
contact angle measurements (CA), using a Surftens

universal instrument (OEG GmbH) equipped with Surftens
4.3 Windows image processing software. For each
sample, 5 independent 1 μL water drops were applied [3].
ATR-FTIR analyses of the polymeric films were performed
on a Spectrum 100 Nicolet 6700 (Thermo Scientific). The
spectra were recorded in at least 3 independent spots at
the samples in the range 4000–650 cm−1.

Results and Discussion
Structural analysis has been subjected of 16 removed
prostheses from patients (3 women and 13 men aged
40-80) which were treated in the course of squamous cell
carcinoma (14 patients) and adenocarcinoma of the
esophagus (2 patients). Among the treated patients 5
received chemo or chemo-radiotherapy, 5 preoperative
chemo-radiotherapy, 6 did not receive treatment.
The SEM observations revealed surface changes on the
metal alloy, mostly cracks, on the used esophageal
stents when compared to the reference sample. The
changes in surface morphology of polyurethanes covers
were also visible – the damage of the surface was mostly
due to cracks and peeling off 5–10 µm polymeric
fragments. The degradation of the polyurethane films was
confirmed with ATR-FTIR, indicating the significant loss
of intensity at 2930 cm–1, 2860 cm–1, 1740 cm–1, and
1245 cm–1 which correspond to the functional groups
–CH2, C=O, C-N, respectively. It is worth mentioning that
the degradation of polymers was greater at the distal end
of the stent. The highly probable reason for that is the
more acidic environment nearby the stomach when
compared to the proximal end. The bulk changes in the
polymer structure before and after stent implantation
were compared in terms of melting temperature (Tmelt).
The Tmelt for the distal end of the investigated stents were
shifted of ≈ 20°C towards higher temperatures which
indicates significant bulk changes in the polyurethane
covers exposed to the human body environment.

FIG. 1. The overview of the conducted research strategy.

Conclusions
The 16 esophageal stents (Nitinol-polyurethane) were
examined after prolonged usage in the body.
Physicochemical characterization (SEM, ATR-FTIR,
TG/DTA, CA) revealed significant changes in the
materials bulk (Tmelt) and surface morphology as well as
surface functional groups (CA, IR). It was concluded, that
the degradation strongly depends on the physiological
environment (i.e. medical treatment, in-site pH). The main
directions for improvement of the stents were pointed out.
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Introduction
It seems that commonly used biomaterials are sufficiently
well characterized allowing the responsible selection of
biomaterial for the purpose of spine surgery. However,
a thorough analysis of available publications indicates the
difficulty of comparing them due to the variety of research
techniques and experimental conditions. In addition,
there is no information on tissue responses observed at
the molecular level, allowing for the identification of
mechanisms involved in cell response to exposure to the
used biomaterial. For this reason, we have decided to
perform a comprehensive biological evaluation of
representatives of commonly used biomaterials (Ti6Al4V
alloy) and polymer (PEEK Optima).

Materials and Methods
The biomaterials of our interest were materials most
commonly used in spine implantation. These are Ti6Al4V
ELI alloy and PEEK Optima. Compliance with the
relevant ISO/ASTM standards of biomaterials used was
confirmed by the certifications provided by manufacturers
indicating as implantable implant material. Additionally
Ti6Al4V alloy prepared by the selective melting with
electron beam technology (Ti6Al4V ELI-EBT) was used in
this study [1]. The samples were prepared in the form of
discs (8 or 16 mm in diameter) of 3 mm thickness. The
surfaces of the samples were finished according to the
standards used for the production of implantable medical
devices. Metal samples were additionally etched and
passivated. The final stages of sample preparation,
including washing, double-sleeve packaging and steam
sterilization, were conducted in a clean zone. The
biological evaluation of the examined biomaterials
consisted of the following methods: XTT cytotoxicity test
[2], micronucleus test [3], surface colonization by bacteria
[4], thrombo-compatibility [5], proteome profile [6],
transcriptome profile [7]. As a biological material E. coli
bacterial cells, EA.hy926 line of endothelial cells and
Saos-2 line of osteoblasts were used.

Results and Discussion
The extracts obtained from the studied samples showed
no significant cytotoxic and genotoxic characteristics for
both types of cells in comparison to control culture.
Both Ti6Al4V ELI and PEEK Optima exhibited high
resistance to bacterial colonization while lacking the
cytotoxic properties in relation to bacteria. In contrast,
Ti6Al4V ELI-EBT was significantly more susceptible to
microbial colonization.

Blood platelets adhered to the surface of the studied
biomaterials and underwent differentiated activation on
these surfaces. On the other hand, flow cytometry
analysis showed that the contact with titanium alloys
samples results in five times higher spontaneous
aggregation of platelets remaining in the whole blood and
only two-fold increase in the case of contact with PEEK
Optima, although fraction of activated platelets in whole
blood, evaluated with specific antibodies, shows only
a small increase in comparison to control.
Both transcriptome and proteome profiles show very
significant changes in gene and peptide expression in
both osteoblasts and endothelial cells resulting from
contact with the studied samples. These changes
concern numerous cellular metabolic pathways and
ongoing analysis of the possible effects of these changes
are underway.

Conclusions
Comprehensive biological analysis of biomaterials
commonly used in spine surgery shows that the results of
standard cytotoxicity and genotoxicity tests, although
consistent with the available in literature, do not provide
complete information about the suitability of these
materials. It should be noted that the porous structure of
Ti6Al4V ELI-EBT promotes the microbial colonization of
this biomaterial. On the other hand, all investigated
biomaterials produce significant changes in the
expression of genes and peptides, which can be of great
importance in the appropriate selection of materials for
personalized medicine.
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Abstract
This paper presents the method of obtaining
biodegradable glass fibers and the results of strength
tests of polylactide based composites reinforced with
obtained fibers. Polylactide (PLA) is a biodegradable
plastic used in both industry and medicine. In medical
applications its use is limited due to low mechanical
properties. One of the methods to improve the strength
parameters is the development of composite materials
based on PLA with fibrous fillers. In this work as a matrix,
the NatureWorks 4043D polylactide was used. For the
reinforcement, the continuous, biodegradable glass fiber
was used. These fibers were obtained by direct pulling
out of the preform. Their composition is based on the
composition of the biodegradable 45S5 glass, but the
contents of calcium oxide (CaO) and sodium oxide
(Na2O) have been changed. Also the potassium oxide
(K2O) was added. Composite samples were obtained by
flooding the fibers with polylactide dissolved in
dichloromethane. Strength tests were carried out using
the Zwick/Roell Z010 strength machine. The tensile
strength values for composites ranged from slightly less
than 11 MPa to almost 20 MPa. For PLA samples it
ranged from about 14 MPa to slightly less than 18 MPa.
The highest values of tensile strength were obtained by
composite samples. Initial studies show that it is possible
to improve the tensile strength of PLA samples by
incorporating biodegradable glass fibers into their
structure.

Keywords: tensile strength, plastic, biodegrability, glass
fiber
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Introduction
Biomaterials can cause an inflammatory response after
implantation in living organism. Initial inflammation is an
essential part of the tissue regeneration process since is
required to modulate cell recruitment, differentiation and
angiogenesis. However, excessive inflammation leads to
formation of an adverse environment for regeneration
and also to generation of reactive oxygen species (ROS).
The ROS act as signalling molecules that upregulate
cytokines and other inflammatory mediators that induce
further inflammatory cell migration [1,2]. Therefore,
biomaterials that can reduce the ROS production in
a sustained and controlled manner and thereby modulate
inflammatory response may be a useful tool for tissue
engineering (TE) applications. An incorporation of anti-
inflammatory agents into the biomaterial is a strategy for
modulating inflammation [1]. Antioxidants are one of the
most promising molecules that show anti-inflammatory
effects by neutralizing ROS [3].
The aim of this study is to enrich poly(ε-
caprolactone)/bioglass composite films with polyphenols
(PPh) extracted from fruits and leaves of sweet cherry
(Prunus avium L.) in order to combine the bioactive
properties of bioglass with the biological activities and
health benefits of polyphenols.

Materials and Methods
Conventional solvent extraction of polyphenols from fruits
and leaves of sweet cherry was performed in 1,4-
dioxane. Bioactive glass particles of the composition of
(mol%) 40SiO2–54CaO–6P2O5 were synthesized by the
use of sol-gel and melt-quenching methods. The
polyphenols were introduced into materials directly with
solvent-plant extract using solvent-casting method. The
static water contact angle was evaluated by sessile drop
technique. The amount of PPh present on the surface of
materials was determined using Folin–Ciocalteu method.
The antioxidant activity of the films was evaluated using
DPPH, ABTS, and FRAP tests. Bioactivity of materials
was assessed using SEM/EDX and FTIR methods after
7-day immersion in SBF.

Results and Discussion
The results showed that the entrapment efficiency of PPh
derived from both fruits and leaves of sweet cherry was
100% for all materials, suggesting no loss of PPh and
their activity. The content of PPh on the surface of
materials containing leaf and fruit extracts increased in
the following order: A2gel/PCL/PPh < A2melt/PCL/PPh <

PCL/PPh (FIG. 1a). The reduction in the amount of PPh
on the surface of composites can be explained by the
adsorption of PPh on the surfaces of glass fillers.

FIG. 1. The amount of PPh on the surface of materials
(a), antioxidant activity of PPh-loaded films evaluated
using ABTS (b), DPPH (c) and FRAP (d) assays. Results
are expressed as mean ± SD (n=3).

After modification with PPh, the films exhibited
significantly higher hydrophilicity that can be attributed to
the exposition of hydroxyl groups of the PPh present on
the surface of films. The antioxidant potential can be
clearly ascribed to the presence of PPh in materials
(FIGs. 1b-1d). PCL/PPh films showed the highest RSA
and reducing potential, while the lowest values were
found for A2gel/PCL/PPh materials. The results closely
correlated with the content of PPh on the surface of films
(FIG. 1a). The surfaces of all composites after soaking in
SBF were fully covered with the thick layers rich in
calcium and phosphorus. It seemed that layers formed on
the films with PPh from fruits contained bigger and well-
developed crystal forms. That could have been attributed
to the higher concentrations of PPh on the surfaces of
these composites. Phenolic hydroxyl groups can promote
HCA deposition throughout the interaction with Ca2+ ions.
The ATR-FTIR spectra of incubated materials were
dominated by phosphate and carbonate bands (FIG. 3b)
at 558 and 600 cm−1 (O–P–O bending mode), 1014 cm−1

with a shoulder at 1115 cm−1 (P–O stretching mode) and
875 cm−1 (CO3

2− bending mode), characteristic for HCA
layers.

Conclusions
Materials exhibited excellent in vitro bioactivity, improved
hydrophilicity and also high antioxidant potential. The use
of melt-derived or gel-derived bioactive glass particles
and also PPh from leaves and fruits of sweet cherry,
caused different PCL-PPh and BG-PPh interactions and
therefore affected PPh content on the film surfaces. That,
in turn, determined surface wettability, in vitro bioactivity,
and finally antioxidant activity, providing possibilities for
modulating these properties in a wide range. The results
suggest that obtained films represent a potential
multifunctional biomaterials for bone tissue regeneration.
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DPPH, ABTS, and FRAP tests. Bioactivity of materials
was assessed using SEM/EDX and FTIR methods after
7-day immersion in SBF.

Results and Discussion
The results showed that the entrapment efficiency of PPh
derived from both fruits and leaves of sweet cherry was
100% for all materials, suggesting no loss of PPh and
their activity. The content of PPh on the surface of
materials containing leaf and fruit extracts increased in
the following order: A2gel/PCL/PPh < A2melt/PCL/PPh <

PCL/PPh (FIG. 1a). The reduction in the amount of PPh
on the surface of composites can be explained by the
adsorption of PPh on the surfaces of glass fillers.

FIG. 1. The amount of PPh on the surface of materials
(a), antioxidant activity of PPh-loaded films evaluated
using ABTS (b), DPPH (c) and FRAP (d) assays. Results
are expressed as mean ± SD (n=3).

After modification with PPh, the films exhibited
significantly higher hydrophilicity that can be attributed to
the exposition of hydroxyl groups of the PPh present on
the surface of films. The antioxidant potential can be
clearly ascribed to the presence of PPh in materials
(FIGs. 1b-1d). PCL/PPh films showed the highest RSA
and reducing potential, while the lowest values were
found for A2gel/PCL/PPh materials. The results closely
correlated with the content of PPh on the surface of films
(FIG. 1a). The surfaces of all composites after soaking in
SBF were fully covered with the thick layers rich in
calcium and phosphorus. It seemed that layers formed on
the films with PPh from fruits contained bigger and well-
developed crystal forms. That could have been attributed
to the higher concentrations of PPh on the surfaces of
these composites. Phenolic hydroxyl groups can promote
HCA deposition throughout the interaction with Ca2+ ions.
The ATR-FTIR spectra of incubated materials were
dominated by phosphate and carbonate bands (FIG. 3b)
at 558 and 600 cm−1 (O–P–O bending mode), 1014 cm−1

with a shoulder at 1115 cm−1 (P–O stretching mode) and
875 cm−1 (CO3

2− bending mode), characteristic for HCA
layers.

Conclusions
Materials exhibited excellent in vitro bioactivity, improved
hydrophilicity and also high antioxidant potential. The use
of melt-derived or gel-derived bioactive glass particles
and also PPh from leaves and fruits of sweet cherry,
caused different PCL-PPh and BG-PPh interactions and
therefore affected PPh content on the film surfaces. That,
in turn, determined surface wettability, in vitro bioactivity,
and finally antioxidant activity, providing possibilities for
modulating these properties in a wide range. The results
suggest that obtained films represent a potential
multifunctional biomaterials for bone tissue regeneration.
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Introduction
Titanium and its alloys are considered to be the most
applicable materials for bone implantations [1]. Even
though innovative alloys such as e.g. Ti-6Al-7Nb have
been recently replaced by Ti-6Al-4V alloy, it is still the
most widespread alloy for orthopaedic applications. Thus,
there is a necessity to modify surface of this material to
improve its properties. The functionalized surfaces exhibit
better mechanical and biological (e.g. osseointegration
and biocompatibility) properties, that are crucial for
successful implantation surgery [2,3]. Diamond-like
Carbon (DLC) coatings are considered to meet these
requirements, but their properties such as modulus of
elasticity and residual stress cause unfavourable stress
distribution at the substrate-coating interface. Therefore,
deposition of gradient layers or doping them with silicon
or nitrogen can solve this problem.
In this work, multi-layered nitrogen doped coatings of
carbon-hydrogen and/or silicon-hydrogen structure
obtained by deposition using Microwave Plasma Assisted
Chemical Vapour Deposition method are presented.

Materials and Methods
Samples made from Ti-6Al-4V alloy (3 mm thickness)
were mechanically polished, to achieve mirror-like
surface, and coated in Plasma Assisted Chemical Vapour
Deposition (PA CVD) system, equipped with microwave
(2.54 GHz) antenna. Five various processes were
performed - TABLE 1.

TABLE 1. Details of experimental series for Ti-6Al-4V
modified with application of MW CVD system

Series Type of coatings Plasma
nitriding

1C SiCNH/SiCNH-CNH/CNH No
2C N+/SiNH-N+/N+ Yes
3C N+/SiCNH/SiCNH-CNH/CNH Yes
4C N+/SiNH/SiNH - SiCNH/SiCNH/

SiCNH-CNH/CNH
Yes

5C SiNH/SiNH - SiCNH/SiCNH/
SiCNH-CNH/CNH

No

Series 2C, 3C and 4C were obtained with application of
plasma nitriding process before particular multilayers
deposition. While, series 2C was additionally subjected to
plasma nitriding after deposition process.
Structure characterization of the resulting coatings in
different atomic scale was carried out by SEM and IR
spectroscopic method. Hardness and modulus of
elasticity were determined by nanoINDENTER® G200
(Agilent technologies, USA) with continuous stiffness
measurement. Additionally, preliminary biological study in
vitro was performed: (i) cytotoxicity towards human

osteosarcoma MG-63 cell line was evaluated by MTT
assay and (ii) release of Ti, V, and Al ions to cell culture
media was detected by ICP-MS methods. Wettability and
surface free energy (SFE) of tested samples were
investigated using an automatic drop shape analysis
system DSA 10 Mk2 (Kruss, Germany).

Results and Discussion
As a result of application of MW CVD method smooth
modified surfaces of Ti-6Al-4V alloy with characteristic
granular structure have been obtained - FIG. 1.

FIG. 1. SEM image for series 1C (mag. 50 000 x).

After plasmochemical functionalization the tested series
(1C - 5C) showed surface roughness Ra in the range of
4.82 ÷ 3.35 nm, with the highest value observed for
modification 1C. IR spectra confirmed the presence of
typical atomic groups for the resulting structures. It was
showed that application of gradient coatings is a diffusion
barrier for metal ions released from the modified alloy
surface. All types of plasma modifications significantly
changed of Young modulus of the functionalized
substrates (up to ca. 1.2 µm from surface) in comparison
with the untreated Ti-6Al-4V alloy. For instance, low
hardness value of tested samples after modification is
connected with the least dense, granular structure.

FIG. 2. Hardness profile of the unmodified and selected
modified Ti6Al4V alloy in plasma conditions

Conclusions
In this investigation, it was demonstrated that for the
majority of plasma-based surface modifications
physicochemical properties such as roughness,
wettability, and hardness were improved. The most
significant improvement was observed in case of series
1C, consisted of deposition on the top CNH layer without
pre- and post- plasma nitriding process. This, in turn,
results in low values of hardness and Young modulus of
the modified surfaces.
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Introduction
In recent years hydrogels, due to their biocompatibility,
cell-controlled degradability, and intrinsic cellular
interaction have become one of the most important class
of materials used in medicine. Nowadays, hydrogels play
an important role in dynamically developing field of tissue
engineering where they are used as a three-dimensional
porous scaffolds to guide the growth of new tissues, as
an implantable devices, in cartilage wound healing, drug
delivery systems, wound dress and bone regeneration.
The structure and functions of those polymeric materials
can be prepared in a precisely controlled way. To foster
new tissue formation hydrogels must meet a number of
criteria that include physical (e.g. degradation and
mechanics) and biological (e.g. cell adhesion) guidelines
[7]. Hydrogels are made from natural polymers (e.g.
collagen, chitosan, keratin) as well as synthetic polymers
(e.g. poly(vinyl alcohol), PVA, poly(ethylene glycol), PEG,
poly(acrylic acid), PAA [1].
Poly(acrylic) acid (PAA) has been intensively examined
by many scientist in the context of biomedical
applications, due to its biocompatibility, pH-sensitivity,
solubility in water and aqueous solutions of inorganic
salts and simultaneous lack of solubility in most organic
liquids. In neutral and alkaline solution acidic carboxyl
groups of PAA are ionized and this leads to electrostatic
repulsion of the polymer chains. Over recent years,
various PAA-based materials for the use in tissue
engineering have been proposed [2].
Nowadays, polymeric hydrogels are mainly combined
with different type of nancompounds (e.g. graphene
oxide, carbon nanotubes, gold–silica nanoshells, nano-
hydroxyapatite, ultra-high-molecular-weight polyethylene
nanofibres), biologically active proteins or peptides, and
reinforced with inherently biocompatible particles (e.g.
hydroxyapatite, HAp). HAp is the inorganic component of
bones and teeth forming their hardness and strength.
HAp due to its porosity, bioactivity, biocompatibility and
ability to form a good connection with the living tissues is
willingly used as a component of different types of
biomaterials, especially in dental and orthopaedic surgery
as a filled material for biocompatibility matrix [3].
In this research paper, we describe in detail the
preparation, characterization and biocompatibility studies
of three-dimensional hydrogel composite material
prepared from acrylic acid, particles of HAp and agar (as
a stabilizing agent), cross-linked by poly(ethylene glycol)
diacrylate (PEGDA) under microwave irradiation and
modified by different amounts of bee pollen.

Materials and Methods
The aim of this paper is to present the influence of bee
pollen on the physicochemical and in vitro properties of
poly(acrylic acid) hydrogel composites enriched with
hydroxyapatite and modified with bee pollen as
a prospective materials for biomedical application with
beneficial features including good osseointegration and
anti-inflammatory effect.

Results and Discussion
Phase and chemical composition of hydroxyapatite
synthesized by wet-precipitation method was confirmed
by means of XRD and FT-IR techniques. Proposed
materials were investigated towards in vitro properties by
immersion in incubation fluids including artificial saliva,
Ringer’s solution and distilled water and composites
swelling ability was determined. Additionally, the
chemical structure of the polymer matrix composites was
confirmed by infrared spectroscopy with Fourier
transformation. Moreover, to characterize composite
degradation process in 21 days incubation FT-IR
technique was employed. Hydrogel composite before
incubation (a) and after 21 days immersion (b) are shown
in FIG. 1. In order to describe bee pollen feature both
scanning electron microscopy and X-ray fluorescence
spectrometry were used. Presented research revealed
that hydroxyapatite, as well as poly(acrylic acid) undergo
biodegradation during in vitro test. Moreover, matrices
degradation results in incubation fluids pH decrease
associated with anionic nature of poly(acrylic acid), which
is further enhanced by bee pollen release. The strongest
pH drop effect was observed for Ringer’s solution.
Increase in conductivity of distilled water confirmed
composites degradation process.

FIG. 1. Hydrogel composite before incubation (a) and
after 21 days immersion (b).

Conclusions
Prepared composite materials present good sorption
capacity against different fluids used in biomedical
testing, such as Ringer’s solution and artificial saliva.
In vitro tests performed in this research proved that
investigated materials are stable in body-simulated
conditions during 21 days incubation. Given the fact that
acrylic hydrogel materials are already applied as a wound
dressing devices, further investigations should be
focused on adoption this structure in the field of
biomaterials supporting bone regeneration, which can be
achieved by bioactive phosphates incorporation. It can be
presumed that so-modified hydrogels would possess
such beneficial properties and would support
osseointegration.
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Introduction
Magnesium alloys and polylactic acid polymer (PLA)
coatings are optimum materials for biodegradable
implants [1,2], but their combination is limited because of
the low adhesion of PLA on Mg alloys. Plasma
electrolytic oxidation (PEO) is a valuable surface
modification technique for Mg alloys to promote adhesion
of coatings, but limited studies have systematically
evaluated this effect.
In the present report, dipping method has been used to
deposit a PLA coating on AZ31 Mg alloy to tailor its
corrosion properties. Furthermore, the surface of the alloy
has been modified by PEO [3] to produce a porous
coating on AZ31 Mg alloy as an intermediate layer to
improve the adhesion strength between PLA layer and
the magnesium alloy, and at the same time enhancing
the properties of the PLA coating.
The influence of dipping parameters (number of layers,
withdrawal speed and polymer concentration) in several
properties of the coating (mass increment, thickness,
roughness, adhesion and resistance polarization) has
been evaluated by using the Taguchi design of
experiment (DOE) method [4]. In addition, the effect of
the PEO treatment has been evaluated for the different
coating parameters. Finally, the corrosion behavior of the
different systems was also studied.

Materials and Methods
AZ31 commercially available magnesium alloy was used
as the base substrate and PLA was used as the coating
material. PLA was dissolved in chloroform and coated on
the samples using the dip-coating technique. PEO
treatments were carried out using alternating current (AC)
voltage. The large number of variables involved in dip
coating processes, are reduced to a limited number of
experiments by the Taguchi design of experiment (DOE)
method. This methodology was used to analyze the
influence of the dip coating conditions (number of layers,
withdrawal speed and polymer concentration) in the main
characteristics of the coatings (mass increment,
thickness, rugosity, adhesion and resistance
polarization). Every parameter was evaluated for three
levels (different values), as we can see in TABLE 1:

TABLE 1. Manufacturing factors and values used for each
FACTORS LEVEL 1 LEVEL 2 LEVEL 3
LAYERS 3 4 5
SPEED (cm/min) 8 35 75
CONCENTRATION
(%w/w)

1.23 2.5 6

In terms of the coating, concentration of PLA in the
dipping solution seems to be the most important
parameter controlling the properties of the coatings.

The results show that PEO treatment did not increase the
adhesion strength of the PLA coating, although the
corrosion potential and polarization resistance were
increased.

Results and Discussion
The potentiodynamic polarization curves of the samples
are shown in FIG. 1 and the corresponding
electrochemical data are listed in TABLE 2.

FIG. 1. Potentiodynamic polarization curves of the
samples exposed to Hanks solution.

The corrosion potential value of double coated sample is
higher than for single coated and uncoated Magnesium
sample (FIG. 1). There is also a reduction in the
corrosion current of the double-coated sample compared
to uncoated Mg alloy (TABLE 2).

TABLE 2. Electrochemical data for the coated and
uncoated samples.

Potential (V) Current Density
AZ31 -1.3232 1.48E-06

AZ31-PLA -1.2643 2.38E-07

AZ31-PEO -1.1897 9.27E-08

AZ31-PEO-PLA -1.0928 5.96E-08

Conclusions
PEO treatment did not increase the adhesion strength of
the PLA coating, although the corrosion potential and
polarization resistance were increased. In terms of the
coating, concentration of PLA in the dipping solution
seems to be the most important parameter controlling the
properties of the coatings.
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Introduction
Nanoparticles (NPs) of various materials (metals and
metal oxides), shapes (rods, plates, cubes, etc.) and
sizes (1-100 nm) exhibit different physical and chemical
properties, including adsorption of biomolecules and
surface functionalization. It allows to adjust specific NPs
for better NPs-bacteria interactions. The interactions
between bacteria cell wall and NPs are influenced by
several factors, e.g. size, charge and pH, surface
functional groups, adsorbed peptides/proteins and other
potential adsorbing compounds which all have an effect
on the aggregation degree and the dispersion of NPs.
In the literature there are usually pointed out two key
factors responsible for the NP-bacteria cell wall adhesion:
chemical affinity and NPs surface area [1]. There are
some studies revealing size-specific affinity as NPs
attached to the bacterial membrane within a narrow size
distribution, e.g. for the interaction of E. coli with Ag NPs
the optimal size is 5.4 ± 0.7 nm [2]. NPs-bacteria
interaction can be obtained by surface adsorption and/or
internalization, controlled by the surface charge and cell
wall structure [3], because bacteria cell wall has
a complex chemistry and significantly differ between
Gram-positive and Gram-negative bacteria strains.
Usually Gram-positive bacteria are highly negatively
charged due to the exposure of teichoic acid brushes on
the cell wall surface. The aim of the work was to
investigate the key factors ruling the adhesion of various
inorganic NPs on typical bacteria strains.

Materials and Methods
The nanoparticles of cryptomelane (KMn8O16), cobalt
spinel (Co3O4), ceria (CeO2) and α–hematite (Fe2O3)
were synthesised with standard hydrothermal and/or
precipitation methods. The structures of synthesised
materials were characterized by Raman spectroscopy
and X-ray diffraction. The shapes of NPs were
determined with transmission electron microscopy and
NPs size distribution with Nanoparticle Tracking Analysis
(NTA). Bacterial cell surface (S. aureus, S. maltophilia)
electric net charges were characterized by the zeta
potential, which is the electrical potential of the interface
between the aqueous solution and the stationary layer of
fluid attached to the bacterial cell. The isoelectric point of
NPs and bacteria in water suspensions were calculated
based on zeta potential measurements.

Results and Discussion
It was revealed, that using different synthesis methods it
is possible to obtain inorganic nanoparticles with different
size and shape. The preliminary results showed that the
interaction between nanoparticles of typical functional
oxides (CeO2 and Fe2O3) and bacteria cell walls
(S. aureus, S. maltophilia) depends on several factors,
especially the concentration of NPs and bacteria
suspension, time of incubation and electric charges of
microorganisms and NPs. The measured zeta potential
values of ceria and investigated bacteria strains are
presented in TABLE 1. The bacteria–NPs surface

interactions can be interpreted in terms of mutual
interactions – electrostatic (Coulomb) and dispersive (van
der Waals) which provides the basis for the energetic
profile in DLVO (Derjaguin–Landau–Verwey–Overbeek)
theory [4]. This approach can be used for controlled
deposition of nanoparticles on bacteria. The proposed
model of bacteria interaction with nanoparticles surface is
presented in FIG. 1 showing the main three steps in the
interaction upon NPs approaching the bacteria cell
surface.

TABLE 1. Energetic model of nanoparticles-bacteria
interactions.

NPs/bacteria strain ζ potential (H2O) / mV
CeO2 +28

S. aureus -13
S. maltophilia -4

FIG. 1. Energetic model of nanoparticles-bacteria
interactions.

Conclusions
It was found out that the electrostatic interactions play
a key role in NPs adsorption on the bacteria surface.
Specifically, positively charged nanoparticles are easily
adsorbed on negatively charged bacteria cell walls. Such
findings may play an important role in several
applications, e.g. designing antimicrobial surfaces and
biosynthesis of nanoparticles. The studies provide basis
for the in–depth investigations of NPs-bacteria
interactions on both levels, molecular and macroscopic.
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findings may play an important role in several
applications, e.g. designing antimicrobial surfaces and
biosynthesis of nanoparticles. The studies provide basis
for the in–depth investigations of NPs-bacteria
interactions on both levels, molecular and macroscopic.
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Introduction
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on the aggregation degree and the dispersion of NPs.
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some studies revealing size-specific affinity as NPs
attached to the bacterial membrane within a narrow size
distribution, e.g. for the interaction of E. coli with Ag NPs
the optimal size is 5.4 ± 0.7 nm [2]. NPs-bacteria
interaction can be obtained by surface adsorption and/or
internalization, controlled by the surface charge and cell
wall structure [3], because bacteria cell wall has
a complex chemistry and significantly differ between
Gram-positive and Gram-negative bacteria strains.
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the cell wall surface. The aim of the work was to
investigate the key factors ruling the adhesion of various
inorganic NPs on typical bacteria strains.
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spinel (Co3O4), ceria (CeO2) and α–hematite (Fe2O3)
were synthesised with standard hydrothermal and/or
precipitation methods. The structures of synthesised
materials were characterized by Raman spectroscopy
and X-ray diffraction. The shapes of NPs were
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Introduction
The constant presence of chemical antimicrobial
substances in our environment poses the risk of selecting
strains of bacteria that are resistant to the bactericidal
agents. At the same time, many research groups point to
the need to increase the protection of the antibacterial
surface on commonly used materials. Particularly
important surfaces appear to be exposed to large
numbers of people at places such as public transport or
hospital facilities, which may also lead to the spread of
pathogenic microorganisms.
One of directions of research is to develop coatings with
antibacterial properties based on the action of inorganic
compounds such as metal ions or metal oxides. This
reduces the use of antibiotics or bacteriostats, reducing
the risk of increased resistance to the pharmaceuticals
used [1,2].
In this work, coatings produced by anodic oxidation using
electrolytes containing ionic germicidal compounds were
used.

Materials and Methods
The samples of Ti6Al4V were prepared in the form of
discs of 16 mm in diameter and of 3 mm thickness. The
surfaces of the samples were prepared according to the
standards used for the production of implantable medical
devices.
Anodic acid solutions (H3PO4, H2SO4, HF) and
antimicrobial compounds (CuCl2, ZnSO4, ZnO) were
used as the working electrolytes for the anode oxidation
process.
Doped TiO2 layers were characterized by measurement
of: contact angle and roughness, as well as by analysis
with SEM microscopy and EDS spectrometry.
Verification of bactericidal potential was carried out using
fluorescence microscopy and flow cytometry, as well as
the susceptibility test for bacterial colonization of doped
TiO2 layers [3].

Results and Discussion
The efficiency and effectiveness of TiO2 layers deposition
on the titanium surface were assessed by the use of
variable operating conditions, i.e. - application time,
working electrolyte composition, and current. This
allowed us to optimize the proper conditions for obtaining
expected continuity and layer thickness on the surface of
titanium samples. At the same time, effects of these
parameters on bactericidal properties were analyzed - we
showed that there are differences in the type of acid used
in the electrolyte.
An essential part of this work was testing of antibacterial
effect substances introduced into the layer during the
anode oxidation process, it means Cu2+, Zn2+, and ZnO in
the form of nanopowder. The range of used
concentrations was from 0.1 to 1mM in the working
electrolyte, and the results show a correlation of
antimicrobial protection with the level of added dopants.

EDS analysis confirmed the presence of doped
substances in the produced layers.

Conclusions
Currently, there is a trend in reducing the level of
antibiotics used as protection against the development of
undesired bacterial biofilms [4]. The research
demonstrates the potential in this respect of technology
based on the addition of ionic additives that increase the
level of protection against surface colonization and the
development of microorganisms.
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Introduction
Bone cement is a biomaterial, which is used as a material
for filling bone defects, stabilizing complicated fractures
and fixing implants. As a result of various types of bone
damage or tumors, it is used in maxillo-facial surgery.
In this environment, bone cement is exposed to stress,
aggressive solution and corrosive agents in the case of
bonding metal implants [1-5].
The purpose of this study is to examine its potential
degradation in oral cavity. The aim of selected research
is to observe the quality of obtained bone cement and
checking the effect of the artificial saliva solution on it.

Materials and Methods
The research was carried out on bone cement. It was
prepared by manual mixing at 2 spins per seconds and
formed into square-shaped samples of 20x20 mm and
a thickness of approximately 1.5 mm (FIG. 1). In addition,
parts of the samples were applied to 2 mm thick titanium
plates.

FIG. 1. Bone cement sample.

The following research were carried out on: topography
of the surface using scanning electron microscope,
wetting angle of the surface using optical tensiometer,
absorption of the solution for 1h and 24h, corrosion in the
artificial saliva solution.

Results and Discussion
Surface topography was observed using scanning
electron microscope. The average number of pore on the
surface of 700x1200 μm was 18x and their approximate
size was 10-30 μm. An example of topography
(magnification 100x) and pore (magnification 2000x) is
shown in FIG. 2.

FIG. 2. Topography of bone cement and sample pore.

The average contact angle 61.3° was determined at the
moment of falling a drop and next decreased to 58.2°
after 5 seconds, and after 10 seconds to 56.7°. A sample
test result is shown in FIG. 3.

FIG. 3. Sample contact angle test.

Absorption of the artificial saliva solution by immersion in
bone cement samples and retention at 37° were
investigated. After 1h the average weight of the samples
increased by 0.0034 grams, and after 24 h by 0.0067
grams. The samples were dried for 1 h at 50°C and the
hydration degree (Ha) was calculated, by using following
Eqs. [6]: (%) = − 100
Calculated the average hydration degree was 0.68% after
24 hours immersion in solution and drying.

A corrosion test was performed in the artificial saliva
solution and the average corrosion current was
determined to 6.72 A/cm2 and the average corrosion
potential was -429.57 V. Comparatively, for titanium
samples without bone cements coverage, the average
corrosion current was 26,246,72 A/cm2 and the average
corrosion potential was -386.5 V. Surface topography
(magnification 100x) and pores (magnification 2000x)
were observed using the SEM microscope – FIG. 4.

FIG. 4. Topography of bone cement after corrosion test.

Conclusions
Porous bone cement with a relatively distribution of pores
was obtained,
The wetting of the resulting bone cement shows, that it is
hydrophilic and will provide adequate adhesion of water,
protein and osteoblast, which will allow the
osteointegration process,
The water absorption by the bone cement is relatively
small after 24 h – Ha=0.68%, which means that there is
no loss of mechanical properties due to the presence in
the aquatic environment,
The coverage of metal implants with bone cement
weakens its corrosion in aggressive environment, but
unfortunately the effect of corrosive agents is to
“dissolve” the top layer of bone cement.
It is assumed, that bone cement can be used in maxillo-
facial surgery.
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Introduction
Infections are the most common postsurgical
complications, which present serious threat to patients
life [1]. In addition, more and more bacteria strains are
becoming resistant to antibiotics [2]. Therefore, attention
of researchers has been recently attracted by essential
oils (EO) – a wide group of substances, from which some
oils exhibit very good antibacterial and anti-inflammatory
properties. Especially carvacrol (CRV) and thymol (TM)
possess high activity against E.coli, S. aureus and
P. aureginosa [3] – strains, which inhabit our skin and are
mostly responsible for causing infections [1]. What is
more, traditional bandages accumulate blood and other
liquids from wound, which are potential source of
nutrients for bacteria. This may result in development of
infection and cause serious problems for human health.
In this study, we focused on designing of an active wound
dressing made of eletrospun polymeric fibers, decorated
with chitosan nanoparticles loaded with a bioactive agent
(essential oil: CRV or TM).

Materials and Methods
Preparation of oil-loaded chitosan particles
All chemicals were purchased from Sigma Aldrich and
used as received. CRV or TM (150 mg, pure grade) was
mixed with Tween 80 (106 µl, HLB 15), then 15 ml of
0.5% (w/v) low average molecular weight chitosan (50-
190 kDa) in 1% (v/v) acetic acid was added. Mixture was
vortexed for ~30 s and 5 ml of 0.3% (v/v)
tripolyphosphate (TPP) solution was added dropwise and
stirring was carried out for 30 min in 25°C with stirring
speed 700 rpm. Particles were collected by centrifugation
at 13 000 rpm (10 min) in ambient temperature, washed
with 20 ml of 0.5% Tween80 solution and twice with
distilled water. Supernatants were collected to determine
encapsulation efficiency. Obtained particles were
dispersed in 1 ml of distilled water and kept in 4°C.

Characterisation of loaded chitosan particles
Dynamic light scattering was used to measure
hydrodynamic diameter and Zeta potential of obtained
spheres. SEM imaging was carried out to determine
morphology and size of particles. UV-vis absorption
spectra of SN were measured (abs. max.: 247 nm CRV
and TM). Concentrations of EO in supernatants were
calculated from calibration curve. IR spectrophotometry
was carried out to confirm successful loading of EO into
polymer matrix. Also, thermogravimetry (TGA) was
performed in temperature range of 25-600°C with heating
rate of 10°C/min and with N2 flow rate of 50 ml/min.

In vitro release of oils from chitosan nanoparticles

Essential oils were released using dialysis membranes in
PBS with 0.1% (v/v) Tween80, pH = 7.4 in 37°C. After
each period of time, samples in dialysis bag were moved
into new container with fresh PBS. Samples of PBS were
measured using UV-vis.

Electrospinning and decoration of fibers with NPs
Polycaprolactone (PCL) was dissolved in mixture of
dichloromethane and dimethylformamide obtaining 10%
solution. Solution of polymer and suspension of chitosan
nanoparticles loaded with EO in ethanol were electrospun
simultaneously on rotating collector (100 rpm), with
pumping rates of 1 ml/h (PCL) and 2 ml/h (NPs). Nozzles
were swiping above the collector (3 cm/s) to prevent
separation of polymer and particles.

Results and Discussion
Obtained particles exhibited hydrodynamic diameter of
290 nm (DLS) and incipient stability with zeta potential
around 20 mV. SEM imaging has shown that dry NPs
possessed spherical shape, regular size distribution and
diameter ca. 90 nm (FIG. 1, left). Mean encapsulation
efficiency of EO was 25% and 28% for CRV and TM
respectively. In vitro release studies showed release
efficiency around 31% and 22% respectively for CRV and
TM. Encapsulated EO were released in initial burst effect
lasting 6-8 hours (FIG. 2, right). SEM imaging confirmed
successful decoration of electrospun PCL fibers with
chitosan nanoparticles loaded with EO (FIG. 1, right).

FIG. 1. SEM images of chitosan NPs loaded with OE
(left) and decorated with them electrospun PCL fibers
(right).
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FIG. 2. IR spectra (left) and exemplary release profile
(right).

Conclusions
Chitosan nanoparticles loaded with EO were obtained by
ionic gelation technique. Loading of EO into chitosan NPs
was confirmed by UV-vis, IR (FIG. 1, left) and TGA.
Encapsulation efficiency was ca. 25%. Release rate can
be considered as effective, as all of released drug would
be released during time of using single wound dressing.
Simultaneous electrospinning of PCL fibers and chitosan
particles loaded with EO is an effective method to
functionalise fibers with polymeric NPs.
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Introduction
The continuous need for new polymeric entities for
biomedical application calls for a careful investigation of
some dimensional aspects and topological features of
polymers. In this context, several methodologies have
been reported for the synthesis of nanogels. According to
Encyclopedia of Nanotechnology [1] definition of these
polymeric nanoparticles may be directly derived from
definition of polymeric gel, i.e., a two-component system
consisting of a permanent three-dimensional network of
linked polymer chains, and molecules of a solvent filing
the pores of this network. Based on this approach
polymeric nanogels are classified as particles of polymer
gels with colloidal properties, having the dimensions in
the order of nanometers. One can also distinguish bigger
analogues of micrometer size called respectively
microgels. Another way of defining polymeric nano- and
microgels is based on the specific form of these particles:
all the chain segments are linked together, thus being
a part of one macromolecule. That is why nano- and
microgels as internally cross-linked polymeric chains are
considered as a distinct type of macromolecules [2].

Results and Discussion
A number of synthetic routes have been developed for
synthesis of nano- or microgels of different chemical
structure, architecture and properties. These methods
can be divided into two groups. The first one
encompasses the techniques based on simultaneous
polymerization and cross-linking (sometimes called
cross-linking polymerization), where the substrates are
monomers or their mixtures. The second group includes
methods based on cross-linking of macromolecules
where the starting material is not a monomer but
a polymer. Works of Burchard and co-workers [3] give
examples of microgel synthesis based on intramolecular
cross-linking of polymeric chains. It has been shown that
reaction of intramolecular cross-linking can be carried out
with water-soluble polymers in dilute solutions (polymer
concentration must be low enough to avoid
intermolecular cross-linking) using a cross-linker capable
of reacting with the chains functional groups (e.g.: ‒OH,
‒COOH or other). The weight and dimensions of the final
product depend on the linear polymer chain weight and
the cross-linker concentration which influences the
internal cross-link density.
An alternative method of intramolecular cross-linking
initiation is the use of ionizing radiation as proposed by
Rosiak and coworkers [4,5]. Its undoubted advantage is
the fact of avoiding any additives as the reaction can be
performed in a pure polymer-solvent system. This
method is particularly well suited for the preparation of
products for biomedical applications.
When a polymer is subjected to ionizing radiation
(typically gamma rays or high-energy electrons) in
a dilute aqueous solution, most of the radiation energy is
absorbed by water. As a result, short-lived reactive
species, namely OH radicals, H-atoms and hydrated

electrons, are formed. The initial radiation chemical yields
of these species in Ar-saturated solutions are G(OH) =
2.8 × 10-7 mol J-1, G(H) = 0.6 ×10-7mol J-1, and G(eaq

-) =
2.7 × 10-7 mol J-1. Since electrons are inert towards
simple, aliphatic water-soluble polymers, they can be
converted into additional OH radicals by saturating the
solution with N2O. Hydroxyl radicals and hydrogen atoms
are capable of abstracting hydrogen atoms from
macromolecules, generating polymer radicals.
Macroradicals generated during irradiation of dilute
aqueous polymer solution react in a number of different
one-radical (chain scission, hydrogen transfer) and two-
radical (cross-linking and disproportionation) reactions.
Recombination may occur either between two radicals
localized on separate macromolecules or between two
radicals within the same chain. The proportion between
recombination and disproportionation reactions is set by
the radical structure and the possibility to control this
parameter is usually very limited.
The basic reaction for the formation of nanogels upon
irradiation of a polymer in solution is intramolecular cross-
linking of polymer radicals. Since there is always
a competition between this process and other reactions,
the basic aim in the design of a synthetic procedure is to
choose such conditions that promote intramolecular
cross-linking and reduce the yield of the unwanted side
processes, especially degradation and intermolecular
cross-linking.
It has been shown that one of the most important factors
in such case is the average number of radicals present
simultaneously on each polymer chain. High numbers of
radicals can be generated as a result of short but intense
pulses of fast electrons. Detailed discussions on this topic
have been given by Rosiak and his group [4-7]. If the
average number of radicals per chain is lower than one,
the single radical that does not find a reaction partner
within its own macromolecule, can undergo scission or
rearrangements that may change its nature and life-time
or can recombine with a radical on a neighboring polymer
chain. As a result of that, the macromolecules become
linked together, the average molecular weight increases
and, finally, a macroscopic, ‘‘wall-to-wall’’ hydrogel is
formed. On the other hand, when the number of radicals
per chain significantly exceeds one, intramolecular cross-
linking dominates, leading to the formation of nanogels.
Such reaction conditions can be achieved by lowering the
polymer concentration and increasing the dose per
electron pulse.
In this work summary on radiation induced intramolecular
crosslinking will be given including information on
parameters influencing synthesis of nanogels,
mechanism and kinetics of this process, physico-
chemical properties of irradiation products as well as
preliminary application attempts.

References
[1] Ulanski, P., Rosiak, J.M., 2004. Polymeric
Nano/Microgels, in: Encyclopedia of Nanoscience and
Nanotechnology
[2] IUPAC, 1997. Compendium of Chemical Terminology,
2nd ed. (the "Gold Book").
[3] Brasch, U., Burchard, W., 1996. Macromolecular
Chemistry and Physics 197, 223-235
[4] Ulanski, P., Janik, I., Rosiak, J.M., 1998. Radiation
Physics and Chemistry 52, 289-294.
[5] Ulanski, P., Rosiak, J.M., 1999.Nucl. Instrum. Nuclear
Instruments and Methods in Physics Research B 15, 356-
360.
[6] Kadlubowski, S., Grobelny, J., Olejniczak, W.,
Cichomski, M., Ulanski, P., 2003 Macromolecules 36,
2484-2492.
[7] Kadlubowski, S., Ulanski, P., Rosiak, J.M., 2012
Polymer 53, 1985-1991.

mailto:SLAWEKKA@MITR.P


34
•••••••••

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

CALCIUM PHOSPHATE
NANOPARTICLES FOR GENE
TRANSFER AND SILENCING -
A 2D AND 3D CELL CULTURE
MODEL STUDY
NATANIEL BIALAS1*, LEONARDO ROJAS SANCHEZ1,
VIKTORIYA SOKOLOVA1, MATTHIAS EPPLE1

INSTITUTE OF INORGANIC CHEMISTRY AND CENTER FOR
NANOINTEGRATION DUISBURG-ESSEN (CENIDE),
UNIVERSITY OF DUISBURG-ESSEN, GERMANY
*E-MAIL: NATANIEL.BIALAS@UNI-DUE.DE

[ENGINEERING OF BIOMATERIALS 143 (2017) 34]

Introduction
Gene transfer as a tool to control internal processes in
living cells is of great importance in cell biology and
biomedicine. Calcium phosphate (CaP) nanoparticles
may serve as nucleic acid carriers with high
biocompatibility as CaP is a natural component of the
human body in bone and teeth [1]. Cell culture models
are essential tools to investigate many intracellular
processes, including gene transfer and silencing, as well
as particle uptake [2]. When compared to a traditional
monolayer 2D cell culture model, a spatial 3D cell culture
model, due to its higher complexity and more realistic
parameters, better reflects the natural cytoarchitecture of
tissues, serving as a bridge between in vitro and in vivo
studies [3].

Materials and Methods
CaP nanoparticles were synthesized, stabilized with
poly(ethyleneimine), loaded with nucleic acids
(DNA/siRNA) and coated with a silica shell. Afterwards
they were purified by ultracentrifugation and
characterized by dynamic light scattering, nanoparticle
tracking analysis and scanning electron microscopy [4].
HeLa cells were transfected with DNA-loaded CaP
nanoparticles. For gene silencing in HeLa-EGFP cells,
siRNA-loaded CaP nanoparticles were applied. In both
cases, the gene transfer efficiency was determined by
transmission light microscopy and fluorescence
microscopy [2]. The uptake of CaP nanoparticles by
HeLa cells was studied by confocal laser scanning
microscopy. The cytotoxicity of the nanoparticles was
evaluated with a live/dead assay for mammalian cells
(InvitrogenTM L3224). All studies on cell cultures were
carried out in 2D and 3D (spheroid) models.

Results and Discussion
CaP nanoparticles had spherical morphology with an
average size of 150 nm and a positively charged surface
with an average zeta potential of +25 mV. Transfection
and gene silencing in human cells with the use of nucleic
acid-loaded CaP nanoparticles were demonstrated in
both 2D and 3D cell culture models, as well as the uptake
of CaP nanoparticles by cells. The nanoparticles were not
cytotoxic.

Conclusions
CaP nanoparticles can be successfully used as tools for
gene delivery and silencing, both in 2D and 3D cell
cultures. They have the potential to be widely applied in
the treatment of genetic diseases.
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Introduction
The development of new drug delivery systems (DDS) is
improving the efficacy of controlled and targeted drug
release systems. DDS are supposed to improve
effectiveness of therapy and lessen the harmful side
effects of drugs on organisms [1-3]. The preferred drug
administration route is orally. Thanks to the composition
of mucus and pH varied in different parts of the food
track, scientists proposed biopolymers as potential
materials for oral drug delivery. Among them, the most
interesting one is sodium alginate (SA), a biocompatible
and biodegradable polianionic polymer of non-animal
origin, which shrinks at pH below 4 [2]. The aim of this
study was to obtain alginate particles in two different size
regimes with controlled particle-size distribution: nano
(<100 nm) and micro (from 100 nm to couple of µm).

Materials and Methods
Sodium alginate spheres were obtained by double
emulsion solvent evaporation technique with an external
gelation mechanism. Double emulsion was formed using
a sonicator probe. To prove the possible application of
those particles as new DDS, bovine serum albumin
(BSA) was selected as a model drug. The influence of
two different types of surfactant was examined (anionic
and non-ionic). After the optimisation, four different
protocols of synthesis were created – two with sodium
cholate (anionic surfactant) and two with Tween80 (non-
ionic surfactant).
In brief, 3.5% (v/w) solution of SA, dichloromethane and
a proper surfactant (1% Tween80 or 6% sodium cholate)
were mixed together. Then, a second volume of
surfactant was added to form a double emulsion. Finally,
calcium chloride as a cross-linker was added dropwise
with stirring. The double emulsion formed was stirred at
700 rpm for 6h in 30°C. Afterwards, the solution was
centrifuged with addition of 0.01M CaCl2. Efficiency of
BSA encapsulation was calculated based on UV-vis
spectroscopy according to BCA Protein Assay (Thermo
Sccientific).

Results and Discussion
Nanospheres
Particles of spherical shape with an average size of
27.1 ± 8.2 nm were obtained using sodium cholate as an
anionic surfactant (FIG. 1). Those particle-size
distributions were confirmed by SEM and DLS analysis.
Hydrodynamic radius of 192 ± 5 nm and ζ potential of
-29.0 ± 1.6 mV were obtained. BSA was encapsulated in
the polymeric matrix with an average efficiency of 48.6%
± 10.0%. Encapsulation was confirmed by FT-IR and
confocal microscopy. Importantly, the average ζ potential
changed from the initial -29.0 ± 1.6 mV to-12.6 ± 0.7 mV,
which can be explained by charge of protein in pH = 5

(in which measurements were carried) – below isoelectric
point charge of protein became positive (for BSA isoelectric
point is 5.82), thus it could change ζ potential [4].

FIG. 1. SEM images of unloaded (left) and loaded with
BSA (right) alginate nanospheres. Surfactant: sodium
cholate.

Microspheres
Particles of spherical shapes with average size of
0.46 ± 0.11 μm and 0.58 ± 0.21 μm were obtained using
Tween80 and lower (0.07% (w/v)) and higher
(0.13% (w/v)) concentration of sodium alginate,
respectively (FIG. 2). After encapsulation of BSA the
increase of size from 0.46 ± 0.11 μm to 0.52 ± 0.13 μm
was observed when using the lower concentration of
alginate. In the second case (when a higher
concentration of SA was used) two distributions were
retrieved with sizes around 0.53 ± 0.12 μm and
1.03 ± 0.30 µm.

FIG. 2. SEM images of unloaded (left) and loaded with
BSA (right) alginate microspheres. Surfactant: Tween80.

As well, it was possible to encapsulate the protein (BSA)
in the alginate matrix with average efficiency of 65.71%.
Release of protein was carried out in PBS (pH=7.4) at
37°C for 48h showing a release of 8 wt.%. The presence
of protein was confirmed by confocal microscopy and
FT-IR spectroscopy.

Conclusions
Protocols for the synthesis of alginate particles showing
two different size-distribution regimes were successfully
optimized. Particles made with Tween80 as a surfactant
did not present tendency to aggregation and elevated
monodispersity. In addition, particles obtained with the
use of sodium cholate as surfactant showed also
monodisperse morphologies. BSA was encapsulated in
the polymeric matrix with efficiency up to 60%. Release
tests revealed that up to 10% of the initial BSA was
released after 48h.
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Introduction
Introduction of TiO2 to polymer matrices induces the
formation of apatites on the surface of the materials,
which demonstrates the biological activity of the
synthetized hybrids. Such materials can be used as
scaffolds for the bone tissue grow. Polymer gelation
takes place at about 37°C, which enables the material to
be injected into a specific bone defect site and to form the
scaffold at the target site.

Materials and Methods
The microstructure of prepared hybrids after
mineralization was observed with use of a field emission
gun (FEG) scanning electron microscope FEI Europe
Company − NOVA NANO SEM 200 equipped with an
EDAX energy dispersion spectrometer. The mechanical
properties of the tested hydrogels were studied with
a Physica MCR-301 (Anton Paar) rheometer equipped
with a parallel-plate PP 50 made of stainless steel with
a 25 mm diameter. Rheoplus/32 v3.40 software was
used. To determine the value of the storage modulus (G’)
measurements were conducted in oscillation mode using
a frequency of 1 Hz and strain of 0.3%, the measuring
gap was set at a distance of 0.3 mm. All measurements
were performed at 37°C. After cytotoxicity testing the
absorbance of the solutions was measured at 450 nm
using a microplate reader TECAN Infinite M200.

Results and Discussion
The activity is oriented on optimization of selected TiO2
nanopowder concentration in the polymeric hybrid
materials based on natural polymers (collagen, chitosan)
crosslinked with genipine. The introduction of TiO2 into
hydrogel matrices aims to improve mechanical properties
and improve the biological activity of materials. The
research concerns the development of a material with the
highest possible mechanical strength while preserving its
biological activity. An anatase TiO2 nanoparticle with
a specific surface area of about 100 m2/g was used to
prepare sample series. Based on previous research,
it was found that the addition of TiO2 to the polymer
matrix at 1.9 mg/ml resulted in a deterioration in
mechanical properties. Within the project studies with
materials with lower TiO2 concentration were performed
as well as cytotoxicity on human osteoblastic bone cells
(MG-63) with XTT method and defining the rheological
properties of the hybrids (G', G ", viscosity) were carried
out. As we already showed in previous publication the
addition of TiO2 to polymer hybrids induces the

deposition of apatites on the surface of the materials [1].
This effect was not found for polymer matrices that did
not contain TiO2. There was no significant effect of the
polymorphic TiO2 variation on the properties of the tested
systems. Literature reports on other polymer materials
with TiO2 nanoparticles indicate that the addition of oxide,
depending on concentration, can affect the mechanical
properties by either improving or deteriorating it. This is
the reason why it was so important to determine the
optimal concentration of TiO2 that will keep the biological
activity without impairing the mechanical properties and
may even improve them. The early results suggest that
the optimal TiO2 concentration is within the range of 0.2-
0.5 mg/ml

Conclusions
The gained results of the research are the first and
fundamental step to solve the scientific problem of
obtaining hydrogel hybrid materials with TiO2
nanoparticles that can be used as bones scaffolds. It was
also found that the properties of hybrid materials depend
on TiO2 concentration. The optimal nanoparticle
concentration seems to be about six times lower than the
one we used in our preliminary research [1] resulting in
storage modulus improvement.
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Introduction
Biocompatibility is a crucial property to be tested for all
novel biomaterials. The first step in standard approach is
in vitro cell culture on the top of tested material and
subsequent analysis of the proliferation and viability of
the cells after defined time of incubation. Various
colorimetric assays together with confocal microscopy
are applied to evaluate cells behaviour after contact with
biomaterial. In the current work we propose application of
focused ion beam-scanning electron microscope (FIB-
SEM) tomography as a supplementary technique to
typical biocompatibility studies. It enables to investigate
the interface between cell and biomaterial at the cross-
section [2].

Materials and Methods
Ceramic coating on biomedical titanium alloy Ti6Al7Nb
was deposited by micro-arc oxidation (MAO) in the
electrolyte containing calcium acetate and sodium
phosphate. MG-63 cells were cultured on the top of
obtained coatings. Prior to electron microscopy
investigation cells were fixed, dehydrated and gold
sputtered. Microscope NEON CrossBeam 40EsB
(ZEISS) was used to perform FIB-SEM tomography, 3D
reconstruction was done by ImageJ 1.44p software.
Details concerning coating deposition, cell culture and
microscopic investigation are described in Ref. [2].

Results and Discussion
With careful selection of process parameters it is possible
to obtain rough and porous coatings containing crystalline
hydroxyapatite (HA) in the outer layer by MAO. Elongated
crystals of HA, with the length of 300±50 nm and width of
45±10 nm, provided high surface area for cells growth
and promoted filopodia formation. MG-63 cells observed
with SEM were well spread with the multiple cytoplasmic
projections at the surface of the tested coating.
FIB-SEM tomography is the technique that combines
cutting of the sample by gallium ions with imaging of
exposed surface with secondary or backscattered
electrons. Therefore, it is frequently called ‘slice-and-
view’method [1]. Such approach enables simultaneous
sectioning of delicate cell and hard ceramic coating.
Collection of about 180 images was used for 3D
reconstruction and visualization of the interface between
cell and ceramic coating. It presents excellent adaptation
of the cell to the rough surface.

Conclusions
Scanning electron microscopy provides an opportunity to
investigate cells morphology and behaviour in relation
with biomaterial topography. Whereas FIB-SEM
tomography allows a detailed investigation of cell-
material interactions in the analyzed sample volume.
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Introduction
Permanent hydrogels of synthetic or natural polymers
can be formed by chemical methods with utilisation of
crosslinking agents. Crosslinkers, typically bi-functional
and highly reactive compounds, are often toxic, similarly
to initiators or catalysts, thus any traces of such residues
may be harmful for the living organism. Moreover,
thermal initiation usually excludes possibility of inclusion
biologically active molecules due to thermal instability.
Radiation method can be employed in order to
circumvent those disadvantages, therefore it is especially
suitable for manufacturing of hydrogels for biomedical
applications. Polysaccharides, despite their general
tendency for radiation-induced degradation, can be
converted into permanent hydrogels when irradiated with
or without additives under certain conditions [1]. The
scission of glycosidic bonds is predominantly responsible
for the reduction in the molecular weight of
macromolecules. However, during irradiation of
polysaccharides in an aqueous solution, and when
applying specific irradiation conditions, scission and
crosslinking take place simultaneously. Whether the
outcome is a degraded polymer or a gel is determined by
the prevailing mechanism of radicals reactions. Thus, it
was demonstrated that polysaccharide derivatives having
high molar concentration of substituent side groups prone
to create stable carbon-centered radicals, irradiated in
highly concentrated solutions or in solutions of specific
pH (in the case of ionic polysaccharides) [2]. In this
report, a short review of current approaches to crosslink
polysaccharides will be reviewed and followed by an
exemplary application of carboxymethylchitosan hydrogel
for nerve regeneration scaffold.

Materials and Methods
Carboxymethylchitosan (CMCS) of the deacetylation
degree (DDA) 93.8%, DS 96% and intrinsic viscosity in
0.1 mol dm-3 NaCl of η = 2.77 dm3 g-1 was obtained from
Kraeber & Co. GmbH (Germany). Aqueous solutions of
CMCS were irradiated by electron beam (EB) with and
without a crosslinking agent of poly(ethylene glycol)
diacrylate (PEGDA, MW = 700 g mol-1, Sigma-Aldrich).
Obtained gels were evaluated by standard sol-gel
analysis. Nerve regeneration conduits were fabricated
from a solution of poly(lactic acid) and poly(trimethylene
carbonate) mixture by phase-inversion method. LDH and
XTT cytotoxicity, and in vivo biocompatibility and
functional studies were conducted using rat animal
model.

Results and Discussion
Results of this study indicated that ionizing radiation is a
convenient tool to synthetize hydrogels based on CMCS
when irradiated in highly concentrated aqueous solutions.
Irradiation of 12% CMCS, as the optimum concentration,
leads to formation of hydrogel scaffold at a dose of
25 kGy. Since not all macromolecules form the network,
which is due to partial degradation of the polysaccharide,
the gel fraction (GF, mass of insoluble fraction per mass
of used polymer) was evaluated along with the
determination of the equilibrium degree of swelling (EDS,
grams of water per gram of gel). The GF and EDS of the
gels were ca. 30% and 50 g/g.
Results of LDH and XTT cytotoxicity tests and in vivo
examination of local tissue response were an indicator of
the good biocompatibility of CMCS hydrogel. The CMCS
gels were manufactured in situ inside the lumen of nerve
guidance tube by irradiation of the tube prefilled with
CMCS solution/paste, (the physical gel). The internal gel
is strong enough to support regenerating nerve, but also
its softness will not obstruct the regrowing cone of the
nerve to reach its distal part.
Preliminary animal studies, involving discontinued
femoral nerve of a rat showed positive results of nerve
regeneration. The nerves were reconnected, as observed
in histopathological analysis. Number of neuroma
occurrence at the reconnection site was reduced as
compared to simple ends suturing (end-to-end
connection as a control). Functioning of the nerve
resulted in gradual return of motoric functions.

Conclusions
The study highlights the potential of
carboxymethylchitosan hydrogel as lumen filling of nerve
regeneration channel based on biodegradable polymer
blends of poly(lactic acid) and poly (trimethylene
carbonate). After in situ synthesis of the gel inside the
tube, the product is ready for immediate use, because
applied technology combines gel formation and
sterilization into a single process. This can be
accomplished if the dose applied for CMCS hydrogel
formation is of 25 kGy or more, as in the present studies.
Preliminary animal studies demonstrated biological safety
of the CMCS hydrogel, and functional evaluation using
rat model revealed positive results of regeneration of
femoral nerve.
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Introduction
Electrospinning is one of the most effective methods to
obtain homogenous fibers with desired dimensions and
properties [1]. This technique allows to utilize the
solutions made of natural and synthetic polymers for
fibrous meshes fabrication. Native proteins like collagen
and gelatin improve the wettability and degradation rates
of the synthetic material. On the other hand tricalcium
phosphate and hydroxyapatite accelerate the
regeneration of the bone by improving osteogenic and
mechanical properties of the polymeric fibers [2,3].
M. Mehrasa et al. confirmed the influence of the gelatin
PLGA and increase of their hydrophilicity [5]. In
presented study investigation of the impact of the gelatin
and nanohydroxyapatite addition on the improvement of
the morphology and selected physical properties of the
fibrous meshes was carried out in order to increase the
biocompatibility of the PDLG electrospun fibers.

Materials and Methods
D,L-poly(lactic-co-glycolic acid) (PDLG) with 50:50 lactide
to glycolide ratio was purchased from Corbion Purac,
Netherlands. The solvent, 1,1,1,3,3,3-hexafluoro-2-
propanol (HFP) was obtained from Fluorochem, UK.
Nanohydroxyapatite and Gelatin (G) type A from porcine
skin were obtained from Sigma-Aldrich. Electrospun
solution was prepared by dissolving PDLG (PD) in HFP
with 10% (w/v) concentration. The mixture was stirred
vigorously for 24h. Nanohydroxyapatite (H) was added to
the polymer solution with the weight ratios of PD to H of
95:5, 90:10 and 85:15, respectively. Gelatin was used
initially in two concentrations within the solutions, with
ratios of PD to G of 90:10 and 93:7. However, preliminary
trials of electrospinning of mentioned solutions
demonstrated the applicability for further experiments
only the solutions with PD to G ratio of 93:7. Therefore
this content of gelatin within composites was used in
further studies. Similar, optimization of the hydroxyapatite
content was carried out to obtain the fibers without
particles agglomerates. Based on process conditions and
SEM observations 10% content (w/w) within the
composite for hydroxyapatite was selected. The fibrous
substrate was formed via electrospinning method, when
a high voltage of 7 kV was applied to the solutions.
A collector covered with aluminum foil located at 15 cm
distance from the tip of the needle was used. The flow
rate was set at 1.0 mL/h. The electrospun fibers were
dried in the drying oven for a few days. The Scanning
Electron Microscope (SEM) was used to observe the
morphology and to estimate the diameters of the
obtained fibers. In order to investigate the wettability of
the fibrous meshes the water contact angle
measurements were conducted. To identify the chemical
composition of the surface of obtained fibrous structures
Fourier Transform Infrared (FTIR) Spectroscopy was
applied. Finally, to determine the degradation rate of the

particular types of samples electrospun scaffolds were
immersed from 7 up to 30 days in Phosphate Buffer
Solution and incubated in 37oC.

Results and Discussion
The SEM images show the morphology of the PD, PDG,
PDH and PDGH fibers (FIG. 1). The pure polymeric fibers
have smoother surface but larger diameter compared to
composite ones. A significant decrease of the fibers
diameter from 1198 ±152 nm to 344 ±59 nm was
observed along with an increase of the mass fraction of
the gelatin and nanohydroxyapatite.

FIG. 1. SEM images of: (A) PD, (B) PDG 93:7, (C) PH
90:10 and (D) PDGH 83:7:10 fibers.

FTIR analysis of the composite fibers revealed peaks,
which are characteristic for gelatin and hydroxyapatite.
The wettability measurements showed a hydrophobic
nature for the PDLG fibers. The gelatin addition caused
an increase of hydrophilicity of the surface of polymeric
fibers. The values of the contact angle were reduced from
131.74° ±2.25° for PDLG to 73.08° ±7.70° for PG,
126.19° ±1.06° for PH and 55.41° ±5.50° for PGH fibers.
Mass loss during degradation was higher for the fibers
containing gelatin than for the pure polymeric and
polymeric/ceramic fibers. It is probably related to the
solubility of the gelatin in aqueous solutions.

Conclusions
According to obtained results, modification of the PD
fibers with gelatin and nanohydroxyapatite additives have
a great influence in order to receive nanoscale fibers with
improved biocompatibility and composite PDGH fibrous
meshes are promising substrate in tissue engineering
applications.
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Introduction
Two-phase alpha-beta titanium alloy Ti-6Al-7Nb is widely
used in many industrial applications. Due to excellent
biocompatibility and non-toxicity in human body
environment and excellent mechanical properties it is an
attractive material in medical field. Difficulties with
fabrication complex shaped medical implants and
gradient or lattice structures from Ti-6Al7Nb alloy lead to
finding out fabrication method which allows to produce
such elements. The most appropriate for mentioned
applications are Additive Manufacturing (AM) techniques
such as Selective Laser Melting (SLM), which enables
producing any geometry directly from the Computer
Aided Design (CAD) model [1]. The aim of the study was
fabrication of custom designed spinal disc replacement
for veterinary applications.

Materials and Methods
In our study both cuboid specimens and spinal disc
replacement, were fabricated using Realizer SLM50
machine. The SLM50 is a 3D printer for metals and its
alloys equipped with Nd:YAG laser with maximum power
of 120 W. Cuboid shaped samples of 6x6x3mm size were
fabricated with the energy densities in range from 38 to
333 J/mm3 and scanning speeds from 125 to 375 mm/s
to select the best manufacturing parameters of the
Ti6Al7Nb alloy. The process was conducted in argon
atmosphere. Afterwards, samples were cut
perpendicularly to the platform surface. Metallography
cross section related to x-z scanning plane were
mechanically gridded with SiC papers with gradation from
320 to 1200 µm and polished with 0.1 µm Al2O3
suspension. Etching was performed with HF, HNO3 and
H2O mixture [2]. Microstructure observation was
performed using Zeiss Axio Light Microscope.
Microhardness measurement was carried out on
Zwick/Roell machine with load of 1.961 N. Finally, spinal
disc replacement designed using a computed
tomography, basing on the case of a clinical veterinary
patient, was fabricated using selected manufacturing
parameters. After ultrasonic cleaning in water, chemical
polishing in HF/HNO3 solution was performed to improve
surface quality of the implant and remove unmelted fully
powder particles from struts. Furthermore, it was
confirmed in our previous study that treating titanium with
solution of HF/HNO3 has positive influence on cell
response [3].

Results and Discussion
Different manufacturing parameters used for each
sample fabrication had influence on their surface quality
(FIG. 1a). For some samples irregular or concave
surfaces were observed while for others smooth with very
regular boarding. Microscopic observations showed that
porosity was also determined by the manufacturing
parameters. The best surface quality and the lowest
porosity of about 99.7% was obtained for sample
manufactured with the energy density of 50 J/mm3 and
the scan speed of 375 mm/s. The average
microhardness of this sample was 368 ±12 HV0,2 and was
26% higher than for pure titanium (CP Ti) fabricated by
SLM technique [4]. Spinal disc replacement implant was
fabricated using the manufacturing parameters adopted
from the cubic sample (FIG. 1b). Our optimization
procedure provided the high manufacturing accuracy of
the CAD model. Furthermore, surface quality of the spinal
disc replacement was improved after chemical polishing
in a mixture of the HF/HNO3.

FIG. 1. (a) Samples produced with different
manufacturing parameters; (b) Spinal disc replacement.

Conclusions
The microstructure and the mechanical properties of Ti-
6Al-7Nb produced by SLM technique is determined
mainly by delivered amount of energy density (J/mm3)
and scan speed value (mm/s). Selecting proper
manufacturing parameters is important to obtain high
manufacturing accuracy of the CAD model. Furthermore,
proper chemical polishing procedure improves surface
quality of elements produced by SLM technique for
medical application.
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Introduction
Plasma electrolytic oxidation (PEO) is one of widely used
electrochemical methods for light metal surface
functionalization [1-3]. Porous oxide layer might be
composed by desirable, bioactive compounds
incorporated from anodizing bath. However, the PEO
method is limited to incorporation of compounds which
are sensitive for solvents and spark discharges occur
during the process. Especially drugs or vitamins cannot
be incorporated into oxide layer using this technique.
However, on the porous oxide layer these biologically
active substances can be deposited with layer of
degradable polymer.
One of the β-phase titanium alloy Ti-15Mo is considered
as a promising material for bone implants. This titanium
alloy is composed only of biocompatible elements, and
exhibits low Young's modulus (~ 60 GPa) [4-6]. It is very
easy to modify surface of the Ti-15Mo alloy by bioactive
oxide layer. To provide antibacterial and therapeutic
properties to the outer surface, drugs like doxycycline,
cephalosporins (e.g. III or IV generation) or amoxicilline
might be blended with polymer. These kinds of hybrid
layers might be used especially for dental implants.

Materials and Methods
Surface of Ti-15Mo alloy was modified by plasma
electrolytic oxidation process. The PEO process was
carried out in solution composed of Ca(H2PO2)2 and
Ca3(PO4)2. Applied voltage during the process was
300 V, when current density was 100 mA/cm2. On the
porous oxide layer the fast-degradable polymer
(poly(D,L-lactide-co-glycolide - PLGA) was deposited
using dip coating method. To obtain antibacterial
properties of the surface, the polymer was blended with
doxycycline (5% w/v polymer). Hybrid, oxide-polymer
coatings were characterized using scanning electron
microscope (SEM, Phenom ProX), Raman spectroscopy
with CDD detector. Degradation of polymer layer and
drug release was carried out in artificial saliva up to 4
weeks. Changes in polymer chain structure were
monitored using 1H NMR, when amount of released drug
was determined using HPLC technique.
Cytocompatibillity of the layers was evaluated using
osteoblast-like MG-63 cells. Cell metabolic activity was
evaluated using Alamar Blue reagent. The viability,
attachment and distribution of the adhered cells were
evaluated using live/dead staining.

Results and Discussion
FIG. 1. presents SEM image of the PLGA layer deposited
on the porous oxide layer formed on Ti-15Mo alloy
surface using PEO method. The polymer layer covered
the oxide layer, however some characteristic structure
of porous layer was still visible. Results from 1H NMR
confirmed that PLGA was degraded up to 4 weeks
of immersion in artificial saliva at 37°C.

Raman spectroscopy confirmed presence of polymer
layer with and doxycycline. HPLC measurements
confirmed that doxycycline was released within the first
one hour during hybrid layer immersion in artificial saliva
at 37°C.
Cytocompatibillity investigations showed that all of the
layers were not cytotoxic. After 1 day of culture the
number of cell increased on all of the investigated
samples. The highest percentage of Alamar Blue
reduction was for the sample with polymer layer without
drugs. However, the experiment showed that the layer
with doxycycline were slightly less cytocompatible. On all
modified surfaces cells were well adhearing and small
amount of dead cells was observed. After 3 and 7 days of
culture, the samples with polymer layers exhibited better
cytocompatibility than reference sample (unmodified Ti
alloy) and only anodized sample.

FIG. 1. SEM image of hybrid oxide-ceramic coatings
formed on Ti-15Mo alloy surface. Magnification: x1000.

Conclusions
Surface of the Ti-15Mo alloy was functionalized in order
to provide it bioactive and antibacterial properties.
Doxycycline was released from the polymer layer in
a very short time. Hybrid layers were found
cytocompatible with the osteoblast-like MG-63 cell up to 7
days of culture. Next steps of the hybrid layer
characterization will contain advanced biological
experiments with mesenchymal steam cells and selected
gram positive and gram negative bacteria.
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Introduction
When applying hydrogels as biomaterials for bone tissue
regeneration, the introduction of an inorganic phase is
considered desirable [1]. Particles of bioactive glass can
be added during hydrogel formation. Bioactive glasses
are not only known to promote bioactivity, but they can
also induce the gelation of solutions of anionic, calcium-
binding polymers and impart antibacterial activity [2].
Bioactive glasses can be doped with metal ions such as
magnesium (Mg), zinc (Zn) and strontium (Sr) [3].
In this study, four different bioactive glass preparations
were added to a solution of pectin, a calcium-binding
polysaccharide which gels in the presence of calcium.
The resulting composites where characterized
physicochemically (gelation kinetics), microbiologically
and cell biologically with MG63 osteoblast-like cells.

Materials and Methods
Bioactive glasses, doped with Zn, Mg and Sr and
undoped, hereafter denoted P5 (undoped), P5-Zn, P5-
VS-Mg and P5-VS-Sr were produced as described
previously [3]. Glass particle sizes were studied by laser
diffraction: average (d(0,5)) particle sizes were 31, 24, 91
and 92 µm, respectively. Glasses and pectin solution
(amidated apple pectin, 0.8% (w/v)) were sterilized by
autoclaving at 134ºC. Hydrogel-glass composites were
prepared by vigorous mixing of glass particles with pectin
solution to yield composites with glass concentration of
32% (w/v). Visually, the distribution of glass particles
appeared to be more homogeneous in composites
containing P5 and P5-Zn. Gelation kinetics were studied
by rheometry. To assess the cytocompatibility of
hydrogel-glass composites, 50 µl freshly prepared
composite was dispensed into wells of a 96 well plate.
Following gelation, MG63 osteosarcoma cells were
seeded on top of the thin composite layer at 10,000
(1X104) cells per well in complete growth medium
(Dulbeccos Modified Essential Medium, 10% Foetal
Bovine Serum, 1% PenStrep). Cells were incubated at
37°C, with 5% CO2 until required. After 1, 3 and 7 days,
cell viability was assessed using the alamarBlue® assay
(Thermo Fisher; DAL1025). AlamarBlue metabolic activity
readings were normalised to non-seeded gels in
complete growth medium to account for any effect this
may have had on the resazurin reduction. Cells seeded
on tissue culture plastic were used as a control to assess

proliferation potentials. MG63 cells were also
encapsulated into composites containing P5 and P5-Zn
(10,000 cells/50 µl composite), as were the most
homogeneous and easiest to handle. Antibacterial activity
was tested using methicillin-resistant Staphylococcus
aureus (MRSA) as described previously [4] and
Staphylococcus aureus (S.aureus).

Results and Discussion
Gelation of all composites occurred within 5 minutes.
Composites did not exhibit any appreciable antibacterial
activity against MRSA, but composites containing P5-Zn
inhibited S.aureus growth. MG63 cells retained viability
and proliferated over 7 days on composites containing P5
and P5-VS-Sr (FIG. 1). Proliferation was markedly lower
on composites containing P5-VS-Mg and P5-Zn at all
time points. This is surprising, considering that Mg, as a
component of ceramic materials, is able to stimulate cell
proliferation [5]. MG63 cells also retained viability when
encapsulated in composites containing P5 and P5-Zn
(FIG. 2). After encapsulation, proliferation was markedly
higher in composites containing P5-Zn than in those
containing P5 after 3 and 7 days, although the
proliferation values on composites containing P5-Zn were
markedly lower (FIG. 1). The reasons remain unclear.

FIG. 1. MG63 cell proliferation on the surface of
composites after 1, 3 and 7 d.

FIG. 2. Proliferation of MG63 cells encapsulated in
composites after 1, 3 and 7 d.

Conclusions and Outlook
All four bioactive glass preparations induced gelation of
pectin solution to form injectable hydrogel-bioactive glass
composites within 5 minutes. Osteoblast-like MG63 cells
were able to maintain viability and proliferate both on the
surface of composites and after encapsulation. Glass
distribution homogeneity and cell number depended on
type of glass used. These results pave the way for further
investigation of mineralizability and glass distribution.
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Introduction
Titanium and its alloy, e.g. Ti6Al4V, are popular load-
bearing biomaterials for bone contact. They can be
fabricated by additive manufacturing technologies. The
adhesion and proliferation of bone-forming cells is a pre-
requisite for formation of new bone tissue on the implant
surface, which in turn leads to implant stability and long-
term success. Hence, surface coatings which promote
cell adhesion and proliferation are desirable.
In this study, Ti6Al4V discs prepared by additive
manufacturing were coated with layers of pectins,
calcium-binding polysaccharides derived from citrus (C)
and apple (A) containing alkaline phosphatase (ALP), the
enzyme responsible for mineralization of bone tissue.
Coatings were characterized biologically with human
bone marrow stromal cells (hBMSC). Cell adhesion and
proliferation were assessed.

Materials and Methods
Rough Ti6Al4V discs of diameter 2 cm were prepared as
described previously [1]. Ti6Al4V discs and 0.8% (w/w) C
(degree of esterification (DE) 34%, Galacturonic acid
content (GalC) 74%) and A (DE 35%, GalC 75%) pectin
solutions were autoclaved at 134ºC. ALP solution (1.6%
(w/v)) was sterilized by filtration. ALP and pectin solutions
were mixed 1:1 (v/v). 250 µl of this solution was spread
on Ti6Al4V and allowed to air-dry in a laminar flow bench.
The presence of a coating was confirmed by SEM after
gold coating. hBMSC from two different donors were
seeded at a density of 7,000 cells/cm². Cells were
seeded onto the samples in 400 µl of cell culture medium
(DMEM with 10% heat-inactivated fetal calf serum, and
antibiotics (penicillin and streptomycin). After 2 h the
medium was filled up to 4 ml and culture proceeded at
37°C in a humified CO2 incubator. Proliferation was
assessed by the MTS-Assay. Cells were treated with
10% dye solution in DMEM for 2 h. Analyses were
performed 24 h and 7 days after seeding. Statistical
significance was analyzed by one-way ANOVA and
Bonferroni post-test (prism graph pad software). Cell
morphology was assessed after 24 h. Cells were fixed
with 4% paraformaldehyde and stained with Alexa488-
phalloidine to visualize F-actin cytoskeleton (green
fluorescence) and with DAPI to stain the nuclei (blue

fluorescence). The images (three from each sample)
were taken with Axiophot microscope (Zeiss) using
a digital camera and Axiovision software. Focusing of
cells of samples was complicated by the roughness of the
sample surfaces.

Results and Discussion
A-ALP and C-ALP coatings formed on Ti6Al4V discs.
Cells retained viability and proliferated over 24 h and 7
days (FIG. 1). Proliferation was significantly higher on C-
ALP coatings than on A-ALP coatings after 1 day, and
after 7 days, higher than on both uncoated samples and
A-ALP coatings. A-ALP coatings were significantly
superior to uncoated samples after 7 days. The reasons
for this remain unclear. Cells on all substrates displayed
a spread morphology and distinct, well organized F-actin
fibers, characteristic for good adhesion (FIG. 2).

FIG. 1. MTS assay 24 h (left) and 7 days (right) after
seeding of hBMSC on samples, a and c indicate
significant differences (a: p<0.05, c: p<0.001).

FIG. 2. Fluorescence microscopy images of hBMSC after
24 h. Top left: uncoated Ti6Al4V. Top right: C-ALP
coating. Bottom: A-ALP coating. Blue: cell nucleus.
Green: F-actin fibres. Scale bar: 50 µm.

Conclusions and Outlook
hBMSC proliferation after 7 days was increased by
A-ALP coatings and, in particular, by C-ALP coatings.
Cell morphology was similar on coated and uncoated
samples. Future work should focus on differentiation.
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Introduction
Thermosensitive injectable hydrogels based on chitosan
neutralized with sodium beta-glycerophosphate (Na-β-
GP) have been studied as biomaterials for drug delivery
and tissue regeneration [1]. Magnesium (Mg) has been
reported to stimulate adhesion and proliferation of bone
forming cells [2]. With the aim of improving the suitability
of the aforementioned chitosan hydrogels as materials for
bone regeneration, Mg was incorporated by partial
substitution of Na-β-GP with magnesium
glycerophosphate (Mg-GP). Chitosan/Na-β-GP and
chitosan/Na-β-GP/Mg-GP hydrogels were also loaded
with the enzyme alkaline phosphatase (ALP) which
induces hydrogel mineralization [3].

Materials and Methods
4 mL chitosan solution (25 mg/mL in 0.1 M HCl,) 0.4 mL
Na-β-GP (1 g/mL Milli-Q water) or Na-β-GP/Mg-GP (0.9 g
Na-β-GP and 0.09 g Mg-GP/mL Milli-Q water) solution-
suspension, and 0.4 mL ALP solution (25 mg/mL in MilliQ-
water) were mixed together to yield 4.4 mL hydrogels.
Gelation took place at 37°C overnight.
Hydrogel gelation kinetics was studied by rheometry.
Hydrogel mineralization was assessed by incubation in
simulated body fluid (SBF) for 14 d, followed by drying and
FTIR, TEM and SAED. Hydrogels were characterized
biologically by cultivating MG63 osteoblast-like cells on
hydrogels and performing a Live/Dead assay. MG63 cells
were also cultivated in eluates from hydrogels and growth
was assessed using the MTT test.

Results and Discussion
Substitution of Na-β-GP with Mg-GP did not negatively
influence gelation kinetics (FIG. 1). Crystalline deposits
were observed in both chitosan/Na-β-GP and chitosan/Na-
β-GP/Mg-GP hydrogels after incubation in SBF (FIG. 2).
Cell biological testing showed that both chitosan/Na-β-GP
and chitosan/Na-β-GP/Mg-GP hydrogels were cytocompa-
tible towards MG63 osteoblast-like cells (FIG. 3).

FIG. 1. gelation kinetics of chitosan/Na-β-GP (a) and
chitosan/Na-β-GP/Mg-GP (b) hydrogels.

FIG. 2. TEM and SAED of chitosan/Na-β-GP (left) and
chitosan/Na-β-GP/Mg-GP (right) hydrogels after
incubation in SBF for 14 days.

FIG. 3. Growth of MG63 cells in eluate from chitosan/Na-
β-GP (Ch Na) hydrogels (blue) and chitosan/Na-β-
GP/Mg-GP (Ch Na) hydrogels (red).

Conclusions
Chitosan/Na-β-GP/Mg-GP hydrogels can be used as an
alternative to chitosan/Na-β-GP hydrogels for bone
regeneration applications. However the incorporation of
Mg in the hydrogels during hydrogel formation did not
bring any physicochemical or biological benefit.

Acknowledgments
FWO, Belgium for a postdoctoral fellowship (T.E.L.D).
Centre of Biomedical Research (project CZ. 1.07/ 2.3.00/
30.0025, J.L.). European Social Fund and the state
budget of the Czech Republic.

References
[1] Chenite et al. Biomaterials 2000, 2155–61.
[2] Douglas et al. J Tissue Eng Regen Med 2016,938-54
[3] Douglas et al. Int J Biol Macromol, 2013, 122–32.

mailto:TDOUGLAS@LANCASTER.AC


45
•••••••••

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

HIGH-TEMPERATURE
MICROSCOPY: A PRACTICAL
TOOL FOR BIOCERAMICS
COMPOSITES EXAMINATIONS
JUSTYNA PAWLIK*, KATARZYNA CHOLEWA-KOWALSKA,
MARIA ŁĄCZKA

1 DEPARTMENT OF GLASS AND AMORPHOUS COATINGS,
FACULTY OF MATERIALS SCIENCE AND CERAMICS,
AGH UNIVERSITY OF SCIENCE AND TECHNOLOGY,
KRAKOW, POLAND
*E-MAIL: PAWLIKJ@AGH.EDU.PL

[ENGINEERING OF BIOMATERIALS 143 (2017) 45]

Introduction
High-temperature microscopy (HTM) is a great
characterization technique, that allows to investigate the
thermal behavior of material under the heating. This
method is appropriate for examinations of glasses, slags,
ceramics, glazes and various of raw materials by real-
time observe and record (photo capture or video record)
sample contours changes with temperature increase.
Results of HTM provides valuable information of the
characteristic temperatures of material (i.e. sintering
softening, melting and flowing) and also viscosity,
wettability and surface tension and also can be very
useful for biomaterials characterization [1-3].

Materials and Methods
In this work HTM was used to evaluate the ceramics
biocomposites modified with two kinds of sol-gel bioactive
glasses (SBG) addition. The SBG glasses were from the
SiO2-CaO-P2O5 system with high CaO or high SiO2
content. The composites were fabricated with different
SBG content combined with TCP (Tricalcium phosphate),
HA (Hydroxyapatite) as well as titanium dioxide (TiO2).
The experiment was proceed until temperature reached
1400⁰C or sample was completely melted. The HTM
examinations were performed in order to estimate the
characteristic temperatures of prepared samples i.e.
sintering, softening, melting and flowing.

Results and Discussion
Results of conducted high-temperature microscopy
examinations showed that for all types of composites it
was possible to estimate the sintering temperatures. For
composites modified with high CaO content SBG also
melting and flowing temperatures were pointed. Obtained
data were used to established the sintering curves of the
materials. The differences in characteristic temperatures
were mostly caused by the chemical composition of the
bioactive glasses used as composites addition. Generally
the glass with high SiO2 content did not significantly
influenced the thermal behaviour of bioceramics
composites. Meanwhile addition of high CaO content
glass resulted in lower sintering and softening
temperatures in comparison with raw HA, TCP and TiO2
materials as well as melting and flowing occurred.

Conclusions
In order to obtain ceramics biocomposites it is necessary
to prosecute sintering process in adequate temperatures,
in this work we demonstrated that High-Temperature
Microscopy is perfect method for this assignment.

Acknowledgments
This study was carried out within the AGH University of
Science and Technology (Krakow), Grants Number:
11.11.160.365 and 15.11.160.203(B3).

References
[1] Cahn R.W., Haasen P., Cramer E.J., “Materials
Science and Technology, Vol. 2B: Characterisation of
Materials”, Wiley-VCH, 1993
[2] Shelby, J.E., Introduction to Glass Science and
Technology (2nd ed.). The Royal Society of Chemistry,
Cambridge, 2005
[3] Amelinckx S., van Dyck D., van Landuyt J., van
Tendeloo G., “Handbook of Microscopy, Applications in
Materials Science, Solid-State Physics and Chemistry”,
VCH, Weinheim, 1997

mailto:PAWLIKJ@AGH.EDU


46
•••••••••

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

OPERATIVE TREATMENT
OF BONE FRACTURE
WITH KIRSCHNER WIRES –
YOUNG CAT CASE
MAGDALENA ZIĄBKA1*, PIOTR DERKOWSKI2

1 AGH UNIVERSITY OF SCIENCE AND TECHNOLOGY,
DEPARTMENT OF CERAMICS AND REFRACTORIES,
KRAKOW, POLAND
2 VETERINARY CLINIC ARKA,
UL. CHŁOPSKA 2A, 30-806 KRAKOW
*E-MAIL: ZIABKA@AGH.EDU.PL

[ENGINEERING OF BIOMATERIALS 143 (2017) 46]

Introduction
Cats, despite having natural abilities of agile moving and
absorbing jumps from heights sometimes suffer injuries.
They occur in a consequence of entangle of their leg,
being hit by a car or attacked by other animal or human.
Injured cat requires veterinary treatment.
At first, depending on kind of injury, it’s recommended to
give some medicine against shock and general painkillers
which should calm the animal and prepare for further
treatment. Next radiological examination should be
performed in order to define injuries and help in decision
of further steps and prevision concerning wound healing.
The technique of anastomosis with the usage of nail
or wire is well known and often used to help small
animals [1-4].
This case study shows technique of joining cats hulled
bone base of further radial bone and the ulna using
Kirschner wires.

Materials and Methods
European cat, age 10 months, delivered to the ARKA
treatment center with the suspicion of sprain joint, around
ulna, in the front leg. The RTG diagnose proved a few
day hulled bone base of further radial bone and styloid
process of the ulna. Such an injury is typical for young
cats with immature skeleton and endless growing
process. Such an injury is very often treated by proper
adjusting of broken leg and application of stiffening
bandage. Kirschner wires have been proposed as the
most effective method of treatment for this case.
Additionally proposed wires might not only sustain weight
of the animal but also ensure stable position of the leg.
Cat has been sedated and then put into inhaled narcosis.
The leg has been prepared to the surgery by disinfection
of area around broken part, removal of fur and skin
layers. Afterwards bone has been properly placed and
stiffed with two Kirschner wires framed in type X shape
going through the base further and cranium radial bone.
After one month RTG analysis have been performed, and
Kirschner wires have been removed during reoperation.
The wires have been observed using electron
microscope equipped with X-ray energy dispersion
spectrometer.

Results and Discussion
Methods of inner anastomosis of cats bones is very
comfortable as they allow quite normal behavior of the
animal during the convalescence. There is just a little
wound outside, with little stiches. Cat straight after
narcosis is able to walk what also shortens time required
for healing. Of course cat should have limited area to
freely move, number of jumps should be minimized.
FIG. 1 shows bone with Kirschner wires after
implantation. It was proved that this kind of fixation was
done properly. There was a complete healing process
observed.

FIG. 1. RTG of bone with Kirschner wires after one month
of implantation.

FIG. 2 shows microstructure of wires just after removing
them from the leg. Examined surface is smooth, with no
signs of corrosion. The EDS analysis confirmed chemical
composition of examined wires. Some minor tissues have
been also noticed on the investigated surface. In the
tissue area nickel was not present what is important due
to the irritant properties of nickel.

FIG. 2 SEM of Kirschner wire after one month of
implantation.

Conclusions
After 4 weeks from anastomosis the leg showed proper
functionality. No inflammation has been noticed. Surgery
treatment with the usage of Kirschner wires is one of the
most effective techniques of healing broken ulna
especially at young animals.
Combination of scanning electron microscopy and energy
dispersive x-ray spectroscopy is a useful method for
investigation corrosion on extracted metallic implants.
Both techniques are effective in tracking changes in
chemical composition during degradation or corrosion of
implants.
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Introduction
The most common origins leading to the destruction of
the continuity of ossicles chain connection are chronic
inflammations and mechanical injuries [1]. Damage of
ossicles continuity cause consequences that are
manifested by conductive hearing loss. Partially or
completely destroyed conductive apparatus of the middle
ear requires surgical treatment using tympanoplastic
techniques of chain reconstruction using grafts or
adjustment and implantation of alloplastic implants [2].
New construction and material possibilities allow design
and production of prostheses not only in various sizes
and shapes, but also differentiated in terms of alloplastic
materials, such as metals, ceramics, plastics or
composites. Auditory ossicle prostheses are used to
transmit sound or a sound signal from the tympanic
membrane to the inner ear when the ossicles of the
human middle ear are entirely or partially absent or
damaged [3].
The use of new middle ear implants with bactericidal and
bioactive properties may not only restore continuous
bone structures and restore lost functions, but also may
reduce recovery periods and risk associated with
complications in the course of infection and bacterial
infections.

Materials and Methods
Otoimplant - is an alternative to existing solutions offered
on the market. It is made of a composite on a matrix of
biostable medical polymer and silver nanoparticles.
antibacterial and lightweight may be treated as innovative
aspects of developed prosthesis. Implants made of
polymer and silver nanoparticle-modified composite after
the in vitro phase have been implanted in the buttock
muscle of Wistar rats. After 30, 90 and 180 days,
histochemical and histoenzimatic tissue specimens were
evaluated. The last step was a clinical trial involving
implantation of a prosthesis into the middle ear space of
a patient suffering from hearing loss due to partial
destruction of the auditory ossicles.

Results and Discussion
The in vitro studies indicate high antimicrobial efficacy of
Gram-positive and Gram-negative bacteria. The in vivo
studies have confirmed the biocompatibility of implants in
the tissue environment. After 90 days of implantation,
there is a decreasing granulation area showing the
inflammatory process, and emerging regenerative muscle
fibers. On the 6th of April 2017 the first pioneering
operation of otoimplant implantation was performed
during clinical trials at the University Hospital in Cracow.
This operation has confirmed the effectiveness of the
implant.

Conclusions
The surgical procedure of inserting the otoimplant into the
middle ear spaces and the postoperative period run
without complications. Patient reported subjective
improvement in hearing.
Prosthesis designed for the reconstruction fitted perfectly
and allowed precise implantation.
Proposed implant might be successfully used in present
surgery. The first operation confirmed the effectiveness of
the implant. Positive results of committed research will
allow wide group of patients to get access to modern
medical product. Cheaper, more accessible implants with
bactericidal properties will support antibiotic treatment.
Developed prosthesis will act like a barrier protecting
from reoccurring illness and inflammation what will
shorten necessary hospitalization and accelerate
convalescence.
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Introduction
The unique shape memory properties of the NiTi alloys
make them one of the frequently used materials for
medical application [1]. However, the remaining problem
is their corrosion resistance due to the release of nickel,
when they are applied in the biological environment.
Attempts to improve corrosion resistance were primarily
focused on the modification of alloy surfaces by the
creation of protective layers/covers from: titanium oxides,
titanium nitrides, hydroxyapatite, polylactide etc.
In the presented work, multifunctional approach to
improvement of NiTi properties was done. The surface
was cover with chitosan (CH) and silver composite. The
silver is known from its antibacterial properties whereas
chitosan can protect NiTi surface and follow deformation
coming from the shape memory effect [3-4].

Materials and Methods
Commercial NiTi shape memory alloy was used as
a substrate for CH/Ag layer production. On polished
surface of the NiTi alloy, CH (Sigma Aldrich)
simultaneously with Ag (AEE) was electrophoretically co-
deposited using deposition voltage: 25, 30, 35 or 40V
and deposition time from 60s to 120s.

Results and Discussion
Observations carried out with use of electron scanning
microscope confirmed, that in all cases of deposition
parameters, the surface of the alloy was covered with a
thin layer composed of CH matrix with Ag as a composite
component. Example of SEM images is shown in FIG. 1
and 2. In general, Ag particles were randomly distributed
in the CH cover. Several of them formed agglomerates
that protruded above the surface of CH. The diameter of
the agglomerates increased with increasing of deposition
voltage. Moreover, increasing deposition time and
voltage resulted in the appearance of some
discontinuities in the CH shell.

FIG. 1. SEM image observed for NiTi alloy covered with
CH/Ag deposited at 25V/120s.

FIG. 2. SEM image observed for NiTi alloy covered with
CH/Ag deposited at 40V/60s.

Structure of the cover was examined with use of X-ray
grazing incident beam diffraction technique. Example of
the measured diffraction patterns was shown in FIG. 3.
Diffraction patterns measured at angle of 5 degrees
revealed presence of lines belonging to Ag, mainly.
The relatively high X-ray penetration depth revealed the
presence of diffraction lines coming from the NiTi alloy
substrate. Also, a widened maximum in the angular range
of 15 to 25 degrees indicates the presence of CH in the
amorphous form. Reducing the penetration depth of the
x-ray beam (angle of incident beam was 0.3 deg) allowed
to obtain the diffraction pattern only from the layer. Phase
identification confirmed the presence of CH and Ag in the
coating.

FIG. 3. GIXD patterns measured for NiTi alloy covered
with CH/Ag at 40V/60s.

Conclusions
The increase in deposition voltage caused the formation
of ever larger agglomerates consisted of Ag particles.
Elongation of the time of electrophoretic deposition
resulted in a discontinuity of the CH coating. This effect
was especially visible on the edges of the sample.
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Introduction
Stem cells, developing in the body, are surrounded by
a specific micro-environment of the adjacent cells and
components of the extracellular matrix, constructed from
proteins and proteoglycans [1]. This environment of stem
cells is called stem cell niche, a key factor for their further
proliferation and differentiation, including in vitro culturing.
The standard methods of cell culturing include only an
effect of the two-dimensional substrate surface. The lack
of the interaction between a niche and a stem cell in the
3D contact represents a significant limitation and difficulty
in the in vitro tissue culture and especially in the in vitro
culturing of muscles. The creation of the 3D structure that
allows for culturing of muscle cells from their progenitor
cells could represent a breakthrough in developing
methods for in vitro cultivation of muscles’ implants. The
3D construction composes an architectural system similar
to the natural, including mechanical functions that mimic
the basal lamina and extracellular tendon matrix function.
Carbon allotropes, as a 3D scaffold of the niche, can
create the perfect environment for cell growth,
particularly, because it is a highly biocompatible material
[2]. Above all, they can be a relatively simply
functionalised, hence, different organic molecules can be
attached to them, in particular, proteins (amino acids),
imitating natural niche cells [3].

Materials and Methods
Carbon scaffolds were prepared by layer placement and
desiccation of the colloids of nanoparticles of diamond
(ND), fullerenes (F60), nanotubes (NT), nanotubes OH
(NTOH), nanotubes COOH (NTCOOH), graphene oxide
(GO) on the bottom of a culture flask. Mesenchymal stem
cells were collected from the hind limb bud of chicken
embryos. On day 7 embryos were sterile removed from
the eggs and a bud of the hind leg was collected, using
a microscope, and placed gently in a solution of trypsin,
then put aside in the refrigerator for a 24 h. In the next
step, the solution was neutralized by the addition of
a standard culture medium (DMEM - Dulbecco’s Modified
Eagle’s), gently stirred and placed in flasks (BD) or
dishes and culture, according to particular experiments.
Culture medium was changed every 3rd day. Cells were
maintained in DMEM culture medium containing 10%
foetal bovine serum (Life Technologies, Houston, TX,
USA) and 1% penicillin and streptomycin (Life
Technologies) at 37°C in a humidified atmosphere of 5%
CO2/95% air in a DH AutoFlow CO2 air-jacketed
incubator (NuAire, Plymouth, MN, USA). In the
experiments, high or low glucose, L-glutamine, DMEM
were used. At day 5 the morphology of mesenchymal and
muscle cells was visualized, using SEM and light
microscopes. Expression of the mRNA of chosen
proteins was measured.

Results and Discussion
Morphology of mesenchymal muscle cells and their
interaction with carbon scaffolds are observe using SEM
and light microscopes. The interaction of nanoscaffolds
with cells differed and the morphology; number and state
of the development of cells were influence by carbon
allotropes. The most neutral for stem cells were nano-
diamond based scaffold. The scaffold, prepared from
fullerenes, was the most colonised by cells, moreover,
it stimulated cell proliferation. The scaffold constructed
from carbon nanotubes, functionalised with COOH, was
also well settled by cells, better than scaffold with
nanotubes and nanotubes OH. GO scaffold stimulated
differentiation of muscle stem cells and creation of the
muscle tissue (FIG. 1). mRNA expression of muscle cells
colonised in GO scaffold clearly showed increased
expression of MyoD-marker of differentiated muscle cells.

FIG. 1. Morphology of the interaction between cells and
scaffolds.

Conclusions
Nano-scaffolds, depending of the carbon allotropes,
influenced behaviour and morphology of muscle stem
cells, moreover, their functionalization (nanotubes)
changed bio-function of scaffolds and stem cells number
and morphology. GO scaffold stimulated mesenchymal
stem cells differentiation and beginning of the formation
of muscle tissue.
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Introduction
Cellulose is a biopolymer composed of β D-gluco-
pyranose residues bonded with 1,4-glycosidic bonds.
Its characteristic feature is the equatorial arrangement of
secondary hydroxyl groups C2 and C3 and also the
primary hydroxyl group C6. The result of this arrangement
is the regular structure of cellulose resulting from the high
content of crystalline phase [1]. In addition, the reactivity of
particular hydroxyl groups is clearly defined. It is assumed
that primary hydroxyl groups are about 25 times more
reactive than secondary Presented facts make cellulose
and its derivatives widely applicable [2]. It has also been
shown that cellulose can be used as a membrane for
bounding on its surface N-lipidated peptides which are
able to mimic natural receptors and/or enzymes [3,4] by
formation of binding cavities which are able to interact with
different ligands recognizing their size, shape, charge
distribution, chirality and polarity. Process of binding is
reversible due to the nature of interactions between ligands
and the binding pockets and it has been found that
mechanism of binding is competitive and therefore the
described process is mimicking the interactions involving
natural receptors [5]. Herein we present an attempt to test
whether a library of peptides immobilized on cellulose can
mimic a histamine receptor and thus be used in studies
with antihistamine active compounds. It is expected that it
would be possible to select molecular receptors selectively
interacting with agonists and antagonists.

Materials and Methods
Whatman-7 filter paper was used as matrix in the study.
Cellulose was modified with 2,4-dichloro-6-methoxy-1,3,5-
triazine and m-phenylenediamine according to standard
protocol [5]. Syntheses of N-lipidated immobilized peptides
were made by automated SPOT methods using as
a coupling reagent DMT/NMM/TosO-. In all cases, two
identical libraries were synthesized on each cellulose sheet.
After splitting for two parts, one of them was treated with
active substance and then with reporter dye (Brilliant Black),
the second one was used for bounding the reporter dye
only. For docking studies were used Histamine,
Diphenhydramine, Doxylamine, Cimetidine, Ranitidine.
All cellulose sheets after experiments were dried, scanned,
and processed using Image-Quant program. Ability of
molecular receptors to interact with colorless active
compounds was calculated as difference in intensity of
coloration by reporter dye and intensity of coloration after
treatment with colorless ligand and subsequently with
reporter dye. In this way, for each spot was determined
average value of “gray” coloration calculated corresponding
to interaction between binding pocket of molecular receptor
and antihistamine ligand.

Results and Discussion
In order to study a representative number of peptide
structures involved in the formation of molecular
receptors were used modified SPOT methodology.

N-Lipidated peptides were immobilized on cellulose via
aromatic linker containing fragments of
m-phenylenediamine and 1,3,5-triazine connected with
the cellulose surface in highly selective reaction with
primary hydroxymethyl groups (FIG. 1).

O
O

N

N

N

NH O

NH2

NH
O

NH
O

O

NH
O

cellulose

cellulose
cellulose

P
E
P
T
I
D
E

linker

linker

LIPID

cellulose

P
E
P
T
I
D
E

linker

FIG. 1. Methods of synthesis of N-lipidated peptides
immobilized on the cellulose.

In this studies were prepared the randomised library of
N-heptanoylated dipeptides. As a C-terminal amino acids
were used: alanine, proline and phenylalanine, as
N-terminal residues were applied all natural amino acids.
Finally, it was synthesized 60-elemets library of molecular
receptors. As ligands for docking processes were applied
compounds with a documented H1-H4 agonistic and
antagonistic activity and Histamine as a natural ligand. As
agonists were used Diphenhydramine and Doxylamine,
as antagonists: Cimetidine and Ranitidine. The acquired
results shown that binding pockets created by
N-heptanoylated peptides are able to selective binding of
tested anitihistamine compounds (FIG. 2).

FIG. 2. Map of interaction between molecular receptors
and tested compounds, A panel – strong bounding of
agonists; B panel – strong bounding of antagonists.

Conclusions
These studies revealed that library of molecular receptors
is capable in recognition and differentiation of
agonistic/antagonistic profile of antihistamine active
compounds. Even not understanding of complex relations
between the structure of the molecular receptor and
structure of the pharmacologically active substance, this
should allow the construction of a new research tool
useful as a platform for screening of new antihistamine
compounds.
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Introduction
Bioglasses are materials known for the ability to create
a strong bond with tissues, especially bone tissue.
Numerous studies revealed beneficial effects of strontium
on bone tissue such as increasing osteoblasts
proliferation or stimulating bone remodeling [1], whereas
zinc is reported to have antibacterial performance [2].
The aim of the study was to describe influence of the
glass modifiers (strontium and zinc) on the glass
structure and in vitro bioactivity. What is more, their
influence on the growth and differentiation of bone and
cartilage tissue cells have been investigated.

Materials and Methods
Glasses from the SiO2-CaO-P2O5-SrO and the SiO2-
CaO-P2O5-ZnO systems have been obtained by the sol-
gel route. They were differing in CaO/SiO2 ratios and the
concentration of modifier oxides (SrO and ZnO), varying
between 0-5 % molar percents. Materials were subjected
to the structural analyses (XRD diffraction, FTIR
spectroscopy, NMR spectroscopy). Moreover, in vitro
bioactivity tests in simulated body fluid solution were
performed. For the biological test purposes glass
powders were incorporated into PCL polymer matrix with
the 50% glass particles weight fraction The series of
in vitro biological tests was made in order to evaluate the
influence of the additives type and concentration on the
bone (NHOst Lonza) and cartilage (NHAC, Lonza) tissue
cells phenotype and the behavior. Osteoblasts culture
was analyzed for cytotoxicity, level of ALP, and
extracellular matrix mineralization level. Moreover, cells
morphologies were evaluated by acridine orange
fluorescent staining. Chondrocytes were analyzed for
collagen type II level and aggrecan expression.

Results and Discussion
Structural analyses of obtained glasses changes
occurring in the materials structure along with the
introducing of SrO or ZnO in place of CaO.
Sr incorporation effected in the increase in the amount of
the non-bridging Si-O- bonds, what was probably an
effect of the differences in size between Ca2+ and Sr2+

cations. Our study has shown that the effect of strontium
oxide on the structure and properties of gel-derived
biomaterials largely depended not only on SrO
concentration but also on the chemical composition of
starting materials.
Bioactivity in vitro tests indicated that all of obtained
materials were bioactive, but the dynamics of the process
and bioactive layer morphology depended on the
bioglass composition.

Biological tests indicated that incorporation of Sr and Zn
to glasses significantly affects cell behavior and
phenotype. Strontium containing glasses favored
osteoblast cells differentiation and increased ALP activity,
whereas both Zn or Sr-containing glasses. Results of the
mineralization assay in vitro performed on the osteoblast
cells after 21 days of culture indicated that
the highest level of ECM mineralization exhibited cells
cultured in the material with Sr-containing glass particles.
Moreover, modifying bioglass with strontium has
significantly improved ECM mineralization in comparison
with other materials, especially with TCPS and bare PCL
film. Studies of the collagen type II level produced by the
chondrocytes cultured on the model bioglass/PCL
composite films indicated that after 7 day of culture the
total collagen production was similar for all tested
materials. After 14 days the level of produced collagen
type II in A2/PCL and PCL materials was lower than for
the TCPS, whereas the highest level of production was
detected for the material containing glass doped with 5%
mol of zinc what indicated that Zn-doped bioglasses
stimulated chondrocytes to collagen type II production
better than other tested materials.

Conclusions
Our study has confirmed that addition of strontium and
zinc to glasses can improve their biological response in
vitro in contact with various cell lines.
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Introduction
Silver nanoparticles (AgNP) have gained much attention
in recent years due to their biomedical applications,
especially as antimicrobial agents. AgNP may be used in
poultry production as an alternative to the use of
antibiotic growth promoter. However, little is known about
the impact of oral administration of AgNP on the gut
microbiota and the immune system. The aim of the
present study was to investigate the effects of AgNP on
growth, hematological and immunological profile as well
as intestinal microbial composition in broilers challenged
with Campylobacter jejuni (C. jejuni).

Materials and Methods
Ninety day-old broiler chickens were randomly assigned
to two groups: control and provided with AgNP in the
drinking water (50 ppm). At day 11, all birds were orally
challenged with an overnight C. jejuni culture. Feed
consumption, water intake, body and organ weights were
registered to evaluate the influence of AgNP on chicken
performance. The in vivo antibacterial activity of AgNP
was assessed by using plate count method by measuring
packed cell volume (PCV) percent in chicken blood
samples using the micro-hematocrit reader. Humoral
immune status was determined by measuring plasma
immunoglobulin concentrations. The effect of AgNP on
the inflammatory response was measured in liver tissue
samples by mRNA expression of TNF-α and NF-kB using
qPCR analysis.

Results and Discussion
AgNP did not affect the intestinal microbial profile of
birds. These results are consistent with in vivo
experiments with the microbial profile of young quails
receiving hydrocolloids of AgNP administered with 5-25
ppm [1]. The obtained results may suggest that AgNP
were gastro-sensitive, the stability and dispersion
of AgNP in gastric acid is a critical factor for antibacterial
activity.
The body weight gain and the relative weights of bursa
and spleen were reduced when supplemented with
AgNP. The results are consistent with decreased body
and organ weights in chickens treated with 25 ppm
of AgNP [2]. The PCV results indicated that the provision
of AgNP did not influence the percentage of red blood
cells. On the other hand, it was reported that the oral
administration of AgNP induced some changes in the red
blood compartment, such as increased red blood cell
count and coagulation parameters [3].

The plasma concentrations of IgG and IgM were lower in
birds receiving AgNP compared to the non-supplemented
control group (FIG. 1) AgNP might impair intestinal actively
transported sugars, amino acids, trace elements, and
vitamins, and deficiencies of these nutrients may decrease
antibody formation. Similar observations showed
decreased plasma IgG levels in chickens treated with 10
and 20 ppm AgNP but not infected with C. jejuni [4].

FIG. 1. Concentration of immunoglobulins (IgG) in
chickens infected with C. jejuni * Indicates significant
difference between control and AgNP (p <0.05).

The expression of TNF-α and NF-kB at mRNA level was
significantly higher in birds receiving AgNP. An increase
in mRNA expression of inflammatory mediators and low
IgG and IgM levels could be due to the nanoparticle
uptake triggering cellular effects, leading to inflammatory
responses. However, the conflicting results might indicate
that AgNP have multiple cellular targets that vary among
different cell type. These results are attributed to several
confounding factors such as pH [5], continuous oral
administration of AgNP, or even the availability of free
radicals to induce oxidative stress and damage cells
[3,6]. We propose that nanoparticles time of exposure,
route of administration, particles size, aggregate
formation, and altered bio-distribution in the form of rapid
clearance owing to non-specific pathogen clearance from
the systemic circulation could serve as aided factors. One
possible cause for the AgNP dependent initiation of
inflammation could be the fact that they enhance the
production of reactive oxygen species. These oxygen-
derived free radicals may lead to mitochondrial
dysfunction, increased gene expression of inflammatory
cytokines (TNF-α) and activation of specific transcription
factors (NF-kB).

Conclusions
The application of AgNP via the drinking water in the
concentration of 50 ppm reduced chicken growth, impaired
immune functions and had no antibacterial effect on
different intestinal bacterial groups, which may limit the
applicability of AgNP against C. jejuni in broiler chickens.
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Introduction
Silver nanoparticles (AgNP) have gained much attention
in recent years due to their biomedical applications,
especially as antimicrobial agents. AgNP may be used in
poultry production as an alternative to the use of
antibiotic growth promoter. However, little is known about
the impact of oral administration of AgNP on the gut
microbiota and the immune system. The aim of the
present study was to investigate the effects of AgNP on
growth, hematological and immunological profile as well
as intestinal microbial composition in broilers challenged
with Campylobacter jejuni (C. jejuni).

Materials and Methods
Ninety day-old broiler chickens were randomly assigned
to two groups: control and provided with AgNP in the
drinking water (50 ppm). At day 11, all birds were orally
challenged with an overnight C. jejuni culture. Feed
consumption, water intake, body and organ weights were
registered to evaluate the influence of AgNP on chicken
performance. The in vivo antibacterial activity of AgNP
was assessed by using plate count method by measuring
packed cell volume (PCV) percent in chicken blood
samples using the micro-hematocrit reader. Humoral
immune status was determined by measuring plasma
immunoglobulin concentrations. The effect of AgNP on
the inflammatory response was measured in liver tissue
samples by mRNA expression of TNF-α and NF-kB using
qPCR analysis.

Results and Discussion
AgNP did not affect the intestinal microbial profile of
birds. These results are consistent with in vivo
experiments with the microbial profile of young quails
receiving hydrocolloids of AgNP administered with 5-25
ppm [1]. The obtained results may suggest that AgNP
were gastro-sensitive, the stability and dispersion
of AgNP in gastric acid is a critical factor for antibacterial
activity.
The body weight gain and the relative weights of bursa
and spleen were reduced when supplemented with
AgNP. The results are consistent with decreased body
and organ weights in chickens treated with 25 ppm
of AgNP [2]. The PCV results indicated that the provision
of AgNP did not influence the percentage of red blood
cells. On the other hand, it was reported that the oral
administration of AgNP induced some changes in the red
blood compartment, such as increased red blood cell
count and coagulation parameters [3].

The plasma concentrations of IgG and IgM were lower in
birds receiving AgNP compared to the non-supplemented
control group (FIG. 1) AgNP might impair intestinal actively
transported sugars, amino acids, trace elements, and
vitamins, and deficiencies of these nutrients may decrease
antibody formation. Similar observations showed
decreased plasma IgG levels in chickens treated with 10
and 20 ppm AgNP but not infected with C. jejuni [4].

FIG. 1. Concentration of immunoglobulins (IgG) in
chickens infected with C. jejuni * Indicates significant
difference between control and AgNP (p <0.05).

The expression of TNF-α and NF-kB at mRNA level was
significantly higher in birds receiving AgNP. An increase
in mRNA expression of inflammatory mediators and low
IgG and IgM levels could be due to the nanoparticle
uptake triggering cellular effects, leading to inflammatory
responses. However, the conflicting results might indicate
that AgNP have multiple cellular targets that vary among
different cell type. These results are attributed to several
confounding factors such as pH [5], continuous oral
administration of AgNP, or even the availability of free
radicals to induce oxidative stress and damage cells
[3,6]. We propose that nanoparticles time of exposure,
route of administration, particles size, aggregate
formation, and altered bio-distribution in the form of rapid
clearance owing to non-specific pathogen clearance from
the systemic circulation could serve as aided factors. One
possible cause for the AgNP dependent initiation of
inflammation could be the fact that they enhance the
production of reactive oxygen species. These oxygen-
derived free radicals may lead to mitochondrial
dysfunction, increased gene expression of inflammatory
cytokines (TNF-α) and activation of specific transcription
factors (NF-kB).

Conclusions
The application of AgNP via the drinking water in the
concentration of 50 ppm reduced chicken growth, impaired
immune functions and had no antibacterial effect on
different intestinal bacterial groups, which may limit the
applicability of AgNP against C. jejuni in broiler chickens.
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Introduction
Silver nanoparticles (AgNP) have gained much attention
in recent years due to their biomedical applications,
especially as antimicrobial agents. AgNP may be used in
poultry production as an alternative to the use of
antibiotic growth promoter. However, little is known about
the impact of oral administration of AgNP on the gut
microbiota and the immune system. The aim of the
present study was to investigate the effects of AgNP on
growth, hematological and immunological profile as well
as intestinal microbial composition in broilers challenged
with Campylobacter jejuni (C. jejuni).

Materials and Methods
Ninety day-old broiler chickens were randomly assigned
to two groups: control and provided with AgNP in the
drinking water (50 ppm). At day 11, all birds were orally
challenged with an overnight C. jejuni culture. Feed
consumption, water intake, body and organ weights were
registered to evaluate the influence of AgNP on chicken
performance. The in vivo antibacterial activity of AgNP
was assessed by using plate count method by measuring
packed cell volume (PCV) percent in chicken blood
samples using the micro-hematocrit reader. Humoral
immune status was determined by measuring plasma
immunoglobulin concentrations. The effect of AgNP on
the inflammatory response was measured in liver tissue
samples by mRNA expression of TNF-α and NF-kB using
qPCR analysis.

Results and Discussion
AgNP did not affect the intestinal microbial profile of
birds. These results are consistent with in vivo
experiments with the microbial profile of young quails
receiving hydrocolloids of AgNP administered with 5-25
ppm [1]. The obtained results may suggest that AgNP
were gastro-sensitive, the stability and dispersion
of AgNP in gastric acid is a critical factor for antibacterial
activity.
The body weight gain and the relative weights of bursa
and spleen were reduced when supplemented with
AgNP. The results are consistent with decreased body
and organ weights in chickens treated with 25 ppm
of AgNP [2]. The PCV results indicated that the provision
of AgNP did not influence the percentage of red blood
cells. On the other hand, it was reported that the oral
administration of AgNP induced some changes in the red
blood compartment, such as increased red blood cell
count and coagulation parameters [3].

The plasma concentrations of IgG and IgM were lower in
birds receiving AgNP compared to the non-supplemented
control group (FIG. 1) AgNP might impair intestinal actively
transported sugars, amino acids, trace elements, and
vitamins, and deficiencies of these nutrients may decrease
antibody formation. Similar observations showed
decreased plasma IgG levels in chickens treated with 10
and 20 ppm AgNP but not infected with C. jejuni [4].

FIG. 1. Concentration of immunoglobulins (IgG) in
chickens infected with C. jejuni * Indicates significant
difference between control and AgNP (p <0.05).

The expression of TNF-α and NF-kB at mRNA level was
significantly higher in birds receiving AgNP. An increase
in mRNA expression of inflammatory mediators and low
IgG and IgM levels could be due to the nanoparticle
uptake triggering cellular effects, leading to inflammatory
responses. However, the conflicting results might indicate
that AgNP have multiple cellular targets that vary among
different cell type. These results are attributed to several
confounding factors such as pH [5], continuous oral
administration of AgNP, or even the availability of free
radicals to induce oxidative stress and damage cells
[3,6]. We propose that nanoparticles time of exposure,
route of administration, particles size, aggregate
formation, and altered bio-distribution in the form of rapid
clearance owing to non-specific pathogen clearance from
the systemic circulation could serve as aided factors. One
possible cause for the AgNP dependent initiation of
inflammation could be the fact that they enhance the
production of reactive oxygen species. These oxygen-
derived free radicals may lead to mitochondrial
dysfunction, increased gene expression of inflammatory
cytokines (TNF-α) and activation of specific transcription
factors (NF-kB).

Conclusions
The application of AgNP via the drinking water in the
concentration of 50 ppm reduced chicken growth, impaired
immune functions and had no antibacterial effect on
different intestinal bacterial groups, which may limit the
applicability of AgNP against C. jejuni in broiler chickens.
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Introduction
Porous polymer membranes are potential multi-level
carriers of bioactive substances or drugs. Their release
depends on the type of polymer matrix, and the longer
the time of degradation of the matrix, the lower the
release rate. Biodegradable polyhydroxyl acids,
represented by polylactide (PLA) and aliphatic polyesters
including polycaprolactone (PCL), have been used as
drug shell for drug delivery. These polymers can be
easily formed into granules, fibers or membranes. For
example membrane materials can be obtained by the
phase inversion method which allows to control the
surface and volume porosity. It depends on the
conditions of the coagulation bath and the concentration
of the polymer.
Two polymers were used as the template: polylactide
(PLA) and polycaprolactone (PCL), which were
introduced into biofuroxime (Bf) (second generation
cephalosporins). The presence of this compound has
bactericidal activity against both Gram-positive and
Gram-negative bacteria. The efficiency of the
modification was confirmed by the SEM/EDS
observation. Drug release was monitored by changing
the analytical concentration of ions (ICP method) and
parallel study in contact with Gram-positive bacteria was
conducted.

Materials and Methods
Commercial polymers: PLDLA (Carbochem) and PCL
(Sigma-Aldrich) were used in the experiment. Mixture of
AC and THF (1:8) was used as the solvent. The
precipitating reagent was DMSO. All reagents were
purchased from Avator (Poland). The dissolved polymers
were doped with 5% wt of biofuroxime (Polfa). The
membranes were air dried and then vacuum treated for
48h. Microstructure of membranes was observed by
scanning electron microscope (Nova NanoSEM). Other
features of membrane were tested during permeability
test, drug release (ICP), and durability in vitro
(PBS/3msc/37°C). Multi-level carrier membranes were
tested using an agar-based method. Pure (unmodified)
polymeric membranes were the reference in all studies.

Results and Discussion
Addition of the modifier affected microstructure, and the
size of pores was reduced: for the PCL-based polymer
membrane the diameter of pores decreased from about
60 µm (for PCL) to 22 µm (for PCL/Bf). The same effect
was observed in the PLDLA membranes, and the
average size of pores decreased from 20 µm (for PLDLA)

to 12 µm (for PLDLA/Bf). Release of biofuroxime from the
PLDLA membrane was faster than that of the PCL as
confirmed by increase in concentration of sulfate ion
(analytical group of drug). Drug release process during
incubation of PCL/Bf membrane started after 14 days,
which resulted from lower degradation rate of the porous
PCL membrane. All membranes were characterized by
altered morphology (irregular pores with a rough surface),
and slight changes in weight and dimensions after
degradation.

FIG. 1. Stability of polymer membrane materials: PLDLA,
PLDLA/Bf and PCL, PCL/Bf.

FIG. 2. Microstructure of drug-modified membrane
materials (biofuroxsim)

Conclusions
Phase inversion is a method of obtaining polymer
membranes, which can be modified with bioactive
compounds and drugs. This preliminary study has shown
that a more stable PCL matrix releases drug later than
the faster degrading PLDL matrix. Both PLDLA and PCL
porous membranes were stable for not longer than 3
months.
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Introduction
Characterization of cells in terms of their usefulness in
regenerative medicine is based on research on their
potential for differentiation and proliferation in vivo. The
chorioallantoic membrane (CAM) of chicken embryo is an
optimal environment for growing xenografts taken from
other individuals or even species. In research conducted
so far human stem cells were implanted directly into
different parts of the embryo (eg. neural tube) as well as
systemically through injections to veins and arteries of
CAM [1]. It was also demonstrated their integration into
the organism in the late stages of embryo development
[2]. CAM as a biological model with natural
immunodeficiency has already become a useful tool for
breeding and researching many cancers, with no
restrictions on the species [3-5]. The CAM model was
also used for implantation of tissue fragments. In this
system, however, the survival of transplanted tissues is
dependent on rapid neovascularization, the failure of
which results in death of the transplant. Transplantation
of adult tissues did not lead to revascularization of their
fragments probably due to lack of ability to stimulate host
angiogenesis as it is for tumour tissue [6]. The positive
effect augurs a use in place of the adult tissue, cells or
tissues of a progenitor character. Both adult and
embryonic stem cells provide an excellent tool for cell
therapy. They owe the ability to differentiate into somatic
cell lines [7]. The control of this differentiation is mainly
achieved by direct stimulation of their surface receptors
with appropriate transcription factors [8,9]. Previous
studies on the chicken embryo CAM model and broiler
model in vivo carried out with nanoparticles of colloidal
silver showed their strong proangiogenic effects due to
increased expression of angiogenic factors (VEGFA,
FGF2) [10]. Their influence on the morphology of chick
embryos was also reported [11]. The advantage in the
case of xenografts implantation is also the proven
antiseptic effect of silver.
Excellent blood supply, oxygen access and optimal
physico-chemical conditions allow for effective cell
culture, which can be differentiated and transformed into
tissue. Progenitor cells implanted on the chorioallantoic
membrane of the chicken embryo at different stages of
development allow to determine which degree of
differentiation of implants is optimal for these
applications. The aim of the experiment is to determine
the influence of in ovo culture conditions, on the size,
structure and morphology of the resulting fragments
of tissue. The use of nanocolloid of silver as a
proangiogenic factor in relation to the cardiac progenitor
cells implanted on the CAM could have a positive effect
on vascularisation of obtained tissue fragments, which in
turn would improve their growth and survival in ovo.

Materials and Methods
The model organism was CAM of a chick embryo and
chicken embryos bred under standard conditions until the
18th day of embryonic development. Cardiac progenitor
cells were collected at 6th and 18th ED. On each of these
days eggs were opened and the embryos were
sacrificed. Hearts were immediately isolated, tripsinised,
homogenised and mixed with the culture medium to
neutralise the enzyme. They were cultured in vitro to
check their reaction to the Ag nanoparticles in medium or
implanted as a primary cultures on the chorioallantoic
membrane of chicken embryo at 8th ED with and without
the addition of Ag nanoparticles as pro-angiogenic factor,
which were administered in the vicinity of the implanted
cells at the time of implantation. The size and
morphology of the grown tissue fragments were
assessed by macroscopic images from the binocular
immediately after their isolation.

Results and Discussion
Preliminary experiment with the nanocolloidal Ag has
shown that in a limited range of concentrations (2 and 10
ppm) of the silver nanoparticles, in the short term they
stimulate cells’ metabolism. In the lower concentration
they cause formation of three-dimensional structures and
prolong the life of cardiac progenitor cells in culture. As
transcriptionally active they can potentially initiate self-
renewal of cells or stimulate differentiation of pluri/
multipotent cells. Morphology of primary cells in culture
differs depending on the cells’ age. In turn, studies
carried out on cardiac progenitor cells from chicken
embryos (ED 6 and 18) after implantation on CAM of
another embryo confirmed the formation of small tissue
fragments within the chorioallantoic membrane. Cells
collected on day 6th of embryo development after
implantation in ovo migrate further from the injection site
than 18 ED cells. Cells derived from 6th ED remain alive
until the end of the culture in ovo.

Conclusions
Heart-derived progenitor cells taken from the embryo of
chicken at 6th and 18th embryonic development days after
implantation on chorioallantoic membrane form in ovo
vascularised spatial structures. The 15 μg Ag
nanoparticles supplementation at cells’ implantation time
results in more orderly cell proliferation towards heart-like
structures.
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Introduction
Fatty acids (FAs) can be utilized in manufacturing of
novel inhalable drug delivery systems for lung cancer
treatment, i.e. solid lipid nano- or microparticles [1]. FAs
are naturally occurring in saturated or unsaturated forms
with different carbon chain lengths. It is known that
unsaturated FAs (i.e. arachidonic acid) decrease cell
membrane stiffness of lung epithelial cells, leading to
increased drug uptake and bioavailability [2]. Unsaturated
FAs are in liquid state at room temperature so they
cannot be used as nano- or microparticle matrix.
Saturated FAs are promising materials for fabrication of
drug delivery carriers, however there is limited
information on their effect on lung epithelial cells.
The aim of this study was to evaluate the influence of
various saturated FAs on viability and mechanical
properties of malignant and non-malignant human lung
epithelial cells.

Materials and Methods
Human lung epithelial cells (malignant – A549. ATCC®
CCL-185™ and non-malignant – BEAS-2B, ATCC® CRL
9609™) were cultured in DMEM supplemented with 10%
FBS, 1% penicillin/streptomycin and 1% glutamine (only
for BEAS-2B). Cells were seeded in 96-well plates or
Petri dishes and cultured overnight prior to addition of
FAs. FAs (C10:0 – C18:0) were dissolved in 99.8%
ethanol and added to cell culture medium to obtain final
concentrations of FAs equal to 25, 50, 75 and 100 µM
(final concentration of ethanol <1%). The ratio of cell
number to the amount of FAs added was constant in all
the experiments. FAs uptake was determined using
optical tomography (Nanolive 3D Cell Explorer). Viability
of cells after 24 h incubation with FAs was evaluated
using resazurin reduction assay (AlamarBlue, Sigma-
Aldrich) and live/dead fluorescent staining. Cell
proliferation was assessed using IncuCyte® ZOOM
System (Essen BioScience) that records phase contrast
images of cells every 2 h. Cell membrane stiffness was
determined by atomic force microscopy in contact mode
with 10 nN indentation force (MFP-3D-Bio, Assylum
Research).

Results and Discussion
FAs were easily uptaken by both malignant and non-
malignant cells, however the amount of fatty acids stored
in lipid droplets within the cells was higher in malignant
cells (FIG. 1). Metabolic activity assays showed that
several saturated FAs (i.e. myristic and palmitic acids)
at the lowest concentration of 25 µM decrease viability
of malignant epithelial cells (<60% compared to control),
but they are non-toxic for non-malignant epithelial cells.
FAs such as capric and lauric acids did not affect
both malignant and non-malignant cells growth
even at the highest concentrations (up to 100 µM).

These findings were confirmed by live/dead staining and
determination of cell proliferation over 4 days of
incubation with FAs.

FIG. 1. Optical tomography images of malignant (A) and
non-malignant (B) cells incubated with myristic acid for
24 h. Arrows indicate lipid droplets inside cells. Scale bar:
20 µm.

Cell membrane stiffness (Young’s modulus) of cells
incubated with FAs at 25 µM were determined based on
the analyses of force-distance curves recorded using
AFM. In the case of non-malignant cells, mechanical
properties of cells incubated with various FAs were not
significantly different from cells cultured in control
conditions. However, when malignant cells were
incubated with lauric, myristic and palmitic acids, the
median Young’s modulus of their cell membrane was
almost twice lower than in control samples (FIG. 2). It will
be further evaluated if changes in cell membrane
properties result in increased membrane permeability.

FIG. 2. Young’s modulus of malignant cells incubated
with saturated FAs.

Conclusions
The influence of saturated FAs on human epithelial cells
was evaluated in this study. As natural substances, FAs
are easily incorporated inside cells and stored in lipid
droplets. The FAs uptake is more efficient in malignant
cells than in non-malignant cells. Myristic and palmitic
acids are toxic for malignant cells, even at low
concentrations (25 µM), while being well tolerated by
non-malignant cells. What is more, such FAs significantly
decreased mechanical stiffness of cell membranes in
malignant cells. This phenomenon may be beneficial in
terms of novel lung cancer treatment, as the use of
selected FAs for manufacturing of inhalable drug delivery
systems can increase permeability of malignant cells,
enhance drug uptake and result in more efficient
treatment.
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Introduction
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with different carbon chain lengths. It is known that
unsaturated FAs (i.e. arachidonic acid) decrease cell
membrane stiffness of lung epithelial cells, leading to
increased drug uptake and bioavailability [2]. Unsaturated
FAs are in liquid state at room temperature so they
cannot be used as nano- or microparticle matrix.
Saturated FAs are promising materials for fabrication of
drug delivery carriers, however there is limited
information on their effect on lung epithelial cells.
The aim of this study was to evaluate the influence of
various saturated FAs on viability and mechanical
properties of malignant and non-malignant human lung
epithelial cells.

Materials and Methods
Human lung epithelial cells (malignant – A549. ATCC®
CCL-185™ and non-malignant – BEAS-2B, ATCC® CRL
9609™) were cultured in DMEM supplemented with 10%
FBS, 1% penicillin/streptomycin and 1% glutamine (only
for BEAS-2B). Cells were seeded in 96-well plates or
Petri dishes and cultured overnight prior to addition of
FAs. FAs (C10:0 – C18:0) were dissolved in 99.8%
ethanol and added to cell culture medium to obtain final
concentrations of FAs equal to 25, 50, 75 and 100 µM
(final concentration of ethanol <1%). The ratio of cell
number to the amount of FAs added was constant in all
the experiments. FAs uptake was determined using
optical tomography (Nanolive 3D Cell Explorer). Viability
of cells after 24 h incubation with FAs was evaluated
using resazurin reduction assay (AlamarBlue, Sigma-
Aldrich) and live/dead fluorescent staining. Cell
proliferation was assessed using IncuCyte® ZOOM
System (Essen BioScience) that records phase contrast
images of cells every 2 h. Cell membrane stiffness was
determined by atomic force microscopy in contact mode
with 10 nN indentation force (MFP-3D-Bio, Assylum
Research).

Results and Discussion
FAs were easily uptaken by both malignant and non-
malignant cells, however the amount of fatty acids stored
in lipid droplets within the cells was higher in malignant
cells (FIG. 1). Metabolic activity assays showed that
several saturated FAs (i.e. myristic and palmitic acids)
at the lowest concentration of 25 µM decrease viability
of malignant epithelial cells (<60% compared to control),
but they are non-toxic for non-malignant epithelial cells.
FAs such as capric and lauric acids did not affect
both malignant and non-malignant cells growth
even at the highest concentrations (up to 100 µM).

These findings were confirmed by live/dead staining and
determination of cell proliferation over 4 days of
incubation with FAs.

FIG. 1. Optical tomography images of malignant (A) and
non-malignant (B) cells incubated with myristic acid for
24 h. Arrows indicate lipid droplets inside cells. Scale bar:
20 µm.

Cell membrane stiffness (Young’s modulus) of cells
incubated with FAs at 25 µM were determined based on
the analyses of force-distance curves recorded using
AFM. In the case of non-malignant cells, mechanical
properties of cells incubated with various FAs were not
significantly different from cells cultured in control
conditions. However, when malignant cells were
incubated with lauric, myristic and palmitic acids, the
median Young’s modulus of their cell membrane was
almost twice lower than in control samples (FIG. 2). It will
be further evaluated if changes in cell membrane
properties result in increased membrane permeability.

FIG. 2. Young’s modulus of malignant cells incubated
with saturated FAs.

Conclusions
The influence of saturated FAs on human epithelial cells
was evaluated in this study. As natural substances, FAs
are easily incorporated inside cells and stored in lipid
droplets. The FAs uptake is more efficient in malignant
cells than in non-malignant cells. Myristic and palmitic
acids are toxic for malignant cells, even at low
concentrations (25 µM), while being well tolerated by
non-malignant cells. What is more, such FAs significantly
decreased mechanical stiffness of cell membranes in
malignant cells. This phenomenon may be beneficial in
terms of novel lung cancer treatment, as the use of
selected FAs for manufacturing of inhalable drug delivery
systems can increase permeability of malignant cells,
enhance drug uptake and result in more efficient
treatment.
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membrane stiffness of lung epithelial cells, leading to
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FAs are in liquid state at room temperature so they
cannot be used as nano- or microparticle matrix.
Saturated FAs are promising materials for fabrication of
drug delivery carriers, however there is limited
information on their effect on lung epithelial cells.
The aim of this study was to evaluate the influence of
various saturated FAs on viability and mechanical
properties of malignant and non-malignant human lung
epithelial cells.
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CCL-185™ and non-malignant – BEAS-2B, ATCC® CRL
9609™) were cultured in DMEM supplemented with 10%
FBS, 1% penicillin/streptomycin and 1% glutamine (only
for BEAS-2B). Cells were seeded in 96-well plates or
Petri dishes and cultured overnight prior to addition of
FAs. FAs (C10:0 – C18:0) were dissolved in 99.8%
ethanol and added to cell culture medium to obtain final
concentrations of FAs equal to 25, 50, 75 and 100 µM
(final concentration of ethanol <1%). The ratio of cell
number to the amount of FAs added was constant in all
the experiments. FAs uptake was determined using
optical tomography (Nanolive 3D Cell Explorer). Viability
of cells after 24 h incubation with FAs was evaluated
using resazurin reduction assay (AlamarBlue, Sigma-
Aldrich) and live/dead fluorescent staining. Cell
proliferation was assessed using IncuCyte® ZOOM
System (Essen BioScience) that records phase contrast
images of cells every 2 h. Cell membrane stiffness was
determined by atomic force microscopy in contact mode
with 10 nN indentation force (MFP-3D-Bio, Assylum
Research).

Results and Discussion
FAs were easily uptaken by both malignant and non-
malignant cells, however the amount of fatty acids stored
in lipid droplets within the cells was higher in malignant
cells (FIG. 1). Metabolic activity assays showed that
several saturated FAs (i.e. myristic and palmitic acids)
at the lowest concentration of 25 µM decrease viability
of malignant epithelial cells (<60% compared to control),
but they are non-toxic for non-malignant epithelial cells.
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both malignant and non-malignant cells growth
even at the highest concentrations (up to 100 µM).
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non-malignant (B) cells incubated with myristic acid for
24 h. Arrows indicate lipid droplets inside cells. Scale bar:
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Cell membrane stiffness (Young’s modulus) of cells
incubated with FAs at 25 µM were determined based on
the analyses of force-distance curves recorded using
AFM. In the case of non-malignant cells, mechanical
properties of cells incubated with various FAs were not
significantly different from cells cultured in control
conditions. However, when malignant cells were
incubated with lauric, myristic and palmitic acids, the
median Young’s modulus of their cell membrane was
almost twice lower than in control samples (FIG. 2). It will
be further evaluated if changes in cell membrane
properties result in increased membrane permeability.

FIG. 2. Young’s modulus of malignant cells incubated
with saturated FAs.

Conclusions
The influence of saturated FAs on human epithelial cells
was evaluated in this study. As natural substances, FAs
are easily incorporated inside cells and stored in lipid
droplets. The FAs uptake is more efficient in malignant
cells than in non-malignant cells. Myristic and palmitic
acids are toxic for malignant cells, even at low
concentrations (25 µM), while being well tolerated by
non-malignant cells. What is more, such FAs significantly
decreased mechanical stiffness of cell membranes in
malignant cells. This phenomenon may be beneficial in
terms of novel lung cancer treatment, as the use of
selected FAs for manufacturing of inhalable drug delivery
systems can increase permeability of malignant cells,
enhance drug uptake and result in more efficient
treatment.
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Introduction
Polyoxymethylene (POM) is one of an engineering
thermoplastic polymers that is characterized by excellent
mechanical properties, low friction coefficient and high
chemical resistance to most solvents (1). POM is
commonly used to replace metal and glass parts in
automotive industry, industrial and medical equipment,
consumer goods and parts of domestic appliances (2).
It is usually manufactured by the copolymerization of
trioxane with cyclic ethers and processed by extrusion
and injection moulding methods (3). However, the biggest
disadvantage of POM is its poor thermal stability.
In elevated temperature it readily undergoes thermal
decomposition. Furthermore, POM tends to follow an
“unzipping” process with emission of formaldehyde
molecules (4). Formaldehyde presence limits the range of
application of POM in medicine in particular. To improved
the thermal endurance of POM, a functionalized
hydroxyapatite as a new kind of thermal stabilizer was
applied.

Materials and Methods
POM copolymer (Ultraform®, BASF) was used as
a composite matrix. Hydroxyapatite (HA, nGimat Co) in
the shape of nanopowder was functionalized with
poly(ethylene glycol) (PEG 2000, Sigma Aldrich).
1,6-hexamethylene diisocyanate (HDI) as a coupling
agent, and dibutyltin dilaurate (DBTDL) as a catalyst
were used (both form Sigma Aldrich). Anhydrous N,N-
dimethylformamide (DMF, Avantor) was used as
a solvent of the functionalization reaction. HA/HDI/PEG
molar ratio was 1:2:1.

Grafting process of HA-g-PEG
HA/DMF (9 g/90 ml) was dispersed using sonication. Then,
9 μl of DBTDL catalyst was introduced to HA dispersion.
Next, HDI/DMF (6 g/12 ml) solution was dropped to HA
dispersion. The mixture was heated up to 80°C using
magnetic stirrer and it was kept in this temperature for
1.5 h. After cooling down, PEG/DMF (36 g/36 ml) was
dropped to the suspension and the system was heated up
to 65°C and stirred in this temperature for 1.5 h. Finally,
the powder was separated in centrifugal separator and
washed three times with ethanol. After that, the HA-g-PEG
powder was dried at 40°C for 24 h.

Processing of POM/HA-g-PEG composites
In the first stage, POM and HA-g-PEG powder were
mechanically mixed (0, 0.5, 1.0, 2.5, 5.0 and 10.0% w/w
of HA-g-PEG) (calculated in relation to pure HA). Then,
composites were compounded in a twin-screw extruder
(50 rpm, 210°C) and shaped by injection moulding
method (210°C, 10 Bar). The composites were
characterized using DSC and TG methods. FTIR and
XRD analyses were also performed. The mechanical
strength was measured using tensile test. SEM was

applied to investigate the surface morphology of fractured
specimens. The formaldehyde release during incubation
was assessed using Schiff’s reagent.

Results and Discussion
FTIR spectroscopy proved the urethane bond formation
presence between –OH from HA and –NCO groups. SEM
observations (FIG. 1) showed high cohesion between
POM matrix (2) and the HA-g-PEG additive (1). DSC
analysis confirmed that HA-g-PEG additive does not
affect the crystallinity of POM relevantly, but supercooling
of POM composites was lower, even by 4°C (for 10%
HA-g-PEG content), compared with pristine POM. Most
importantly, as can be seen in FIG. 2, the thermal stability
of modified POM was increased up to 16.5°C (for 5% HA-
g-PEG). Using the Schiff’s test, the small amount of
formaldehyde, comparable with distilled water, was
detected in all samples. Mechanical tests exhibited some
decrease in tensile strength from 70 MPa to 60 MPa for
10% of HA-g-PEG contents.

FIG. 2. TG/DTG curves of POM/HA-g-PEG composites
(0%, 1%, 5%).

Conclusions
In this study, polyoxymethylene/functionalized HA
composites with improved thermal stability were
obtained. High mechanical properties and good stability
of modified POM make this polymer material a great
candidate as a material that can be used in many
orthopedic applications.
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chemical resistance to most solvents (1). POM is
commonly used to replace metal and glass parts in
automotive industry, industrial and medical equipment,
consumer goods and parts of domestic appliances (2).
It is usually manufactured by the copolymerization of
trioxane with cyclic ethers and processed by extrusion
and injection moulding methods (3). However, the biggest
disadvantage of POM is its poor thermal stability.
In elevated temperature it readily undergoes thermal
decomposition. Furthermore, POM tends to follow an
“unzipping” process with emission of formaldehyde
molecules (4). Formaldehyde presence limits the range of
application of POM in medicine in particular. To improved
the thermal endurance of POM, a functionalized
hydroxyapatite as a new kind of thermal stabilizer was
applied.

Materials and Methods
POM copolymer (Ultraform®, BASF) was used as
a composite matrix. Hydroxyapatite (HA, nGimat Co) in
the shape of nanopowder was functionalized with
poly(ethylene glycol) (PEG 2000, Sigma Aldrich).
1,6-hexamethylene diisocyanate (HDI) as a coupling
agent, and dibutyltin dilaurate (DBTDL) as a catalyst
were used (both form Sigma Aldrich). Anhydrous N,N-
dimethylformamide (DMF, Avantor) was used as
a solvent of the functionalization reaction. HA/HDI/PEG
molar ratio was 1:2:1.

Grafting process of HA-g-PEG
HA/DMF (9 g/90 ml) was dispersed using sonication. Then,
9 μl of DBTDL catalyst was introduced to HA dispersion.
Next, HDI/DMF (6 g/12 ml) solution was dropped to HA
dispersion. The mixture was heated up to 80°C using
magnetic stirrer and it was kept in this temperature for
1.5 h. After cooling down, PEG/DMF (36 g/36 ml) was
dropped to the suspension and the system was heated up
to 65°C and stirred in this temperature for 1.5 h. Finally,
the powder was separated in centrifugal separator and
washed three times with ethanol. After that, the HA-g-PEG
powder was dried at 40°C for 24 h.
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In the first stage, POM and HA-g-PEG powder were
mechanically mixed (0, 0.5, 1.0, 2.5, 5.0 and 10.0% w/w
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(50 rpm, 210°C) and shaped by injection moulding
method (210°C, 10 Bar). The composites were
characterized using DSC and TG methods. FTIR and
XRD analyses were also performed. The mechanical
strength was measured using tensile test. SEM was

applied to investigate the surface morphology of fractured
specimens. The formaldehyde release during incubation
was assessed using Schiff’s reagent.
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observations (FIG. 1) showed high cohesion between
POM matrix (2) and the HA-g-PEG additive (1). DSC
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of POM composites was lower, even by 4°C (for 10%
HA-g-PEG content), compared with pristine POM. Most
importantly, as can be seen in FIG. 2, the thermal stability
of modified POM was increased up to 16.5°C (for 5% HA-
g-PEG). Using the Schiff’s test, the small amount of
formaldehyde, comparable with distilled water, was
detected in all samples. Mechanical tests exhibited some
decrease in tensile strength from 70 MPa to 60 MPa for
10% of HA-g-PEG contents.

FIG. 2. TG/DTG curves of POM/HA-g-PEG composites
(0%, 1%, 5%).
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HA/DMF (9 g/90 ml) was dispersed using sonication. Then,
9 μl of DBTDL catalyst was introduced to HA dispersion.
Next, HDI/DMF (6 g/12 ml) solution was dropped to HA
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magnetic stirrer and it was kept in this temperature for
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dropped to the suspension and the system was heated up
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XRD analyses were also performed. The mechanical
strength was measured using tensile test. SEM was

applied to investigate the surface morphology of fractured
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was assessed using Schiff’s reagent.

Results and Discussion
FTIR spectroscopy proved the urethane bond formation
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Introduction
Acrylic bone cement, based on poly(methyl methacrylate)
(PMMA), is widely used for the fixation of artificial joints to
the bone tissue but also in remodelling osteoporotic and
vertebral fractures repair (1). It is usually supplied as
a two component system: polymer powder and liquid
monomer. Bone cement is prepared by mixing these two
components and the liquid monomer polymerizes around
the polymer powder microparticles to form hardened
cement. In this free radical, exothermic polymerization
process, huge amount of heat is generated to the
environment. The temperature of bone cement during the
curing process is in range from 40°C to 110°C (2). One of
the method to reduce too high maximum polymerization
temperature is using phase-change materials (PCM) e.g.
based on poly(ethylene glycol) (PEG). PEG is very
effective, biocompatible heat accumulator, but it needs to
be stabilized to prevent the PEG leakage out of the
system in the higher temperature. PEG can be easily
stabilized with polysaccharides. In our preliminary study,
we investigated the influence of pristine PEG of on the
polymerization temperature of PMMA cement (3). The
maximum temperature was reduced by 13°C, but the
mechanical properties of cement decreased below
requirements. Then, we decided to use potato starch as
a shape stabilizer for PEG (4). The results confirmed that
15% of potato starch slightly reduced the thermal
capacity of PEG but the mechanical strength of PMMA
modified with PEG/potato starch systems was kept.
In this study, PEG will be stabilized with different amount
of alginic acid (AA) in order to investigate the influence of
amount of polysaccharide on efficiency of PEG-based
heat accumulators intended to PMMA cements.

Materials and Methods
Duracryl®Plus, an acrylic bone cement was purchased
from Spofa Dental. PEG (Sigma - Aldrich) with average
molecular weights of 4000, 8000 and 12,000 g/mol was
used as a cement modifier. Alginic acid (AA) (Sigma -
Aldrich) was added to the PEG as a shape stabilizer.
Preparation of PEG/AA systems
In the first stage, different amount of alginic acid (1g, 2g,
3g) was dissolved in 90 ml of 2% NaOH. Next, PEG of
given molar mass was dissolved in the alginic acid
solution in accordance with TABLE 1.
TABLE 1. PEG/AA systems composition.

AA
PEG:

10% 20% 30%

4000 9:1 8:2 7:3
8000 9:1 8:2 7:3
12000 9:1 8:2 7:3

The mixture was placed in a water bath at 72°C and
stirred for 7 min. When the mixture was gelatinized, the
solutions were poured into a Petri dishes and dried at
room temperature for 7 days. Then, the blends were
grinded finely in the mortar.

Acrylic bone cement was modified with 15% of PEG/AA
systems. The liquid to powder ratio was 0.37ml/g. The
curing temperature of cements was measured using an
electronic thermometer in accordance with the ISO 5833
standard. Ultrasonic measurements and compression
test, to estimate the mechanical properties of bone
cement, were used. SEM analysis was used for the
observation of surface morphology.

Results and Discussion

FIG. 1. The maximum temperature (TMAX) and the setting
temperature (TSET) of PMMA/PEG/AA bone cements.

Temperature measurements (FIG. 1.) confirmed that all
heat accumulators work effectively. The maximum
temperature was decreased up to 17°C (PEG 12000/AA
9:1). The mechanical tests proved that the addition of
stabilized PEG to the PMMA cement does not affect the
mechanical strength significantly. SEM micrographs
(FIG. 2) showed that the additive of PEG/AA system was
evenly distributed on the PMMA surface.

FIG. 2. SEM micrographs of PMMA (A) and PMMA/
PEG/AA system 9:1 (B).

Conclusions
In this work, acrylic bone cement was modified with 15%
of PEG/AA shape stabilized PCM in order to reduce too
high polymerization temperature of PMMA. Different
molar mass of PEG and various AA content in heat
accumulators were tested. It was proved that 20% of AA
and PEG of 12000 are the most effective combination
that allowed to decrease maximum temperature of
cement and keep the mechanical properties of PMMA
bone cement.
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Introduction
Acrylic bone cement, based on poly(methyl methacrylate)
(PMMA), is widely used for the fixation of artificial joints to
the bone tissue but also in remodelling osteoporotic and
vertebral fractures repair (1). It is usually supplied as
a two component system: polymer powder and liquid
monomer. Bone cement is prepared by mixing these two
components and the liquid monomer polymerizes around
the polymer powder microparticles to form hardened
cement. In this free radical, exothermic polymerization
process, huge amount of heat is generated to the
environment. The temperature of bone cement during the
curing process is in range from 40°C to 110°C (2). One of
the method to reduce too high maximum polymerization
temperature is using phase-change materials (PCM) e.g.
based on poly(ethylene glycol) (PEG). PEG is very
effective, biocompatible heat accumulator, but it needs to
be stabilized to prevent the PEG leakage out of the
system in the higher temperature. PEG can be easily
stabilized with polysaccharides. In our preliminary study,
we investigated the influence of pristine PEG of on the
polymerization temperature of PMMA cement (3). The
maximum temperature was reduced by 13°C, but the
mechanical properties of cement decreased below
requirements. Then, we decided to use potato starch as
a shape stabilizer for PEG (4). The results confirmed that
15% of potato starch slightly reduced the thermal
capacity of PEG but the mechanical strength of PMMA
modified with PEG/potato starch systems was kept.
In this study, PEG will be stabilized with different amount
of alginic acid (AA) in order to investigate the influence of
amount of polysaccharide on efficiency of PEG-based
heat accumulators intended to PMMA cements.

Materials and Methods
Duracryl®Plus, an acrylic bone cement was purchased
from Spofa Dental. PEG (Sigma - Aldrich) with average
molecular weights of 4000, 8000 and 12,000 g/mol was
used as a cement modifier. Alginic acid (AA) (Sigma -
Aldrich) was added to the PEG as a shape stabilizer.
Preparation of PEG/AA systems
In the first stage, different amount of alginic acid (1g, 2g,
3g) was dissolved in 90 ml of 2% NaOH. Next, PEG of
given molar mass was dissolved in the alginic acid
solution in accordance with TABLE 1.
TABLE 1. PEG/AA systems composition.
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10% 20% 30%
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8000 9:1 8:2 7:3
12000 9:1 8:2 7:3

The mixture was placed in a water bath at 72°C and
stirred for 7 min. When the mixture was gelatinized, the
solutions were poured into a Petri dishes and dried at
room temperature for 7 days. Then, the blends were
grinded finely in the mortar.

Acrylic bone cement was modified with 15% of PEG/AA
systems. The liquid to powder ratio was 0.37ml/g. The
curing temperature of cements was measured using an
electronic thermometer in accordance with the ISO 5833
standard. Ultrasonic measurements and compression
test, to estimate the mechanical properties of bone
cement, were used. SEM analysis was used for the
observation of surface morphology.

Results and Discussion

FIG. 1. The maximum temperature (TMAX) and the setting
temperature (TSET) of PMMA/PEG/AA bone cements.

Temperature measurements (FIG. 1.) confirmed that all
heat accumulators work effectively. The maximum
temperature was decreased up to 17°C (PEG 12000/AA
9:1). The mechanical tests proved that the addition of
stabilized PEG to the PMMA cement does not affect the
mechanical strength significantly. SEM micrographs
(FIG. 2) showed that the additive of PEG/AA system was
evenly distributed on the PMMA surface.

FIG. 2. SEM micrographs of PMMA (A) and PMMA/
PEG/AA system 9:1 (B).

Conclusions
In this work, acrylic bone cement was modified with 15%
of PEG/AA shape stabilized PCM in order to reduce too
high polymerization temperature of PMMA. Different
molar mass of PEG and various AA content in heat
accumulators were tested. It was proved that 20% of AA
and PEG of 12000 are the most effective combination
that allowed to decrease maximum temperature of
cement and keep the mechanical properties of PMMA
bone cement.
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Introduction
Acrylic bone cement, based on poly(methyl methacrylate)
(PMMA), is widely used for the fixation of artificial joints to
the bone tissue but also in remodelling osteoporotic and
vertebral fractures repair (1). It is usually supplied as
a two component system: polymer powder and liquid
monomer. Bone cement is prepared by mixing these two
components and the liquid monomer polymerizes around
the polymer powder microparticles to form hardened
cement. In this free radical, exothermic polymerization
process, huge amount of heat is generated to the
environment. The temperature of bone cement during the
curing process is in range from 40°C to 110°C (2). One of
the method to reduce too high maximum polymerization
temperature is using phase-change materials (PCM) e.g.
based on poly(ethylene glycol) (PEG). PEG is very
effective, biocompatible heat accumulator, but it needs to
be stabilized to prevent the PEG leakage out of the
system in the higher temperature. PEG can be easily
stabilized with polysaccharides. In our preliminary study,
we investigated the influence of pristine PEG of on the
polymerization temperature of PMMA cement (3). The
maximum temperature was reduced by 13°C, but the
mechanical properties of cement decreased below
requirements. Then, we decided to use potato starch as
a shape stabilizer for PEG (4). The results confirmed that
15% of potato starch slightly reduced the thermal
capacity of PEG but the mechanical strength of PMMA
modified with PEG/potato starch systems was kept.
In this study, PEG will be stabilized with different amount
of alginic acid (AA) in order to investigate the influence of
amount of polysaccharide on efficiency of PEG-based
heat accumulators intended to PMMA cements.

Materials and Methods
Duracryl®Plus, an acrylic bone cement was purchased
from Spofa Dental. PEG (Sigma - Aldrich) with average
molecular weights of 4000, 8000 and 12,000 g/mol was
used as a cement modifier. Alginic acid (AA) (Sigma -
Aldrich) was added to the PEG as a shape stabilizer.
Preparation of PEG/AA systems
In the first stage, different amount of alginic acid (1g, 2g,
3g) was dissolved in 90 ml of 2% NaOH. Next, PEG of
given molar mass was dissolved in the alginic acid
solution in accordance with TABLE 1.
TABLE 1. PEG/AA systems composition.

AA
PEG:

10% 20% 30%

4000 9:1 8:2 7:3
8000 9:1 8:2 7:3
12000 9:1 8:2 7:3

The mixture was placed in a water bath at 72°C and
stirred for 7 min. When the mixture was gelatinized, the
solutions were poured into a Petri dishes and dried at
room temperature for 7 days. Then, the blends were
grinded finely in the mortar.

Acrylic bone cement was modified with 15% of PEG/AA
systems. The liquid to powder ratio was 0.37ml/g. The
curing temperature of cements was measured using an
electronic thermometer in accordance with the ISO 5833
standard. Ultrasonic measurements and compression
test, to estimate the mechanical properties of bone
cement, were used. SEM analysis was used for the
observation of surface morphology.
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FIG. 1. The maximum temperature (TMAX) and the setting
temperature (TSET) of PMMA/PEG/AA bone cements.

Temperature measurements (FIG. 1.) confirmed that all
heat accumulators work effectively. The maximum
temperature was decreased up to 17°C (PEG 12000/AA
9:1). The mechanical tests proved that the addition of
stabilized PEG to the PMMA cement does not affect the
mechanical strength significantly. SEM micrographs
(FIG. 2) showed that the additive of PEG/AA system was
evenly distributed on the PMMA surface.

FIG. 2. SEM micrographs of PMMA (A) and PMMA/
PEG/AA system 9:1 (B).

Conclusions
In this work, acrylic bone cement was modified with 15%
of PEG/AA shape stabilized PCM in order to reduce too
high polymerization temperature of PMMA. Different
molar mass of PEG and various AA content in heat
accumulators were tested. It was proved that 20% of AA
and PEG of 12000 are the most effective combination
that allowed to decrease maximum temperature of
cement and keep the mechanical properties of PMMA
bone cement.
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Introduction
As with many types of cancer, cell migration and
adhesion is an important factor in the progression and
metastasis of hepatocellular carcinoma (HCC) [1]. The
carbon scaffold acts as an interim synthetic extracellular
matrix (ECM) that cells interact prior to forming new
tissue [2]. The scaffold should provide attachment,
growth, differentiation of cell and must be porous for
nutrients. The rate of degradation of the scaffold must be
equal to the rate of tissue formation. The extracellular
matrix and products of its degradation must be
biocompatible. Strojny et al. [3] reported that diamond,
graphene oxide and graphite are highly biocompatible
and non-toxic for animals. The carbon nanoparticles are
present for a long time after injection to tissue. This is the
reason for their use as drug carriers [3]. In this study,
human stromal cell line (HS-5) was used as control
compared with neoplastic cells.

Material and methods
Carbon scaffolds were prepared by drops placement and
desiccation of the colloids of nanoparticles of diamond
(ND), fullerenes (F60), nanotubes (NT), nanotubes OH
(NTOH), nanotubes COOH (NTCOOH), graphene oxide
(GO), pristine graphene (GP) on the bottom of culture
plates. HS-5 (ATCC, CRL-11882), HepG2 (ATCC HB-
8065) and C3A (ATCC CRL-10741) were obtained from
the American Type Culture Collection (ATCC). The
human cell lines were maintained at 37°C under 5% CO2
in Dulbecco's Modified Eagle Medium-Low Glucose
(DMEM, Gibco, Thermo Scientific, Waltham, MA, USA)
supplemented with 10% Fetal Bovine Serum (Life
Technologies, Houston, TX, USA), penicillin (100 U/mL)
and streptomycin (100 mg/mL) (Life Technologies). Cells
were seeded on 6-well plates containing 0.1% of carbon
scaffolds. The cultures with scaffolds were maintained by
one day. The location, density and agglomeration of cells
on the scaffolds were examined by the inverted light
microscope (Leica, TL-LED, Germany) connected to
a digital camera (Leica MC190 HD), using LAS V4.10
software (Leica) and compared to the control. The mean
viability of HS-5, HepG2 and C3A cells on carbon
scaffolds was assessed by evaluation of metabolic
activity, using the PrestoBlue (Life Technologies, USA)
and XTT (Roche Protocol, Germany). Cell proliferation
was evaluated using a bromodeoxyuridine (BrdU)
incorporation assay (BrdU colorimetric) (Roche Applied
Science, Indianapolis, IN, USA).

Results and discussion
Morphology, number and differentiation of cells depend
on the type of nanoscaffolds and cell lines. The
interaction of carbon allotropes with cells was different.
All nanoparticles were non-toxic or slightly toxic to cells
used. The scaffold, prepared from ND was the most
colonised by HepG2 cells, moreover, stimulated cell
proliferation (large agglomerations of cells on scaffolds).
HS-5 and C3A cells were single on the diamond surface.
Cell lines showed a high affinity to GO scaffold. HCC
cells formed smaller aggregation on the GO surface, i.e.
niche provides good growth conditions. Scaffold,
prepared from fullerenes, was the least colonised by
HCC cells and decreased the amount of cells. However,
the number of fibroblast cells was high on the fullerenes
scaffold and beyond it. The most neutral for used cells
was pristine graphene. Cells showed higher affinity to
small aggregations than to big aggregations of GP.
Scaffold constructed by carbon nanotubes, functionalised
with COOH, was also well settled by cells, better than
scaffold with nanotubes and nanotubes OH. Microscopic
observations have been confirmed by viability and
proliferation assays.

Conclusions
Nano-scaffolds, depending on the carbon allotropes,
influenced behaviour, regeneration and morphology of
HS-5, HepG2 and C3A cells. Furthermore, cells changed
bio-function of scaffolds. Carbon nanoparticles are
biocompatible and have a favourable structure to
colonization by specific cells. The scaffolds-cell
interaction leads to adhesion and then affects the cell
division. The worst niche for the cells used were the
nanotubes, which resulted from the lack of suitable
functional groups. Factors such as shape, atomic
hybridization and proportion of chemical bonds influence
behavior of cell lines.
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Introduction
Nanocarbon materials, such as graphene, graphene
oxide (GO) and reduced graphene oxide (rGO) have
shown great potential in biomedical applications [1].
Recently, particularly graphene modified nanocomposites
became the subject of intensive research [2,3]. In this
paper, we report simple method of GO reduction using
green reducing agent – L-ascorbic acid and fabrication of
chitosan based nanocomposites modified with GO,
green-synthesized rGO and hydroxyapatite.

Materials and Methods
Graphene oxide was prepared from graphite by the
modified Marcano method (ITME, Poland). Green
synthesis of rGO was performed as follows: known
amount of L-ascorbic acid (Avantor Performance
Materials Poland S.A.) was added to 300 ml of aqueous
GO dispersion (0.1 mg/ml) under vigorous stirring. Next,
sodium hydroxide solution (1 M NaOH) was added drop-
wise to adjust the pH of the suspension to 9-11. The
whole system was then sonicated for 0.5 h and kept for
2h at 70 0C. To produce nanocomposites, dispersion of
GO or rGO was added to 4.7% (w/v) solution of chitosan
(Acros Organics, M=600000-800000) in 5% acetic acid
and sonicated for 1h at RT. Homogeneous chitosan
solutions modified with GO (1.5%), rGO (1.5%) or rGO
and hydroxyapatite (6%; HA, Chema-Elektromet, Poland)
were cast into Teflon dishes and left for 96h at RT.
Structural properties of the prepared nanocomposites
were investigated by attenuated total reflection
spectroscopy (ATR), X-ray diffraction (XRD), and
scanning electron microscopy (SEM). In addition,
wettability and degradation behavior were investigated.

Results and Discussion
X-ray diffraction pattern of GO showed sharp peaks at
11.510 (d-spacing ~0.77 nm), which completely
disappeared after the GO reduction and a new wide peak
showed up at 22.830 (~0.39 nm). Reduction of functional
groups in GO was confirmed by ATR spectroscopy -
intensity of the oxygen groups peaks decreased
significantly.
When added to chitosan matrix, GO flakes stacked
together, while exfoliated rGO nanosheets aligned
parallel to the film surface (FIG. 1). Chitosan/GO sample
surface was relatively smooth (FIG. 1A). In comparison,
chitosan/rGO (FIG. 1C) and chitosan/rGO/HA (FIG. 1D)
samples had higher surface roughness with plenty of
graphene flakes and hydroxyapatite particles visible.
Modification of chitosan with GO and rGO resulted in
decrease of water contact angle value (FIG. 2).
In the case of GO modification, it can be mainly attributed
to hydrophilic groups attached to nanosheets.

Significantly reduction of contact angle was observed for
both types of rGO-modified nanocomposites (i.e.
chitosan/rGO and chitosan/rGO/HA), despite the smaller
number of hydrophilic functional groups attached to rGO.
It can be assumed that the surface roughness has
a decisive influence on the wettability.

FIG. 1. SEM images of pure chitosan (A), chitosan/GO
(B), chitosan/rGO (C), chitosan/rGO/HA (D).

FIG. 2. Effect of nanofillers and HAP on contact angle.

Degradation behaviour of chitosan and its
nanocomposites was investigated at 37oC in three types
of aqueous media: distilled water, PBS and Ringer’s
solution. Chitosan and chitosan/GO samples dissolved
completely after only one day. The pH value decreased
due to acetic acid residues and degradation products
presence. Composites modified with rGO or rGO and HA
were stable for weeks.

Conclusions
Reduced graphene oxide was successfully prepared via
green synthesis using L-ascorbic acid as a reducing
agent. Alkaline conditions provided colloidal stability of
graphene oxide through electrostatic repulsion of the
layers. Further, we have successfully prepared chitosan-
based composites modified with GO, rGO and HA.
Addition of green-synthesized rGO improved wettability
and stability in PBS and Ringer’s solution of the
nanocomposite films. Both, chitosan/rGO and
chitosan/rGO/HA are promising materials for biomedical
applications, e.g. bone tissue engineering.
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Introduction
Nowadays, electrospinning (ES) is very popular method
to produce fibers in micro- and nanoscale. Many of
researches have focused on optimizing process
conditions and obtaining fibers with properties optimal for
biomedical application [1,2]. The most important
parameters are: type of polymer, diameter and orientation
of fibers, degradability [3] and bioactive substances
addition.
The aim of the study was to determine effect of ES
conditions on the properties of polylactide (PLA) fibers
and investigate the effect of UV irradiation on fibers.

Materials and Methods
The process was performed using ES device dedicated
to obtaining this kind of materials. In the process, PLA
(NatureWorks LLC, USA) powder was dissolved in
mixture of N,N-dimethylformamide (DMF, Avantor
Performance Materials Poland S.A) and dichloromethane
(DCM, Avantor Performance Materials Poland S.A.) with
different ratios (1:3 and 1:2,5) and used as a raw
material. The parameters of ES were optimized
(temperature of process ~49°C and concentration of PLA
(11-15%)).
Scanning electron microscope (SEM) was used to check
diameter and orientation of fibers. The aging under UV
irradiation process was examined in a specially designed
chamber. The source of aging was the UV-C 11W bulb,
and the ozone being the product of the decomposition of
oxygen from the air.

Results and Discussion
SEM micrographics were used to obtain information
about fibers diameters produced under different
conditions. The results dependence of temperature is
shown in FIG. 1. Most fibers had a diameter in the range
of 100 to 500 nanometers. Higher temperature in ES
chamber improves material quality. Fibers were more
homogeneous, thinner and more repeatable.
In the next step, UV ageing chamber (UV-C 11W~ equal
half year exposure sun) was used to investigate PLA
fibers behaviour under UV/ O3 conditions. The maximum
exposure time was 24 h. After that time, the fiber
microstructure was completely destroyed (FIG. 2).

FIG. 1. PLA fibers diameters vs. temperature of ES
process (P1-P18 number of sample).

FIG. 2. Effect of UV and O3 on the PLA fibers after 24 h
exposition.

Conclusions
ES process is influenced by many factors: polymer
concentration, temperature, type of solvent and solvents
mixtures ratio. The results show that the best quality PLA
fibers were obtained at a concentration of 13-15% and
under temperature over the range 40-50oC.
PLA fibers are not resistant to UV irradiation. This is due
to the chain build of the polymer. Chains under the
influence of higher energy radiations are torn and split.
This result in a significant weakening of the continuity of
the layer composed of nano- and microfibers. PLA fiber
materials for biomedical applications that may be
exposed to sunlight (e.g. skin substitutes) have to be
covered with a protective layer or contain UV-protecting
substances.
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Introduction
Nowadays, electrospinning (ES) is very popular method
to produce fibers in micro- and nanoscale. Many of
researches have focused on optimizing process
conditions and obtaining fibers with properties optimal for
biomedical application [1,2]. The most important
parameters are: type of polymer, diameter and orientation
of fibers, degradability [3] and bioactive substances
addition.
The aim of the study was to determine effect of ES
conditions on the properties of polylactide (PLA) fibers
and investigate the effect of UV irradiation on fibers.

Materials and Methods
The process was performed using ES device dedicated
to obtaining this kind of materials. In the process, PLA
(NatureWorks LLC, USA) powder was dissolved in
mixture of N,N-dimethylformamide (DMF, Avantor
Performance Materials Poland S.A) and dichloromethane
(DCM, Avantor Performance Materials Poland S.A.) with
different ratios (1:3 and 1:2,5) and used as a raw
material. The parameters of ES were optimized
(temperature of process ~49°C and concentration of PLA
(11-15%)).
Scanning electron microscope (SEM) was used to check
diameter and orientation of fibers. The aging under UV
irradiation process was examined in a specially designed
chamber. The source of aging was the UV-C 11W bulb,
and the ozone being the product of the decomposition of
oxygen from the air.

Results and Discussion
SEM micrographics were used to obtain information
about fibers diameters produced under different
conditions. The results dependence of temperature is
shown in FIG. 1. Most fibers had a diameter in the range
of 100 to 500 nanometers. Higher temperature in ES
chamber improves material quality. Fibers were more
homogeneous, thinner and more repeatable.
In the next step, UV ageing chamber (UV-C 11W~ equal
half year exposure sun) was used to investigate PLA
fibers behaviour under UV/ O3 conditions. The maximum
exposure time was 24 h. After that time, the fiber
microstructure was completely destroyed (FIG. 2).

FIG. 1. PLA fibers diameters vs. temperature of ES
process (P1-P18 number of sample).

FIG. 2. Effect of UV and O3 on the PLA fibers after 24 h
exposition.

Conclusions
ES process is influenced by many factors: polymer
concentration, temperature, type of solvent and solvents
mixtures ratio. The results show that the best quality PLA
fibers were obtained at a concentration of 13-15% and
under temperature over the range 40-50oC.
PLA fibers are not resistant to UV irradiation. This is due
to the chain build of the polymer. Chains under the
influence of higher energy radiations are torn and split.
This result in a significant weakening of the continuity of
the layer composed of nano- and microfibers. PLA fiber
materials for biomedical applications that may be
exposed to sunlight (e.g. skin substitutes) have to be
covered with a protective layer or contain UV-protecting
substances.
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Introduction
Many research centres try to investigate new
biocomposites for different purposes, contain materials
from natural resources [1]. Polylactide (PLA) is a very
popular biodegradable aliphatic polyester, which can act
as an alternative to other polymers [2]. Its degradation
rate depends on porosity, crystallinity, initial particle size
and amount of additives [1]. What is more, bioadditives
can also influence mechanical properties of polymer [3].
Natural bone is resistant to different stresses due to
complex construction of inorganic and organic elements
[4,5]. It inspires to design similar materials. The paper
focuses on investigating tensile strength and the initial
stage of degradation of polylactide and its composites
with particles obtained from eggshells. Both of
components are biodegradable, so testing their
combination allows to consider the composite for
application in an eco-friendly packing or medical material
with mechanical properties comparable to natural [2,6,7].
Described tests introduce new results in the field of
degradation and modification of polylactide with natural
particles.

Materials and Methods
As a matrix of composites, technical polylactide
unsuitable for natural body (Ingeo, Natureworks) was
used. As a filler, particles of eggshells were prepared.
Firstly, eggshells were washed, dried in an oven in 100ºC
for 30 min and ground in electric grinder to the powder.
Then they were stirred in 14.5% NaOH solution to
remove organic parts, washed with distilled water, dried,
then stirred in pure methanol for 30 min, decanted,
washed with distilled water and dried. Polylactide was
also dried in an oven in 50ºC to achieve constant weight.
Three types of samples were prepared using Zamak
Mercator injection machine: pure PLA, PLA with 10%
eggshells [EG] and PLA with 20% of eggshells.
Degradation of samples was tested in two different
environments: distilled water and simulated body fluid
(SBF), in 37ºC for a one month. Samples were mixed
with solutions with mass ratio 1:10, each type separately.
During this time, pH and electrolytic conductivity of
solutions, in which samples were put, were investigated.
What is more, tests were also performed for solutions
without PLA and its composites in it. Mass of samples
was tested regularly, both after soaking with solution and
then drying it to constant mass, so solution absorptivity
could be calculated. The surface of samples before and
after degradation was observed using NOVA NANO SEM
200 microscope with EDS. Added eggshells were also
investigated to determine their composition. Tensile
strength and Young’s modulus were tested on universal
testing machine Zwick 1435, both before degradation and
after one week.

Results and Discussion

FIG. 1. Samples after tensile test.

FIG. 2. Load-strain characteristics of tensile test for all
types of samples (1-3: pure PLA, 4-6: PLA+10%EG, 7-9:
PLA+20%EG).

From tensile test it could be observed that for non-
-degraded samples, Young’s modulus increases and
tensile strength decreases with the increase of the
amount of EG additive. Absorptivity of solution by
materials could be observed to a small extent.
Conductivity and pH of solutions was changing irregularly
differently according to the type of material. Observation
on SEM with EDS of EG allowed to conclude about the
influence of modification on it, and tested samples - about
the influence on degradation on the surface.

Conclusions
Combination of PLA with particles of modified eggshells
is a promising solution in the area of biodegradable
composites. The advantage of this is availability of
additive and interesting properties, which can be altered
by changing the amount of EG.
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Introduction
Dental composites are based on polymer resin matrix
which diminishes its volume during polymerization
process due to joining of monomer chains [1]. It is the
reason of polymerization shrinkage of each polymer
material. Serious consequence of the shrinkage in
dentistry is marginal leakage and secondary caries
resulting from this [2]. Therefore, the develop a low
shrinkage material is a big challenge in the manufacturing
of dental composites.
There are many methods of diminishing polymerization
shrinkage. One group is focused on resin matrix
composition, the second on filler selection [3] and the
others on applying technique [4].
Literature presents a lot of methods of shrinkage
measurements [1]. In previous study the Authors used
the method based on microCT measurements [5]. In this
paper a new approach has been presented.
In this study, the new method of polymerization shrinkage
was applied to evaluate the polymerization shrinkage of
selected dental composites showing differences in
composition.

Materials and Methods
Materials used in this study were:
• Flow-Art (Arkona), 38% wt. of resin mix: Bis-GMA,

UDMA, TEGDMA and Bis-EMA) and 60% wt. of
fillers (Ba-Al-Si glass and nanosilica);

• Boston (Arkona), consist of 20% resin mix: Bis-GMA,
UDMA, Tri-EDMA (TEGDMA), EBADMA and about
78% wt. of fillers: Ba-Al-Si glass, pyrogenic silica;

• Charisma Opal Flow (Heraeus), which was
composed of Bis-GMA resin and about 58% wt. of
fine inorganic fillers (BA-Al glass and silica).

Each material had the shade of A2.
Volumetric shrinkage measurements was conducted
using microCT Skyscan 1174 (Bruker microCT) with
accuracy of 6.5 μm. Volume of composite’s drop was
measured assuming it is a body of revolution, formed by
rotation of half of its cross-section. A drop of composite
(volume of about 3 mm3) was placed on tip made of PE
(d = 3 mm). After 3 minutes time (material’s spreading)
5 images were taken in different angle position (0, 45, 90,
135 and 180°). In next step composite was cured using
Cromalux 75 halogen lamp with special limiter (FIG. 1).
After curing and additional time of 1 min (dark
polymerization [6]) another set of 5 images were taken in
appropriate angular position. Override of images taken
before and after curing is presented on FIG. 2. Dark line
in upper region means the difference in volumes. Results
were statistically analyzed using Statistica ver. 13
software (Dell Inc. 2016).

Results and Discussion
Results of measurements are presented on FIG. 3.
Highest value of volumetric shrinkage (3.70% ±0.70) was
observed for FlowART composite. The same resin and
different volume of filler has the Boston composite.
Its shrinkage was significantly lower (2.44% ±0.16).

The Charisma Opal Flow composite has almost the same
ratio of components as Flow-Art, but different resin was
used. In this case the shrinkage had a value of 2.86%
±0.30. It is noteworthy that spread of all results (S.D.)
was very low, which testify the quality of measurements.
All results were statistically different on significance level
α = 0.05.

FIG. 1. Light curing on CT stage using limiter.

FIG. 2. Change of the volume due to polymerization
shrinkage.

FIG. 3. Volumetric shrinkage of tested materials.

Conclusions
All tested materials showed low value of polymerization
shrinkage, comparable with other commercial dental
composites. The influence of material composition on
polymerization shrinkage was demonstrated.
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Introduction
Decellularized matrices hold a great promise in advanced
tissue engineering and repair of irreversibly damaged
tissues in cardiovascular surgery. A cross-linked
xenopericardium is commonly used as a patch in cardiac
surgery but it didn’t facilitate cell ingrowth and
remodelling. Coating these matrices with autologous
fibrin with covalently attached heparin and grow factors
(FGF-1, FGF-2, VEGF) can minimize the thrombogenicity
and can act as attractants to promote spontaneous
endothelisation. In-vitro simulation of physiological
conditions like those in blood vessels creates a tool for
optimizing these coatings and their translation in to in-
vivo experiments.

Materials and Methods
There are three possible ways of endothelization of
patches in body: trans-anastomotic, trans-mural and
blood/bone marrow-derived. For simulating these
physiological conditions in-vitro a special cultivation
chamber with computer controlled perfusion system was
created. The cultivation chamber allows fixing
decellularized pericardium tissue and creates two
compartments on each side of tissue. In this chamber the
decellularized pericardium is coated with fibrin (with
heparin and/or grow factors). Each side of pericardium
can have different coating or different culture medium to
creating concentration gradients. The endothelial cells
(HUVEC) or stem cells (ASC) in suspension are seeded
in thin strip shape on pericardium. Coating and seeding is
done via sterile septum. The perfusion system creates
two types of physiological stimuli simulating conditions in
blood vessels. The controlled flow generates shear stress
in physiological range. The pressure stimulation creates
pulsatile mechanical loading.
After initial adhesion of the cells the perfusion system is
activated to create dynamic physiological conditions.
After defined period (7 to 21 days) the tissue removed
from chamber. This tissue is histologically evaluated to
get information about cell migration and proliferation and
their ability to in grow into tissue based on the coatings
and grow factor concentration.

Results and Discussion
Coatings of pericardium with fibrin and with covalently
attached heparin and grow factors improve the cell
proliferation and their migration over scaffold in contrast
to only decellularized pericardium. The optimal
concentration of grow factors must set based on further
analysis. Also, dynamic cultivation, unlike static, provides
better response of cells e.g. their orientation and
morphology caused by flow and mechanical loading
simulating more in-vivo like conditions.

FIG. 1. Cultivation chamber for dynamic endothelisation
of decellularized pericardium connected to perfusion
system and sterile ports (left), fixed decellularized tissue
in chamber (right).

FIG. 2. Dynamic cultivation (left) and static cultivation
(right).

Conclusions
Heparinized fibrin coatings with grow factors on
decellularized pericardium promoted its endothelisation.
Designed in-vitro bioreactor provides tool for optimizing
these coatings and their translation to in-vivo
experiments.
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Introduction
One of the methods utilized in the treatment of
irreparable damage to bone is bone replacement by
synthetic implant. It is usually made from metal, ceramic
or combination thereof. After implantation into the patient
together materials and living tissues interact [1]. The
reaction is dependent on the physicochemical properties
of the material, which may cause various cell responses,
thus affecting the adhesion of cells to the implant [2].
To eliminate problems in the interaction of the implant
with the surrounding tissue implant surface is modified by
applying different surface layers. Appropriate modification
of the surface can modify the functional interface bone –
implant – it means increasing of osteointegration,
reducing the healing time and allowing for early loading of
the implant [3]. The starting point of the above
disadvantages is covering of the implant surface by
autologous cells of the patient. Many studies showed that
static cultivation supports insufficiently osteoblast
differentiation of stem cells [4]. Dynamic cultivation with
defined stimulation can improve this process and creates
more in-vivo like conditions.

Materials and Methods
The aim of this study was to achieve response of adipose
stem cells (ASC) on nanocrystaline diamond surface
NCD under pressure stimulation in vitro. A custom-built
bioreactor was created. This system consists of the
specially designed cultivation chamber and pressure
generating linear pump. The cultivation chamber allows
fixing NCD substrate and creates reservoir for culture
medium. The cells are seeded there over sterile septum.
The overall construction was optimized for time-lapse
microscopic imaging. Computer controlled custom-built
linear pump with pressure sensing is used as pressure
generator. This solution allows setting pressure range up
to 700 mmHg and frequency up to 2 Hz.
The substrate both for dynamic and static cultivation was
tissue treated glass (dimensions 24x24 mm, 0.15 mm
thickness) with deposited a thin layer of NCD. The
thickness of NCD was approximately 200 nm (depending
on the length of the deposition). This layer was in the last
step of deposition terminated with oxygen, resulting in
a high surface wettability.
The substrates were seeded with density of 70 000
cells/cm2. This density was set to get nearly confluent
coating. After 1 hour a pulsatile cyclic strain of 50/100
mmHg, at a frequency of 0.2 Hz was set for 71 hours.

The static control was left without stimulation. The fresh
DMEM culture medium supplemented with 10% FBS,
50 ug/ml ascorbic acid, 10 mM B-glycerophosphate,
10 nM dexamethasone was used. After 72 hours, the
substrates were removed and the cells were fixed and
fluorescently stained for further analysis.

Results and Discussion
There was significant difference in morphology between
dynamic and static cultivated cells observed by light
microscopy. Analysis of alkaline phosphatase, collagen-1
and osteopontin using fluorescent staining observed that
stimulated cells express scientifically more genes than
static cultured cells. These 72hours experiments were
aimed at verifying the hypothesis of advantages of
dynamic stimulation and testing of stimulating system. In
the future experiments with longer duration are supposed
to achieve differentiation of stem cells into osteoblasts.

FIG. 2. Comparison of static (left) and dynamic cultivation
(right), in phase contrast microscopy (top) and collagen-1
fluorescence staining (bottom).

Conclusions
Dynamic cultivation with pressure stimulation of ASC
cells on O2-terminated nanocrystaline diamond
substrates has influence of cell proliferation and supports
production of early markers of osteogenic differentiation
in contrast to static cultivation.
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Introduction
Despite the significant advances in continuous flow heart
assist devices technology, these pumps have been
associated with important adverse events, including
pump thrombosis, stroke, bleeding, and device-related
infection, and have caused unanticipated alterations in
human biology that are related in part to shear stresses
of the pump or reduced pulsatility [1,2]. Construction of
implantable blood pump is a huge challenge in the aspect
of long-term contact with blood under high shear stress
conditions.
In the clinical version of Polish implantable rotary blood
pump (FIG. 1) ReligaHeart ROT (RH ROT) [3] the
polymer parts has been replaced with ceramic composite,
ZrO2-Y2O3, with high hardness, to improve device wear
resistance. Additionally, modification of the well-known
glow discharge assisted nitriding process called active
screen plasma nitriding has been used for enhancing the
properties of titanium pump parts, made from Ti6Al7Nb
alloy through production of TiN+Ti2N+αTi(N) diffusive
surface layers in order to increase corrosion and wear
resistance as well as device’s biocompatibility.

FIG. 1. ReligaHeart ROT
implantable blood pump clinical
version prototype.

Materials and Methods
The athrombogenic diffusive nitrided surface layers
TiN+Ti2N+αTi(N)- type have been produced on Ti6Al7Nb
titanium alloy surface, with roughness of Ra=80nm, using
plasma nitriding process with active screen.
The microstructure and surface topography of the TiN –
outer zone of nitrided layer were examined using TEM,
SEM and AFM. HV0.05 Vickers microhardness
measurements were carried out. Corrosion resistance,
including impedance and potentiodynamic methods, as
well as wear resistance (PN-83/H-04302 and ASTM G99-
05 standards), of TiN layers were studied.
First investigation of TiN biocompatibility properties were
performed according to PN EN ISO 10993 standard
requirements. Biomaterials were sterilized with ETO, as
the final device RH ROT sterilisation method (EOGas 4,
H.W.Andersen Products Ltd.). Haemolysis assessment
was performed on diluted human blood (HGB 10g/L) in
direct contact. Biomaterial was incubated with blood in
temperature of 37oC for 3h. After incubation free
haemoglobin level was assessed and haemolytic index
was calculated. Cytotoxicity examination was carried out
on fibroblasts L929 incubated for 24h in Medium 199
supplemented by 10%FCS. Live and necrotic cells were
marked by FDA and PI, respectively. Biodegradation
tests were carried out for 30 and 60 days in SBF. The
degradation medium was investigated by ICP analysis.
Biomaterial surface morphology was investigated by

SEM. Thrombogenicity assessment was carried out in
static as well as in dynamic conditions. Static
thrombogenesis evaluation was performed by biomaterial
incubation in platelet rich plasma, temperature of 37ºC for
1h, washing and fixation with formaldehyde. Presence of
adhered blood elements on biomaterials surface was
investigated with SEM utilisation. Evaluation of
thrombogenic properties in dynamic conditions was
performed utilizing Impact-R analyser and fresh human
blood, by generating physiological blood flow above the
investigated surface. Platelets activation and platelet-
leukocyte aggregates formation were determined utilizing
flow cytometry. Analysis of adhered cells to the
biomaterial surface with active receptors (CD62P, CD45)
was performed utilizing fluorescent microscopy.

Results and Discussion
TiN+Ti2N+αTi(N) layers produced on Ti6Al7Nb using
glow discharge nitriding process with active screen
improve titanium alloy surfaces hardness (FIG. 2), wear
(FIG. 3) and corrosion resistance, allow to confirm the
homogeneity of surface layer on the whole biomaterial
samples area.
The first results of biological evaluations have confirmed
that TiN+Ti2N+αTi(N) layers produced on Ti6Al7Nb
titanium alloy surface are non- haemolytic and non-
cytotoxic with additionally high resistant for
biodegradation and are characterized by good
athrombogenic properties.

A B
FIG. 2. Microstructure (A) and microhardness profile (B)
of TiN+Ti2N+αTi(N) layers produced on Ti6Al7Nb alloy.

FIG. 3. Wear resistance of TiN+Ti2N+αTi(N) layers and
initial state Ti6Al7Nb alloy.

Conclusions
The TiN+Ti2N+αTi(N) nitrided layers, with nano-
crystalline TiN outer zone, produced on Ti6Al7Nb
titanium alloy using active screen plasma nitriding
process will improve ReligaHeart ROT parts hardness,
wear and corrosion resistance, also in contact with
zirconia parts during blood pump working. TiN layers
have necessary biological properties; however complex
biocompatibility has to be evaluated in order for
biomaterial application in finale medical device for human
use.
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Introduction
Polyurethanes (PUs) are a gold standard biomaterial for
medical devices applications due to its good
biocompatibility [1]. Different PUs are used in pulsatile
cardiac assist devices and total artificial heart prostheses
(FIG. 1) for long-term utilization up to few years [2-4].

A B C
FIG.1. Pulsatile heart prostheses: A - BerlinHeart EXCOR
[3], B – ReligaHeart EXT [2], C – CARMAT TAH [4].

Irrespective of detail heart prostheses design, the main
parts of pulsatile prostheses made from PUs are elastic
membranes responsible for blood flow in the prosthesis.
The membranes have usually thickness below 1 mm and
make analogical work to heart muscle, pumping from 40
to 80l of blood in every cycle, with frequency from 40 to
120 beats per minute. Therefore the elements should
have extremely wear resistance for multiply work up to
few millions cycles in biological active blood environment.
PU membranes freedom of any contaminations and
inclusions is one of the most relevant factor in order to
confirm safety and reliability of the final device. The
double filtration method was developed for PU solution
cleanliness improvement for clinical utilization.

Materials and Methods
PU ChronoFlex AR/LT (AdvanSource Bomaterials, USA)
is used for thin membranes manufacturing by dipping
technology. Silica particles were observed in PU, derived
from nano-silica aggregates added to the material during
its manufacturing process. Size of inclusions observed in
PU had been unacceptable for implant manufacturing,
therefore the special double filtration process was
developed in order to improve PU purity. The filtration
process was performed in clean-room area in closed
technological stand (tight cabinet) in argon atmosphere,
with stain-less steel disposable removable filtration
different sizes mesh utilization.
Thin foils (0.4 mm) of ChronoFlex AR/LT before and after
double filtration process were examined. The following
material properties were tested before and after filtration:
viscosity (HAAKE Viscometer E), solid content, molar
mass using GPC (DAWN HELEOS Wyatt Technologies
and RI detection WGE Dr. Bures) and glass temperature
using DSC (TA Instruments DSC2010) as well as
mechanical properties - tensile strength, stress at break,
elongation at max. tensile stress and elongation at break
(according to PN-EN ISO 527-1:1998 and PN-EN ISO
527-3:1998). Biomaterial inclusions were investigated
with KEYENCE Digital Microscope VHX-5000 utilization.

Results and Discussion
The molar mass and molar mass dispersion index of PUs
before and after filtration process have not changed
(FIGs. 2, 3). Glass temperature, mechanical properties,
viscosity and solid content of ChronoFlex AR/LT do not
differ before and after the filtration process (TABLE 1).
Microscopic observation showed less inclusions in PU
after filtration, in the thin foils randomly selected areas
(FIG. 4).

FIG. 2. GPC analysis of non-filtrated PU.

FIG. 3. GPC analysis of PU after filtration.

TABLE 1. Mechanical properties.
No. TEST Not filtrated

material
Filtrated
material

1 Tensile strength [MPa] 53.7 54.47
2 Stress at break [MPa] 53.7 54.46
3 Elongation at max.

tensile stress [%]
951.18 929.06

4 Elongation at break [%] 951.22 929.16
5 Viscosity [cps] 30 400 30 410 30 390
6 Solid cont. [%] 23.06 23.04 23.05

A B
FIG. 4. PU inclusions: A before filtration, B after filtration

Conclusions
The results confirmed the new developed double filtration
process of PU ChronoFlex decrease number of
inclusions not changing PU mechanical and physical
properties.
The filtration process final efficiency was validated after
quality control of thin membranes produced from filtrated
PU, showing lower number of inclusions in the final
product.
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Introduction
Construction of an implantable continuous flow
ventricular heart assist devices (VADs) requires detailed
material selection in the aspects of long-term contact with
blood under high shear stress conditions. Materials for
VADs application should characterise high mechanical
resistance and biocompatibility in order to reduce platelet
activation on blood contacting pump elements and avoid
blood clothing inside the pump. The centrifugal
continuous flow blood pump ReligaHeart ROT (RH ROT),
with contactless magnetically and hydro-dynamically
suspended rotor has been developed as an implantable
VAD for advanced heart failure treatment support (FIG.
1A) [1]. The blood pump dielectric elements made of
zirconia stabilized with yttrium ZrO2-Y2O3 [2] were
evaluated in the aspect of long-term blood contact
application in RH ROT elements (FIG.1B). The initial
biocompatibility assessment of zirconia included
biodegradation, haemolysis, cytotoxicity and thrombogenic
properties analysis were performed in accordance with
PN EN ISO 10993 standard requirements.

A B
FIG. 1. ReligaHeart ROT implantable clinical version
prototype (A), dielectric ceramic elements (B).

Materials and Methods
Zirconia samples were prepared in a representative
manner for the medical device.
Degradation evaluation
Degradation analysis was performed according to ISO
10993-14 standard at temperature of 37°C for period of
120 ±1h, in vitro in Tris-HCl buffer. Biodegradation tests
were performed in SBF. Incubation was carried out for 30
and 60 days. After degradation process the medium was
analysed by Inductively Coupled Plasma (ICP) for
zirconia migration evaluation. Morphological surface
changes after degradation process were investigated with
SEM and SEM-EDX utilization.
Cytotoxicity evaluation
Cytotoxicity test was performed in accordance with PN
EN ISO 10933-5 by qualitative method with utilization of
normal mouse fibroblasts - NCTC clone 929.
Haemolysis evaluation
Haemolysis assessment was performed on whole
human blood, CPDA-1 preserved, in direct contact and
static conditions. The blood was diluted with PBS
to haemoglobin concentration of 10 g/L. Before
examination, initial blood count and free haemoglobin
level (fHGB) in blood plasma were assessed.

The investigated material was incubated with blood in
temperature of 37oC for 3h. Additionally, a blank test was
performed under conditions given in test procedure. The
free haemoglobin level was assessed and haemolytic
index was calculated for blood, after incubation.
Thrombogenicity evaluation
Thrombogenicity assessment was carried out in static as
well as in dynamic conditions. Static thrombogenesis
evaluation was performed by incubation of the
investigated material in platelet rich plasma in
temperature of 37oC for 1h. After incubation the
investigated material was washed and fixed with
formaldehyde. Presence of adhered blood elements was
investigated using SEM. Evaluation of thrombogenic
properties in dynamic conditions was performed utilizing
Impact-R analyser and fresh human blood. The test
consist of generating physiological blood flow above the
investigated surface. Afterwards platelets activation and
platelet-leukocyte aggregates formation was determinate
utilizing flow cytometry. Analysis of adhered cells to the
biomaterial surface with active receptors (CD62P, CD45)
utilizing fluorescent microscopy was performed. Bionate
(DSM) polyurethane was investigated as it has a low
thrombogenicity potential and polystyrene as
a reference material.

Results and Discussion
The results of the degradation tests of ZrO2-Y2O3 showed
material stability during degradation process.
Cytotoxicity analysis revealed no adverse effects of
zirconia on fibroblasts. Cells characterized normal
viability and proliferation.
The haemolysis index of the blood after contact with
the investigated material was below 2% (classification of
non-haemolytic material according to ASTM F756-00
standard).
The microscopic analysis of surface, after contact with
blood in static conditions, revealed proper athrombogenic
material properties (low both: platelets adhesion and
activation). The number of activated platelets (CD62P)
and aggregates platelet-leukocyte (CD62P-CD45) in
blood circulating above the biomaterials surface was
similar in all tested groups. The number of platelets
(CD62P) and platelet-leukocyte aggregates (CD62P-
CD45) adhered to investigated biomaterial surface were
slightly lower than the number of activated elements on
polystyrene surface. The number of adhered platelets
(CD62) and aggregates in other test groups was
comparable.

Conclusions
Primary investigation’s results revealed high
biocompatibility properties of zirconia stabilized with
yttrium. The investigated material can be classified as
non-degradable, non-cytotoxic, no-haemolytic and low
thrombogenic.
The research will be continued in order to perform in vivo
biocompatibility evaluation of ZrO2-Y2O3 in the aspect of
long-term contact with human body in RH ROT device
implementation.
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Introduction
External skeletal fixation has become a well established
treatment modality for many traumatic and degenerative
orthopaedic defects in dogs and cats. During the last
decade many of the significant developments in external
skeletal fixation has been introduced [1-2]. The changes
including improvements in implants, new materials for
fixator elements and new fixators based on high
technology. The JAM external fixator is one of the most
popular fixator for fracture treatment in small animal
orthopaedics. It is simple, but versatile modular
construction, which allowed to construct complex frames
for fracture treatment, traumatic luxation, arthrodesis and
other diseases where the multiplanar configuration of
fixator is necessary. The JAM fixation clamps have a two-
piece clamp body, which allowed to remove or add
fixation clamp from the frame at any time [3].
The paper present the biomechanical study of two
different clamps of JAM (Meynard) fixator.Two external
stabilizers have been investigated for their mechanical
durability and suitability in orthopaedic surgery of small
animals. Two JAM Meyerd stabilizers were compered the
first with standard steel clamps and the second with
polymer clamps (polyamide 66, PA 66). It has been
shown that in spite of poor mechanical performance,
polymer stabilizer may be an alternative to conventional
steel clamps.

Materials and Methods
Meynard type stabilizer clamps made of medical grade
stainless steel (316L) and polyamide (PA66
Termoplastik) clamps (supports/screws) were tested.
Mechanical testing of the stabilizer was performed on a
model system during cyclic axial load testing (stretching
and compression) of the device. Cycles illustrated the
effects of loading bone during real convalescence. Three
basic parameters were analysed:
- plastic deformation energy (dissipate energy) (ΔWpl) -
determined surface area of the hysteresis loop recorded
for a single cycle,
- difference in plastic elongation (ΔL) - read for a force
equal to 0, for three random loops from each turn,
- maximum strain (Fmax) readings for single hysteresis in
load cycle.
All tests were carried out on the universal machine Zwick
1435.Matlabsoftware was used to analyse the
mechanical results (bubble test for data sorting). Origin
software for mathematical data processing was used.

Results and Discussion
All mechanical results are presented in TABLE 1. It’s
shown that better mechanical parameters then traditional
stainless steel clamps. Fixator with polymer clamps
characterised higher elasticity and lower stiffnes. This
means that the fixator with PA66 will maintain the
specified gap to an accuracy of 0.3mm for shorter time
than the steel fixator. The indicated differences do not
significantly affect the quality of the machine throughout
the fatigue test (1000 cycles under the same conditions).
Higher system flexibility and lower stiffness of the
stabilizer with polyamide clamps compared to the steel
stabilizer are limits the number of applications. However,
due to its lighter construction and X-ray transparency in
contact with PA66, it is an alternative to steel fixators
used for osteosynthesis (FIG. 1).

TABLE 1. Summary of experimental results of
mechanical tests.

FIG. 1. RTG photography of JAM fixators with steel (a)
and polymer clamps (b) fixed in rabbit bones.

Conclusions
As many fixators, which elements was made of steel,
JAM fixator is heavy, particularly when is used for small
animals and the radiographic assessment of bone is
impaired due to metal component on radiographs. To
eliminate this drawback, for clamp construction we used
the Polyamide PA66, which weigh less than comparable
steel clamps and is radiolucent.
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Introduction
Silver nanoparticles (SNPs), are among the most attractive
nanomaterials, and thanks to their antibacterial properties
they have been widely used in a range of biomedical
applications, e.g. in medical device coating, dental
instruments, bandages and for personal health care [1,2].
They have also found applications in the diagnosis and
treatment of cancer and as drug carriers in eye care for
coating contact lenses [3]. In addition, the use of SNPs in
combination with vanadium oxide in battery cell
components was found to improve battery performance in
the next-generation active implantable medical devices.
SNPs can be used in bio-diagnosis, where their plasmonic
properties strongly depend on size, shape and dielectric
properties of the surrounding medium [4]. A wide range of
physical and chemical techniques have been developed to
produce SNPs of different size, shape and compositions
[3,5]. Nowadays pioneering, more environment-friendly
techniques that are using biological substrates are of
particular importance [6].
The aim of this study was to obtain SNPs suspension with
desirable physicochemical characteristics with the use of
extracts of different kinds of coffees acting as stabilizing-
reducing agents.

Materials and Methods
Samples of coffees from around the world were tested as
reducing and stabilizing agents in chemical reduction
method of SNPs preparation processes. Nanosuspension
was obtained by adding 0.07875 g of AgNO3 salt to
100 ml of water and dropwise 7 ml of the cooled coffee
extract. Silver nanosuspension of 500 ppm was obtained
using water as a solvent. Nanoparticle formation was
observed using UV-vis spectroscopy in the range of 300-
700 nm (Evolution 220 UV-Visible spectrophotometer).
After preparation, analysis of the influence of selected
parameters on the physicochemical properties of
obtained metallic nanosuspensions were conducted.
Afterwards, stability analysis of obtained metallic
nanosuspensions depending on the time, temperature
and amount of infusion were tested. Material analysis
was performed by HPLC and the antioxidant capacity of
coffee samples was determined using Folina-Ciocalteu
(F-C) and DPPH reagents.

Results and Discussion
The results of caffeine content measured by HPLC,
antioxidant capacity by DPPH reagent and F-C reagent
are shown in TABLE 1. Instant coffee and green coffee
contain the highest amount of caffeine. This may be the
result of the coffee preparation process. Contrarily to
other coffee samples green coffee is not roasted. The
highest antioxidant properties has instant coffee followed
by Tchibo and Green coffee. Tchibo coffee was found the

most efficient in SNPs preparation. In the time-dependent
graph (FIG. 1), it can be seen that nanoparticles’
synthesis proceeds the most effectively after 90 and 120
min. It can be observed that nanoparticles are relatively
stable over time.

TABLE 1. Content of caffeine and antioxidant capacity
evaluated by DPPH F-C reagents, respectively in
different coffees used as reducing and stabilizing agents
in SNPs synthesis.

Coffee Caffeine
content [mg/l]

%
inhibition

Gallic acid
[mg/ml]

Puro de altura
coffee

2.89±0.03 8.60±0.01 0.29±0.02

Green coffee 5.37±0.01 11.65±0.09 0.32±0.02
Tchibo coffee 1.95±0.13 12.29±0.09 0.29±0.05
Instant coffee 7.18±0.05 40.75±0.06 0.46±0.05
Coffee from
Nicaragua

3.52±0.12 2.81±0.07 0.21±0.02

Coffee from
Mexico

2.95±0.02 5.06±0.03 0.18±0.03

Lavazza coffee 3.51± 0.02 8.33±0.03 0.24±0.04

FIG. 1. UV-vis spectra of silver suspension from Tchibo
coffee-water at room temperature depending on
synthesis time.

Conclusions
Based on the study it can be concluded that different
types of coffee have different caffeine content and
antioxidant properties. The highest caffeine content and
antioxidant properties has instant coffee, while the lowest
caffeine content has Tchibo coffee. Extract from Tchibo
coffee was found the most effective stabilizing-reducing
agent in preparation of stable SNPs suspensions. There
is not a clear relationship between the formation of SNPs
and the antioxidant capacity of coffee.
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Introduction
Titanium from many years is used in biomaterials
engineering as a material with high biocompatibility. For
years, their surface have been also modified to improve
biocompatibility, bioactivity, chemical resistance, or gives
special properties such as biomimetic, and change
surface roughness or surface energy [1,2]. Among the
various modifications of the titanium surface also
coatings based on carbon nanomaterials are used [3].
One potential use of such systems is the electrodes for
brain stimulation in the treatment of central nervous
system diseases. In the design of electrodes for brain
stimulation, it is important that the coatings adhere well to
the titanium surface. The main purpose of the work was
to modify the titanium surface with argon ion beam,
pyrolytic coatings and chemical digestion to evaluate
which of the proposed modifications have the best effect
on the adhesion of the graphene oxide coatings.

Materials and Methods
The titanium (Gr2) plates in 0.5 mm thickness were used
in this investigation. To modification of Ti surface three
different methods were used namely: etching in 5%HF,
chemical vapour deposition method (CVD) to synthesis
pyrolytic layers and plasma enhanced chemical vapour
deposition method (PECVD) for treatment of Ti surface of
Ar ion beam. All samples were investigated using
different methods like confocal microscopy for roughness
measurement, goniometer for analysing of surface
wettability and SEM for morphology and microstructure
investigation. Then, on the treated Ti samples the
graphene oxide (GO) coatings using electrophoretic
deposition method (EDP) were prepared. The impact of
titanium substrate modification on the adhesion of the GO
coatings was determined by a scratch test using Micro-
Combi-Test (MCT), CSM Co.

Results and Discussion
The analysis of SEM microphotographs of the treated Ti
samples indicates that the morphology and
microstructure were different and strongly depends on
modification method (FIG. 1).

FIG. 1. SEM microphotographs of Ti surface after treatment
using 5%HF (A), pyrolytic carbon (B), Ar ion beam (C).

Microstructural differences have also been confirmed by
confocal microscopy (FIG. 2). The roughness value
determined by this device confirms that the higher
roughness is observed for the sample after HF etching
(FIG. 2A). 5%HF is a agent which strongly interact with Ti

surface changing significantly their morphology and
topography. Pyrolytic carbon and Ar ions are not as
aggressive as HF and the Ti surface roughness modified
these agents is much lower.

FIG. 2. 3D images of Ti surface after treatment using 5%HF (A),
pyrolytic carbon (B), Ar ion beam (C), and values of roughness (Ra).

Treated methods of Ti surface have influence on surface
wettability. The highest contact value was observe for Ti
after modification using pyrolytic carbon in turn the lowest
contact value which was observed for Ti after treatment
in Ar ions (TABLE 1).

TABLE 1. Water contact angle for treated Ti samples.
Samples Water contact angle [o]

Ti after HF 84.7±5.63
Ti with pyrolytic carbon 95.5±2.59
Ti after Ar ions beam 73.6±2.27

Verification of the modification methods of the Ti plates
was done on Ti samples on which GO coatings were
deposited using EPD method. All three samples with GO
coatings was investigated using scratch test and the
force value at which the first abrasion was observed and
the force at which the GO coatings was completely
destroyed were analysed (TABLE 2).

TABLE 2. Scratch test results.
Samples Force initiating

the destruction
[N]

The force that
destroys the
coating [N]

Ti after HF 0.26 2.5
Ti with pyrolytic carbon 0.26 5.0
Ti after Ar ions beam 0.27 4.5

These result shows that not high roughness have the
significant impact on adhesion of GO coatings to Ti
surface but probably wettability and chemical affinity of
the Ti surface to coatings is decisive. Pyrolytic carbon
because it is a carbon material similar to the graphene
oxide coatings are most likely to interact with each other
which results is growing of destructive force. In the case
of Ti after Ar ions beams modification, probably lower
wettability of this surface in comparison with other
materials have significant impact on increasing of
destructive force of GO coating. The GO is hydrophilic
materials which can interact stronger with surface
characterised by higher wettability.

Conclusions
These results shows that Ti surface modification using
different technique are successful in changing surface
topography and wettability and increasing interaction
between Ti and GO coatings deposited on its surface
using EPD technique.
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Introduction
Carbon nanofibers are interesting materials that may find
numerous applications in the field of advanced materials
engineering. Among these, the most interesting are the
ones that exploit their very high aspect ratio, good
electrical and thermal conductivity as well biocompatibility
[1-4]. Thus, many studies are devoted to applying the
CNFs in filtering applications and as scaffolds for tissue
engineering of tissues that are hard to regenerate: bone,
neural, muscular and chondral.
In order to meet specific requirements for target
application (e.g. surface chemistry, structural
arrangement, mechanical and electrical properties),
physicochemical modification needs to be performed
[5-7]. This can be done either by modifying the CNFs
precursors or by altering the already carbonized fibers.
The former method is more interesting as in this way the
modification is more efficient and permanent and is
cheaper – no additional fabrication steps need to be
performed.
CNTs are interesting candidates for matrix additives due
to their biocompatibility, good mechanical properties [8,9]
and reported ability to stimulate regeneration of various
tissues [10]. Furthermore, by using different chemical
modifications of CNTs, different interactions between the
CNFs precursor and the additive are expected, yielding
materials of varying qualities.
In this study, two types of CNTs were used as matrix
additives of the CNFs precursors. The aim was to test the
hypothesis whether presence of CNTs in the CNFs is
able to alter the material’s biocompatibility.

Materials and Methods
Polyacrylonitrile (11% wt.) was dissolved in DMF and to
the obtained solution the CNTs were added (0.25% wt.).
The obtained solutions were electrospun and the
resulting mats were subjected to two-step thermal
treatment: oxidation and carbonization. The resulting
materials were subjected to physicochemical analysis.
Finally, biocompatibility using NHOst cells was evaluated.

Results and Discussion
By using two types of CNTs, varying in the type and
amount of functional groups, two types of carbon
nanofibers, different from each other, as well as from the
unmodified CNFs were obtained. The materials had
different fibers’ dimensions, surface chemistry and
structural arrangement, with higher level of structural
arrangement observed of the CNFs modified with highly
oxidized CNTs. Presence of CNTs favoured cells’
adhesion and directional growth. Again, the more
oxidized CNTs were found to yield materials that are
more biocompatible. Thus, the CNTs are summarized to
be effective modificators of CNFs fibers and can be used
to improve their biological properties.

Conclusions
The CNTs are summarized to be effective modificators of
CNFs and can be used to improve their biological
properties. Osteoblasts are found to favour CNFs
modified with highly oxidized CNTs, having higher level of
structural arrangement
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Introduction
Microspheres (MS) made of resorbable polymer have
been proposed as a convenient cell growth support. They
may be assembled to form cell constructs or suspended in
hydrogels allowing injection into injury location. High
relative surface area of MS provides more efficient cell
culture environment than traditional 2D culture on flat
substrates (multiwall plates, Petri dishes). In addition, MS
structure, topography and surface chemistry can be
modified to promote cell adhesion and proliferation [1].
The aim of this study was to modify MS properties by
varying manufacturing conditions of oil-in-water
emulsification to better control structural and
microstructural properties of MS and their biological
performance.

Materials and Methods
MS1 were prepared by oil-in-water emulsification method
by pouring dissolved in dichloromethane (20% wt/vol)
poly(L-lactide-co-glycolide) (PLGA 85:15, Mn = 100 kDa,
Mw = 210 kDa) oil phase into water phase supplemented
with 1.5% PVA. MS2 were produced in the same manner
but water phase was additionally supplemented with
0.5% NaCl. For MS3 manufacturing oil phase was
modified with addition of 20% PEG (Mn = 400 Da). After
24 h MS were vacuum filtered, rinsed with distilled water,
dried at 37°C, sieved and fraction >100 µm was
collected. MS were analysed with optical microscopes
(Axiovert 40, Zeiss and VHX-900F, Keyence), scanning
electron microscope (Nano Nova SEM 200) and DSC
(DSC1 from Mettler Toledo). DSC measurements were
performed in the temperature range of -90÷200°C at
heating rate 10°C/min in nitrogen atmosphere, sample
mass was ca. 6 mg. MG-63 osteoblast-like cells were
cultured in TCPS 48-well Nunclon plates containing 200
µl 10% MS suspension in 70% ethanol for 1, 3 and 7
days at 37°C under 5% CO2. Cell viability was assessed
by Alamar Blue assay (Sigma Aldrich), live/dead staining
(calcein AM/propidium iodide, Sigma-Aldrich) with
fluorescence and optical microscopy (Axiovert, Zeiss,
Keyence VHX-900F).

Results and Discussion
Modification of water phase (MS2) and oil phase (MS3)
resulted in differences in appearance, transparency and
microstructure of the MS. Addition of NaCl to water phase
caused high transparency and low porosity of MS2
(FIG. 1A). When oil phase was modified with PEG400
opposite effect was observed: MS3 were opaque and
porous. Microstructure of MS differed between samples
and depended on the used modification approaches but
in general the surface of MS was smooth and small pores
(few µm in diameter) were found. DSC results (FIG. 2)
showed that MS differed in crystallinity: MS1 had melting

enthalpy ΔHm = -2.47 J/g, MS2 ΔHm = -0.92 J/g while
MS3 ΔHm = -4.82 J/g.
Thus modification of water phase with NaCl, which
increased its ionic strength, resulted in more amorphous
PLGA forming MS. Addition of PEG to PLGA solution
(modification of oil phase) resulted in increase in
crystallinity, probably due to the fact that PLGA and PEG
do not form a physical mixture but undergo phase
separation as shown in our previous study [2]. The findings
regarding crystallinity are important from the point of view
of using MS in cell culture, because it is known that
crystallinity influences degradation kinetics of PLGA.

FIG. 1. Photographs of microparticles: A – reference MS1,
B – MS2 – water phase modified with NaCl, C – MS3 – oil
phase modified with PEG400. Scale bar 100 µm.

FIG. 2. DSC results of MS: reference MS1, MS2 – water
phase modified with NaCl, MS3 – oil phase modified with
PEG400.

FIG. 3. SEM microphotograph of MG-63 cells on MS3
after 7 days of culture and Alamar Blue results.

In vitro tests showed good cytocompatibility of all MS.
After 7 days cells grew on majority of microspheres and
created cell-MS agglomerates (FIG. 3). Cell adhesion
and proliferation on days 1 and 3 were similar to
reference material (TCPS).

Conclusions
Method of emulsification is effective in manufacturing
PLGA microparticles in diameter of >100 μm, of
controlled crystallinity and morphology and allows for
easy modification of these parameters by addition of
NaCl and PEG, to water and oil phases, respectively.
In vitro tests showed that MS support cell growth and
formation of MPs-cell agglomerates which indicated their
good cytocompatibility.

Acknowledgements
This study was financed from National Science Center,
Poland (UMO-2016/21/D/ST8/0185).

References
[1] Hossain KMZ., Patel U., Ahmed I.: Development of
microspheres for biomedical applications: a review. Prog
Biomater 4:1-19. 2015.
[2] Krok M., Pamuła E.: Poly(L-lactide-co-glycolide)
microporous membranes for medical applications
produced with the use of polyethylene glycol as a pore
former. J Appl Polym Sci 125:187-199. 2012.

50 µm

mailto:BARMIE@AGH.EDU


73
•••••••••

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

POLYMERIC ANTICOAGULANTS
BASED ON POLY(2-(ACRYL-
AMIDO)-2-METHYLPROPANE-
SULFONIC ACID) BLOCK
POLYMERS
KRZYSZTOF SZCZUBIAŁKA1*, BARTŁOMIEJ KAŁASKA2,
KAMIL KAMIŃSKI1, JOANNA MIKŁOSZ2, SHIN-ICHI YUSA3,
EMILIA SOKOŁOWSKA2, AGNIESZKA BŁAŻEJCZYK4,
JOANNA WIETRZYK4, DARIUSZ PAWLAK2,
MARIA NOWAKOWSKA1, ANDRZEJ MOGIELNICKI2

1 JAGIELLONIAN UNIVERSITY, FACULTY OF CHEMISTRY,
KRAKÓW, POLAND
2 MEDICAL UNIVERSITY OF BIAŁYSTOK, DEPARTMENT
OF PHARMACODYNAMICS, BIAŁYSTOK, POLAND
3 UNIVERSITY OF HYOGO, DEPARTMENT OF APPLIED
CHEMISTRY, HIMEJI, HYOGO, JAPAN
4 INSTITUTE OF IMMUNOLOGY AND EXPERIMENTAL THERAPY,
POLISH ACADEMY OF SCIENCES, WROCŁAW, POLAND
*E-MAIL: SZCZUBIA@CHEMIA.UJ.EDU.PL

[ENGINEERING OF BIOMATERIALS 143 (2017) 73]

Introduction
Maintaining equilibrium between two opposite processes,
i.e. blood coagulation and fibrinolysis, is essential for
proper functioning of the body. Any deviation from this
state is potentially life-threatening. On one hand,
insufficient blood coagulation may result in haemorrhage
and dangerous blood loss, while on the other hand
excessive blood coagulation may be the reason of clot
formation within the blood vessels leading to more or less
blocked blood flow and severe pathologies such as
ischemic stroke or infarct of an organ.
The need of lowering excessive blood coagulation
resulted in the advent of an important class of drugs –
anticoagulants. Unfortunately, many of anticoagulants
currently applied in clinics do not possess an antidote,
e.g. low-molecular weight heparins (LMWHs) or
fondaparinux.
Previously, we have obtained a heparin binding
copolymer (HBC) which inhibits heparin [1]. Conversely,
in this study we have synthesized and investigated di-
and triblock polymers which show anticoagulative
properties and therefore are potential anticoagulants.
Importantly these polymers form polyelectrolyte
complexes (PECs) with HBC, which therefore may
constitute an antidote for these polymers.

Materials
4-Cyanopentanoic acid dithiobenzoate (CPD) was
synthesized according to the method reported by
McCormick and coworkers26. α,ω-Bis-hydroxy
poly(ethylene glycol) (HO-PEG-OH, number-average
molecular weight Mn=9.40×103, degree of polymerization
DP=227, molecular weight distribution Mw/Mn=1.06,
Aldrich), 2-(methacryloyloxy)ethyl phosphorylcholine
(MPC, 96%, NOF Corp.), 4,4’-azobis(4-cyanopentanoic
acid) (V-501, 98%, Wako), 2-(acrylamido)-2-
methylpropanesulfonic acid (AMPS, 95%, Wako),
4-hydroxy-2,2,6,6-tetramethylpiperidinyl-1-oxy (HTEMPO,
free radical, 98%, Aldrich), sodium hydrogen sulfite
(NaHSO3, Fluka, solution for synthesis, 38–40% in
water), potassium persulfate (K2S2O8, Aldrich, 99.99%),
dimethylsulfoxide (DMSO, HPLC grade, POCH Gliwice),
Griess reagent (1% w/v sulfanilic acid/0.1% w/v N-(1-
naphtyl) ethylenediamine-dihydrochloride in 2.5% v/v
H3PO4, Sigma), and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT, Sigma), trisodium
citrate (≥99%), calcium sulfate (≥99.99%) (Sigma-Aldrich,

Germany), activated partial thromboplastin time (aPTT)
and prothrombin time (PT) reagents (Bio-Ksel, Poland),
anti-factor Xa assay kits (Sekisui Diagnostics, USA),
pentobarbital (Biovet, Poland), collagen (Chrono-log,
USA), diagnostic kit for determination of calcium
concentration (Cormay, Poland) were used as received.
Water was purified using a Millipore Milli-Q system.

Methods
The block copolymers used in the studies were
synthesized using reversible addition-fragmentation
chain-transfer polymerization (RAFT).

Results and Discussion
Block copolymers containing PAMPS as the anionic block
and PEG or poly(2-(methacryloyloxy)ethyl
phosphorylcholine) (PMPC) as the neutral or zwitterionic
block, respectively, were synthesized with various block
length. It was found that the copolymers increased
activated partial thromboplastin time (aPTT) (FIG. 1),
prothrombin time and showed significant anti-fXa activity.

FIG. 1. Effects of PAMPS-based polymers on activated
partial thromboplastin time (aPTT) in rats. ***p<0.01 vs.
vehicle, unpaired Student’s t-test. Results are shown as
mean ± SD, n = 8-10.

Importantly, the polymers inhibited also platelet
aggregation in vitro. However, in in vivo experiment the
polymers inhibited, did not change or increased platelet
aggregation. For PEG-PAMPS copolymers there was no
change in the cardiorespiratory parameters, while for
PAMPS homopolymer and PMPC-PAMPS copolymer
with long PAMPS block a short term cardiac arrest and a
significant decrease in the respiratory rate (RR) was
found. All polymers significantly increased WBC in rats
30 minutes after intravenous administration. All the
studied polymers showed anti-inflammatory properties.

Conclusions
The conclusions have to be based on the facts in
evidence and should be limited to minimal speculation
about the significance of the work.
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Introduction
Maintaining equilibrium between two opposite processes,
i.e. blood coagulation and fibrinolysis, is essential for
proper functioning of the body. Any deviation from this
state is potentially life-threatening. On one hand,
insufficient blood coagulation may result in haemorrhage
and dangerous blood loss, while on the other hand
excessive blood coagulation may be the reason of clot
formation within the blood vessels leading to more or less
blocked blood flow and severe pathologies such as
ischemic stroke or infarct of an organ.
The need of lowering excessive blood coagulation
resulted in the advent of an important class of drugs –
anticoagulants. Unfortunately, many of anticoagulants
currently applied in clinics do not possess an antidote,
e.g. low-molecular weight heparins (LMWHs) or
fondaparinux.
Previously, we have obtained a heparin binding
copolymer (HBC) which inhibits heparin [1]. Conversely,
in this study we have synthesized and investigated di-
and triblock polymers which show anticoagulative
properties and therefore are potential anticoagulants.
Importantly these polymers form polyelectrolyte
complexes (PECs) with HBC, which therefore may
constitute an antidote for these polymers.

Materials
4-Cyanopentanoic acid dithiobenzoate (CPD) was
synthesized according to the method reported by
McCormick and coworkers26. α,ω-Bis-hydroxy
poly(ethylene glycol) (HO-PEG-OH, number-average
molecular weight Mn=9.40×103, degree of polymerization
DP=227, molecular weight distribution Mw/Mn=1.06,
Aldrich), 2-(methacryloyloxy)ethyl phosphorylcholine
(MPC, 96%, NOF Corp.), 4,4’-azobis(4-cyanopentanoic
acid) (V-501, 98%, Wako), 2-(acrylamido)-2-
methylpropanesulfonic acid (AMPS, 95%, Wako),
4-hydroxy-2,2,6,6-tetramethylpiperidinyl-1-oxy (HTEMPO,
free radical, 98%, Aldrich), sodium hydrogen sulfite
(NaHSO3, Fluka, solution for synthesis, 38–40% in
water), potassium persulfate (K2S2O8, Aldrich, 99.99%),
dimethylsulfoxide (DMSO, HPLC grade, POCH Gliwice),
Griess reagent (1% w/v sulfanilic acid/0.1% w/v N-(1-
naphtyl) ethylenediamine-dihydrochloride in 2.5% v/v
H3PO4, Sigma), and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT, Sigma), trisodium
citrate (≥99%), calcium sulfate (≥99.99%) (Sigma-Aldrich,

Germany), activated partial thromboplastin time (aPTT)
and prothrombin time (PT) reagents (Bio-Ksel, Poland),
anti-factor Xa assay kits (Sekisui Diagnostics, USA),
pentobarbital (Biovet, Poland), collagen (Chrono-log,
USA), diagnostic kit for determination of calcium
concentration (Cormay, Poland) were used as received.
Water was purified using a Millipore Milli-Q system.

Methods
The block copolymers used in the studies were
synthesized using reversible addition-fragmentation
chain-transfer polymerization (RAFT).

Results and Discussion
Block copolymers containing PAMPS as the anionic block
and PEG or poly(2-(methacryloyloxy)ethyl
phosphorylcholine) (PMPC) as the neutral or zwitterionic
block, respectively, were synthesized with various block
length. It was found that the copolymers increased
activated partial thromboplastin time (aPTT) (FIG. 1),
prothrombin time and showed significant anti-fXa activity.

FIG. 1. Effects of PAMPS-based polymers on activated
partial thromboplastin time (aPTT) in rats. ***p<0.01 vs.
vehicle, unpaired Student’s t-test. Results are shown as
mean ± SD, n = 8-10.

Importantly, the polymers inhibited also platelet
aggregation in vitro. However, in in vivo experiment the
polymers inhibited, did not change or increased platelet
aggregation. For PEG-PAMPS copolymers there was no
change in the cardiorespiratory parameters, while for
PAMPS homopolymer and PMPC-PAMPS copolymer
with long PAMPS block a short term cardiac arrest and a
significant decrease in the respiratory rate (RR) was
found. All polymers significantly increased WBC in rats
30 minutes after intravenous administration. All the
studied polymers showed anti-inflammatory properties.

Conclusions
The conclusions have to be based on the facts in
evidence and should be limited to minimal speculation
about the significance of the work.
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Introduction
Maintaining equilibrium between two opposite processes,
i.e. blood coagulation and fibrinolysis, is essential for
proper functioning of the body. Any deviation from this
state is potentially life-threatening. On one hand,
insufficient blood coagulation may result in haemorrhage
and dangerous blood loss, while on the other hand
excessive blood coagulation may be the reason of clot
formation within the blood vessels leading to more or less
blocked blood flow and severe pathologies such as
ischemic stroke or infarct of an organ.
The need of lowering excessive blood coagulation
resulted in the advent of an important class of drugs –
anticoagulants. Unfortunately, many of anticoagulants
currently applied in clinics do not possess an antidote,
e.g. low-molecular weight heparins (LMWHs) or
fondaparinux.
Previously, we have obtained a heparin binding
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in this study we have synthesized and investigated di-
and triblock polymers which show anticoagulative
properties and therefore are potential anticoagulants.
Importantly these polymers form polyelectrolyte
complexes (PECs) with HBC, which therefore may
constitute an antidote for these polymers.

Materials
4-Cyanopentanoic acid dithiobenzoate (CPD) was
synthesized according to the method reported by
McCormick and coworkers26. α,ω-Bis-hydroxy
poly(ethylene glycol) (HO-PEG-OH, number-average
molecular weight Mn=9.40×103, degree of polymerization
DP=227, molecular weight distribution Mw/Mn=1.06,
Aldrich), 2-(methacryloyloxy)ethyl phosphorylcholine
(MPC, 96%, NOF Corp.), 4,4’-azobis(4-cyanopentanoic
acid) (V-501, 98%, Wako), 2-(acrylamido)-2-
methylpropanesulfonic acid (AMPS, 95%, Wako),
4-hydroxy-2,2,6,6-tetramethylpiperidinyl-1-oxy (HTEMPO,
free radical, 98%, Aldrich), sodium hydrogen sulfite
(NaHSO3, Fluka, solution for synthesis, 38–40% in
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dimethylsulfoxide (DMSO, HPLC grade, POCH Gliwice),
Griess reagent (1% w/v sulfanilic acid/0.1% w/v N-(1-
naphtyl) ethylenediamine-dihydrochloride in 2.5% v/v
H3PO4, Sigma), and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT, Sigma), trisodium
citrate (≥99%), calcium sulfate (≥99.99%) (Sigma-Aldrich,

Germany), activated partial thromboplastin time (aPTT)
and prothrombin time (PT) reagents (Bio-Ksel, Poland),
anti-factor Xa assay kits (Sekisui Diagnostics, USA),
pentobarbital (Biovet, Poland), collagen (Chrono-log,
USA), diagnostic kit for determination of calcium
concentration (Cormay, Poland) were used as received.
Water was purified using a Millipore Milli-Q system.

Methods
The block copolymers used in the studies were
synthesized using reversible addition-fragmentation
chain-transfer polymerization (RAFT).

Results and Discussion
Block copolymers containing PAMPS as the anionic block
and PEG or poly(2-(methacryloyloxy)ethyl
phosphorylcholine) (PMPC) as the neutral or zwitterionic
block, respectively, were synthesized with various block
length. It was found that the copolymers increased
activated partial thromboplastin time (aPTT) (FIG. 1),
prothrombin time and showed significant anti-fXa activity.

FIG. 1. Effects of PAMPS-based polymers on activated
partial thromboplastin time (aPTT) in rats. ***p<0.01 vs.
vehicle, unpaired Student’s t-test. Results are shown as
mean ± SD, n = 8-10.

Importantly, the polymers inhibited also platelet
aggregation in vitro. However, in in vivo experiment the
polymers inhibited, did not change or increased platelet
aggregation. For PEG-PAMPS copolymers there was no
change in the cardiorespiratory parameters, while for
PAMPS homopolymer and PMPC-PAMPS copolymer
with long PAMPS block a short term cardiac arrest and a
significant decrease in the respiratory rate (RR) was
found. All polymers significantly increased WBC in rats
30 minutes after intravenous administration. All the
studied polymers showed anti-inflammatory properties.

Conclusions
The conclusions have to be based on the facts in
evidence and should be limited to minimal speculation
about the significance of the work.
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Introduction
Over the past few years, applications of the peptides were
continued and extended in regenerative medicine. For
instance, Thomas P. J. Knowles and co-workers have
reported that in the naturally occurred β-amyloid deposits
complex proteins, have been identified common motif
composed of phenylalanine residues (FF) [1]. Additionally,
Ehud Gazit proved that its structural feature upholding β-
sheet structures is the relatively weak interactions between
aromatic rings [2]. On the basis of the studies,
a hypothesis was put forward that short-aromatic
(hydrophobic) peptides could be used in medicine [3]. The
aim of this study was to characterize biological effect of
nonamer and hexamer peptides in cell culture and check
whether the peptides could be used as components of
scaffolds for regenerative medicine.

Materials and Methods
Materials
Six types of peptides with different composition (TABLE 1)
were designed and synthesized in Institute of Organic
Chemistry, Lodz University of Technology.
TABLE 1. Composition of peptides used in research.

3-letters structure representation Symbol
H-PhePhePhePhePhePhe-OH (FFF)2

H-TrpTrpTrpTrpTrpTrp-OH (WWW)2

H-TrpTrpCysTrpTrpCys-OH (WWC)2

H-TrpTrpCysTrpTrpCysTrpTrpCys-OH (WWC)3

H-TryTyrCysTryTyrCys-OH (YYC)2

H-TryTyrCysTryTyrCysTryTyrCys-OH (YYC)3

Preparation of peptide layers
In the first step, 100 mg of peptides were dissolved in 100
ml of 70% ethanol. This Stock solution (0.1%) was diluted
into two other concentrations (which were respectively
0.05% and 0.025%). In the second step, 300 µl of each
solution was added into independent wells of the 96-well
culture-plates. After that, the solvent was evaporated,
resulting in the formation of peptide layers. All this
procedure was conducted under sterile conditions.
Cell study
L929 mice fibroblasts (ATTC, USA) were cultured in
Dulbecco’s modified Eagle’s medium DMEM (ATTC, USA)
supplemented with 10% fetal bovine serum (ATTC, USA).
The cells were cultured in optimal conditions at 37oC, 5%
CO2, and 95% humidity. After passage 3rd, cells were
seeded on layers of peptides at a density of 5 x 103 cells
per well (200 µl/well) and kept under culture conditions.
The biocompatibility of the peptides was analyzed after 3

and 7 days of the culture with the use of PrestoBlueTM

assay (Invitrogen, USA). The test was used to determine
the amount of intracellular redox reaction of resazurin into
fluorescent resorufin which corresponded with cells
viability. In compliance with the manufacturer’s protocols,
20 µl of the PrestoBlue reagent was added per well and
plates were returned to an incubator for 1 h. The
fluorescence was read at an excitation/emission
wavelength of 560/590 nm on the microplate reader
POLARstar Omega (BMG Labtech, Germany). Cells
morphology was controlled using an optical microscope.
All results were obtained by performing three independent
repetitions of each measurement. All data were given as
mean ± standard error of mean (SEM).

Results and Discussion
In this work, viability test was chosen to determine the
biocompatibility of studied materials. The PrestoBlue assay
confirmed the positive influence of studied peptides on
cells viability. Obtained data are given in FIG. 1. In FIG. 2,
the morphology of cells cultured in contact with the most
effective peptides is shown.

FIG. 1. Relationship between surviving fraction (relative to
control) and the concentration of each peptide contacted
with L929 fibroblasts for a) 3 days, and b) 7 days.

FIG. 2. Morphology of L929 cells cultured 3 days with
a) (FFF)2 and b) (WWW)2. Scale bar 100 µm.

Conclusions
Based on the data gathered from viability test and
obtained cells’ morphology pictures, it is proven that the
synthesized materials are not cytotoxic and do not
negatively influence the growth of cells. Moreover,
homohexamer peptides ((FFF)2, (WWW)2) are very
effective in accelerating the proliferation and stimulating
the activity of L929 fibroblasts.
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Introduction
Due to its photocatalytic activity under the effect of UV
light, titanium dioxide (TiO2) has been found useful in
a scope of health care and environmental protection
applications [1,2]. Recently, a number of reports also
appeared where the matrix made of a thin TiO2 film hosts
minority metal additions [3-5]. It is mainly made in order
to intensify the photocatalysis, to extend recombination
times and to shift the excitation threshold energy towards
visible light. Apart from that, a small supplement of
bactericidal activity exhibiting metal (such as Cu) may
additionally enhance material’s microbiocidal properties
and substantially reduce bacterial colonization of the
surface coated [3,4]. In the majority of these publications,
TiO2 coatings are deposited onto glass or quartz
substrates, either with magnetron sputtering or with the
sol-gel method. There are also relatively rare reports
dealing with the synthesis of such coatings on a polymer
or steel support [6], a use of which allows one to broaden
the scope of applications with prosthetic devices,
implants and other medical appliances. This is
particularly important today, in the times of excessive
overuse of antibiotics and strong mutagenic disinfection
chemicals bringing new microbiological hazards. Under
these circumstances, a search for novel alternative
means of bacterial prevention and control is well under
way [1-3].

Materials and Methods
Copper doped TiO2 coatings were produced with the help
of the radio frequency plasma enhanced chemical vapor
deposition (RF PECVD) method. Medical grade
SANDVIK BIOLINE 316LVM (ISO 5832-1) steel was
used to prepare substrates. Chemical composition of the
coatings was determined with X-ray photoelectron
spectroscopy (XPS), while their surface topography was
assessed with atomic force microscopy (AFM).
In addition, their phase composition was studied with the
low angle X-ray diffraction (XRD) technique and chemical
bonding was investigated with both Fourier transform
infrared (FTIR) and Raman spectroscopies. Mechanical
properties of the films, such as adhesion force, hardness
and modulus of elasticity were assessed with the
nanoindentation technique. Finally, bacteriostatic and
bactericidic properties of the coatings as well as their
water wettability under the effect of UV light illumination
were also investigated.

Results and Discussion
The content of Cu in the coatings amounted to 0.38, 1.42
and 3.39 atomic percent. Due to an application of Cu (II)
(6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-octanedionate)
as a copper precursor, fluorine is also incorporated into
the material and since it is a light element, its
incorporation proceeds substantially faster than that of
copper. To illustrate this, one has to note that a coating
containing 3.39 atomic percent of copper also comprises

9.43 atomic percent of fluorine. In other words,
a presence of copper in this case is inseparably
connected with an access of fluorine.
In the AFM image of the undoped coatings, one can
observe a presence of globular forms of small
dimensions as well as their agglomerates of sizes
attaining 120 nm. An addition of the dopand brings about
surface homogenization and small globules (grains) are
only observed. Results of Raman studies, confirmed with
those of XRD investigations, reveal a predominantly
amorphous character of the coatings. The only maxima
present in the Raman spectrum are broad and of low
intensity which suggests sole low distance interactions.
In any case, the highest intensity of the peaks is recorded
for the coatings doped with small amounts of copper.
At the highest Cu concentration, most of these maxima
disappear.
FTIR studies of the coatings confirmed a presence of
chemical moieties characteristic for TiO2. Hardness of
a plain titanium dioxide coating amounts to 8.9 GPa and
the smallest addition of the dopand results in its increase
to 11.2 GPa. Farther doping, however, brings about
reduction of this parameter. Similar are the changes
of Young modulus.
In order to assess bactericidity of the coatings, a number
of E. coli strain DH5 α bacteria adhered to their surface
was counted. On the surface of plain titanium dioxide
coating, 19.7% cells were computed relative to the
surface of 316LVM steel used as the control. A small
increase of the number of bacteria was recorded in the
case of the smallest addition of copper (0.38%) but the
larger additions reduced that number to approximately
10%. This is an evidence of the fact that doping a TiO2
coating with copper at its concentrations higher than 1%
enhances the bacteriostatic effect of this material.

Conclusions
With a help of the RF PECVD technique, it is possible to
produce copper doped TiO2 coatings, with an addition of
the dopand increasing the coating homogeneity. All the
coatings are characterized by amorphous structure.
An addition of small amounts of copper brings about an
increase of the coating hardness and its Young modulus.
Finally, a substantial increase of the coating bactericidity
is observed for the coating containing 3.39 atomic % of
copper.
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Introduction
The designing of new hybrid biomedical materials based
on combination of organic and inorganic components is
promising candidate for application in regenerative
medicine. Recent development in materials science and
bioengineering offers opportunities to design smart
scaffolds, which are capable to imitate living tissues and
stimulate formation new native tissues [2].
Functionalization of polymeric scaffolds is a promising
approach to achieve biomimetic and bioactive properties.
In this research, we have developed novel composite
scaffolds based on polymeric polycaprolactone fibers
coated with porous calcium carbonate structures
(PCL/CaCO3) for tissue engineering and have shown
their drug delivery and release in rats.

Materials and Methods
To obtain PCL/CaCO3 scaffolds, the electrospun PCL
matrix was produced in the first step by using an
electrospinning technique. The mineralization of the PCL
matrix was carried out by using method introduced
previously [2]. In vivo experiments, white nonlinear male
rats were used. The scaffolds were subcutaneously
implanted in the interscapular area of rats. After 21 days
of implantation, the scaffolds were explanted. Initial and
explanted scaffolds were examined by histological
studies, scanning electron microscopy and X-ray
diffraction.

Results and Discussion
The schematics and real imaging of obtained
PCL/CaCO3 scaffolds can be seen in FIG. 1. The route of
PCL electrospun scaffold mineralization is shown by the
scheme. As it can be seen, microfibrous matrix of the
PCL/CaCO3 scaffold is covered with the porous particle-
like CaCO3. These porous spherical CaCO3
microparticles called vaterite proved their potential for
biomedical applications including bone regeneration and
drug delivery [3,4]. Therefore, modification of PCL matrix
with vaterite coatings could significantly improve
osteoconductive and bioactive properties of polymeric
scaffold.
To study biocompatible and implantable properties of
PCL/CaCO3 scaffolds, in vivo tests were carried out with
rats. The results of histological study demonstrated
capability of PCL/CaCO3 scaffold to be colonized by
fibroblastic elements and vascularized without promoting
inflammatory response in surrounding tissues in the
course of subcutaneous implantation tests in white rats
that proved its biocompatibility.

FIG. 1. The scheme of fibrous material mineralization
under ultrasound treatment and corresponding SEM
images of blank PCL fibrous material (A), PCL material
on initial mineralization stage (B), and scaffold with
uniform CaCO3 coating after second treatment and cross-
section of this scaffold (C) [2].

Conclusions
In this work, we have designed new PCL/CaCO3
scaffolds, which were found to demonstrate a high
degree of biocompatibility in vivo.
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Introduction
Calcium carbonate is an important inorganic biomaterial
thanks to its chemical stability, bioactivity, and
biocompatibility. These properties have recently made it
an interesting candidate for drug delivery systems [1].
Calcium carbonate exists in three anhydrous polymorphic
modifications: vaterite, aragonite, and calcite. Under
normal conditions, vaterite is an unstable phase [2,3],
while calcite and aragonite are stable. The transition
between these phases can be exploited as a payload
release mechanism. Vaterite polycrystalline particles
have further favorable properties like high porosity, large
surface area, and negative zeta potential.

Materials and Methods
Spherical calcium carbonate microparticles (with a mean
diameter of 3.0 ±0.3 μm) were synthesized via the
protocol of Volodkin et al. [4] The same procedure of
CaCO3 particle synthesis was used for the formation of
calcium carbonate microparticles with the mean diameter
of 1.0 ±0.1 μm using the protocol described by
Svenskaya et al. [5] briefly, but there is the only
difference that stirring of the reaction mixture was carried
out with ultrasound (US) with a frequency of 20 kHz and
power density 1 W/cm2 during 1 min. For the formation of
calcium carbonate microparticles with the mean diameter
of 0.5 ±0.2 μm the protocol developed by Parakhonskiy
et al. was used [6].

Results and Discussion
In our work we present a novel technique for the
synthesis and characterization of CaCO3 containers.
Porous polycrystalline particles were fabricated with
controllable average sizes from 400 nm up to 10 microns.
Fluorescent anticancer drug - photosensitizer was
encapsulated to study payload release dynamics. Several
levels of control on these release dynamics could be
identified:
1) The immersion medium: capsules immersed in water,
showed a delayed burst release of the dye, coinciding
with the crystal phase transition from vaterite to calcite.
In ethanol this phase transition was inhibited,
consequently only a slow desorption of the encapsulated
dye was found.

2) Surface modification: Covering microcontainers with
additional layers of biocompatible polyelectrolyte
increases the payload release time.
3) pH value: A change of the pH from neutral to acid
conditions will instead lead to a destruction of the vaterite
matrix leading to an immediate release.
Moreover, we report on studies of vaterite containers in
cell culture assays, evaluating their cytotoxicity, their
influence on cell viability, and the particles’ uptake
efficiency. The prove of principle to use such particles
with encapsulated photosensitizer for photodynamic
therapy were demonstrated.

Conclusions
The demonstrated flexible control released mechanisms,
mild loading conditions and the perfect biocompatibility
have proven the system’s potential for future applications
as drug delivery system, bioimplants and tissue
engineering area.
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Introduction
Currently, magnesium and its alloys are considered to be
one of the most promising metallic biomaterials. They are
biocompatible, biodegradable, bioactive, have density
similar to that of cortical bone and Young’s modulus
significantly lower than e.g. titanium-based materials
[1,2]. Mg-based biomaterials with desired properties can
be obtained by purification or alloying with Ca, Zn, Mn or
other elements. Among those alloying elements, calcium
is of particular interest due to its crucial role in natural
bone and some evidence that co-release of Mg and Ca
ions might be advantageous to the bone healing.
Magnesium and its alloys are beneficial in many aspects,
nevertheless one cannot forget about the need to strictly
control their degradation behaviour since rapid corrosion
in physiological environment can lead to serious cell and
tissue damage [1-4].
The aim of this study was to combine two different
approaches to slow down corrosion rate of binary MgCa
alloy - appropriate surface treatment and polymer-based
coatings. Conversion coatings, beside reducing the
degradation rate, were used to increase the surface
roughness of Mg alloy samples, and hence improve the
adhesion of the polymer-based coating.

Materials and Methods
Magnesium-calcium alloys were produced in the light
metal foundry (Institute of Non-Ferrous Metals in Gliwice,
Light Metals Division). Conversion coatings were
prepared on the alloys by an electrochemical treatment in
the KOH+KF solution at 20°C, at a current density of
5 A/dm2 within 5 minutes. Conversion interlayer was
characterized by surface roughness (Hommel-Etamic
W10 profilometer) and thickness measurements
(Dualscop MP-20), as well as by scanning electron
microscopy (SEM) and immersion test in Ringer’s
solution. Polymer-based coatings were used in the next
step. MgCa samples were coated either with pure poly(ε-
caprolactone) (PCL, Sigma-Aldrich, Mn = 80 000) or
a composite system in which polymer matrix was
modified with tricalcium phosphate (TCP, Sigma-Aldrich®

(Ca3(PO4)2 ≥96.0%)) and zinc oxide (ZnO, Avantor
Performance Materials Poland S.A.). Tested samples
were incubated in phosphate buffered saline (PBS,
Sigma-Aldrich) and simulated body fluid (SBF) in 37°C.
SEM with EDS, FTIR, pH measurements, release of Mg
ions and release of H2 were used to test the samples.

Results and Discussion
In order to protect magnesium alloy substrates from rapid
degradation and enhance its biological performance two
strategies were combined. In the first step, conversion
coatings were created on the surface of the MgCa alloy
samples. Next, biodegradable polymer-based coatings
were applied, in which TCP was introduced to the PCL
matrix to improve bioactivity, while ZnO was added to
ensure antibacterial properties.
The coating produced in the KOH+KF solution uses
potassium, fluorine, oxygen and magnesium. All these
elements are beneficial to the human body and most
importantly, they are not dangerous.

FIG. 1. SEM images with EDS analysis of (A) MgCa and
(B) MgCa sample with conversion interlayer.

SEM analysis (FIG. 1) confirmed successful fabrication of
conversion coatings on the surface of the MgCa samples
(with EDS showing Mg, F, K and O). Surface treatment
affected microstructure resulting in higher surface
roughness. MgCa samples were further successfully
coated with homogenous layer of polycaprolactone alone
or composite system with TCP and ZnO particles that
were uniformly distributed in the polymer matrix.
Hydrogen release studies showed significant reduce in
the amount of H2 released when the composite
PLA/TCP/ZnO coating was used. Both chemical
composition of the polymer coating and pretreatment of
magnesium alloy (conversion coating) influenced
morphology and composition of precipitates observed on
the surface of the samples incubated in simulated
biological fluids (PBS and SBF). Deposition of
magnesium oxide on the surface of all the incubated
samples and formation of calcium-phosphate or
magnesium-phosphate precipitations was observed. It
points to potential bioactivity of the conversion- and
polymer-coated MgCa samples.

Conclusions
It was proven that combination of conversion coating with
polymer-based coating reduces resorption rate of the
MgCa binary alloy and improves their biologically relevant
properties. The conversion coating increased the surface
roughness of the Mg elements, thus increasing the
adhesion of the polymer-based layer. Further studies,
including bacterial activity and in vitro biocompatibility
assays (with appropriate cell cultures) are needed.
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Introduction
Currently, magnesium and its alloys are considered to be
one of the most promising metallic biomaterials. They are
biocompatible, biodegradable, bioactive, have density
similar to that of cortical bone and Young’s modulus
significantly lower than e.g. titanium-based materials
[1,2]. Mg-based biomaterials with desired properties can
be obtained by purification or alloying with Ca, Zn, Mn or
other elements. Among those alloying elements, calcium
is of particular interest due to its crucial role in natural
bone and some evidence that co-release of Mg and Ca
ions might be advantageous to the bone healing.
Magnesium and its alloys are beneficial in many aspects,
nevertheless one cannot forget about the need to strictly
control their degradation behaviour since rapid corrosion
in physiological environment can lead to serious cell and
tissue damage [1-4].
The aim of this study was to combine two different
approaches to slow down corrosion rate of binary MgCa
alloy - appropriate surface treatment and polymer-based
coatings. Conversion coatings, beside reducing the
degradation rate, were used to increase the surface
roughness of Mg alloy samples, and hence improve the
adhesion of the polymer-based coating.

Materials and Methods
Magnesium-calcium alloys were produced in the light
metal foundry (Institute of Non-Ferrous Metals in Gliwice,
Light Metals Division). Conversion coatings were
prepared on the alloys by an electrochemical treatment in
the KOH+KF solution at 20°C, at a current density of
5 A/dm2 within 5 minutes. Conversion interlayer was
characterized by surface roughness (Hommel-Etamic
W10 profilometer) and thickness measurements
(Dualscop MP-20), as well as by scanning electron
microscopy (SEM) and immersion test in Ringer’s
solution. Polymer-based coatings were used in the next
step. MgCa samples were coated either with pure poly(ε-
caprolactone) (PCL, Sigma-Aldrich, Mn = 80 000) or
a composite system in which polymer matrix was
modified with tricalcium phosphate (TCP, Sigma-Aldrich®

(Ca3(PO4)2 ≥96.0%)) and zinc oxide (ZnO, Avantor
Performance Materials Poland S.A.). Tested samples
were incubated in phosphate buffered saline (PBS,
Sigma-Aldrich) and simulated body fluid (SBF) in 37°C.
SEM with EDS, FTIR, pH measurements, release of Mg
ions and release of H2 were used to test the samples.

Results and Discussion
In order to protect magnesium alloy substrates from rapid
degradation and enhance its biological performance two
strategies were combined. In the first step, conversion
coatings were created on the surface of the MgCa alloy
samples. Next, biodegradable polymer-based coatings
were applied, in which TCP was introduced to the PCL
matrix to improve bioactivity, while ZnO was added to
ensure antibacterial properties.
The coating produced in the KOH+KF solution uses
potassium, fluorine, oxygen and magnesium. All these
elements are beneficial to the human body and most
importantly, they are not dangerous.

FIG. 1. SEM images with EDS analysis of (A) MgCa and
(B) MgCa sample with conversion interlayer.

SEM analysis (FIG. 1) confirmed successful fabrication of
conversion coatings on the surface of the MgCa samples
(with EDS showing Mg, F, K and O). Surface treatment
affected microstructure resulting in higher surface
roughness. MgCa samples were further successfully
coated with homogenous layer of polycaprolactone alone
or composite system with TCP and ZnO particles that
were uniformly distributed in the polymer matrix.
Hydrogen release studies showed significant reduce in
the amount of H2 released when the composite
PLA/TCP/ZnO coating was used. Both chemical
composition of the polymer coating and pretreatment of
magnesium alloy (conversion coating) influenced
morphology and composition of precipitates observed on
the surface of the samples incubated in simulated
biological fluids (PBS and SBF). Deposition of
magnesium oxide on the surface of all the incubated
samples and formation of calcium-phosphate or
magnesium-phosphate precipitations was observed. It
points to potential bioactivity of the conversion- and
polymer-coated MgCa samples.

Conclusions
It was proven that combination of conversion coating with
polymer-based coating reduces resorption rate of the
MgCa binary alloy and improves their biologically relevant
properties. The conversion coating increased the surface
roughness of the Mg elements, thus increasing the
adhesion of the polymer-based layer. Further studies,
including bacterial activity and in vitro biocompatibility
assays (with appropriate cell cultures) are needed.

Acknowledgments
This research was financed by the statutory funds No
3787/E-138/S/2017.

References
[1] N. Li, Y. Zheng. J. Mater. Sci. Technol. 29(6) (2013)
489-502.
[2] S.C. Cifuentes, R. Gavilan, M. Lieblich, et al. Acta
Biomaterialia. 32 (2016) 348-357.
[3] A. Drynda, J. Seibt, T. Hassel, et al. J. Biomed. Mater.
Res. A. 101(1) (2013) 33-43.
[4] M. Yazdimamaghani, M. Razavi, D. Vashaee, et al.
Mater. Sci. Eng. C Mater. Bio. Appl. 49 (2015) 436-44.

78
•••••••••

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

COVERSION AND POLYMER-
BASED COATINGS AS
STRATEGIES TO INCREASE
CORROSION RESISTANCE
OF BIODEGRADABLE
MAGNESIUM-CALCIUM ALLOYS
MICHAŁ KARAŚ1*, SONIA BOCZKAL1,
PATRYCJA DOMALIK-PYZIK2

1 INSTITUTE OF NON-FERROUS METALS IN GLIWICE,
LIGHT METALS DIVISION, POLAND
2 DEPARTMENT OF BIOMATERIALS AND COMPOSITES,
FACULTY OF MATERIALS SCIENCE AND CERAMICS,
AGH UNIVERSITY OF SCIENCE AND TECHNOLOGY,
KRAKOW, POLAND
*E-MAIL: MKARAS@IMN.SKAWINA.PL

[ENGINEERING OF BIOMATERIALS 143 (2017) 78]

Introduction
Currently, magnesium and its alloys are considered to be
one of the most promising metallic biomaterials. They are
biocompatible, biodegradable, bioactive, have density
similar to that of cortical bone and Young’s modulus
significantly lower than e.g. titanium-based materials
[1,2]. Mg-based biomaterials with desired properties can
be obtained by purification or alloying with Ca, Zn, Mn or
other elements. Among those alloying elements, calcium
is of particular interest due to its crucial role in natural
bone and some evidence that co-release of Mg and Ca
ions might be advantageous to the bone healing.
Magnesium and its alloys are beneficial in many aspects,
nevertheless one cannot forget about the need to strictly
control their degradation behaviour since rapid corrosion
in physiological environment can lead to serious cell and
tissue damage [1-4].
The aim of this study was to combine two different
approaches to slow down corrosion rate of binary MgCa
alloy - appropriate surface treatment and polymer-based
coatings. Conversion coatings, beside reducing the
degradation rate, were used to increase the surface
roughness of Mg alloy samples, and hence improve the
adhesion of the polymer-based coating.

Materials and Methods
Magnesium-calcium alloys were produced in the light
metal foundry (Institute of Non-Ferrous Metals in Gliwice,
Light Metals Division). Conversion coatings were
prepared on the alloys by an electrochemical treatment in
the KOH+KF solution at 20°C, at a current density of
5 A/dm2 within 5 minutes. Conversion interlayer was
characterized by surface roughness (Hommel-Etamic
W10 profilometer) and thickness measurements
(Dualscop MP-20), as well as by scanning electron
microscopy (SEM) and immersion test in Ringer’s
solution. Polymer-based coatings were used in the next
step. MgCa samples were coated either with pure poly(ε-
caprolactone) (PCL, Sigma-Aldrich, Mn = 80 000) or
a composite system in which polymer matrix was
modified with tricalcium phosphate (TCP, Sigma-Aldrich®

(Ca3(PO4)2 ≥96.0%)) and zinc oxide (ZnO, Avantor
Performance Materials Poland S.A.). Tested samples
were incubated in phosphate buffered saline (PBS,
Sigma-Aldrich) and simulated body fluid (SBF) in 37°C.
SEM with EDS, FTIR, pH measurements, release of Mg
ions and release of H2 were used to test the samples.

Results and Discussion
In order to protect magnesium alloy substrates from rapid
degradation and enhance its biological performance two
strategies were combined. In the first step, conversion
coatings were created on the surface of the MgCa alloy
samples. Next, biodegradable polymer-based coatings
were applied, in which TCP was introduced to the PCL
matrix to improve bioactivity, while ZnO was added to
ensure antibacterial properties.
The coating produced in the KOH+KF solution uses
potassium, fluorine, oxygen and magnesium. All these
elements are beneficial to the human body and most
importantly, they are not dangerous.

FIG. 1. SEM images with EDS analysis of (A) MgCa and
(B) MgCa sample with conversion interlayer.

SEM analysis (FIG. 1) confirmed successful fabrication of
conversion coatings on the surface of the MgCa samples
(with EDS showing Mg, F, K and O). Surface treatment
affected microstructure resulting in higher surface
roughness. MgCa samples were further successfully
coated with homogenous layer of polycaprolactone alone
or composite system with TCP and ZnO particles that
were uniformly distributed in the polymer matrix.
Hydrogen release studies showed significant reduce in
the amount of H2 released when the composite
PLA/TCP/ZnO coating was used. Both chemical
composition of the polymer coating and pretreatment of
magnesium alloy (conversion coating) influenced
morphology and composition of precipitates observed on
the surface of the samples incubated in simulated
biological fluids (PBS and SBF). Deposition of
magnesium oxide on the surface of all the incubated
samples and formation of calcium-phosphate or
magnesium-phosphate precipitations was observed. It
points to potential bioactivity of the conversion- and
polymer-coated MgCa samples.

Conclusions
It was proven that combination of conversion coating with
polymer-based coating reduces resorption rate of the
MgCa binary alloy and improves their biologically relevant
properties. The conversion coating increased the surface
roughness of the Mg elements, thus increasing the
adhesion of the polymer-based layer. Further studies,
including bacterial activity and in vitro biocompatibility
assays (with appropriate cell cultures) are needed.
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Introduction
The aim of this study was to combine the trace elements
copper and strontium with inorganic surface modification
techniques already successful in bone applications.
Copper ions released from bone implant coatings are
known to enhance vascularization [1] while the
incorporation of strontium is intended to stimulate bone
forming and simultaneously suppress bone-resorbing
cells in the implant vicinity. Calcium phosphate phases
(CPP) were utilized as a carrier for the selected trace
elements in order to i) provide osteoconductive surfaces
and ii) to tune the immobilized amounts and release
behavior of the trace elements.

Materials and Methods
Deposition of brushite onto c.p.Ti discs was performed by
means of electrochemically assisted deposition (ECAD)
from aqueous electrolytes containing Ca(NO3)2,
NH4H2PO4 with or without additional Sr(NO3)2.
Cu integration was realized by three approaches:
i) galvanostatically prior to the CPP deposition, ii) addition
of Cu(NO3)2 to the electrolyte and iii) adsorption after the
ECAD process.
The coatings were characterized by chemical analysis
after dissolution in 0.1 M HNO3. Ion release from coated
surfaces was analyzed after incubation in simulated body
fluid (SBF) with or without 10% fetal bovine serum (FBS).
Human monocytes were isolated from buffy coats by
CD14+ labelling [2]. Their ability to differentiate into
osteoclasts was studied for cultivation on coated samples
differing in their trace element content as well as to cells
cultured on tissue culture polystyrene (TCPS) for
application of several combinations of trace elements in
solution. Impact of the same trace element solutions onto
osteogenesis was studied with human bone marrow
stromal cells (hMSC).

Results and Discussion
If Cu and Sr ions were added during the ECAD process
their deposited amount depended mainly on the
concentration of the respective ions in the electrolyte.
While addition of 0.5 mM Cu resulted in up to ~100 µg
Cu/cm² a comparatively high Sr concentration (40 mM)
was necessary to obtain a similarly high Sr deposition.
While Cu adsorption was limited to ~50 µg/cm² for
coatings composed of ~1000 µg/cm² brushite content, the
galvanostatic Cu deposition could be increased up to
several mg/cm². No Cu release was detected for
incubation of all types of Cu containing coatings in
serum-free SBF, while a permanent Sr release was
observed in serum free SBF. In contrast, in presence of
10% serum considerable amounts of Cu (50% and 54%,
respectively) were released if Cu was adsorbed or

deposited as base layer within the first 24 h. Sole
incorporation of Cu during the ECAD process (method ii)
could reduce initial release to ~13%. However, co-
deposition of Cu and Sr by the same method ii resulted in
an accelerated release of Cu with 89% being detected
within the first 24 h, Sr release on the other hand was
nearly unaffected.
For single Sr incorporation the release behavior in
presence of serum was comparable to serum free
solutions for the first 24 h, but dropped to about one third
of the respective amount in serum-free SBF irrespective
of the initial Sr content. Continued steady release was
monitored for up to 22 d.
In the first cell studies all coatings containing 100 µg/cm²
Cu or more prevented the adhesion of monocytes as well
as of hMSCs. The presence of Sr did not affect monocyte
but clearly improved hMSC adhesion.
The impact of several combinations of Cu and Sr in
solution was studied for both cell types. The presence of
low concentrations of Cu (beginning from 25 µM) resulted
in an increased proliferation of hMSC without osteogenic
supplements that was even enhanced for application of
both ions together. However, in presence of osteogenic
supplements even the lowest concentration of Cu
(25 µM), that was only slightly above the serum level,
resulted in extreme reduction in cell number.
If monocytes were cultured in presence of Cu these ions
provoked decreases in adherent cells for concentrations
>50 µM while Sr had no impact on cell adherence.
For both ions already at 25 µM a change in osteoclast
cell fusion capability was observed (FIG. 1). The activity
of tartrate resistant acid phosphatase was not affected by
Sr for up to 1000 µM but increased by Cu even for the
lowest concentration of 25 µM.

FIG. 1. TRAP staining of human monocytes after 8 d
culture on TCPS with addition of A) no trace elements,
B) 25 µM Sr, C) 1000 µM Sr, D) 25 µM Cu, E) 25 µM Cu
& 25 µM Sr, F) 25 µM Cu & 1000 µM Sr.

It was shown that Cu and Sr can be co-deposited
together with calcium phosphate onto metallic implant
materials by ECAD. The deposited amount of these ions
is tunable in a wide range. The combination of Cu and Sr
seems to provoke a suppression of osteoclast
differentiation while impact on hMSC depends on the
presence of osteogenic supplements. Current
investigations focus on fine-tuning of the deposited Cu
amount to achieve optimal balance for osteogenic
differentiation and osteoclast suppression.
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Introduction
Fibrous carbon nanomaterials, i.e. carbon nanotubes
(CNT) and carbon nanofibers (CNF) have found
a number of applications in environmental protection and
in medicine [1]. The reaction of cells to a material
depends on its physical and chemical properties and has
a decisive influence on the type of application in the field
of medicine. CNT and CNF constitute also valuable initial
materials for the manufacture of biosensors, electrodes
and fibrous substrates in the form of 2D or 3D structures
that meet the requirements of regenerative medicine.
In each of these materials biocompatibility of degradation
products is a key element.
The aim of the study was to investigate in vitro carbon
nanomaterials in contact with cells. It is already well
recognized that carbon nanotubes after an oxidative
treatment are particular useful materials for medical
purposes, whereas the as-received (non-functional)
nanotubes may have a toxic impact on living systems [2].
By introducing certain quantities of materials into the cell
culture, efforts were made to demonstrate differences in
the behavior of cells in contact with CNT or CNF and to
explain their essence based on the characteristics of
individual nanomaterials.

Materials and Methods
Carbon nanotubes from Nanostructured & Amorphous
Materials, USA and carbon nanofibers manufactured
from PAN-Zoltek, Hungary nanofibers precursor made in
the electrospinning process followed by carbonization at
1000oC were investigated. Carbon nanomaterials were
characterized using FTIR spectroscopy and SEM
microscopy. Multiwalled carbon nanotubes (MWCNT),
nanotubes functionalized in a mixture of acids
(MWCNTf), carbon nanofibers (CNF) and oxidized
nanofibers (CNFf) (after grinding process), were
immersed in PBS (1 mg / 1 ml) and homogenized. The
in vitro tests were performed in contact with RAW 264.7
macrophage and L929 fibroblasts lines. Biological
evaluations of carbon nanomaterials  were conducted
using the following in vitro tests; viability cells
(PrestoBlue), the cytotoxicity (Toxi Leight) and  detection
of active oxygen (DCFH-DA.

Results and Discussion
SEM studies indicate that both carbon groups, i.e. CNT
and CNF, have significantly different geometry and
particle sizes (FIG. 1).  Nanomaterials, which are the
subject of research, also differ in the structure and
chemical state of the surface. CNT are materials with
a precisely defined structure in which the graphene layers
form a series of coaxial rolled sheets, while carbon
nanofibers, formed from the electrospun PAN precursor,
constitute a fine crystalline carbon phase  performing
characteristic  turbostratic structure. The surface of CNTf,

contains oxygen-containing chemical groups, e.g.
hydroxyl and carboxyl groups, and due to presence of
nitrogen from polymer precursor in carbon residue after
annealing to 1000oC, nitrogen containing functional
groups. Biological studies have shown that the
functionalized materials, both nanotubes and nanofibers,
are characterized by improved biocompatibility compared
to the initial materials. The highest cytotoxicity was found
for carbon nanofibers that have not been pre-oxidized.
On the other hand, all the materials tested induced low
oxidative stress, significantly lower than that manifested
by control (FIG. 2).

FIG. 1. SEM images of carbon nanotubes (MWCNT) and
carbon nanofibers (ESCNF) after grinding process.
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FIG. 2. The level of all reactive oxygen species produced
by macrophages in contact with carbon nanomaterials.

Conclusions
Fibrous carbon nanomaterials are valuable materials for
a number of medical applications. However, these
materials require post-manufacture processing that
changes the chemical nature of the surface and removes
elements that can significantly reduce their
biocompatibility.
A high relative cytotoxicity of the nanofiber degradation
products formed during the carbonization of the PAN
nanofibers precursors may be due to the presence of
some chemical groups on the nanofibers surface that
may be toxic to cells.
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Introduction
Many years of biotolerance studies AISI 316LVM allowed
to establish certain qualitative and quantitative criteria
ensuring the safety of its use and assemble it to the
standards. This applies above all to the chemical and
phase composition and mechanical properties. Suitable
amounts of dopant elements provide paramagnetic
structure and corrosion resistance in tissue environment.
Nevertheless solutions don't solve existing problems
concerning with steel implants attributed to the formation
of physico-chemical properties of the surface layer. The
main aim of the surface layer is to prevent adverse
phenomenon generated by the implant in the blood
environment [1-3]. The essence of the problem in the
proposed study was to evaluate the coating of TiO2/SiO2
for improving heamocompatibility of AISI 316LVM used
among others for blood-contacting implants.

Materials and Methods
The coating for steel substrate (after electrochemical
polishing and chemical passivation) were coated by ALD
method (SiO2: precursors - C6H19N3Si and O3, T = 340℃,
L = 600 cycles; TiO2: precursors - TiCl4 and H2O,
T = 200℃, L = 50 cycles). The application of this type of
surface treatment did not affect for the structure and
mechanical properties of the base material. Surface
topography was performed by atomic force microscope
(AFM). The mechanical properties of the surface layer
with TiO2/SiO2 layer determined on the basis of
nanometer hardness (nH) and Young’s modulus (Ym).
In turn, adhesion tests and other symptoms of
mechanical damage of layer were performed by scratch
test method used by open platform equipped with CSM
Micro-Combi-Tester. Pitting corrosion resistance (DC-ET)
was evaluated by recording of polarization curves
potentiodynamic method using the AutoLab PGSTAT
302N in a three-electrode system. In addition, our
research was using supplemented electrochemical
impedance spectroscopy (EIS) was carried out. The
measurement was performed using the same set of
measurement as in the potentiodynamic tests equipped
with a FRA2 module (Frequency Response Analyser).
All the electrochemical tests were performed in artificial
plasma solution (T = 37 ±1oC, pH = 6.8 ±0.2).

Results and Discussion
Studies carried out with the use of atomic force
microscopy showed no significant differences in surface
topography. The morphological characteristics of the
SiO2/TiO2 layers showed a tendency to inherit the
stereometric parameters of the steel base surface formed
by treatments preceding its application. The surface
roughness expressed by the Ra parameter for the base
and the layer was in the range of 7 ±1 nm. The hardness
of the layer was measured at a depth of 30 nm from its

surface was HIT = 11947 MPa and was higher than the
hardness of the steel base - HIT = 4478 MPa. In other
hand, the value of the critical force determined in the
Scratch –test caused total delamination was Lc2 = 4.22 N.
During the test, no cracks or chipping were observed.
There was also no sound signal. This indicates a low
binding energy between the layer and the base. In turn,
the obtained polarization curves in potentiodynamic
studies were the basis for determining the characteristic
electrical properties describing the resistance to pitting
corrosion – TABLE 1. The presented results
unequivocally demonstrated that, the layer with Ti and Si
causes increase corrosion potential, polarization
resistance and transpassivation potential, which is
a favorable phenomenon.

TABLE 1. Results of potentiodynamic test.

Sample Ecorr, mV Etr, mV Rp, kΩcm2

AISI 316LVM -288 +1203 2820

AISI 316LVM +
TiO2/SiO2

-148 +1622 28524

Increase of corrosion resistance by the presence of the
layer was also confirmed in EIS studies. Impedance
spectra for the TiO2/SiO2 layer were interpreted by
comparing them to equivalent circuit, which indicates the
appearance of two sublayers: internal compacted and
external porous (Rs – artificial plasma resistance, Rpore –
pore layer resistance, CPEpore – the capacity of double
layer (porous, surface), Rct and CPEdl – resistance and
capacity of TiO2/SiO2 layer) [4] – TABLE 2.

TABLE 2. Results of EIS.

Sample Rs,
Ωcm2

Rpore,
Ωcm2

CPEpore
Rct,

kΩcm2

CPEdl
Y0,
Ω-1

cm−2s−n
n

Y0,
Ω-1

cm−2s−n
n

AISI
316LVM 17 - - - 2517 0.1887E-4 0.87

AISI
316LVM +
TiO2/SiO2

16 19 0.6597E-4 0.85 32105 0.6685E-4 0.87

Conclusions
The passive layer made on AISI 316 LVM base during
surface pretreatment (mechanical and electrochemical)
and deposition the gradient TiO2/SiO2 layer by ALD
method, improves corrosion resistance. Correct selection
of parameters for applying the layer also resulted in
adequate adhesion to the base, which effectively
minimizes the migration of ions of the elements Fe, Cr, Ni
or Mo.
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Introduction
Selected titanium alloys, such as Ti-6Al-7Nb, Ti-15Mo,
exhibit mechanical properties close to natural bone. The
corrosion products of these Ti alloys are non-toxic and
non-allergic for human organism [1]. Surface of titanium
alloy is modified to obtain multifunctional material for
bone replacement or regeneration [2]. Plasma electrolytic
oxidation (PEO) is easy and cost-effective methods of
surface treatment [3]. The one advantage of the PEO is
possibility of anodization of various shapes Ti implants.
Microstructure and chemical composition of porous oxide
layer might be design to obtain materials which enhance
osseointegration process [4]. The long-term exposure of
the implant surface in organism may be complicated by
infection, with pathogenic bacteria, adhering to the
implant [5]. To prevent bacterial biofilm formation, the
porous oxide layer is cover by thin polymer layer with
biological active substance [6]. Drug release into
surrounding tissue might be controlled by time
degradation of polymer deposited on previously anodized
surface. One of the biocompatible polymer which exhibit
degradation in artificial saliva is poly(D,L-lactide-co-
glycolide.

Materials and Methods
Surface of Ti-6Al-7Nb alloy was anodized in solution
composed of Ca(H2PO2)2 and CaSiO3 at 350V. Time of
surface treatment was 5 min, when current density was
150 mA/cm2. On the porous oxide layer the
biodegradable polymer (poly(D,L-lactide-co-glycolide-
PLGA was deposited using dip coating method.
Hybrid, oxide-polymer coatings were characterized using
scanning electron microscope (SEM, Phenom ProX),
Raman spectroscopy with CDD detector. Degradation of
polymers layer in artificial saliva was evaluated using
1H NMR technique.

Results and Discussion
FIG. 1. presents representative SEM images of the
anodized Ti-6A-7Nb surface and after additional surface
treatment using biodegradable polymer.

FIG. 1. SEM image of (A) porous oxide layer and hybrid
oxide-polymer layers formed on Ti-6Al-7Nb alloy surface.
Magnification: x2000.

PEO process caused that the coating was porous.
Incorporated particles of wollastonite were clearly visible
on the surface. After dip coating, pores of the oxide layer
were filled by biodegradable polymer. However, still some
wollastonite particles were visible on the top of the
surface, which may indicate that the polymer layer wasn`t
too thick. Product of polymer degradation was detected
by 1H NMR technique, after 4 weeks of sample
immersion in artifiial saliva. Results indicated that the
polymer layer degradated in very short time.
FIG. 2. presents Raman spectra of the hybrid layer
formed on the Ti alloy surface.

FIG. 2. Raman spectra of the hybrid layer formed on the
Ti alloy surface.

The Si-O stretching signals at 636 cm-1 and 970 cm-1

were from wollastonite phase. The Ca-O stretching
modes from the wollastonite was detected at 405 cm-1.
Signal at 342 cm-1 corresponds to TiO2 anatase phase,
when signals at 709 cm-1, 785 cm-1 and 1044 cm-1 were
detected for PLGA layer formed on anodized Ti surface.

Conclusions
Possibility of the anodization of Ti-6Al-7Nb surface allows
design material which enhances integration of the implant
surface with bone tissue. The polymer layer which was
deposited on the porous oxide layer might be enrich with
selected drugs such as doxycycline, vancomycin,
gentamicin or clindamycin. Proposed surface treatment of
the Ti alloy might exhibit antibacterial properties against
bacteria strains such as: S. aureus, E. coli strains and
coagulase-negative staphylococci (CoNS) as the most
common infections pathogens.
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Introduction
Nowadays, additive manufacturing methods, and 3D
printing especially, are widely applied in numerous fields
from automotive and aerospace to biomedicine and
tissue engineering1. In the latter, this technique is used
e.g. for fabrication of TE scaffolds from variety of
biodegradable polymers. Among them, hydrogels seem
to be one of the most promising due to their high water
content and ability to mimic microenvironment of
a natural extracellular matrix (ECM)2. Hydrogels possess
excellent biological properties but their printability might
be challenging, as – when printed - those relatively soft
structures tend to collapse under the weight of
subsequent layers. To print hydrogel scaffolds in a highly
precise manner, it is necessary to have appropriate gel
ink viscosity and homogeneity. From the biological
perspective, the most important is the biocompatibility
of the scaffold material. From the variety of materials of
natural origin, chitosan is of particular interest thanks to
its antibacterial, mucoadhesive, hemostatic, analgesic,
and antioxidant properties, as well as excellent
biocompatibility and biodegradability.
In this work, chitosan and chitosan/graphene oxide
hydrogels were designed and optimized for 3D printing.
Investigated parameters included solvent type and
solution concentration, gel viscosity, printing pressure,
feed rate, needle gauge, and post-treatment with e.g.
sodium hydroxide.

Materials and Methods
Chitosan (CS, High Mw, Sigma-Aldrich) and chitosan/GO
inks for printing were prepared by dissolving the chitosan
(5% w/v) in 10% lactic acid or mixture of lactic acid and
gallic acid. Next, different amounts of stable GO
suspension in distilled water were added to CS solution
(0%, 0.5% and 1% to CS weight). At each step, the
solutions were homogenized thoroughly by vortexing and
sonication in a water bath. The prepared inks were
transferred to a special syringe and centrifuged to
remove remaining air bubbles. Hydrogel inks were
printed using 3D-Bioplotter® (Envisiontec, Germany)
(STL files created in SketchUp 2016 3D modelling
software). After drying, some of the scaffolds were post-
treated by neutralization in 1M NaOH solution.
Rheological properties of the hydrogel inks were
examined using rotational Kinexus rheometer with
a parallel plate geometry (Malvern Instruments Ltd, UK).
Also, ATR-FTIR NicoletTM iSTM, Thermo Fisher Scientific)
spectroscopy and optical microscopy were used to
characterize the samples. Fibroblasts viability was
assessed with Alamar Blue assay.

Results and Discussion
Rheological characterization confirmed that chitosan-
based hydrogel inks are non-newtonian fluids and exhibit
shear-thinning behavior – with increasing shear stress,
the fluid viscosity decreased (FIG. 1). Rheological
properties of chitosan depend on the solution
concentration. Addition of graphene oxide to the chitosan
matrix resulted in the increase of the gel viscosity.

FIG. 1. Viscosity vs. shear rate for chitosan (dots), and
chitosan/GO (triangles) inks.

The best printing resolution was achieved with 5% (w/v)
chitosan solution modified with graphene oxide.
Optimized printing parameters were as follows: 25 gauge
dispense tip (Nordson EFD), pressure 5 bar, speed
1.5-2 mm/s, at room temperature. Thanks to relatively
high concentration of the gel ink and the low feed rate,
remaining solvent could partially evaporate, hardening
the printed layer and securing enough structural support
to avoid collapsing of the hydrogel struts under the weight
of another layer. Printed scaffold could be easily
manipulated using tweezers. Some drying-induced
shrinkage was observed, however in general, scaffolds
remained their designed morphology. When immersed in
water, dried chitosan scaffolds swelled and dissolved
rapidly; dried and then neutralized scaffolds, after some
initial swelling, remained stable. Interestingly, also dried-
only CS/GO composite scaffolds were stable in the
aqueous environment. It is possible that graphene oxide
sheets crosslinked chitosan network, increasing its
stability.

Conclusions
Chitosan and chitosan/GO composite hydrogels can be
3D printed creating scaffolds with predefined architecture.
Appropriate ink preparation is crucial for successful
printing. Higher gel viscosity results in better printing
resolution.
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Introduction
Biomedical application is one of the main areas of 3D
printing usage specifically in creating scaffolds for
medical implants [1-2]. Scaffolds made of PLLA can
easily mimic the structure, shape, pore size and
topography of natural tissue. The use of a three
dimensional CAD model in RP allows the recreation of
complex 3D architecture, mechanical properties and
composition of the materials in contact with cells [3-6].
Supported on the computed tomography (CT) scans RP
enables the exact reproduction of natural tissues [7].
The main purpose of this work was to fabricate scaffolds
using commercial 3D printer. Different scaffold
topography and geometry was created using 3D
modelling software.

Materials and Methods
The fabrication process begins in the 3D surface
modeller (Rhino3D v5) where scaffold prototype model
was obtained. Afterwards 3D model was transferred to
3D FDM printer as -.STL file. The prototype had lattice
form made of five layers (FIG. 1a) created by bars with
1 mm rectangular cross-section and 1 mm spacings.
Each layer was rotated at 90º with respect to previous
one. The dimensions of the scaffold were length 21 mm
(11 bars in layer 2, 4), width 9 mm (5 bars in layers 1, 3, 5),
height 5 mm.
Poly L-lactic acid (PLLA, 3D4Makers) with a diameter of
1.75 mm, molecular weight 60000-80000 Da, and
viscosity of 300000 CP was used as filament for 3D
printer (Zortrax M200, Poland). A PLLA filament was
fused and guided by an extrusion nozzle to form 3D
scaffolds. Printer nozzle temperature was 210°C and the
height of printed layer was set to 0.09 mm. The material
left the extruder in a liquid form and solidifies upon
contact with the fabrication platform (temp. range:
20-60°C). The previously formed layer was the substrate
for the next layer.
The samples were evaluated with Stereomicroscope (SN
from OPTA-TECH company, equipped with CMOS 3
camera and OptaViewIS software) and with scanning
electron microscope (Nova NanoSEM 200, FEI) equipped
with EDS analysis. Tensile strength Rm was determined
in a static tensile test on Hegewald und Peschke testing
machine (Inspekt Table Blue 5kN).

Results and Discussion
Using FDM - additive fabrication process (FIG. 1b -
clearly seen each deposited layer of material) it was
possible to fabricate the PLLA scaffolds with commercial
3D printer. The selected pattern was simple but provided
easy modelling and rather high number of inner and outer
surfaces that constitutes places where the cells can grow
(FIG. 1c,d). Microstructure and mechanical properties of
obtained scaffold were evaluated. The properties of the
lattice microstructure of designed scaffold were
compared with relevant one for solid cuboid (TABLE 1).
Future experiments will be also undertaken to evaluate
formation of apatite in Simulated Body Fluid (SBF).

FIG. 1. View of scaffold a) 3D model, b) side (SN, zoom
8x), c) top (MB 200, 40x), d) side (MB 200, 40x).

TABLE 1. The comparison of scaffold properties for
lattice microstructure and solid cuboid.

Microstructure Volume
[mm3]

Porosity
[%]

Total Area
[mm2]

Lattice
structure 513 45.7 1686

Reference
cuboid 945 0 678

Conclusions
Three-dimensional (3D) printers can create complex
structures based on digital models. Our preliminary
research show the potential of using the commercial
printers for plotting PLLA scaffolds with designed
geometry and thus influence the scaffold mechanical
properties.
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Introduction
The high biological activity of nanodiamond particles is
based on the reactivity of diamond surface that results
from its crystallographic structure and the presence of
free bonds. Nowadays, materials for food packaging are
a new intriguing challenge for scientists. The impact of
material for food packaging in addition to the effect on the
bacterial flora and the shelf life caused the search for
new materials, which particularly are non-toxic and
bioactive [1].

Materials and Methods
Corona treatment is a surface modification technique that
uses a low temperature corona discharge plasma to
impart changes in the properties of a surface. We
incorporated detonation nanodiamond particles into
polymer food packaging foil.
The measurements contains: the sandard packaging for
butter (82 % of fat) and ND-incorporated packaging.
The p-anisidine value (AV) is a measure of the amount of
lipid oxidation secondary products. In good oils and fats
acceptable value is AV <2. Measurements for both
samples were made three times out of three individually
prepared samples [2].

Results and Discussion
The study showed the antioxidant effect of the modified
ND package. The p-anisidine value in the case of butter
in the original packaging is twice as large as in the
modified packaging LA for butter in original packaging:
LA = 0.5667 ± 0.022LA for the sample in the modified
packaging LA = 0.2735 ± 0.018.

Conclusions
Bioactive food packaging with incorporated
nanodiamonds particles has antioxidant properties.
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Introduction
Iontophoresis, also known as ionization, is a medical
treatment with the use of electric current. It consists in
introducing ions into the epidermis and uses the
electrolytic dissociation phenomenon, that is the
separation of molecules into positively and negatively
charged ions. Iontophoresis transports small molecules of
active substances in low current electric field and
introduces substances in the form of ions into the skin.

Materials
Diamond powder with a diameter of 2-4 nanometers.

Method
The use of direct current increases the ND penetration.
Electro osmosis leads to larger ND ions diffusion into the
epidermis. Ions, after penetrating stratum basale
epidermis keep diffusing into the deeper layers of
epidermis for 24-48 hours. After the procedure the explicit
biocompatibility of ND was ascertained.

Results and Discussion
The process of iontophoresis enabled answering the
question of ND's biocompatibility. After the procedure
several pictures were taken with video dermatoscope
before and after the usage of ND. Skin penetrations
reach the deeper layers of the epidermis. The diamond
powder has an antioxidant effect and is biocompatible.

Conclusions
After the first visual clinical evaluation of the skin, no
contact lesions were observed. After exposing the
preparation to the skin, no change in the immune
mechanism was demonstrated.
The additional measurable aspect was high hydration
level of epidermis after the procedure. The measurement
was made with the use of corneometer.
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FIG. 1. SEM image of three-dimensional (3-D) structure
of detonation nanodiamond particles (JEOL JSM-
5500LV).

FIG. 2. Allergic reaction to cathode.

FIG. 3. No allergic reaction.
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Electro osmosis leads to larger ND ions diffusion into the
epidermis. Ions, after penetrating stratum basale
epidermis keep diffusing into the deeper layers of
epidermis for 24-48 hours. After the procedure the explicit
biocompatibility of ND was ascertained.

Results and Discussion
The process of iontophoresis enabled answering the
question of ND's biocompatibility. After the procedure
several pictures were taken with video dermatoscope
before and after the usage of ND. Skin penetrations
reach the deeper layers of the epidermis. The diamond
powder has an antioxidant effect and is biocompatible.

Conclusions
After the first visual clinical evaluation of the skin, no
contact lesions were observed. After exposing the
preparation to the skin, no change in the immune
mechanism was demonstrated.
The additional measurable aspect was high hydration
level of epidermis after the procedure. The measurement
was made with the use of corneometer.
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FIG. 1. SEM image of three-dimensional (3-D) structure
of detonation nanodiamond particles (JEOL JSM-
5500LV).

FIG. 2. Allergic reaction to cathode.

FIG. 3. No allergic reaction.
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Introduction
Microdermabrasion consists of controlled mechanical
abrasion of the epidermis. The intensity of the surgery
depends on the degree of diamond gradation, vacuum
used in the device, head shape, time and speed action
and pressure. Microdermabrasion affects appearance
epidermis and many changes that occur in the skin.
Exfoliating the outer layers of the epidermis, purifies the
skin with excess levels keratinocytes, sebum. Also
narrows the sebaceous gland, smoothes out cuticle and
gradually reduce the depth of the scar and reduce the
visibility of wrinkles.

Materials and Methods
Materials
USG gel
Diamond powder without modifications with a diameter of
2-4 nanometers.
Methods
The preparation was based on gel for USG in a ratio of
1 mg nano diamond powder without modifications per ml
of gel.
Microdermabrasion is a procedure in which a smoothly
moving head is covered with diamond microcrystals. The
skin is sucked trough the head by the vacuum produced
by the device.

Results and Discussion
None of the had hypersensitivity reactions. What is more,
no dermograph was observed.
The post-operative erythema was more rapidly resorbed
by the ND application. Lack of response and irritation
reaction (IR) and allergic reaction of AR [1-3].

Conclusions
Faster recovery of erythema from irritation is a result of
ND.
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FIG. 1. Skin before the microdermabrasion surgery.

FIG. 2. Skin after microdermabrasion treatment,
ND application with USG gel (1 ml per 1 mg).

FIG. 3. Image of three-dimensional (3-D) structure of
detonation nanodiamond particles (JEOL JSM-5500LV).
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Introduction
PLA is a biodegradable and biocompatible polymer
widely used in biomedical applications for fracture
fixation, interference screws, suture anchors and
meniscus repair [1]. To enhance mechanical and physical
properties of PLA (which has rather modest elastic
moduli and strength and demonstrates brittleness at
ambient temperature [2]), it is melt-blended with polymers
with high tensile and impact strength [3], chemically
modified with plasticizers, toughened with impact
modifiers [4], and reinforced with microparticles and
nanoparticles [5]. Although mechanical properties of PLA
and composites with PLA matrices have been analyzed
in a number of studies, a thorough examination of the
influence of temperature and loading rate has not yet
been performed [6]. This study focus on experimental
investigation of the cyclic behavior of poly(lactic acid)
(PLA)/hydroxyapatite (HA) composites under tension in
the interval of temperatures from room temperature to
50ºC at cross-head speeds of 1 mm/min. Observations
show that the presence of filler leads to a slight increase
in elastic modulus and maximum stress at 1.5% strain
level and induces slightly growth of recovery up to 1 MPa
stress level. Given a filler content, maximum stress at
1 MPa decreases with temperature.

Materials and Methods
Poly(lactic acid) Polymer 4042D (density 1.24 g/cc) was
purchased from Nature Works LLC (USA). Biphasic
synthetic Hydroxyapatite (70% (HA)/Beta Tri Calcium
Phosphate (30% (βTCP)) ceramics powder BioGraft
(particle size 0.37 μm) was supplied by Ifgl Bio Ceramic
Ltd (India). Ceramics powder was mixed with PLA in
proportion corresponding to 5 wt%. Dumbbell specimens
for tensile tests (ASTM standard D-638) were molded by
using injection-molding machine Arburg 320C. To assess
glass transition and melting temperatures, DSC
(differential scanning calorimeter) measurements were
performed by means of Mettler Toledo DSC 823E
apparatus at heating rate 20 K/min under nitrogen flow.
Glass transition and melting peaks of PLA and PLA/HA
composite equal Tg = 63ºC, Tm = 155ºC, and Tg = 68ºC,
Tm = 157ºC, respectively. Specific enthalpies of melting
read 10.2 J/g and 19.1 J/g, which corresponds to degrees
of crystallinity 11 and 21%. Mechanical tests were
conducted by means of universal testing machine
Instron-5568. The specimens are loaded with a constant
strain rate up to 1.5% strain and unloaded with the same
strain rate up to 1 MPa stress with cross-head speeds
1 mm/min at temperatures 23, 30, 35, 40, 45 and 50ºC.

Results and Discussion
Experimental stress-strain diagrams of PLA and PLA/HA
composite are depicted in FIG. 1. The mechanical
behavior of PLA/HA composites is brittle at room
temperature and becomes ductile at elevated
temperatures. Maximum stress at 1.5% of PLA/HA is
slightly higher than that of PLA and decreases with
temperature. Maximum stress at 1.5% decreases

strongly with temperature. Unloading behavior of PLA/HA
at high temperature level are nonlinear. Viscoelastic
recovery after unloading decreases with an increase in
temperature.

a) 23°C b) 30°C

c) 35°C d) 40°C

e) 45°C f) 50°C
FIG. 1. Comparison of cyclic behavior of PLA and
PLA/HA.

Calculated maximum stress and recovered strain of PLA
and PLA/HA nanocomposite are given in TABLE 1.

TABLE 1. Maximum stress and recovered strain.
σmax at
1.5%

Temp.°C 23 30 35 40 45 50
PLA 47.9 47.1 44.6 41 28.4 14.4
PLA/HA 51.7 48.4 46.4 38.7 24.5 10.1

%recovered
strain at
1 MPa

PLA 1.43 1.41 1.38 1.27 1.04 0.65
PLA/HA 1.43 1.41 1.39 1.27 0.86 0.4

Conclusions
A thorough investigation is performed of the effects of
temperature on the cyclic behavior of PLA/HA
composites under uniaxial tension. Reinforcement of PLA
with HA induces a slight increase in elastic modulus and
a decrease in maximum stress at 1.5% strain. Loading–
unloading behaviors of PLA/HA are nonlinear and
temperature dependent. Viscoelastic recovery after
unloading decreases with increasing temperature.
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Introduction
Recent years biodegradable polymers of natural origin,
poly(3-hydroxyalkanoates) (PHAs) and alginates (ALGs),
have found broad application in medicine and tissue
engineering. These polymers are very different in their
properties: PHAs are hydrophobic, mechanically strong
polyesters, while alginates are hydrophilic, hydrogel-
forming, mechanically destructible polysaccharides.
However these polymers bring together the fact that
PHAs and ALGs can be produced biotechnologically
allowing to regulate their properties [1,2]. Particularly,
development of composite constructions from these
polymers makes it possible to adjust the selected
properties, especially mechanics, of the resulting
composite PHAs/ALGs constructions for bone and
cartilage engineering, where PHAs and ALGs are widely
used. Thus, the objective of the work was to create the
composite scaffolds from poly(3-hydroxybutyrate) (PHB)
and sodium alginate (ALG).

Materials and Methods
Two types of PHB/ALG constructions were
manufactured: porous constructs from PHB filled with
ALG hydrogel (ALG-in-PHB) and ALG hydrogel
embedded with PHB microspheres (PHB-in-ALG). The
PHB porous constructs used in this work were
manufactured by two-stage leaching technique using two
blowing agents: ammonium carbonate and sucrose and
then filled with ALG with hydrogel formation. PHB
microspheres were produced by two-stage emulsification
technique and then mixed with ALG to produce hydrogel.
Various PHB/ALG composite construction with different
parameters: pore size, microspheres diameter,
microspheres content, hydrogel density were produced.
The morphology of composite scaffolds was investigated
by scanning electron microscopy (SEM) and by wide-field
light microscopy (WLM). The mechanical properties of
obtained constructions were measured by rheometry.

Results and Discussion
The Young’s modulus of obtained PHB/ALG composite
scaffolds varied from 9 to 178 kPa. The complicated
dependence between mechanical properties and
morphological features of PHB/ALG composite scaffolds
was revealed and analysed. Morphological features (e.g.
pore size, microspheres diameter, porosity) of produced
scaffolds effect greatly on its mechanics: e.g. increase in
diameter of microspheres from 50 to 500 mkm caused 6-
fold increase in Young’s modulus of PHB-in-ALG
scaffolds.

a)

b)
FIG. 1. SEM microphotographs of ALG-in-PHB (a) and
PHB-in-ALG scaffolds (b).

Conclusions
In general, PHB microspheres reinforced PHB-in-ALG
scaffolds more efficiently than PHB porous structures
ALG-in-PHB scaffolds. Further the technique of hybrid
PHB/ALG scaffolds production will be used to develop
biocomposite scaffolds and fillers for bone tissue
engineering.
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Customised medical devices and implants
Industrial additive manufacturing from the perspective of
a machine manufacturer: this requires a practical
approach involving many new solutions – and an
innovative, patented process - ARBURG Plastic
Freeforming (APF). In other words: a completely new way
of working! Additive manufacturing. With standard
granulate and layers built up from tiny droplets of plastic.

Our innovative APF process enables you to combine
design freedom with a wide choice of materials. This
enables you to quickly produce replacement parts or
functional samples from the desired material, for
example. Whatever industry you may work in, the
freeformer offers you a wide range of new options: from
consumer goods and automotive parts to medical
technology - to name just a few examples.

Especially resorbable materials like PLLA would be
destroyed just by making a wire of it… And you can use
already NDA approved pellets use for any implant. Also
important in the medical field: one mould is needed for
one part… And as a bonus you just purge a few grams of
material in the freeformer instead of making filling trial in
the ALLROUNDER. In this range of material prices, it can
make the difference…

The topic of Industry 4.0 directly affects us, our
customers and the entire plastics industry. Those who
prepare for the future with flexible, automated production
technology and IT networking will secure and develop the
competitiveness of their companies for years to come.
However, this calls for interdisciplinary expertise.
ARBURG is therefore particularly well positioned in this
area: with automated ALLROUNDERs, the central
SELOGICA control system, the freeformer for industrial
additive manufacturing and IT solutions such as the ALS
host computer system, ARBURG offers a full range of
expert skills. This enables you to implement your
individual 4.0 solutions in a targeted way and to increase
your production efficiency in a sustained manner.

APF – more than just 3D printing:

• Open system – Build up your own know-how
• Making plastic products using standard granulate
• Broad range of process able materials
• Individual process settings
• High-grade mechanical properties
• Efficient use of materials

ARBURG GmbH + Co KG
Arthur-Hehl-Strasse
D-72290 Lossburg
Tel.: +49 (0) 7446 33-0
http://www.arburg.com

FIG. 1. Individually adapted implant for cranial bones was
produced in the APF process using medical grade PLA
granulate (Resomer).

FIG. 2. The APF process principle in detail.

FIG. 3. Freeformer: Open production system for the APF
process.
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Introduction
We want to introduce new SEEC N-Lab superresolution
research station for Life Science and show STED
solutions from Abberior Instruments GmbH. Compare
both above with light sheet microscopy. In addition few
words about other devices available from for NSOM,
TERS, PALM, STORM and FLIM.

Materials and Methods
Typical applications and potential fields of use for above
products will be presented. Selected articles where our
equipment was used will be listed as well as sample
images showing achievable image resolution for each
technique.

Other Products
In addition to superresolution imaging devices we also
offer other products for bio-related research. Those
products include:

- BioAFM Hydra and nc-AQUA AFM
- BioXolver automated SAXS station
- Laboratory LIBS elemental analyzer
- µXRF AttoMap system from Sigray
- X-ray sources including MetalJet
- Raman and FT-IR spectrometers including

microscopes and confocal Raman
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Introduction
We want to introduce new SEEC N-Lab superresolution
research station for Life Science and show STED
solutions from Abberior Instruments GmbH. Compare
both above with light sheet microscopy. In addition few
words about other devices available from for NSOM,
TERS, PALM, STORM and FLIM.

Materials and Methods
Typical applications and potential fields of use for above
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