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Introduction

One of the most important groups of polymer-ceramics
composites are polymer/hydroxyapatite materials. Extracel-
lular matrix (ECM) of all bone tissue is essentially built by
mineralised collagen fibrils, consisting of a collagen matrix
reinforced with 50-60 wt. % of apatite crystals. HAp is the
closest synthetic equivalent to human bone mineral and it
exhibits excellent biocompatibility, bioactivity, bone bonding
properties and osteoinduction, as shown by in vivo studies
[1]. Due to the chemical similarity it facilitates the formation
of new bone without resorption and interacts with the living
system. If HAp is in a nanostructured form, the interaction
with the lowest hierarchical levels of a bone’s stucture be-
comes even more intensive because of the material’s high
surface area and enhanced bioactivity.

Polyoxymethylene (POM) is an important engineering
polymer consisting of main chains of repeating carbon—
oxygen bonds in the form of oxymethylene units (OCH2).
Acetal homopolymer refers to resin containing solely the
carbon-oxygen backbone, while for the copolymer resin
the oxymethylene structure is occasionally interrupted by a
comonomer unit [2]. Properties which arise from polyacetal
structure are: high-impact strength, stiffness, resiliency,
toughness and high yield stress; low friction coefficient; low
gas and vapour permeability; exceptional dimensional stabil-
ity and dielectric properties; high fatigue strength; and good
retention of properties at elevated temperature [3]. POM
shows an ultra high modulus — it is caused by the presence
of extended-chain crystals, whereby a part of the polymer
could still appear as chain-folded lamellae [4].

Experimental

A commercial grade of POM copolymer (Ultraform®)
with melt flow rate (MFR 190/2.16, ISO 1133) 2.6 g/10
min, was supplied by BASF (Germany). Hydroxyapatite
Ca,z(PO,)60H, nanopowder with a nanoparticle size below
100 nm (99% of particles) was product of nGimat Co. (At-
lanta, USA). POM and POM/HAp nanocomposites (0, 0.5,
1.0, 2.5, 5 and 10.0% w/w of HAp) were prepared by melt
processing method by using a double screw extruder (Ther-
moHaake PolyLab PTW 16/25).Compositions were shaped
by injection moulding method using a DSM machine.

POM and POM/HAp nanocomposite specimens have
been immersed in a simulated body fluid at 37°C for 3 and
7 days. After soaking, the specimens were removed from
the SBF, gently rinsed with distilled water and dried [5].
After SBF immersion, the sample surface was examined
by SEM-EDX method.

Moreover, POM and POM/10,0% HAp samples were
incubated at the temperature of 70°C according to EN ISO
10993-13 during 41 weeks in the Ringer fluid, made by Bax-
ter Terpol Sp. z 0.0. (biological environment simulation) and
distilled water. The pH, conductivity and the mass change

were measured during incubation.

Results and discussions

G.1. M icrophotographs and EDX analysis af-
ter 7 days of incubation in SBF of POM/5.0% HAp

Bioactivity in vitro tests were performed in SBF and the
results for POM/5% HAp nanocomposite are presented in
FIG.1.

FIG.1 shows the surface morphology and results of
average EDX analysis of POM/5.0% HAp after 7 days
immersion. The obtained results show bioactivity of the
investigated samples - formation of apatite layer on the
surface of both samples does occur. The largest intensity
of apatites peaks was observed for POM/5.0% HAp. In vitro
stability of POM and POM/10.0% HAp samples was deter-
mined on the basis of pH variations of distilled water and
Ringer solution and mass changes of the samples during
the POM and POM nanocomposite incubation at the tem-
perature 70°C for 41 weeks, (according to EN ISO 10933
— an accelerated degradation test as a screening method).
Results are presented in FIG.2.

There is lack of significant pH changes of both water and
Ringer solution during incubation of investigated samples,
so in vitro behaviour between of POM and POM/10.0%
HAp nanocomposite is quite similar. Moreover, mass of the
samples remained practically the same after incubation. The
obtained results, confirming very good in vitro stability of
POM and POM/HAp nanocomposites, stay in good agree-
ment with literature data available for pure POM [3].

1] opom
OPOM/10,0% HAp

0

o 5 10 15 20 2% 30 35 40 45
Time [WQQRE]

FIG.2. pH changes of distilled water and Ringer
solution as a function of incubation time of POM
and POM/10.0% HAp samples

Conclusions

The obtained results confirmed bioactivity of investigated
POM/HAp nanocomposites; moreover, in vitro evaluation
proves good POM and POM/HAp nanocomposites stabil-

ity.
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Introduction

Immersion testing is a simple method for the corrosion
testing of engineering materials, and quantifiable results can
be achieved relatively easily and quickly. As a result, when
the requisite instruments in an engineering laboratory are
available, in vitro experimental data on corrosion

can be generated and published rapidly, and the reliability
is seldom questioned so long as the external environment
of the intended application can be simulated satisfactorily
in the laboratory.

Similar immersion experiments were also observed for
studies on degradable metallic implants made of magnesi-
um-based alloys. However, despite the relatively wide usage
of immersion testing, it might be ironic that the validity of such
models on this class of material as a degradable implant
biomaterial had not been formally verified. In contrast, the
unrelatedness of immersion testing and in vivo results had
been reported in journal with considerable impact factor [1].
With these concerns, the reliability and relevance of such
data would warrant further investigation.

Methodology

We have conducted some animal experiments to assess
the corrosion of degradable magnesium alloys in BALB/C
mouse bodies. Animal licence was obtained from the Depart-
ment of Health of the Hong Kong Government under Cap.
134, and ethical clearance was obtained from Committee on
the Use of Live Animals in Teaching and Research (CULATR)
of the University of Hong Kong. Magnesium-based alloys
investigated include AM51A, AM60B, AZ91D and 99.95%
pure magnesium, and were machined into cylindrical shape

EHT=12.00 kV WD= 15 mm Mag= 56 X
3eepn  |—| Photo No.-100 Detector= SE1

FIG.1. AZ91D retrieved after 6-month post-implan-
tation, fibrous layer not removed.

FIG.2.

Left: 99.95% Mg retrieved 6 months after implantation, fibrous layer not removed.
Right: Fibrous layer removed. Severe corrosion was observed at the position under gas bubble.
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and polished to remove surface stress, and cleaned before
implantation. Implantation was then performed subcutane-
ously above the mouse spine. Implants were retrieved after
up to 6 months. Retrieved implants were observed directly
and also under scanning electron microscope.

Result and discussion

No significant health effect was observed in the mice,
except occasional diarrhoea (discussed elsewhere [2]).
No pathological change could be observed at the site of
implantation. When special attention was paid to the cor-
roded alloy surface created by the implantation, however,
interesting observations were found.

The presence of gas bubbles was not unexpected, as:

Mg(s)+2H,0(l) -> Mg(OH),(aa/s)+H,(g)

When magnesium alloys were carefully removed from the
mouse body after subcutaneous implantation, the implants
were found covered with fibrous tissues, and peri-implant
gas bubbles were often observed when the implants were
observed directly, while more micro-sized bubbles could be
observed when the implant was placed inside the vacuum
environment of a scanning electron microscope, indicating
the presence of microscopic gas bubbles. For 99.95% mag-
nesium which corroded much faster than other alloys, after
the fibrous layer was removed, corrosion was clearly found
to be much more severe under the gas bubbles (FIG.2).

Despite differential corrosion should indeed be anticipat-
ed when different parts of a piece of metal are in contact with
differential environments, this knowledge was not discussed,
or was indeed forgotten, by most investigators in this field of
study. As indicated by our animal study, 6 months could be
insufficient for the “gradual” dissolution to complete, at least
in some applications. This study, which suggested that the
presence of gas bubbles must be taken into account when
considering the corrosion of degradable metallic implants,
had therefore shed new insight into the field of study.

This blinding flash of the obvious was indeed an immedi-
ate invalidation of the current simple corrosion studies on this
class of biomaterial. A single-phase immersion testing would
simply be unable to simulate the differential environment on
the alloy surface, covered by body fluid, fibrous tissue or
other body tissues; plus the instantaneous or more persistent
presence of gas bubble, inavoidably created by the corrosion
of magnesium and trapped around the implant.

Conclusion

We have identified from pure magnesium samples that in
vivo corrosion of degradable metallic implants could be much
more rapid under the gas bubbles surrounding the implants.
As an in vivo magnesium-based implant would unavoidably
face a differential environment in the body with gas bubbles,
it is highly suggestive that the relevance between the result
of simple single-phase liquid immersion testing and the in
vivo corrosion profile of degradable metallic implants can-
not be high, because a simulation of the gas bubbles and
surrounding fibrous tissues, which have significant effects
on the corrosion profile, were simply lacking.
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Introduction

Maxillofacial surgeons meet in every day practice the
problem of the maxilla bone restoration after the tumors,
tumor masses removal in traumatic injuries of the maxilla
bones.

Information of the last two decades confirms that non-
cancerous growth and maxilla cysts make 25 % of the total
quantity of the surgical diseases. Immediate and late results
of the treatment for patients with mentioned above diseases
remain unsatisfactory up till now [1,2].

Application of different types of transplants for maxilla
defects restoration is not every time possible for a maxil-
lofacial surgeon and functional and aesthetic results are
not satisfied sometimes. 10% of negative results of the
implants technologies [4] application are due to the com-
mon resistance of the human body often determined by
functional disorders of different levels of the homeostasis.
Acupuncture potential attract attention of specialist more and
more because it can provide required level of the human
body homeostasis regulation and functioning autonomously,
without any therapeutical stimulation from outside.

Aim of the work was to study the characteristics of the
maxilla bone tissue regeneration when porous glass-ce-
ramic material of «Byossital» applied with acupuncture in
the experiment.

Materials and methods

We performed the examination on the 8 outbred dogs
according to the «Regulations for the work with experimental
animals» approved the MSMU Board on the 24.04.1996
and requirements regulating the experimental animals use.
Standards of American Heart Association's «Guidelines
for the Use of Animal in Reserch» n Guide for the core
and Use of Laboratory Animals (National Academy Press,
Revised, 1996) [3,5] were used when invasive procedures
were applied.

We cut the skin and tissues under it under the intravenous
anesthesia in aseptic conditions. Then, pereosteotomy was
made with further bone tissue skeletonization in the region
of the horizontal segment of the lower jaw where the injury
of 20x15 mm was done. The neurovascular fascicle was
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kept undamaged. The artificially made defect of the bone

® o @ o o o o s filled in with the modeled implant in the form of block

BI® MATERIALS

of «Byossital» material providing its firm adherence to the
injury sides. The sutures were cleansed with 1% alcohol
solution of iodine. Animals were treated with antibiotics of the
piniciline group on the basis of 500 Units per one kg of the
animal weight in order to provide the prophylaxis measures
for pyoinflammatory complications.

The acupoint similar to the Gl4 was irritated with the
strong brake method every day during 10 days. Acupuncture
needle exposure made 30—40 minutes.

In order to provide the materials sampling for histologi-
cal examination, the experimental animals were removed
from the experiment with thiopental OverDose according
to the following terms: 14, 21, 28 days and 6 months. The
macrospecimens were fixed in the 10% neutral formalin and
they were decalcificated by the nitric acid and placed into the
paraffin. The mounts were pained with hematoxylin-eosin
and by Van-Gison.

Results

The reclaim consisted of the specific young osteogenous
tissue with formation of the bone tissue trabecules growing
to the corner parts of the pores was formed by the 14 days
around the inserted the implant.

21 days later, the specific osteogenous tissue surround-
ing the implant and separating its with taenias continues
formation. The main weight of the specimen was lost during
its processing with the nitric acid. Expressed regeneration
of the bone tissue was fixed. Trabecular structures with
directed growth to the implant side were formed. At the
place of the dissolved parts of «Byossital» we fixed the
free cavities, ingrowing girder of the bone tissue and sur-
rounding free parts formed due to the dissolved implant
had mature form.

By the 28 day the microscopic picture was similar than by
the 21 day and osteogenic structures continues growing.

6 month later implanted materials had the form of small
rounded conglomerates which were surrounded with new
mature bone tissue. Interfaces with the injury were not
found. At the same terms the regenerated bone tissue
surrounding the implant had clear specific trabecular bone
tissue structure. It was not possible to fix deep invasion of
the bone tissue trabecules into the implant pores. But the
much deeper invasion of the connecting fibers without signs
of the osteogenesis was fixed.

The traces of the graft rejection (bone tissue necrosis,
inflammation reaction, cells of the foreign body) were not
fixed during all terms of examinations as from the side of
the bone tissue as well as from the soft tissues surrounding
the implant.

Conclusion

Described below glass-ceramic material «Byossital» that
we applied for reconstruction of the bone tissue injuries has
high level of the biocompatibility and its complex application
with acupuncture provides adequate osteointegration with
the bone tissue of the recipient. So, the offered complex of
treatment becomes more perspective in restoration of the
bone tissue defects of the maxilla.
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Introduction

It is obvious that the fractures of the lower jaw accom-
panied with injuries of the inferior alveolar nerve are com-
plicated with osteomyelitis in most of cases [1]. According
to the G.l. Sementchenko’s theory (1958) pathogenesis
of the maxilla osteomyelitis should be considered as neu-
trophilic process [5]. During long irritation of the peripheral
nerves, the trophism of the bone tissue is deranged what
provokes formation of the necrosis focuses. Furthermore,
the pathological impulses come continuously in the cerebral
cortex from the focuses of the permanent irritation of the



peripheral nerves. They provoke and support the vascular
disorders of the maxilla in a reflex way due to which the
trophism of the tissue is broken and make favorable condi-
tions for infection processes development [3]. The problem of
prophylaxis of complications after the endodontic treatment
remains actual up till now (particularly, removal of the filling
materials outsides of the apical hole). But, it's to underline
that endometazon is zincxidevgenal cement mixed with the
paraformaldehyde and steroids which are often used for
filling of the root canals.

The nerve tissue becomes imbue with the paraformal-
dehyde when contacting closely with the nerve trunk and
it provokes coagulatory necrosis. When washing-out of
the paraformaldehyde, infection agent gets into the tissue
and expressed inflammatory reaction is developing which
provokes osteomielitis disease often [6].

Last decades, the acupuncture treatment became very
known between doctors of different specialties and was
scientifically based grounded or its wide use in the practi-
cal public health care and maxillofacial surgery as well [4].
Acupuncture treatment is effective, completely harmless,
should be combined or can replace some therapeutical
treatments.

Cited facts confirms that is necessary to continue deeply
examinations of acupuncture effects for prophylaxis of be-
ginnings and development of pyoinflammatory diseases of
the maxillofacial area.

Aim of work was to make comparative assessment of the
pyoinflammatory complications quantity due to traumatic
injuries of the inferior alveolar nerve of the toxic genesis
experimentally when different treatment methods applied.

Materials and methods

The model of the toxic neuritis of the inferior alveolar
nerve was made on the 25 rabbits of Shinshilla breed (males
almost of the same weight).

Operations were performed under the intravenous an-
esthesia. When the lower jaw and mandibular canal were
prepared for operation, the paste on basis of the paraformal-
dehyde for root canals filling was put into the perforated hole
of the inferior alveolar nerve. The wound was sewed layer by
layer and treated with 1% Solution of the brilliant green.

All experimental animals had intramuscularly single injec-
tion of 500000 units of the benzylpenicillin for prophylaxis
of the pyoinflammatory complications development.

Animals were divided in two groups. Group | (15 ani-
mals) had antibacterial therapy only. Animals of the group
Il (10 animals) had antibacterial therapy combined with
acupuncture. The acupoint similar to the Gl4 was irritated
with the acupuncture needle Ne 5 with the first variant of the
breaking method. Exposure period made 40 minutes and
the treatment course consisted of 10 sessions performed
every day. Acupoint localization was determined according
to the special literature [2].

We performed the experimental animals examination
and the state of the postoperative wounds in dynamics, the
materials sampling for pathomorphological examinations
was made 3, 7, 14, 21 days after operation and 1, 1,5, 2,
2,5, 3, 4, 5, 6 months later.

Results

Animals of the group | had pyoinflammatory complications
as osteomyelitis of the lower jaw complicated with abscess
of the submental region. These pathological processes were
developing 1,5 months and later what corresponds to the
terms of the chronic osteomyelitis development according

FIG.1. Chronic osteomyelitis of the lower jaw with
subperiostal abscess. Term of examination - 1,5
months.

to the special literature [3].

Osteomyelitis of the lower jaw developed for 40% of
the | group animals during the 1.5, 3, 4, 5, 6 months. Clini-
cally, at the place of the access to the canal of the inferior
alveolar nerve and the filling material injection on base of
paraformaldehyde, cuff thickening of the lower jaw was
determined and had dimensions 0,5x0,7 cm - 1,0x2,0 cm,
subperiosteal abscess was formed. The focus of destruction
was separated by dense connective tissue capsule (FIG.1).
The content of the subperiosteal abscess — white pus with
bad smell. Inferior alveolar nerve was closely connected
with the bone tissue and was difficult for determination. The
structure of the bone at the place of trauma was consider-
ably disturbed and changed. Mandibular bone was fragile
at the place of the focus of trauma.

Animals of the group | had abscesses formation in 33,3%
of cases during the terms of examination 1,5, 2,5, 3, 6
months. The pyoinflamatory focus was located in the mental
area by the middle line and its diameter made 3 cm, the well
formed tissue-connective capsule. The abscess content was
presented by the purulent effluent of white color of bad smell.
One rabbit had the abscess breaked spontaneous and a
fistula was formed at 5 month of examination.

The animals of the group Il had no complications. The
defect of the bone tissue was replaced by the bone tissue at
the place of the trauma and there was no signs of the osteo-
myelitis. The filling material was resolved partially. There was
no a cuff thickness of the mandible at the place of trauma
and the periosteum cicatricially changed and connected with
the bone was found only at the place of operation. These
changes had the local signs only, the thickness was 0,3-0,5
cm and no purulent exudation found (FIG.2).

FIG.2. Thickened cicatricial-changed periosteum
find out in the postoperative area only. Term of
examination - 1,5 months.
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Acupuncture application postoperatively for the animals
of traumatic neuritis of the trigeminal nerve of the toxic
genesis contributes to the significantly reduction of pyoin-
flammatory complications. This fact is the base to continue
the experimental and clinical examinations of this kind and
elaboration of the new methods of postoperative treatment
of patients with toxic injuries of the inferior alveolar nerve
during which the acupuncture should be considered not only
as the treatment method but the propylaxis one as well.
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Introduction

One of the new methods of diagnostics and prognostica-
tion of our days is the functional morphology of the biological
fluids. [1,2,3]. It is based on the analysis of the morphological
picture of crystal and amorphous structures in the dehy-
drated biological fluids (BF). Phase change of BF into the
solid state gives possibilities to fix molecular correlation in
this difficult system and make their examination easier [5].

Totally, this method allows not only to evaluate effective-
ness of performed prophylaxis, treatment and rehabilitation
procedures but to prognosticate pathological processes and
possibilities of there development [4].

But, there is no objective proofs for correlation of mi-
crocrystallization data of different biological fluids of the
serum of blood (SB), oral fluid (OF), urine and exudation of
the wounds for the experimental animals and SB, oral fluid
and urine for men.

Aim of work was to make scientific bases for the oral fluid
microcrystallization as the common indices of the human
body homeostasis according to the comparative assess-
ment of the microcrystallization data of the biological fluids
for experimental animals and people.

Materials and methods

We examined 10 experimental animals of rabbits males
of Shinshilla breed of the same weight and age and 10
persons (males) at the age of 18-25 years old. We depil-
ated the back skin 2,5x2,5 cm of area and made the cut 1,5
cm of length under the local anesthesia. We cut the skin,
under skin sellular tissue till the fascia and then we made
3 interrupted sutures with vicril 3/0. the wound was treated
with 1% Solution brilliant green.

Three biological fluids (serum of blood, oral fluid, urine,
wound exudation) were examined for microcrystallization for
all patients. These biological fluids were taken at the same
time of the day and for every animal and people.

Blood sampling was taken from the elbow veins of the
people and marginal elbow of the ear of the animals. Than
it was separated for serum and pellet fraction during the
centrifugation within 10 minutes by 3000 turns/min. The
oral fluid sampling was made with microdispenser from the
oral cavity directly. The urine was placed into the sterile
test-tubes. The wound exudation was taken during the ex-
periment with the sterile eye pipette passing between the
sutures deep into the wound. All biological fluids were put on
the object-plate with the pipette doser by three drops, each
volume was 0,01 ml. The samples of the biological fluids
were dried under the room temperature in horizontal state
than they were examined with the stereoscopic micro-scope.
We took for examination the drops which microcrystallization
picture was met more that two times.

The first type of microcrystallization was presented by
the elongated of prismatic form crystalline structure, with
radial orientation more often. The second type looked like
isothermally placed crystals without clear orientation. Third
type was presented by small isolated, single and non-
aligned crystals.

We have analyzed 210 samples of biological fluids dur-
ing this examination what corresponds to 70% of the total
quantity of samples.

Results

During the examination we did not identified the | type of
crystal organization according to the results of the serum of
blood samples examination. Il type was identified in 30% of
cases and the Il type was found in 70%.

Oral fluid indices confirmed that the | type of microcrystal-
lization was found in 10% of examinations, Il type —in 50%
and the Il type — in 40% of the people that we examined.

Results of the graining in urine confirmed that the | type
was not found, Il type was fixed for 40% of the experimental
animals, Il type — for 60%.

Microcrystallization indices of the postoperative wounds
exudation did not showed organization of crystals, the Il type
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FIG.1. Results of the biological fluids study for the experimental animal No 2: a) serum of blood - Il type of mic-

rocrystallization, b) oral fluid - Il type of microcrystallization, c) urine - Il type of microcrystallization, d) wound

exudation - Il type of microcrystallization.

was determined in 30% and the Il type — in 70%. Picture
No 1 contains results of the biological fluids examination of
the experimental animal No 2 (FIG.1).

The reproducibility of the microcrystallization indices in
experiment made 70%.

In the clinic, the | type of the crystals organization was
found in 10% of the examined persons according to the
serum of blood indices, Il type —in 60%, IIl type —in 30%.

Results of the oral fluid and the urine were similar, | type
of microcrystallization was found in 20% of examined per-
sons, |l type —in 50%, Ill type — in 30%. The reproducibility
of this indice made 90%.

Conclusion

Taking into consideration the high percentage of cor-
respondence of the of crystal organization in all examined
biological fluids, as experimental animals as well as persons,
we conclude that microcrystallization of the oral fluid is a
common indices of the of the organism homeostasis which
should be used for effectiveness evaluation of prophylaxis,
treatment and rehabilitation procedures and prediction of a
disease development. But special indices for every nosology
needs to be elaborated and systematized in details as well as
known methods of qualitative and quantitative appreciation
of crystals need to be perfected on base of new technologies
what is the subject of our further examinations.
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Introduction

Search of possibilities of the optimal conditions formation
for predictable regeneration of the bone tissue of maxilla at
the region of operation is an actual problem of the modern
maxillofacial surgery [4].

Its decision should follow by two ways: elaboration and
introduction of new materials stimulating osteogenesis at
the region of the bone tissue defect of the maxilla [1, 2] and
acupuncture application for the osteogenesis at the region
of defects of maxilla with implanted into them effective
substitutes of the autogenous bone graft. In spite of the fact
that the process of the bone tissue formation is considered
as determinate reaction of the organism [4], its activation
remains a non-resolved problem up till now.

Complex approach to this problem solution should include
two aspects of scientific examinations: experimental and
clinical which give opportunity to make objective conclusions
about positive processes of the osteogenesis and its applica-
tion in clinics for raising of the patients treatment quality.

Aim of the work was to study macroscopic descriprion of
the extracted alveolar socket healing implanted with «Byos-
sital - 11» and «Kafam» in experiment.

Materials and methods

Experimental examinations were performed on rabbits
of the Shinshilla breed with weight 2,0+0,4 kgs.

We performed the examination on the 8 outbred dogs
according to the «Regulations for the work with experimental
animals» approved the MSMU Board on the 24.04.1996
and requirements regulating the experimental animals use.
Standards of American Heart Association's «Guidelines
for the Use of Animal in Reserch» n Guide for the core
and Use of Laboratory Animals (National Academy Press,
Revised, 1996) [3, 5] were used when invasive procedures
were applied.

Method of the experiment

The gum was separated at the region of the incisor teeth
under intravenous anaesthesia and local anesthesia with
sol.novocaini 2%-2 ml than the teeth was extracted and
bone edges were planed by conical dental cutter. The tooth
hole was treated with 3% Solution of hydrogen peroxide,
0,05% Solution of chlorhexidine gluconate. The wounds
of all animals were treated with antibiotics of large action
spectrum. The tooth hole was filled in by the blood clot

mixed with powder of 0,5% lincomycin at the first run (9
animals), by «Byossital-11» at the second run (9 animals),
by «Kafam» at the third run. Wounds after operation were
sewed up with «Etikon 000». Experiment was performed
with animals of Il and Il runs and the | run was the control
one. Clinical observation (macroscopic description of the
tooth hole healing) of all animals was made 7, 14, 21 days
and 1, 6 months after the operation.

Results

Animals of the | group had feebly marked edema of the
mucous tunic of the alveolar appendix of the lower jaw at
the region of the sew up teeth hole 7 days after the opera-
tion. Animals of the Il and Ill groups had no inflammation
edema of the mucous tunic of the alveolar appendix and
holes of extracted tooth. The sutures were of good state,
after operation wounds closed up with the primary intention
for these animals. A partial clot was found at the | run when
bone tissue holes skeletonization. Small pieces of the bone
tissue and dentine of the extracted teeth were found on the
edges of the teeth wound. The tooth hole was filled in by the
granulation tissue by 1/3. Animals of the groups | and Il had
the tooth holes filled in by the granulation tissue over the
«Byossital — 11» and «Kafamy». Sections of the granulated
material of those implants alternated with sections of the
granulated tissue often.

Animals of the group | had the mucous tunic of pink color
at the region of the extracted tooth holes and the infiltration
edema was moderated. Animals of the groups Il and Ill had
the mucous tunic of pink color at the region of the extracted
tooth holes without visible edema of surrounding soft tissues
and signs of fistula formation. During the skeletonization
of the teeth holes of the | goup animals the rests grumes
looked well fragmentated. Granulations of «Byossital — 11»
and «Kafam» looked like conglomerate ball alternating with
formatting granulation tissue for the animals of the Il and IlI
groups. Implantation granulation «Kafam» for some animals
of the group Il looked like big separated and compact forms
of fragments which border upon the edges of the alveolus
of the extrated tooth.

21 days after the operation the mucous tunic at the region
of the extracted tooth and surrounding of the mucous tunic of
alveolar appendix of the lower jaw for animals of the group
I had no signs of inflammation and fistula. Afteroperation
scars were tender and completely epithelizated or animals
of the groups Il and Illl. When skeletonizating the extracted
teeth holes, pieces of the granulations «Byossital — 11»
and «Kafam» looked smaller comparing with results of the
previous terms, separated by bands of the yang bone tissue
reclaim of gray color.

30 days after the operation the animals of the group | had
the mucous tunic of the alveolar appendix of physiological
color without edema and fistula. Considerable reduction of
the alveolar appendixes height at the region of the extracted
tooth of the lower jaw was fixed visually. Animals of the
groups Il and lll had no edema of the mucous tunic of the
alveolar appendix of the lower jaw and fistula 30 days later.
Skeletonization of the alveolar appendix demonstrated that
holes looked like solid fiber tissue, granulation of «Byossital
— 11» and «Kafam» were not found and destruction of the
holes of those groups of animals was not also confirmed
macroscopically. The height of the alveolar appendix kept
at the physiological level for all animals.

180 days after the operation during the skeletonization
of the extracted tooth holes of the lower jaw of the | group
of animals, complete change of the defect of the bone of
alveolar appendix was not fixed. The defect of the hole was
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replaced by crude connective tissue macroscopically. The
focuses of the periosteous reaction as a nonconciderable
bone deformation were fixed on the vestibular and tongue
surface. The height of the alveolar appendix was consider-
ably reduced in these regions. Animals of the groups Il and
Il had the mucous tunic of the alveolar appendix of the lower
jaw at the region of the extracted tooth holes filled in with the
granulations of «Byossital — 11» and «Kafam» of the pink
color, no inflammation, fistula and deformations found. The
height of the alveolar appendix kept the physiological level
and without signs atrophy. Skeletonization of the parts of the
holes macroscopically demonstrated there complete filling
in with regenerated mosaic bone structure.

Conclusion

It's obviously clear that macroscopic clinical control for the
process of the extracted tooth holes recovery in experiment
demonstrated advantages of implantation with «Byossital -
11» and «Kafamy». We continue examinations of this kind.
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Introduction

The study of ionizing radiation influence on dental system
was begun with the assessment of large doses exposure
during radiation therapy. Investigations of oral cavity radiole-
sions in general radiation exposure in low and mean doses

are not numerous [1, 2].

The aim of this work is to study odontogenesis in 20-day ® ® @ e @ ® o

old animals’ foetuses after a single exposure to low doses
ionizing radiation.

Materials and methods

The experiment was carried out on 4-month old albino
rats of mongrel gregarious breeding with initial body weight
of 0,16 — 0,18 kg. Pregnant rats were exposed to external
acute y-radiation on «IGUR-1» unit (the radiation source
— Cs-137, dose rate — 1,033x10 Gy/sec) in 0,5 Gy dose on
the 15th gestation day. The animals were kept at vivarium
conditions. Tooth germs of rats’ 20-day old foetuses were
studied histologically.

Results

«Finger-shaped» tooth buds inherent to the period of
tooth germ anlage and formation were still seen in the
experimental animals. Thin epithelial necks connecting
dental lamina with enamel organs were present. The enamel
organs were large, well-formed, scyphiform, as those in
the control group. But there were significant abnormalities
among them. Thus, some enamel organs had poorly marked
pulp. Thin outer enamel epithelium consisted of one-two
condensed cell layers and disappeared at blood vessels
entering it superficially (FIG.1). Such «spreading» of the
enamel organ was explained by further proliferation of the
cells of the focal thickening of the inner enamel epithelium,
which partially replaced the outer enamel epithelium. Also
there was some displacement of the enamel organ pulp.
On serial sections we could observe that mesenchymal
cells separated this considerable segment from the main
mass of the enamel organ, so the latter took a smoother
form (FIG.2).

Single giant dentinal papillae occurred more frequently,
two or three of them in one tooth germ being rarer. The
growth of three papillae was likely to result in the atrophy and
death of the tooth germ. There were no such giant dentinal
papillae in the control group.

Germs with short neck and two dentinal papillae of ir-
regular size were especially deformed. The larger one,
sagittally sectioned, was surrounded by a thick layer of the
inner enamel epithelium (FIG.3). In other enamel organs with
long epithelial neck the pulp was well-developed, while the
dentinal papilla invaginated into the enamel organ through
a small defect in its wall.

In the enamel organ, into which three dentinal papillae
ingrew, the inner enamel epithelium was unevenly thick-
ened, being more considerable in size on the apex of the
medial one. Its cells infiltrated the enamel organ pulp and
disappeared in it. Sometimes such a proliferation of the
inner enamel epithelium cells occurred asymmetrically in
one of its margins.

There were sharply abnormal structures that are sort of
growing from the long neck of the underdeveloped enamel
organ. Though the latter looked like scyphiform, the inner
enamel epithelium was noted only on its one half. Extensive
proliferation from the epithelial neck had a solid structure
and consisted of fusiform cells. These structures are likely
to be the second enamel organ on the common neck. In
some abnormal tooth germs dentinal papillae ingrew into
the enamel organs and partly destroyed both the outer and
inner enamel epithelium. In some tooth germs the transition
of the neck epithelium into the outer enamel epithelium was
still evident, while the differentiation of such structures as
the enamel organ pulp, inner enamel epithelium, basement
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FIG.1. Thin layer of the outer enamel epithelium.
Experiment 2/71. Staining with hematoxylin and
eosin. x90.
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FIG.2 «mpﬁta ion» of the enamel organ segment
by mesenchymal cells. Experiment 2/78. Staining
with hematoxylin and eosin. x200.
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FIG.3. The enamel organ with two dentinal papillae
of uneven size and thickened short neck. Exper-
iment 2/78. Staining with hematoxylin and eosin.
x90.

membrane and dentinal papilla had gone far beyond (Fig.4).
Small enamel organs without clear differentiation of the
enamel epithelium into the outer and inner one were present
simultaneously with well-developed tooth germs.

Atrophic changes occurred simultaneously with hyperpla-
sic processes in the same tooth germs. The enamel organ
neck became thin and was infiltrated by mesenchymal cells,
which, in some areas, partially destroyed the outer and in-
ner enamel epithelium. In other areas the outer and inner
enamel epithelium cells remained clearly differentiated and
formed focal growths.

helium into the outer enamel epithelium. Large
dentinal papilla. Clear-cut basement membrane.
Experiment 4/47. Staining with hematoxylin and
eosin. x90.

Conclusions

1. Necrotic and severe dystrophic changes of tooth germs
were absent in the experimental animals.

2. During the experiment, numerous single and/or
combined disturbances of shaping processes were mainly
observed at the site of the neck transition into the enamel
organ and in the dentinal papillae.
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Abstract

The paper presents the results of the impact of
technology manufacturing nonwoven, disposable
surgical garments on their selected useful proper-
ties. During the research examined four most com-
monly used surgical gowns in the operating rooms
and an assessment of their physical and useful
characteristics. In connection with the impossibility
of assessing resistance to penetration of microor-
ganisms as well as pollination of human epidermal
of investigated surgical gowns, made a comparative
investigation of filtration characteristics of the evalu-
ation of fractional pore distribution.

The surgical clothing should fulfill requirements for
comfort of use, which largely are linked to guidelines
for surgical gowns shown in the standard PN-EN
13795-3:2006 “Surgical drapers, gowns and clean
air suits, used as medical devices for patients, clinical
staff and equipment- Part 3: Performance require-
ments and performance levels”.

According to it, all the available products on the
market, which are surgical gowns should be within the
specified range of analyzed properties. The obtained
results allowed to determine how the manufacturing
technology can affect on the barrier protection as well
as the comfort of use.

Key words: nonwovens, surgical gowns, comfort
of use, spun-bonded, SMS

[Engineering of Biomaterials, 99-101, (2010), 11-12]

Introduction

In the world almost 70% of the textiles used in
health care for personal protective equipment includ-
ing masks, headgear, clothing, surgical gowns, etc.

Nonwovens

* EN 13795-3:2002 — describes the requirements and
levels of action. .[4-6]

Standard EN 13795 states that the surgical covering and
gowns must be a barrier to infection. This means that at the
time of use they can’t leak fluid and microorganisms, they
must withstand the proper pressure, which may be exerted
on the gowns and covering during the surgery. The require-
ments for barrier concern:

— Resistance to microbal penetration

— Resistance to liquid penetration,

— No dust,

— Adhesion,

— Cleanliness- Microbial,

— Cleanliness- Particulate Matter

— Resistance to pushing and tearing (dry and wet).[6]

(dry and wet),

Materials and methods

For the investigation have been used four disposable
surgical gowns received the following techniques: spun lace
(SL), spun bonded-melt blown-spun bonded (SB-MB-SB)
(gowns compared the two companies X and Y) and spun-
bonded + film (SB + F). [2,3]

Nonwoven fabric as well as the final product should have
the appropriate functionality to the standard PN-EN 13795-
3:2006. In this standard have been specified requirements in
relation to the dry and wet microbes penetration resistance,
microbiological purity, lack of contaminating particles that
could be released mechanically. Requirements for non-pol-
luting particulate material and pollination of materials used
in the surgical room are of great importance, since these
particles may be a carrier of infectious factors.

The surface mass nonwoven surgical gowns were
analyzed according to standard: PN-EN 29073-1:1994,
thickness based on the standard PN-EN 29073-1:1994.
Air permeability measurements were carried out
in accordance with the PN-EN ISO 9237:1998, determi-
nation of bending length — PN-EN ISO 9237:1998 and
water absorption determined. [4]. There have been also
determinate the distribution of pore size distributions using
Capillary Porometer PMI company. Obtained results are
given in TABLE 1.

TABLE 1. Parameters of nonwovens surgical gowns.

Basis weight
Raw material compo- of nhonwovens
sition [9/m?]

Thickness Density

[mm] [kg/m?]

are disposable goods and only 30% of this materials 40% PET / 60%
are reusable. A special group of medical products SL viscose 65,6 0,6 110,8
to protect against infectious factors is a disposable SMS
clothing for medical staff, visitors and for sick people. [ company X 100% PP 38,6 0,4 97,4
[1.4]

Surgical garments should fulfill requirements for Comsplz/;?wy v 100% PP 35,2 0,4 93,2
comfort of use, which largely are linked to guidelines
for surgical gowns shown in the standard PN-EN SB+F 80% PP+ 20& PE 42,4 0,3 148,4
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13795-3 [6]. The development of manufacturing
techniques of gowns have a significant impact on
properties connected to the protective properties, which are
important to health personnel.

Among the standards for barrier materials used as gowns,
mention should be standard:

* EN 13795-1:2002 — describes the general requirements
for producers, processors and products,

* EN 13795-2:2002 — presents the test methods,

Results an discussion

The obtained results the influence of manufacturing
techniques on selected properties of surgical gowns made
of nonwovens are given in TABLE 2 and illustrated on
FIGURES 1-4.
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TABLE 2. The results of measurements.

Parameter

Company X

Company Y

technology can be seen that these products having
similar surface mass and thickness, have different
ir permeability as well as size pores. In the case of
urgery gown from company Y such pore size (86,8
um) does not guarantee protection against micro-
rganisms (pathogens). The best protection agents
he transmission of infectious is SMS nonwoven
ompany X, which has pore sizes below 22 ym and
he air permeability equal 1452 dm3/m?es.
Preferably against the fluid protect nonwoven

oiled, because they characterized low air permeabil-
ity. However, this reduces the physiological comfort
f use, which is why they are used as an additional

Water absorption [g/m?] 92,3 69,6
Air permeability[dm?®m?ss]
Ap=500Pa 1081 1452 2204
Pore size distribution [pm]
-Bubble Point [pm] 376,6 62,3 663,2
-Average Diameter [um] 39,5 21,7 86,8
& 100
=
2 g0
s
‘é 60
@
| 40
0
SL SMS(CompanyX) SMS(CompanyY) SB+F
Nonwovens

FIG.1. Influence of surgical gowns manufacturing technology

on the water absorption.
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FIG.2. Influence of surgical gowns manufacturing technology

on the air permeability.
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FIG.3. Influence of surgical gowns manufacturing technology

on the pore size distribution

Conclusions

Investigations of nonwoven medical garments have
shown that the technique of nonwovens production has an
influence on the properties and its intended use.

Surface mass medical garment does not exceed 40 g/m?,
the exception is surgical gown received from technique
spun-lace (65,6 g/m?).

Analyzing the obtained results of surgical gowns pro-
duced by two companies (X and Y) received the SMS

element of gown in critical area of product. For uro-
logical gowns critical field is fixed only spot, in the
case of reinforced surgical gowns the total insulation
against microorganisms (pathogens) is achieved
by full fusing a barrier element in the boxes on the
sleeves and on the front of gown.
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Introduction

The selection of the most appropriate material to produce
a scaffold to be used in bone tissue engineering applica-
tions is a very important step towards the construction of a
successful tissue-engineered product [1]. Poly (lactic acid)
(PLA) is linear aliphatic polyester that is biocompatible and
biodegradable, and has three stereocisomeric forms, poly
(L-lactic acid) (PLLA), poly (D-lactic acid) (PDLA), and
poly (L-D-lactic acid) (PLDLA) [2]. PLA is known to be one
of the more utilized biomaterials, due to its degradation by
hydrolysis and well-characterized mechanical properties,
as well as its biocompatibility [3].

Electrospun nanofibrous scaffolds aimed to mimic the
architecture and biological functions of the extra-cellular
matrix (ECM), are considered as very promising substrates
for tissue engineering, due to highly porous structure with
interconnected pores and tremendous surface area that is
similar to the scale of ECM [4]. Electrospinning is a simple
method that can be use to prepare polymeric or composites
fibers having diameters on the nano- to micro- scale [5].
Basically, an electrospinning systems consists of three major
components: a high voltage power supply, a spinneret and a
grounded collecting plate [6]. In electrospinning electrostatic
field stretches the polymer solution into interconnected na-
nofibers web [7]. Solution and processing parameters such
as viscosity, molecular weight, concentration of polymer,
applied voltage, tip to collector distance, conductivity etc.
significantly affect the fibres morphology [8]. By manipula-
tion of these parameters we can obtained desired properties
for specific application.

For bone tissue regeneration, biodegradable polymers
are commonly combined with bioceramics either before or
after the electrospinning process [9]. Many different ceramic-
polymers electrospun system have been studied [10-13].
The incorporation of nanofillers into the biodegradable
polymer matrix enhanced mechanical properties [10], and
significantly improved osteoblastic cellular responses [13].
In general, the addition of these inorganic phases resulted
in an increase of the bioactivity of the material.

The objective of this research is the development and
characterization of electrospun nanocomposites PLDL/n-
HAp for bone tissue engineering scaffolds. Biomimetic
growth of calcium phosphate on the surface of electrospun
biomaterials after immersion in simulated body fluid solution
was studied using WAXD and FTIR methods.

Materials and methods

Materials

L-lactide / DL-lactide (PLDL) copolymer was purchased
from PURAC, The Netherlands. Nano-hydroxyapatite (n-
HAp) was synthesised at UST-AGH (Cracow, Poland). An
average size of the n-HAp particles was 23 nm. The specific
surface area of the n-HAp was 79.9 sq. m/g. 1g of PLDL co-
polymer was dissolved at room temperature under magnetic
stirring in 50 ml of acetone. For the composite scaffold the
PLDL-acetone solution was mixed with 20 wt% of n-HAp
and the suspension was ultrasonicated. Both solutions were
prepared overnight until the solution became homogeneous.
The solutions were fed through a capillary tip (diameter
0.7 mm) using a manual syringe (25 ml). Electrospinning
was carried out using custom-made apparatus consisting
of a power supply, syringe and electrodes. The solutions
were spun at a working distance of 20 cm with a driving
force of 30 kV. The solution flow rate was 15 ml/h. The fib-
ers were dried in flight and collected on the aluminium foil
wrapped on a rotating metal drum. PLDL (as control), and
composite PLDL/n-HAp nonwovens were obtained using
this method [14].

Samples characterization

Uniaxial tensile tests were carried out on electrospun
samples. Mechanical tests were performed at 1.0 mm/min
to rupture by an electromechanical machine Zwick-Roell Z
2.5. Five specimens were considered for each electrospun
matrix.

The microstructure of both polymer fibrous scaffolds was
imaged by scanning electron microscopy (SEM) (Jeol, JSM
5500). The average fibre diameter of the electrospun fibres
was measured from the SEM images.

All FTIR spectra were recorded using fotoacustic reflect-
ance (MTEC Photoacoustics 300 THERMO NICOLET) at
the range of 4000-400 cm™" using at least 64 scans and 4
cm-' resolution.

The wide angle X-ray diffraction measurements (WAXD)
were carried out on a Seifert URDG6 diffractometer, equipped
with ISO-DEBYEFLEX 3003 high voltage generator and a
graphite monochromator. A cooper target sealed X-ray tube
operated at U= 40 kV and | = 30 mA was used as the radia-
tion source (A=1.542 A). The step scanning measurement
mode was employed over a 20 scattering angle ranging from
5° to 60° and from 22.5° to 37.5°, with a step-size of 0.05°.

Bioactivity of the scaffolds

Simulated body fluid solution (SBF, pH 7.4) was prepared
according to Kokubo et al. [15]. The samples of PLDL/n-HAp
and PLDL were immersed in 1.5xSBF solution and storage
at the temperature of 37°C during 14 days. The solution
was replaced every 2.5 days. After 1, 3, 7 and 14 days the
samples were washed with distilled water and then dried at
room temperature. In order to investigate the effect of n-HAp
content on the properties PLDL/n-HAp nanocomposites
scaffold after different time of incubation in SBF solution,
FTIR spectra as well as WAXD patterns were recorded after
each time-point of experiment.

Results and discussion

FIG.1 shows SEM images of the electrospun PLDL (a)
and PLDL/n-HAp (b) webs. From the SEM images we can
find clearly that the PLDL nonwovens are formed by the long
fibers with smooth surface whose diameter range from 400
nm to 3.2 um. The average diameter of PLDL fibers is 1.7
0.5 um. The surface of composite fibers is rough, and when
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¥ FIG.2a shows WAXD patterns of
=] pure PLDL, n-HAp powder and the
-.:' composite PLDL/n-HAp. In accord-
A ance with the card 090432 of HAp
=l [16] the diffraction peaks at: 26 =
25.9°,31.8°, 32.2°,32.9°, 34.0°, clearly
visible on both the WAXD pattern of
n-HAp sample and the WAXD pattern
FIG.1. Morphology of electrospun scaffold (a) PLDL, (b) PLDL/n-HAp, (¢) of PLDL/n-HAp sample, can be as-

Fibers diameter distribution. signed respectively to: (002), (211),
— (112), (300) and (202) planes of the
a b hydroxyapatite crystalline structure.

——PLDL-nHAp

Also the FTIR results confirmed the
presence of HAp powder in electro-
—PLDL spun composite mats. The FTIR spec-
- nHAp tra of HAp, PLDL and PLDL/n-HAp
composite membranes are presented
in FIG.2b. The C=0 absorbance band

204

Intensity [a.u]

104 PLDL at 1760 cm™ in the poly(L-D-lactide)

) f" chains has been used as a typical

. L characteristic band, which can be

5 1w 15 ™ 25 30 35 40 45| |0 1e0 160 00 100 100 800 600 observed in both PLDL and PLDL/
20 Wavenumber [cm ]

n-HAp samples. The characteristic
bands corresponding to the stretching
vibrations of PO43- (956; 1033; 1107
cm-1) and deformation vibrations of

FIG.2. The comparison of : a) WAXD patterns ( left side) and b) FTIR spectra
(right side) of PLDL, PLDL/n-HAp and HAp samples.

as| b 16 PO,* (566; 605 cm™) can be identi-

j o fied, which do not appear in the case

- — [ = ' I of pure PLDL. The results confirmed

®l g 12 that HAp particles were successfully

= | E 1 incorporated into the electrospun com-
al € 034 posite scaffold.

g s Tensile testing is often used as a

| o 08 method to determine and compare

2] § 04 mechanical properties of electrospun

"2 F o2 mats. The tensile strength is affected

o, | L — i by both the porosity of fibrous com-

0 20 Strain fmm] " 80 PLDL PLDL/n-HAp posites and by the n-HAp particles

incorporated in the polymer matrix.
FIG.3. (a) Stress-strain curves obtained from tensile tests performed on Representative stress-strain curves

electrospun PLDL (1) and PLDL/n-HAp (2); (b) Tensile strength of electrospun ¢ ¢jectrospun PLDL and PLDL/n-HAp

DOIWOVERSE are shown in FIG.3a. There is a signifi-
cant difference in the tensile strength

a , s\, PLDLinSBF b PLDL/m-HAp | and tensile behaviour. Addition of
r“' A UA N\ i Af7\ inSBF n-HAp powder resulted in decrease

|1\ VAN A MRS of mechanical properties of obtained

A A~
\JV \'\r.j

nonwovens (FIG.3b) probably due to
the agglomeration of n-HAp particles.
The larger sized HAp particles act
as a flaws in the PLDL matrix due to
limited interfacial bonding. The tensile
strength decrease from 1.3 MPa for

O 1 unmodified scaffold to 0.9 MPa for
composite material.
<( e m ke mm e sm e | | e he e e —a| During the incubation in SBF the
O — Wavenumber [em™] Wavenumber [em] character of electrospun scaffolds
=z m changed markedly by abundant de-
— L FIG.4. FTIR spectrum for a control sample (PLDL) and composite sample posits. Bone-like crystalline apatite
e (PLDL/n-HAp) after different time of immersion in SBF solution. layers completely covered the sur-
w I_ face of modified composite samples.
using high magnification we could observed HAp particles Spherical calcium phosphate were
. on the surface of fibers. The composite fibers are distributed precipitated onto the nonwovens surface proving it's bio-
P 2 with the range of 400 nm-5.0 um. The average diameter of activity [14].
— the composite fibers is about 2.8+1.4 which is bigger than FTIR spectra were recorded (FIG.4) in order to investigate
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FIG.5. WAXD patterns of (a) control sample (PLDL) and (b) composite sample
(PLDL/n-HAp) after different time of immersion in SBF solution.

the effect of n-HAp content on the ability of apatite’s layer
formation. After 1 week of soaking in SBF, FTIR spectrum
of electrospun PLDL mats, exhibit typical bands attributed to
PO,* groups of apatite (FIG.4a). Apatite formation on PLDL
is greatly enhanced by addition of bioactive hydroxyapatite
particles (FIG.4b). After one week of soaking in SBF much
more apatite forms on the surface of PLDL/n-HAp than on
pure PLDL fibers. In case of PLDL/n-HAp fibers the forma-
tion of apatite crystal on electrospun material’s surface was
observed already after 3 days.

FIG.5 shows the WAXD patterns of PLDL control sample
and PLDL/n-HAp composite sample after different time-point
of immersion in SBF solution. The PLDL sample appear
poorly semicrystalline, only after 7 days of immersion the
WAXD spectra exhibit a small peak at 31.8° and after 14
days this peak increase markedly (FIG.5a). The peak at
31.8° (the strongest intensity peak) corresponds to the
apatite (211) diffraction peak, which is a strong evidence
of apatite growth on the surface of PLDL samples after 7
and 14 days of immersion in SBF. The content of crystalline
hydroxyapatite increases markedly with the increase of the
incubation time (FIG.5b).

Conclusions

In summary, novel biomimetic resorbable scaffold having
excellent apatite-forming ability was prepared by introducing
n-hydroxyapatite into PLDL as a matrix phase. When this
composite material was soaked in SBF for 3 days, its surface
completely covered with bonelike apatite.

A wide variety of materials can be electrospun and fi-
bre- and scaffold morphology can be controlled by different
electrospinning parameters. The possibility of incorporating
particles into the electrospun nanofibers is a great benefit
within biomedical applications.
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Wstep

Hydroksyapatyt (HAp) jest dobrze znanym wypetniaczem
ubytkow kostnych, cenionym —zwtaszcza w formie porowatej
— za biokompatybilnos¢, bioaktywnos$¢, osteokonduktyw-
nos¢, brak witasnosci alergizujgcych, niekancerogennosc
i podatnos¢ na sterylizacje [1-3]. Wadami jego jest staba
resorpcja, krucho$¢ oraz niewielka odpornos¢ na ztamanie
[4]. Ponadto czysto praktycznym negatywnym aspektem
pracy z hydroksyapatytem jest jego mata porecznosc¢ chi-
rurgiczna, na ktorg skarzg sie chirurdzy. W celu polepszenia
wiasnosci mechanicznych oraz porecznosci chirurgicznej
tego wypetniacza mozna wprowadza¢ do niego dodatek
substancji spajajgcych i zwiekszajgcych elastycznos¢ np.
zelu fibrynowego [5], kolagenowego czy opatentowanych
BioLinkerdw.

Ostatnie badania wykazaty, ze czynnikiem uplastycznia-
jacym moze by¢ dodatek glukanu, substancji wykazujgcej
pozytywne efekty w leczeniu przeciwwirusowym i przeciw-
bakteryjnym. Kompozyt, zawierajgcy glukan i HAp w postaci
wysokoporowatych granul, charakteryzuje sie dobrymi
parametrami mechanicznymi, zblizonymi do parametrow
kosci ggbczastej i bioaktywnoscia w SBF. W prezentowanej
pracy przetestowano probki kompozytu z zastosowaniem
linii komorkowej prawidtowych ludzkich osteoblastéw oraz
po wszczepieniu w obreb przetok ustno-nosowych u psow.
Celem przeprowadzanych doswiadczen byto pilotazowe
okreslenie cytotoksycznosci kompozytu oraz jego wptywu
na gojenie sie przetok ustno-nosowych in vivo.

Materialy i metody

Kompozyt HAp-glukan zostat przygotowany zgodnie z
protokotem opisanym w patencie P-387872.6

Cytotoksyczno$¢ granul HAp i materiatu kompozyto-
wego oszacowano metodg posrednig przez zastosowanie
odpowiednich ekstraktéw. Test NRU (Neutral Red Uptake)
wykonano z zastosowaniem linii prawidtowych ptodowych
ludzkich osteoblastow hFOB 1.19, pochodzacej z banku
komorek ATCC (American Type Culture Collection, Me-
nassas, VA). Hodowle prowadzono w temperaturze 34°C i
atmosferze 5% CO,. Zawiesing komoérek hFOB o gestosci
3 *10° komorek/ml podtoza rozlano w ilosci po 100 pl/dotek
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Introduction

Hydroxyapatite (HAp) is a well-known filler for bone
defects, appreciated — especially in porous form — for its
biocompatibility, bioactivity, osteoconductivity, lack of al-
lergic reactions occurrence and carcinogenous properties
and susceptibility to sterilization [1-3]. Its disadvantages are
poor resorption and low fracture toughness [4]. Moreover,
the practical aspect of HAp handling is its poor surgical
handiness which is the subject of surgeons complains. To
improve mechanical properties and surgical handiness of
this filler, some glues and elasticity-increasing factors may
be added such as fibrin glue [5], collagen gel or patented
BioLinkers.

Recent studies revealed that glucan, which also shows
antiviral and antibacterial properties, might be considered
as such a plasticizing agent. The composite, containing
glucan and HAp in a form of highly porous granules, shows
good mechanical parameters (resembling those of human
spongy bone) and bioactivity in SBF. In presented work,
composite samples were tested using human osteoblasts
cell line and also after implantation to oronasal fistulae in
dogs. The aim of performed experiments was pilot testing of
composite cytotoxicity and its its effect on oronasal fistulae
healing in vivo.

Materials and methods

Composite HAp-glucan was prepared according to pro-
cedure described in Polish Patent P-387872.6

The HAp and the composite cytotoxicity levels were
evaluated indirectly by means of fluid extracts. The NRU
(Neutral Red Uptake) assay was carried out using hFOB
1.19 cell line (human fetal osteoblasts) obtained from ATCC
(American Type Culture Collection, Menassas, VA). Cells
were cultured at 34°C in a humidified atmosphere of 5%
CO,and 95% air. HFOB cells were seeded in 96-multiwell
plates in 100 yl complete culture medium at a concentration
of 3 «10° cells/well and cultured for 24 hours at 34°C to near
confluence. Then the growth medium was replaced with the
pure HAp or composite extracts. After 24 h of incubation at
34°C, the NRU colorimetric assay was performed to evalu-
ate cell viability.

Extracts were obtained by immersing the test materials
in a complete culture medium supplemented with 2% FBS
under standard conditions: 72h, at 37°C without agitation.
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do 96-wielodotkowych ptytek i prowadzono inkubacje przez
24 godziny w 34°C. Nastepnie podtoze wzrostowe znad
hodowli zastgpiono 100% ekstraktami pozyskanymi z granul
HAp i materiatu kompozytowego. Po 24 godzinnej inkubacji
z ekstraktami, wykonano test NRU w celu oszacowania
zywotnosci komorek.

Ekstrakty z testowanych materiatdw przygotowano w
standardowych warunkach. Biomateriat kompozytowy i
granule HAp umieszczono w petnym podfozu hodowlanym z
dodatkiem 2% FBS w stosunku 0,1 g materiatu/ml podtoza i
inkubowano bez wytrzgsania w temperaturze 37°C przez 72
godziny. Kontrole negatywng stanowito podtoze hodowlane
inkubowane w analogicznych warunkach, ale bez materiatu
testowego. Do testow wykorzystano 100% eluaty.

Wszczepienia probek kompozytu (wysterylizowanych
tlenkiem etylenu) do przetoki ustno-nosowej dokonano u 5
psow (pacjenci Kliniki Chirurgii Matych Zwierzat Uniwersyte-
tu Przyrodniczego w Lublinie). Po nacieciu i odpreparowaniu
ptata Sluzéwkowo-okostnowego przeprowadzono skaryfi-
kacje zebodotu, przeptukano 5% roztworem gentamycyny,
nastepnie zaimplantowano stozek kompozytu (nasgczony
sterylng wodg destylowang i odpowiednio dopasowany do
rozmiaréw ubytku). Zebodét od strony jamy ustnej zamknieto
wczesniej odpreparowanym pfatem sluzéwkowo-okostno-
wym przy pomocy szwow.7 Rane przemywano codziennie
0,15% roztworem chlorheksydyny oraz miejscowo stoso-
wano mas¢ Metronidazol.

Wyniki i dyskusja

Zastosowany test NRU jednoznacznie wskazuje na brak
toksycznosci zaréwno samych granul HAp, jak i materiatu
kompozytowego wobec komoérek linii hFOB (RYS.1). Do-
danie glukanu do granul HAp nie spowodowat istotnego
obnizenia zywotnosci tych komorek w poréwnaniu z samymi
granulami ceramicznymi.

Wprowadzenie kompozytu do przetoki ustno-nosowej
u psow spowodowato bardzo szybkie (juz po uptywie 7-9
dni) zagojenie rany pooperacyjnej, bez sladéw infekcji lub
objawéw zapalnych przez okres 4 miesigcy po operaciji
wszczepienia. Zdjecia RTG miejsca poimplantacyjnego
wykazato, ze juz po 1 miesigcu ciemne przestrzenie po-

NRU test
140

120

100

% kontroli

kontrola HAp- ekstrakt kompozyt- ekstrakt

RYS.1. Ocena cytotoksycznosci ekstraktow pozy-
skanych z granul HAp i materialu kompozytowego
wobec komorek linii hFOB po 24 godzinnej inkuba-
cji. Wyniki zostaly przedstawione jako % kontroli
negatywnej i wyrazone jako wartosci srednie *SD.
FIG.1. Cytotoxicity evaluation of the HAp and com-
posite extracts using hFOB cells after 24 hours of
incubation by means of NRU assay. The results
were expressed as the percentage of OD values
obtained from the negative control and reported
as the mean *SD.

The ratio between the sample weight and the volume of
the extraction vehicle was 0,1 g/ml beyond the absorptive
capacity of the material. The extraction vehicle with no test
material served as negative control. In the investigation, the
pure extracts were used.

Implantation of composite samples (sterilized with ethyl-
ene oxide) into oronasal fistulae was performed for 5 dogs
(patients of Clinic of Small Animals Surgery at University
of Life Sciences in Lublin). After incision and preparation
of mucoperiosteal flat, scarification of dental olveolus and
washing with 5% gentamicin, the implantation of composite
cone (soaked with sterile distilled water and properly fitted
into dimensions of defect) was performed. Dental olveolus
was closed using earlier prepared mucoperiosteal flat with
sutures.7 The wound was washed daily with 0,15% chlo-
rhexidine and locally treated with Metronidazole.

Results and discussion

The NRU test used in the experiments clearly shows
lack of toxicity effect of both HAp granules and composite
biomaterial on hFOB cells (FIG.1). Adding glucan to HAp
granules did not affect cell viability.

Implantation of composite into dog’s oronasal fistulae
in case caused immediate (just after 7-9 days) healing of
post-operative wound without signs of infection or inflam-
mation for 4 months after the implantation procedure. RTG
pictures of post-implantation site showed that after 1 month
dark spaces between HAp granules became brighter, which
indicates the beginning of mineralisation of these spaces
and beginning of composite remodelling (FIG.2).

RYS.2. Zdjecia RTG przetoki ustno-nosowej u psa
wypetnionej probkag kompozytu HAp-glukan. A-
Miejsce implantacji bezposrednio po zabiegu (A) i
1 miesigc od zabiegu wszczepienia (B).

FIG.2. RTG pictures of oronasal fistulae (in dog),
filled with sample of HAp-glucan composite. Im-
plantation site directly after the procedure (A) and
after 1 month (B).

Conclusions

Obtained results suggest the composite prepared for
bone defects repair does not show toxicity effect on oste-
oblasts. After implantation into oronassal fistulae in dogs,
good results of post-operative wound healing, as well as the
beginning of composite remodelling process were shown.
The results of presented studies suggest that prepared
HAp-glucan composite possesses good properties as a
bone defects filler.
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miedzy biatymi granulami HAP zaczely sie przejasniac, co
sygnalizuje poczatek mineralizacji tych miejsc i poczatek
przebudowy kompozytu (RYS.2).

Whnioski

Uzyskane wyniki sugeruja, ze testowany kompozyt kos-
ciozastepczy HAp-glukan nie wykazuje toksycznosci wobec
komoérek osteoblastycznych. Po implantacji do przetok
ustno-nosowych u pséw wykazano dobre gojenie sig rany
pooperacyjnej oraz poczatek przebudowy wszczepionego
materiatu. Wyniki prezentowanych badan biologicznych
Swiadczg o dobrych wtasciwosciach wytworzonego kompo-
zytu HAp-glukan do wypetnien ubytkéw kostnych.
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Wstep

Ze wzgledu na swoje wtasnosci mechaniczne, zdolnos¢
do nadawania ksztattdw oraz niskg cene w poréwnaniu z
innymi metalicznymi materiatami implantacyjnymi ( stopy
tytanu i kobaltu) stal nierdzewna jest czesto uzywanym
materiatem implantacyjnym. Jednak, podczas dtugotrwatego
kontaktu z tkankami ludzkimi nastepujag procesy korozyjne
na powierzchni stali zwigzane z niepozgdanym uwalnianiem
jondéw metali takich jak: zelazo, chrom i nikiel [1]. Korozja i
proces uwalniania jondw powodujg nie tylko uszkodzenia
mechaniczne implantéw, ale réwniez odczuwania bdlu
w poblizu wszczepionego implantu. Dlatego tez implanty
wymagajg specyficznego rodzaju obrobki powierzchniowej
w celu zminimalizowania szkodliwych zjawisk [2]. Obecnie,
powtoki polimerowe wykorzystywane sg do modyfikacji
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Introduction

Stainless steel (SS) due to its mechanical strength, the
capability to bend and shape and relatively low cost in
comparison with titanium or cobalt alloys is one of the most
common used orthopaedic implant material. However, upon
prolonged contact with human tissue (corrosion phenomena
take place on SS surface resulting in undesirable release
of hazardous for health transition metal ions [1]. The cor-
rosion process, accompanied by release of ions, leads not
only to mechanical failure of implant but also to local pain
and swelling in the near implant region. Therefore, the metal
based implants need specific surface finishing in order to
minimizing the adverse effects [2]. Nowadays, in many
industrial areas polymer coatings for surface modification
are widely applied and it was already suggested that this
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i zabezpieczania powierzchni metalicznych w réznych
gateziach przemystu, ten rodzaj strategii moze by¢ row-
niez zastosowany do ochrony powierzchni implantow [3].
Jednym z rodzajow polimeréw wykorzystywanych obecnie
w wytworzeniu implantow jest parylen (poli-para-xililen) ze
wzgledu na jego wysoka biokompatybilnos¢ i mozliwosc
wytworzenia cienkiej, ciggtej i chemicznie inertnej powtoki.
Czesto tez stosuje sie silan (A174) jako warstwa adhezyjna
utatwiajgca zwigzanie powtoki parylenowej z powierzchnig
stali. Wiekszos$¢ prowadzonych badan nad powtokami po-
limerowymi ma na celu zwiekszenie odpornosci korozyjnej
powierzchni metalowych implantéw. Odpornos$¢ korozyjna
i biozgodnos¢ sg bowiem podstawowymi witasnosciami,
ktore muszg wykazywa¢ metalowe implanty. Dlatego tez
prowadzi sie badania nad proceséw zachodzgcych na po-
wierzchniach implantéw metalowych w kontakcie z ptynami
ustrojowymi. Do tego celu wykorzystuje sie szereg metod
fizykochemicznych. Szczegdlnie miejsce zajmujg pomiary
elektrochemiczne w Srodowisku ptynéw ustrojowych, ktorych
wyniki wykazujg wysokg zgodnos¢ z testami biokompaty-
bilno$ci prowadzonymi in vivo [4].

Celem przeprowadzonych badan byt monitoring zmian
polimerowych powtok ochronnych osadzonych na po-
wierzchni stali implantacyjnej oraz ocena funkcji antykorozyj-
nych podczas kontaktu powierzchni implantu ze sztucznymi
ptynami fizjologicznymi (Hanksa i Hanksa z dodatkiem
nadtlenku wodoru).

Materiaty i metodyka badan

Prébki stali nierdzewnej 316L z obrobka powierzchni BA
(bright annealed) byty przemyte, wytrawione oraz pokryte
réznymi rodzajami powiok. Pierwsza seria probek byta
pokryta za pomocg metody zanurzeniowej monowarstwg
silanu (A 174). Na drugg serie probek natozono parylen
N metodg osadzania z fazy gazowej (CVD). Trzecia seria
probek zostata pokryta warstwg podwdjng (silan + parylen
N). Tak przygotowane prébki badano elektrochemicznie w
ptynach ustrojowych oraz prowadzono obserwacje mikro-
skopowe. Pomiary elektrochemiczne wykonywane byty w
ptynie Hanksa, ktory jest mieszaning sztucznych soli fizjolo-
gicznych (pH=7.4). Dodatkowo, w celu symulacji odczynéw
zapalnych organizmu, w niektorych eksperymentach zostat
dodany nadtlenek wodoru (100mM). Pomiary przy pomocy
elektrochemicznej spektroskopii impedancyjnej (ESI) byty
wykonywane w celi z trzema elektrodami (elektroda pracu-
jaca, Ptelektroda liczgca i Ag/AgCl elektroda odniesienia).
Elektrody byty podtgczone do 1287 Electrochemical Inter-
face potgczonego z analizatorem czestotliwosci Solartron
1250. Dla rejestracji zmian zachodzacych na powierzchni
prébek pomiary ESI zostaty przeprowadzone po czasie
1 godziny, a dla podwodjnej powtoki polimerowej pomiary
te zostaty powtdérzone odpowiednio po 1, 3, 7 i 9 dniach.
Spektra z pomiaréw ESI analizowane byly za pomocag
diagraméw Nyquista. Morfologia powierzchni prébek byta
analizowana przy pomocy mikroskopu skaningowego (SEM)
FEI E-SEM XL30 i mikroskopu konfokalnego (CM) Olympus
LEXT OLS3100.

Wyniki i dyskusja

Typowe zdjecia mikroskopowe (SEM i CM) powierzchni
stali implantacyjnej wraz z odpowiadajgcymi im widmami
ESI uzyskane po 1 godzinie kontaktu z ptynem Hanksa
przedstawiono na RYS.1. Wykazujg one, ze zastosowany
uktad polimerowy tworzy gtadka i jednorodng warstwe
ochronng na powierzchni stali nierdzewnej. Wyniki pomia-
row elektrochemicznych ESI pokazaty, ze podwdjna war-

kind of strategy can be used for coating of medical devices
[3]. One of the polymers used today for medical devices is
parylene N (poly-para-xylylene). lts applications results from
its excellent biocompatibility and possibility to form a thin,
continuous and inert film on a metal surface. Pre-treatment
with the organic silane A174 as an adhesion promoter to
parylene coating is the recommended surface preparation.
Most investigations on coatings used for medical devices
aim at increasing the corrosion resistance, which together
with their biocompatibility are the two fundamental properties
of metal implants. For monitoring the processes taking place
on metal implant surfaces in artificial biological environments
the electrochemical methods (such as Electrochemical
Impedance Spectroscopy) are often used, because they
provide the results, which are in good agreement with bio-
compatibility response of the metal materials obtained from
the in vivo experiments [4].

The aim of the present study was to monitor the changes
in polymer coating (silane+parylene) on SS (316L) and to
evaluate its protective function upon exposure to body fluids
of Hanks solution and Hanks solution with the addition of
H,O, (simulating the inflammatory response).

Experimental

Samples of SS 316L grade with bright annealed (BA)
surface finishing were cleaned, pickled and coated by dif-
ferent polymers coatings. One part of the SS samples was
covered by a monolayer of silane A174 using a dipping
method. Second part was coated by parylene N with the
use of chemical vapour deposition (CVD) method. Third
part was covered by double layer polymer coating (silane
+ parylene N). All three series of samples were investigated
by means of microscopic observations and electrochemi-
cal measurements. The morphology of the coated surface
was analysed by scanning electron microscopy (SEM) FEI
E-SEM XL30 and laser confocal microscopy (CM) Olympus
LEXT OLS3100. The electrochemical investigations were
performed in Hanks solution, which is an artificial salts
mixture (pH=7.4). Additionally, to simulate the conditions
of an inflammatory response, in selected experiments, 100
mM H,O, was added. The Electrochemical Impedance
Spectroscopy (EIS) were performed using a typical three
electrode set-up consisted of a sample work electrode, a Pt
mesh counter electrode and Ag/AgCl reference electrode.
The electrodes were connected to a 1287 Electrochemical
Interface coupled with a Solartron 1250 Frequency Re-
sponse Analyzer. To monitor the changes in the coatings,
the EIS measurements were performed after 1h and for
double-layer coated samples additionally after 1, 3, 7 and 9
days. The impedance spectra of the samples were analyzed
in terms of Nyquist plots.

Results and discussion

The typical SEM and CM images together with the cor-
responding EIS spectra obtained after 1 h exposure to Hanks
solution for uncoated (reference) and double-layer coated
samples are presented in FIG.1ab. From the microscopic
observations it can be inferred that the polymer coating
compose a smooth layer at the SS surface. The EIS meas-
urements showed that the double-layer (silane+parylene)
coating is a good corrosion protective coating on the steel
surface. However, it should be mentioned here that the
one-layer coatings (silane or parylene alone) did not formed
a protection against corrosion. Long term corrosion ex-
periments (9 days) for the samples covered by double-layer
coatings (silane+parylene) showed that in Hanks solution
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RYS.1. Diagramy Nyquista, zdjecia SEM i CM (w do-
datku) po 1 godzinie kontaktu z plynem Hanksa dla
probki stali: niepokrytej (a) pokrytej podwojna warstwa
polimerowa (b).

FIG.1. Nyquist plots and the corresponding SEM
and CM images (inserts) after 1h exposure to Hanks
solution for: uncoated (a) and double-layer (silane +
parylene) coated SS surface (b).

stwa (silan+parylen) stanowi dobrg antykorozyjng powtoka
ochronng. Jednoczesnie nalezy podkresli¢, ze zastosowanie
kazdego z polimeréw pojedynczo (silan lub parylen) nie
prowadzi do nalezytego zabezpieczenia powierzchni stali
implantacyjnej. Na podstawie dtugoterminowych ekspery-
mentow elektrochemicznych (9 dni) mozna stwierdzi¢, ze
podwajna warstwa (sialan+parylen) dobrze zabezpiecza po-
wierzchnie stali przed dziataniem ptynu Hanksa. Jednakze
dodatek nadtlenku wodoru juz po jednym dniu drastycznie
zmienia funkcje ochronng podwadjnej warstwy polimerowe;.
Co prawda, poczatkowo, powtoka wykazuje odpornosé co
odzwierciedla linia prosta na diagramie Nyquista, jednak
po czasie 3 dni na wykresie pojawiajg sie dwa charaktery-
styczne potokregi. Wraz ze wzrostem czasu kontaktu (7-9
dni) z ptynem Hanka z H,O, $rednice potokregow staja sie
coraz mniejsze. Wskazuje to na spadek odpornosci koro-
zyjnej powierzchni (RYS.2). Nalezy podkreslic, ze efekt
ten obserwowano jedynie w obecnosci nadtlenku wodoru.
Obserwacje mikroskopowe pokazujg, ze po dtugim czasie
kontaktu z ptynem Hanksa z H,O, pojawiajg sie wyrazne
pekniecia w podwojnej powtoce polimerowej. Na podstawie
wynikow eksperymentalnych zaproponowano model degra-
dacji powtoki polimerowej, ktory opiera sie na powstawaniu
reaktywnych rodnikébw OH' na granicy faz powierzchnia
stali/powtoka polimerowa.

Whioski

Do analizy odpornosci korozyjnej oraz zmian na po-
wierzchni stali implantacyjnej 316L pokrytej powtokami
polimerowymi wykorzystano pomiary elektrochemiczne
i obserwacje mikroskopowe. Dtugoterminowe testy w
sztucznych ptynach fizjologicznych wykazaty, ze podwdjna

AccV SpotMagn Det WD |——————— 50um’
800V 35 1000x SE 9.5 ParyleneN+silane

RYS.2. Zdjecia SEM i CM, diagramy Nyquista dla po-
dwadjnej warstwy.

FIG. 2 SEM and CM images, Nyquist plot for double
layer coating after long term (9 days) EIS exposure
to Hanks solution with H,0,.

the protective layer still exhibits its protective function.
However, in the case of Hanks solution with H202 addi-
tion, the impedance response drastically changed already
after one day. Initially the coating acts like a shield and the
EIS spectrum in the Nyquist plot appears like a straight
line. After a longer exposure time (3 days) the straight line
in Nyquist diagram transforms into two semicircles. With
increased exposure time (7-9 days), the diameters of the
semicircles become smaller, indicating the decrease of the
corrosion resistance (FIG.2). It is worth mentioning that
this effect is strongly associated with the presence of H,0,
in Hanks solution. The microscopic observations provide
complementary information on the processes taking place
in the polymer coating. As shown in FIG.2 after long term
exposure to Hanks solution with H,O, the cracks in the
double-layer coating appeared. Basing on the experimental
results the degradation mechanism of the coating, involving
formation of reactive OH' radicals at the SS/polymer coating
interface, can be proposed.

Conclusions

Electrochemical measurements and microscopic ob-
servations are suitable and complementary methods for
investigations of the corrosion resistance and observa-
tions of the surface changes of the polymeric coating on
SS implant surface. Long term exposure tests in simulated
body fluid (Hanks solution) revealed that the double-layer
coating can be successfully used for corrosion protection
of stainless steel 316L. However, the addition of 100 mM
H,0,, simulating the inflammatory response of the patient
organism, causes a dramatic destruction of the polymer
coating. The mechanistic model involving OH radicals was
proposed for the explanation of the deterioration mechanism
of the polymer coating.
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powtoka polimerowa moze skutecznie stuzy¢ do ochrony
antykorozyjnej. Jednakze, dodatek 100 mM H202 symu-
lujgcy odczyn zapalny organizmu spowodowat drastyczne
zniszczenie powtoki. Uzyskane wyniki doswiadczalne po-
zwolity na opracowanie mechanizmu degradacji warstwy
polimerowe;.
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Wprowadzenie

Celem przeprowadzonych badan bylo okreslenie w
warunkach in vitro dziatania przeciwbakteryjnego bioszkiet
w postaci proszkow zawierajgcych srebro. Wtasciwosci
fizykochemiczne wytworzonych metoda zol-zel bioszkiet
obejmujace m.in. morfologie ziaren i pétilosciowg mikroana-
lize powierzchni zostaty opisane w [1,2], natomiast wyniki
badan cytotoksycznosci in vitro przedstawiono w publikaciji
[3]. Niniejsza praca przedstawia wyniki badan in vitro aktyw-
nosci przeciwbakteryjnej tych bioszkiet przeprowadzonych
we wspoétpracy z [ITD PAN oraz AM we Wroctawiu.
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Introduction

The aim of the study was to determine in vitro antimi-
crobial activity of bioglasses in the form of silver-containing
powders. Physical and chemical properties of bioglasses
produced by sol-gel method including grain morphology and
surface semi-quantitative microanalysis were described in
[1,2], while the results of in vitro cytotoxicity were presented
in publication [3]. This paper presents the results of in vitro
antimicrobial activity of these bioglasses carried out in co-
operation with Institute of Immunology and Experimental
Therapy and the Medical University of Wroclaw.
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Materiaty

Wytworzono cztery bioszkta z roznym udziatem srebra
oraz bioszkto bez udziatu tego sktadnika jako materiat
odniesienia do badanh. Biorgc pod uwage zasadnicze
sktadniki mozna wsrod nich wyodrebni¢ cztery bioszkta
glinokrzemianowe i jedno wapniowokrzemianowe, co przed-
stawia TABELA 1. Bioszkta te otrzymano metoda zol-zel z
zastosowaniem ortokrzemianu tetraetylu jako prekursora
krzemionki.

Metody badan

Badania dziatania przeciwbakteryjnego wykonano me-
todg rozcienczen wykorzystujgc prehodowle testowych
szczepow bakteryjnych Pseudomonas aeruginosa, Escheri-
chia coli, Staphylococcus aureus, Bacillus subtilis oraz
drozdzakoéw Candida albicans.
Nanoszono bioszkta na podtoza
w stezeniu: 0,25mg/ml; 0,5mg/ml;
1,0mg/ml; 2,5mg/ml; 5,0mg/ml;
10mg/ml; 50mg/ml oraz 100mg/
ml. Piytki 24-dotkowe ze szcze-
pami bakteryjnymi inkubowano w
temperaturze (37+1)°C, natomiast
ze szczepami drozdzakow w

Bioszkio
Bioglass

TABELA 1. Skiady tlenkowe bioszkiet.
TABLE 1. Chemical compositions of bioglasses.

Zawartos¢ tlenku [Y%mas.]
Content

Materials

There were four bioglasses produced with different
content of silver and bioglass without this component as a
reference material for research. Given the essential ingre-
dients, there can be distinguished among them four alumi-
nosilicates and one calciumsilicate bioglasses, as shown in
TABLE 1. The bioglasses were obtained by sol-gel method
using tetraethyl orthosilicate as a precursor of silica.

Test methods

Studies of antimicrobial activity were performed by a
dilution method, using precultures of test bacterial strains of
Pseudomonas aeruginosa, Escherichia coli, Staphylococcus
aureus, Bacillus subtilis and the yeast Candida albicans. Bi-
oglasses were deposited on substrates at a concentration of
0,25 mg/ml, 0,5 mg/ml, 1,0 mg/
ml, 2,5 mg/ml, 5,0 mg/ml, 10mg/
ml, 50mg/ml and 100mg/ml.
= =a11he 24-hole plates with the
POW|e'rz_chn|a bacterial strains were incubated

wlasg;lwa, t the temperature (37+1)°C,
A0 8 ec[:ri?iéilurfa- hile the strains of yeast at a
92 P = emperature of (28+1)°C. Action

ce, [m?/g] f
nanopowders produced as

t %

temperaturze (28+1)°C. Dziatanie Z-01 99,2| 038
wytworzonych nanoproszkéw w Z2 98,2]| 0,8
stosunku do ww szczepéw okre- Z5 [957] 08
$lono po 18h inkubacji zliczajac Z-8 89,0| 7,5
zywe i martwe bakterie. Kontrole B-I 60 -

= = 12,3 ompared to the above strains
z 1,0 4.7 as identified after 18 h of incu-
z 3,5 6.4 bation by counting live and dead
- 3.5 64,9 bacteria. The broth cultures of
2 1 78,3 arious microorganisms without

The share of live
bacteria, %

L
[=]
=

=
=
=1

o

OFseudomonas asruginosa
OBacillus subtilis

O Eschenchia coli
W Candida albicans

O Staphylococcus aunsus

Z2-5,Z-8 i B-l.

Z-01,Z-2, Z-5, Z-8 and B-l.

RYS.1. Przezywalnos¢ szczepow okreslona po 18 h przy stezeniu 2,5mg/ml bioszkiet Z-01, Z-2,

FIG.1. The survival of strains determined after 18 h at a concentration of 2,5 mg/ml of bioglasses
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stanowity hodowle bu-
lionowe poszczegdinych
mikroorganizmow bez
bioszkiet.

Wyniki badan

RYSUNEK 1 przed-
stawia wyniki dziatania
bakteriobdjczego na ba-
dane szczepy bioszkiet
w postaci nanoproszkéw
przy stezeniu 2,5 mg/ml,
natomiast tabela 2 przed-
stawia osiggniete wyniki
przy stezeniu 100 mg/ml.
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bioglasses constituted the

TABELA 2. Dziatanie bakteriobéjcze nanoproszkéw okreslone  (eference. eeoco0ocoo0
po 18 h inkubacji przy stezeniu 100 mg/mi
TABLE 2. The antibacterial action of nanoparticles determined Results

after 18 h incubation at 100 mg/ml.

FIGURE 1 shows the
results of antibacterial
ctivity of bioglasses in

Liczba zywych mikroorganizmoéw /ml
The number of live micro-organisms/ml

he form of nanoparticles
Kontrola n selected strains at a
Control | 2701 A 4 e eg oncentration of 2,5 mg/
Pseudqmonas 35x108 |9.0x107| <100 | <50 e 5 |m|, while TABLEl2 shows
aeruginosa he results achieved at
Escherichia coli | 7,2x107 |5,7 x 107|/1,0 x 10¢| <200 | <10 <10 ||1 00 mg/ml.
Staphylococous | 5 3,107 |1,7x107| <200 | <50 | <10 | <100 ||
aureus
Bacillus subtilis | 3,1x10” [1,7x107| <100 | <100 | <100 | <100 ||
Candida albicans | 7,6x10° [6,8x 10¢[39x10¢] <10 | o0 0 Jlconclusions

Whnioski

1. Przeprowadzone badania aktywnosci przeciwbakteryjnej
in vitro na wybranych szczepach bakterii i drozdzakow wytwo-
rzonych bioszkiet wykazaty, ze bioszkta Z-5, Z-8 i B-| hamujg
w najwiekszym stopniu wzrost mikroorganizméw w bada-
nym okresie.

2. Bioszkta Z-5, Z-8 i B-l najwiekszg aktywnos¢ wykazaty
w stosunku do szczepu Staphylococcus aureus.
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1. The studies of in vitro antibacterial activity in selected
strains of bacteria and yeast of produced bioglasses showed
that bioglasses Z-5, Z-8 and B-I inhibit the growth of most
micro-organisms during the tested period.

2. Bioglasses Z-5, Z-8 and B-I showed the greatest activ-
ity against strains of Staphylococcus aureus.
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BADANIE PRZESIAKALNOSCI
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Streszczenie

Celem zadania badawczego byta analiza przesig-
kalno$ci dla krwi protez naczyniowych uszczelnianych
pochodnymi polihydroksymaslanu (PHB).

[Inzynieria Biomateriatéw, 99-101, (2010), 24-25]

Materialy i metody

Materiat badawczy stanowity protezy naczyniowe firmy
BARD 004187 style 6010 o $rednicy 16mm. Zastosowano
nastepujgce materiaty uszczelniajgce oraz metody apli-
kacji:

* R1-proteza naczyniowa impregnowana mieszankg
polimerowa o sktadzie 80% aPHB o M,=10000 i 20% n-PHB
o0 M,=100000 naniesiong z roztworu.

* R2- proteza naczyniowa impregnowana a-PHB M,=100
000, naniesionym z roztworu.

* R3—proteza naczyniowa impregnowana mieszankg
polimerowg o sktadzie 98% aPHB M,=100000 i 2% n-PHB
M,=3000 naniesiong z roztworu.

* R4-proteza naczyniowa impregnowana naturalnym
PHBH (poly-3-hydroksybutyrate-co-3hydroxyhexanoate),
naniesionym z roztworu.

* EP-1-proteza naczyniowa impregnowana mieszankg
polimerowg o sktadzie 80% aPHB Mn =10 000 i 20% nPHB
M,=100000, naniesiong z zastosowaniem urzgdzenia do
elektroprzedzenia.

*EP-2-proteza naczyniowa impregnowana aPHB
M,=100000, naniesionym z zastosowaniem elektroprze-
dzenia.

Do celow badawczych zostaty opracowane zestawy
mocujgce probke, ztozone z fgcznikow i elementow uszczel-
niajgcych (FIG.1)

Jako medium badawcze zastosowano antykoagulowang
CPDA-1 krew wieprzowa. Transport krwi do laboratorium
odbywat sie w temperaturze 10°C. Czas potrzebny na do-
starczenie krwi od momentu pozyskania krwi do momentu
rozpoczecia badania wynosit 1,5 godziny. W czasie do$wiad-
czenia w celu kontroli jakosci stosowanej krwi, oznaczano
podstawowe parametry morfologiczne oraz poziom wolnej

.1 Probka protezy naczyniowej wraz z elemen-
tami mocujgcymi i uszczelniajagcymi.

FIG.1 Vascular prosthesis’ sample with mounting
and seal elements.

INVESTIGATION OF BLOOD
PERMEABILITY THROUGH
SEALED VASCULAR PROSTHESIS
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Abstract

The aim of the investigation was blood permeability
determination of vascular grafts sealed with polyhy-
droxybutyrate (PHB) derivates.

[Engineering of Biomaterials, 99-101, (2010), 24-25]

Materials and methods

The investigation material was BARD 004187 style 6010
vascular prosthesis with 16mm internal diameter. The fol-
lowing sealing’s materials and methods were used:

» Polymer mixture composed of 80% aPHB M,=10000
(atactic poly(3-hydroxybutyrate)) and 20% nPHB M,=100000
(poly(3-hydroxybutyrate)), coating applied by dipping the
graft in a polymer mixture solution. Samples marked as
R1

» a-PHB M,=100 000, coating applied by the dipping
the graft in a polymer mixture solution.. Samples marked
as R2.

B\ V1 T 7 /7

FIG.2 Stanowsiko badawcze.
FIG.2 Arrangement of laboratory stand.
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hemoglobiny w osoczu,. Przesigkalno$¢ byta badana na
specjalnym stanowisku laboratoryjnym, opracowanym w
celu jak najwierniejszego oddania warunkow zastosowania
protez naczyniowych. Test polegat na wygenerowaniu we
wnetrzu probki cisnienia 100mmHg, w tym celu zbiornik z
krwig umieszczono 1,2m powyzej badanej probki.

Objetos¢ krwi pozyskang w trakcie przesgczania ozna-
czano metodg posrednig przez oznaczenie masy pozyska-
nej krwi i przeliczenie na objetos¢.

Wyniki
Wyniki pomiaru przesigkalnosci poszczegdlnych probek

graftéw naczyniowych, zostaly przedstawione w TABELI
ponizej oraz graficznie (FIG.3)

700

600

500

400

300 -

ml/min/cmA2

200

100 +

R1 R2 R3 R4 EP1 EP2

FIG.3 Poréwnanie przesigkalnosci otrzymanej dla
prébek protez naczyniowych.

FIG.3 Permeability comparison of different PHB
derivates coatings applied by two methods.

Dyskusja

Zastosowanie eksperymentalnej metody
badawczej roznigcej sie od standardowej pro-
cedury opisanejw normie ISO 7198:1998(E),
byto powodowane opracowaniem warunkéw
badania najbardziej zblizonych do rzeczywi-|
stego zastosowania graftow naczyniowych.
czasie trwania eksperymentu poprzez analize|
stezenia wolnej hemoglobiny w osoczu i stat

Probka
Sample

TABELA 1. Wyniki przesia-
kalnosci dla poszczegolnych
probek.
TABLE 1. Results of graft’s
permeability.

MI/min/cm?

* Polymer mixture composed of 98% aPHB M,=100000and
2% n-PHB Mn =3000, coating applied by the dipping the
graft in a polymer mixture solution..Samples marked as
R3.

* PHBH (poly-3-hydroksybutyrate-co-3hydroxyhex-
anoate), coating applied by the dipping the graftin a polymer
mixture solution. Samples marked as R4.

* Polymer mixture composed of 80% aPHB M,=10
000and 20% nPHB M,=100000, coating applied by the
electro spinning method. Samples marked as EP1.

» aPHB M,=100000, coating applied by the electrospin-
ning method. Samples marked as EP2,

Special sample sets with connection and soft ring seals
were established for testing purposes (FIG.1)

Porcine blood antycoagulated with CPDA-1 was used
as an operating medium. Blood transport to the laboratory
was performed in temperature of 10°C. Time elapsed from
blood collection to the beginning of the investigation was
about 1,5h. Blood morphological parameters and stability
(free hemoglobin level in blood plasma) were investigated
during the test.

A special laboratory stand was developed to give back as
near as possible surgical conditions (FIG.2). The test based
on generating constant hydrostatic pressure of 100mmHg
inside the sample, by placing the blood bag at height at 1.2m
above the sample.The amount of blood leakage through the
prosthesis wall was determined indirectly by weight of blood
collected in Petri’s dish and recalculating into corresponding
value of blood volume.

Results

Results of permeability measurement for particular grafts
are shown in Table below and diagram
(FIG.3).

Discussion

Application of developed method different
from specified in ISO 7198:1998(E) standard
was caused by the intention of determining
vascular graft's properties in surgical condi-

hematokryt kontrolowano stabilno$¢ oraz|| R2
jakos¢ stosowanej krwi. R3

Nalezy podkresli¢, ze uzyskane wyniki R4
przesigkalnosci dla uszczelnionych prote;ll EP1

naczyniowych sg znacznie wyzsze niz warto-" =

350,62 tions. However it is necessary to point out
18423 that comparison of results archived in this
: work to others, obtained with different proce-
613,87 dures, should be done very cautiously.
175,76 The stability of biological material was
258,73 kept during the whole experiment. This was
244,45 confirmed by unchangeable hemolysis level

Sci deklarowane dla graftéw poddanych prec
lotingowi (<5ml/min/cm?). Uzyskane wyniki

wskazujg, ze pochodne PHB i metody nanoszenia wptywajg
mniej lub bardziej na wzrost przesigkalnosci uszczelnianych
graftéw. Przyczyna wystepowania tego zjawiska wymaga
dalszych badan w celu wyjasnienia.

Whioski

» Procedura opracowana na potrzeby zadania badaw-
czego jest odpowiednia do analizy przesigkalnosci graftow
naczyniowych w warunkach maksymainie zblizonych do ich
rzeczywistego zastosowania.

* Przeanalizowane pochodne PHB oraz metody na-
noszenia nie sg odpowiednie do wytwarzania powtok
uszczelniajgcych.

* Metoda nanoszenia oraz zastosowane materiaty
uszczelniajgce powinny zosta¢ zweryfikowane oraz ulep-
szone.

and constant level of hematocrit..

Itis necessary to point out that the values of blood perme-
ability of vascular grafts obtained during this work are much
higher than values declared by preclotted grafts producers
<5 ml/min/cm?. The obtained results indicate that the PHB
derivates and the application methods effect more or less
the enhancement of permeability of the sealed grafts for
blood. The cause of this observable phenomenon must
investigated.

Conclusions

» Research procedure assumed in this work is suitable
for vascular graft's permeability determination in conditions
close to targeted application area.

» PHB derivates and the application methods are not
suitable for obtaining coatings with sealing properties.

» The method and the sealing material must be verified
and improved.
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OSMOTYCZNEJ KRWINEK
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ANDRZEJ JANUS*, STANISLAW PIELKA

AkaDEMIA MEDYCZNA WE WROCEAWIU

Z-D CHIRURGII EKSPERYMENTALNEJ | BADANIA BIOMATERIALOW
uL. PoNniaTowskiEGO 2, 50-326 WRoctAW

*MAILTO: ANDJANUS@GMAIL.COM

[Inzynieria Biomateriatow, 99, (2010), 26-28]

Wstep

Niektdre biomateriaty, pomimo iz w badaniach in-vitro nie
wywotujg istotnego wzrostu hemolizy krwinek czerwonych,
moga wywiera¢ wptyw na strukture btony komorkowej ery-
trocytéw (np. przez uwalniane do krwi zwigzki). Moze mie¢
to szczegdlnie istotne znaczenie w grupie materiatow ktére
sg przeznaczone do bezposredniego, dtugotrwatego kon-
taktu z krwig. Krwinki z uszkodzong btong komaérkowa, pod
wptywem wielu czynnikow wystepujgcych w uktadzie in-vivo,
a nie branych pod uwage w warunkach in-vitro, mogg ulega¢
uszkodzeniu i hemolizie wewnatrznaczyniowej [1,2].

Prawidtowa krwinka czerwona w srodowisku hipoto-
nicznym, zanim ulegnie hemolizie, posiada zdolno$¢ do
znacznego powiekszenia swojej objetosci. Inaczej jest w
przypadku komodrek o zaburzonym stosunku miedzy ob-
jetoscig i powierzchnig oraz ze zmieniong strukturg btony
komérkowej, na przyktad przez kontakt z toksycznym
materiatem. Wykazujg one wigksza wrazliwo$¢ na stres
osmotyczny, tym samym charakteryzujg sie zmniejszong
opornoscig osmotyczng. Badanie to mozna uznac zatem
za posrednig metode oceny uszkodzenia struktury btony
komorkowej i zaburzenia relacji objetos¢-powierzchnia
krwinek czerwonych [3,4].

Celem pracy byta ocena przydatnosci, niestosowanej
powszechnie w badaniach biozgodnosci biomateriatow,
laboratoryjnej metody diagnostycznej, polegajgcej na ocenie
opornosci osmotycznej krwinek czerwonych w kontakcie z
réznymi biomateriatami.

Materiat i metody

Do badan wykorzystano trzy rodzaje wybranych materia-
tow: proteze naczyn krwionosnych DALLON H, pianke ko-
rundowg oraz tworzywo kalcytowe. Przed przystgpieniem do
badan przygotowano 27 szeregow pietnastu, odpowiednio
podpisanych probowek. W kazdym z szeregéw wykonano
odpowiednie roztwory chlorku sodowego, w stezeniach od
10 do 150 mmol/I.

Pierwszym etapem badania byto poddanie poszcze-
goInych materiatow, w dwoch powtdrzeniach kazdy, 3, 12
i 24 godzinnej inkubacji (37+1°C) z koncentratem krwinek
czerwonych (KKCz) pozbawionym kozuszka leukocytarno-
ptytkowego. Proporcje materiatu do objetosci KKCz dobrano
zgodnie z tablicg znormalizowanego pola powierzchni i
objetosci ptynu ekstrakcyjnego, ujetg w normie EN ISO
10993-12:2007. Do kazdego z zakresow inkubacji dotgczo-
no po trzy préby kontrolne KKCz (bez materiatéw badanych).
Inkubacje przeprowadzono w zamknietych probéwkach

EVALUATION OF RED BLOOD
CELL OSMOTIC RESISTANCE
AS AN ADDITIONAL METHOD
FOR ASSESSING THE BLOOD
BIOCOMPATIBILITY OF
BIOMATERIALS

ANDRZEJ JANUS*, STANISLAW PIELKA

WRocLAw MEebicAL UNIVERSITY

DEPARTMENT OF EXPERIMENTAL SURGERY AND BIOMATERIALS
RESEARCH

2, PoniaTowskiEGO STR., 50-326 WRocLAW, PoLAND
*MAILTO: ANDJANUS@GMAIL.COM

[Engineering of Biomaterials, 99, (2010), 26-28]

Introduction

Some biomaterials, although in vitro studies do not cause
a significant increase in haemolysis of red blood cells, can
influence the structure of the erythrocyte membrane (for
example by compounds released into the blood). This
could be particularly important in a group of materials that
are intended for direct, prolonged contact with blood. Cells
with damaged cell membrane, under the influence of many
factors in the system in vivo, not taken into account in terms
of in-vitro, may be subject to damage them and intravascular
haemolysis [1,2].

Healthy red blood cell in a hypotonic environment be-
fore they will haemolysis, has the capacity to significantly
increase their volume. This is different for cells with impaired
relationship between the volume and the surface and with
the revised structure of the cell membrane, for example
after contact with toxic material. They are characterized by
greater sensitivity to osmotic stress, thus characterized by a
reduced osmotic resistance. This test can be considered as
an indirect method of assessing the damage to the structure
of the cell membrane and disruption of the volume-area
relationship of red blood cells [3,4].

The aim of this study was to evaluate the usefulness,
not applied widely in the evaluation of biocompatibility of
biomaterials, laboratory diagnostic method to investigate
the assessment of red cell osmotic resistance in contact
with various biomaterials.

Materials and methods

For the study used three types of selected materials:
vascular prostheses DALLON H, corundum material and
calcite material. Previously there were prepared 27 series
with 15 signed tubes. In each of the series made the ap-
propriate solutions of sodium chloride at concentrations
from 10 to 150 mmol / I.

The first stage of the test was the incubation of various
materials, each in duplicate, in 3, 12 and 24 hours (37°Cx1/
98.6 F) with a concentrate of red blood cells (CRBC) without
leukocytes-plate layer. Proportion of materials and CRBC
volume was selected from standardized array of areas and
volumes of fluid extraction, as contained in PN-EN ISO
10993-12:2009. For each of the ranges of incubation, ac-
companied by a check after three attempts CRBC (without
the test material). Incubation was carried out in closed
polypropylene tubes [5].

Osmotic resistance test was using photometric method
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%hemolizy=N,,.*P1,,."

opornos¢ Srednia=H+(10W-500)+(W-N)-!

RYS.1: Wz6r do obliczania odsetka hemolizy (Nabs
— wartos¢ sredniej absorbancji dla obliczanej prob-
ki; P1abs — wartos¢ absorbancji dla probowki nr 1
odpowiadajacej 100% hemolizie).

FIG.1: Formula to calculate the percentage of hae-
molysis (Nabs - mean absorbance value calculated
for the sample; P1abs - the value of absorbance for
tube No. 1, corresponding to 100% haemolysis).

polipropylenowych [5].

Badanie opornosci osmotycznej przeprowadzono fo-
tometrycznie w oparciu o metode Huntera w modyfikaciji
Daciego. Po zakonczeniu kazdej serii inkubacji probowki
delikatnie wstrzgsano i przenoszono z nich po jednej
matej kropli krwi do odpowiednio podpisanych szeregéw
z roztworami NaCl. Nastepnie kazdy z szeregéw zostat
poddany 30 minutowej inkubacji w temperaturze pokojowe;.
Po zakonczeniu inkubacji wszystkie probéwki odwirowano
(5" przy 30000br/min), a nastepnie odczytano absorbancje
(A=540nm) supernatantow poszczegdlnych szeregow,
wzgledem odpowiednich supernatantow z probéwki nr 15
danego szeregu (150 mmol/I NaCl) [3,6].

Na podstawie uzyskanych wartosci absorbancji probek
poszczegolnych szeregéw obliczono odsetek hemolizy
krwinek czerwonych wzgledem pierwszej probki kazdego
szeregu (odpowiadajgcej 100% hemolizie). Postuzono sie
w tym celu wzorem przedstawionym na RYSUNKU 1, a
wartosci $rednie uzyskanych wynikéw, z uwzglednieniem
odchyleh standardowych, przedstawiono na wykresach
(RYSUNKI 3, 4 5).

Nastepnie, za pomoca wzoru przedstawionego na
RYSUNKU 2, obliczono warto$¢ stezenia NaCl opornosci
Sredniej (stezenia NaCl w ktérym hemolizie ulegto 50%
badanych krwinek). Ob-

RYS.2: Wzér do obliczania sredniej opornosci
osmotycznej (H — najwieksze stezenie NaCl wyra-
zone w mmol/l w ktérym hemoliza przekroczyta 50%
bedac jednoczesnie najblizsza wartosci 50%; W
- % hemolizy w prébce H; N - % hemolizy w prébce
znajdujacej sie obok probéwki H, w ktorej hemoliza
ma wartos¢ mniejszg niz 50% bedac jednoczesnie
najblizsza wartosci 50%).

FIG.2: Formula to calculate the mean osmotic
resistance (H - the largest concentration of NaCl
expressed in mmol/l which exceeded 50% haemo-
lysis while being closest to the value of 50%; W -%
haemolysis in the sample H; N - % haemolysis in
the sample next to the H tube which haemolysis
value of less than 50% while being the closest
value of 50%).

based on the Hunter’s test with modification of Daci. After
each series of the incubation tube was carefully shaken and
transferred them (in the form of small drops of blood) to the
right signed series of NaCl solutions. Then each series was
incubated over 30 minute at room temperature. After the
incubation all tubes were centrifuged (5min at 3000 t/min),
and then read the absorbance (A = 540nm) supernatants of
individual series, relative to the corresponding supernatants
from the tube no 15 of the series (150 mmol/l NaCl) [3,6].

On the basis of absorbance values of individual series
of samples was calculated percentage of haemolysis of red
blood cells, against the first sample of each series (corre-
sponding to 100% haemolysis). We used a model showed
in FIGURE 1. The average values of the results obtained
and the standard deviations are presented in graphs (FIG-
URES 3, 4 and 5).

liczone wartosci $red-

nie, z uwzglednieniem | &
odchylen standardo-| & 7
wych, przedstawiono| ¥ so
na wykresie (RYS.6). g .

_§ 20
Wyniki = 10

10 20 30 40 50 60

Po 3 i 12 godzinnej
inkubacji materiatow
z KKCz, biorgc pod
uwage odchylenia stan-

—— kontrola/ control

pianka korundowa / corundum material =——— materiat kalcytowy / calcite material

Next calculated the con-
centration of NaCl aver-
age resistance (the mean
concentration of NaCl in
which 50% of red blood
cells haemolysis). We used
a model showed in FIGURE
2. The average values of
the results obtained and
the standard deviations are
presented in graphs (FIG-
URE 6).
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dardowe, nie zauwa-
zono istotnych zmian

bacji.
w przebiegu krzywych

RYS.3: Krzywe opornosci osmotycznych po 3 godzinnej inku-

FIG.3: Osmotic resistance curves after 3 hours incubation.

Results

After 3 and 12 hours of

opornosci w odniesie-
niu do préb kontrolnych.
Po 24 godzinnej inku-
bacji zaobserwowano
zwigkszong opornosé
osmotyczng krwinek
poddanych inkubacji
z tworzywem kalcyto- o
wym (wzrost odsetka
hemolizy nastgpit w
nizszych stezeniach
NaCl niz w przypad-
ku pianki korundowej,

% hemolizy / % haemolysis

10

20 30 40 50 60

—>— kontrola/ control

pianka korundowa / corundum material =——— materiat kalcytowy / calcite material

biomaterials incubation with
CRBC, taking into account
the standard deviation, not
observed significant chang-
es in the resistance curvesin
relation to control samples.
After 24 hours of incubation
was observed an increased
osmotic resistance of cells
that were incubated with a
calcite material (increase in
the percentage of haemoly-
sis occurred in lower con-

70 80 90 100 110 120 130 140 150

NacCl [mmol/I]

DALLONH

protezy naczyniowej
i proby kontrolnej). W

kazdym z zakreséw LOL LI

RYS.4. Krzywe opornosci osmotycznych po 12 godzinnej in-

FIG.4. Osmotic resistance curves after 12 hours incubation.

centrations of NaCl than
in the case of corundum
material, vascular graft and
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inkubacji, poza 24 godzin-
ng inkubacjg tworzywa
kalcytowego, wszystkie
inne badane materiaty
charakteryzowaty sie zbli-
zong warto$cig sredniej
opornosci osmotycznej,

% hemolizy / % haemolysis
«
o

the control sample). For
each range of incubation,
in addition to 24 hour in-
cubation calcite material,
all other test materials
were characterized by a
similar value of the aver-

nie odbiegajgc jednoczes- 0 age osmotic resistance,
nie od wartosci obliczo- 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 | while not straying from
nych dla préb kontrolnych. NaCl [mmol/I] the values calculated for
Tworzywo kalcytowe po control samples. Calcite
dobowej inkubacji z KKCz pakontiola/contol DALLONE material after 24 hours
WyWOJ{aJIO obnizenie war-} - pianka korundowa / corundum material ——— materiat kalcytowy / calcite material inCUbation Wlth CRBC

tosci Sredniej opornosci

RYS.5. Krzywe opornosci osmotycznych po 24 godzinnej in-

caused a reduction of the

osmotycznej krwinek czer- - kybagiji. average osmotic resist-
wonych. FIG.5. Osmotic resistance curves after 24 hours incubation. ance of red blood cells.
90
Whioski o PR 7 | Conclusions
80 —l_
Przeprowadzone bada-| ¢ I The study was to eval-

nia miaty ocenic¢ przydat-
nos¢ oznaczania oporno-
Sci osmotycznej krwinek
czerwonych przy ocenie
biozgodnosci materiatow
z krwig. Otrzymane wyniki
jednoznacznie wskazaty,
ze proteza naczyniowa 20
DALLON H, pianka ko-
rundowa oraz tworzywo
kalcytowe, w odniesieniu
do préb kontrolnych, nie
wywotujg istotnych zmian
opornosci osmotycznej
zaréwno po 3 jak i 12

60
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NaCl [mmol/I]

40

30
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DALLON H
DALLON H

kontrola / control |

calcite material

pianka korundowa
corundum material

uate the usefulness of the
test red blood cell osmotic
resistance in evaluat-
ing the blood biocompat-
ibility of materials. The
results clearly indicated
that DALLON H vascular
prosthesis, the corun-
dum material and calcite
material, compared with
attempts to control, do not
cause significant changes
in osmotic resistance,
both at 3 and 12 hours
of incubation. Vascular

materiat kalcytowy
calcite material
kontrola / control
DALLON H
pianka korundowa
corundum material
materiat kalcytowy
calcite material
kontrola / control |

godzinnej inkubacji. Pro-
teza naczyniowa i materiat
korundowy nie wykazaty
rowniez zmian w opor-
nosci erytrocytow po 24 godzinnej inkubacji. Wyjatkiem
okazato sie tworzywo kalcytowe, ktdre po 24 godzinnej
inkubacji z krwig spowodowato wyrazne zwiekszenie opor-
nosci osmotycznej krwinek czerwonych.

Zastosowana metoda badawcza, tgcznie z etapem przy-
gotowania préb badanych, jest prosta i stosunkowo tania
w przeprowadzeniu, jednak dos¢ pracochtonna. Uzyskane
wyniki sg czytelne i umozliwiajg w prosty sposéb poréwnanie
miedzy sobg zaréwno réznych materiatéw badanych jak
i rezultatéw otrzymanych dla jednego materiatu po réznym
czasie inkubacji z krwig. Wszystko te cechy pozwalajg
na postawienie wniosku, ze metoda oceniajgca opornosc¢
osmotyczng krwinek czerwonych po kontakcie z biomate-
rialami, moze by¢ w niektorych przypadkach cennym bada-
niem uzupetniajgcym. Szczegdlnie istotne znaczenie moze
mie¢ dla materiatdw przeznaczonych do bezposredniego,
dtugotrwatego kontaktu z krwig, ktére w standardowych ba-
daniach biozgodnosci nie wykazaty hemolizy w warunkach
in-vitro, a wskazana jest ocena wptywu materiatu na btone
komodrkowa erytrocytéw.
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RYS.6: Wartosci srednich opornosci osmotycznych.
FIG.6: Average value of osmotic resistance.

prosthesis and corun-
dum material showed no
changes in erythrocyte
resistance after 24 hours
incubation too. The exception proved to be calcite material
- after 24 hours incubation with the blood caused an increase
of resistance osmotic red blood cells.

The applied research method and stage of preparation
of samples, is simple and relatively cheap to carry out, but
quite laborious. The results are clear and allow you to eas-
ily comparison between both the different materials and
the results obtained for one material at different times of
incubation with blood. All these features allow us to make a
conclusion that the method of evaluating osmotic resistance
of red blood cells after contact with biomaterials, may be in
some cases a valuable complementary study. Particularly
important may be significant for materials intended for direct,
prolonged contact with blood, which in standard biocompat-
ibility studies showed no haemolysis on in vitro tests, and
it is desirable to assess the impact of material on the cell
membrane of erythrocytes.
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BIOCERAMIKA OPARTA NA TiO,
— WELASCIWOSCI FIZYCZNE
TWORZYW KOMPOZYTOWYCH
TiO,/HAp

StawomiR MicHALOwsKI, ZBIGNIEW JAEGERMANN

ZAKtAD BiocerRAMIKI INSTYTUTU CERAMIKI | MATERIALOW Bubow-
LANYCH W WARSZAWIE

[Inzynieria Biomateriatéw, 99, (2010), 29-31]

Wstep

Tytan i jego stopy sg szeroko stosowane w praktyce
chirurgicznej jako jeden z podstawowych materiatow do
wytwarzania elementéw protez stawowych, stabilizatorow
kosci, $rub, gwozdzi i drutu. Kluczowg role w biozgodnosci
implantow metalowych opartych na tytanie petni powierzch-
niowa warstwa TiO,. Fakt ten sktonit autoréw do przeprowa-
dzenia badah majgcych na celu ocene przydatnosci ceramiki
opartej na TiO, do wypetniania ubytkéw kostnych. Poniewaz
tlenek tytanu nie posiada zdolnosci do stymulowania odbu-
dowy tkanki kostnej, skupiono sie na pracach badawczych
nad modyfikacjg powierzchni ceramiki opartej na TiO,
w kierunku poprawy jej osteoinduktywnosci. Pierwszym
etapem prac sg badania tworzywa TiO, domieszkowanego
objetosciowo hydroksyapatytem (HAp).

Materialy i metody

TABELA 1. Sktady surowcowe tworzyw.
TABLE 1. Compositions of tested materials.

Skfad %wag

RSUVOW:GQ I Compositions wt%
aw materia THO | ,TH10" | ,TH20"
TiO, - Tlenek tytanu 100 90 80
Titanium oxide
HAp — hydroksyapatyt 0 10 20
hydroxyapatite

W ramach niniejszej pracy przeprowadzono badania
tworzyw na osnowie TiO, (Sigma —Aldrich) bez dodatku
oraz z dodatkiem 10 i 20%wag. hydroksyapatytu (Che-
ma-Elektromet) (TABELA 1). Zbadano wptyw temperatury
wypalania i ilosci dodatku HAp na podstawowe wiasciwosci
fizyczne i mikrostrukture tworzyw TiO,/HAp. Prébki do badan
formowano z granulatéw pétsuchych metodg prasowania
jednoosiowego dwustronnego. Wyprasowane ksztattki w
formie belek wypalano w réznych temperaturach koncowych
od 1175 do 1325°C. Gesto$¢ pozorng oznaczono metodg
geometryczng, natomiast gestos¢ wzgledng wyliczono w
odniesieniu do gestosci rentgenowskich TiO,-4,25 g/cm?® [1]
i HAp-3,156 g/cm?® [2]. Ocene wytrzymatosci mechanicznej
przeprowadzono na podstawie testu zginania tréjpunktowe-
go. Wiasciwosci surowcéw wyjsciowych zamieszczono w
TABELI 2, a zaleznosci gestosci wzglednej i wytrzymatosci
na zginanie od temperatury wypalania przedstawiono na
RYSUNKACH 1 2.

TITANIA-BASED BIOCERAMICS
— PHYSICAL PROPERTIES OF
TiO,/HAp COMPOSITE

StAwoMIR MicHALOWSKI, ZBIGNIEW JAEGERMANN

DEPARTMENT OF BlocerAMICS, INSTITUTE oF CERAMICS AND BuiIL-
DING MATERIALS IN WWARSAW

[Engineering of Biomaterials, 99, (2010), 29-31]

Introduction

Titanium and its alloys are widely used in surgical prac-
tice as one of the basic materials for manufacturing bone
stabilizers, wires, screws, nails and elements of joints en-
doprostheses. This is a ceramic surface layer of TiO, which
is considered to play an important role in a biocompatibility
of Ti-based metallic implants. Thus it seems justified to take
into account titanium dioxide (titania) as the material for fill-
ing bone defects. However, TiO, has no ability to stimulate
bone reconstruction. So the authors are working on the
modification of TiO, bioceramic toward it's osteoinductivity.
The current study was focused on the titania with volumetric
addition of hydroxyapatite powder.

Materials and methods

TABELA 2. Wasciwosci proszkéw surowcow
TABLE 2. Properties of raw materials.

Rodzaj surowca
Type of the raw material

Proszek TiO, Proszek HAp
TiO, powder HAp powder
Analiza uziarnienia — metoda laserowa
Grain size analysis — LALLS method
d(0,1) 0,987 um 1,165 um
[ do5) 2,512 um 14,585 ,um |l
d(0,9) 6,884 um 41,958 um
Analiza chemiczna WD-XRF
Chemical analysis — WD-XRF method
TiO, 99,715 % -
|l ca0 = 59,577 % I
| P.O, - 40,199 % Il
[ others 0,285 % 0,224 % |

Three kinds of materials: based on TiO2 (Sigma-Aldrich)
and TiO, with 10 and 20 wt% of hydroxyapatite HAp (Chema-
Elektromet) were evaluated within the research (TABLE 1).
The influence of composition and sintering temperature on
materials basic properties were evaluated. Testing samples
were formed by uniaxial pressing and sintered in tempera-
tures of 1175+1325°C. Apparent density was determined
by geometrical method. Relative density and total porosity
were calculated on the basis of theoretical densities of TiO,
-4,25 g/cm?[1] and HAp-3,156 g/cm?[2]. Mechanical proper-
ties were evaluated on the basis of flexural tests. Selected
properties of raw materials were placed in TABLE 2. Results
of average values of relative density, total porosity and
flexural strength are shown on FIGURES 1+2.
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RYS.1. Wykres zaleznosci gestosci wzglednej od tem-
peratury wypalania tworzyw.

FIG.1. Relative density vs sintering temperature of the
materials.

W przypadku tworzyw na osnowie TiO, uzyskano maksy-
malnie spieczone probki w temperaturze wypalania 1275°C
a ich maksymalng wytrzymatos¢ na zginanie osiggnieto dla
probek wypalonych w temperaturze 1200°C. Po wprowadze-
niu dodatku HAp, wartosci wytrzymatosci na zginanie ulegty
zmniejszeniu wraz ze wzrostem ilosci dodatku HAp (RYS.2).
Dla tej grupy tworzyw wartosci gestosci wzglednej rosty
ze wzrostem temperatury, aby w zakresie 1275+1325°C
osiggnac¢ wartosci maksymalne.

Na RYSUNKU 3 zamieszczono obrazy mikrostruktur
powierzchni przetoméw tworzyw. Dla tworzywa THO wi-
doczne sg wyrazne granice ziaren, co Swiadczy o prze-
tamie po granicach ziaren. Wielkos¢ poréw o charakterze
miedzyziarnowym waha sie w granicach kilku mikrometrow.
Wprowadzenie dodatku HAp spowodowato wyrazng zmiane
rodzaju przetamu prébek oraz zmiane charakteru porowa-
tosci - oprocz mikroporéw miedzyziarnowych pojawiajg sie
nanopory sferyczne, charakterystyczne dla spiekania z
udziatem fazy ciektej.

Podsumowanie

Analiza wynikéw badan pokazuje, ze zaréwno sktad che-
miczny jak i obrébka termiczna majg wptyw na wiasciwosci
fizyczne i mechaniczne, a takze mikrostrukture tworzyw na
bazie TiO,.

W przypadku czystego tworzywa TiO, maksymalne za-
geszczenie prébki (gestos¢ pozorna - 4,18g/cm?, gestosé
wzgledna — 0,98) uzyskano w temperaturze spiekania
1275°C. Wytrzymatos$¢ na zginanie osiggneta maksymalng
wartos¢ (244 MPa) dla tworzywa wypalonego w tempera-
turze 1200°C. Po wprowadzeniu do tworzyw dodatku HAp,
wytrzymato$¢ na zginanie zmniejszyta sie do ok. 180 MPa
dla dodatku 10% HAp i ok. 170 MPa dla dodatku 20% HAp.
Dla tworzyw z dodatkiem HAp gestosci pozorne zmniejszaty
sie wraz ze wzrostem ilosci dodatku. Dla 10% HAp maksy-
malna gestos¢ wzgledna przekroczyta wartosc 0,96, a dla
20% HAp — przekroczyta wartos¢ 0,94.

RYS.2. Wykres zaleznosci wytrzymatosci na zginanie
od temperatury wypalania tworzyw.

FIG.2. Flexural strength vs sintering temperature of
the materials.

For the samples of pure titania the highest density was
obtained using sintering temperature of 1275°C, and the
highest flexural strength - of 1200°C. In titania with HAp
powder addition flexural strength clearly decreased with the
increase of the content of HAp. For TiO,/HAp composites
the density was increasing with sintering temperature up
to 1275°C when it reached its maximum — but differences
among densities of samples were not significant considering
used testing method.

Very similar tendency was observed for the relation be-
tween the sintering temperature vs. total porosity.

On FIGURE 3 microscopic images of fracture surface
of the materials were shown. In the pure titania samples
grain boundaries are clear as the fracture follows the grain
boundaries. Estimated size of intergranular pores is about
1 um. In TiO,/HAp composite samples the different char-
acter of fracture (through the grains) and porosity can be
observed. Apart from intergranular pores, spherical nanop-
ores are visible as well. Their presence is characteristic for
liquid phase sintering.

Summary

Analysis of the results showed that both chemical compo-
sition and thermal treatment have direct impact on physical
and mechanical properties as well as on microstructure of
titanium dioxide based materials.

In pure titania samples the highest density values (appar-
ent - 4,18 g/cm?, relative 98%) and the lowest total porosity
(2,12%) were achieve when the sintering temperature of
1275°C were applied. The flexural strength reaches the
highest value (244 MPa) in the sample sintered in 1200°C. In
TiO,/HAp samples the flexural strength decreases to about
180 MPa for 10% of HAp and to about 170 MPa for 20%
of HAp. In composite materials the density was decreas-
ing with the increase of HAp content. In TH10 samples the
relative density achieves the value of 0,96 and for TH20 it
achieves the value of 0,94.
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RYS.3. Obrazy SEM powierzchni przetaméw badanych tworzyw.

FIG.3. SEM images of fractured surfaces of the materials

Kontynuowane bedg badania mikrostruktury materiatow,
w tym pochodzenie ujawnionych w obrazach mikroskopo-
wych nanoporow.
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Streszczenie

Celem przeprowadzonych badan byfo okre$lenie
wptywu réznych metod pasywacji powierzchni stopu
NiTi na odpornos¢ korozyjng. Analizowano dwa wa-
rianty pasywacji powierzchni: chemiczng oraz elektro-
chemiczng. Dla kazdego z zaproponowanych warian-
téw zastosowano rézne kgpiele oraz oceniano wptyw
parametrow proceséw na odpornosc korozyjng.

Stowa kluczowe: biomateriaty, stopy z pamiecig
ksztattu, odpornos¢ korozyjna, pasywacja
[Inzynieria Biomateriatow, 99, (2010), 32-34]

Wprowadzenie

Zastosowanie stopow z pamiecig ksztattu w medycynie
warunkowane jest zapewnieniem odpowiedniej odpornosci
korozyjnej, ktéra w gtdbwnej mierze uzyskiwana jest dzieki
modyfikacji powierzchni wyjsciowej stopdw, zapewniajgcej
wytworzenie szczelnej warstwy pasywnej. Najczesciej sto-
sowang oraz najtatwiejszg metodg modyfikacji powierzchni
stopu NiTi jest utlenianie w réznych mediach. Otrzymane
cienkie warstwy tlenkowe, z dominujgcym tlenkiem TiO,,
utlenione w powietrzu posiadajg rézne kolory, grubosci
oraz rozng adhezje. Jednakze podstawowymi wadami tak
przygotowanych powierzchni jest fakt, ze poza TiO, znajduja
sie tam inne tlenki Ti i Ni jak réwniez atomowy Ni. W tem-
peraturze pokojowej utlenianie tytanu i niklu nie zachodzi
do konca. W wysokiej temperaturze sktadniki stopu ujaw-
niajg tendencje do segregacji i formowania niejednorodnej
powierzchni zawierajgcg mieszanine réznych tlenkow [1].
Wysoka temperatura utleniania réwniez powoduje formowa-
nie sie na powierzchni warstw wzbogaconych w atomowy
nikiel [1, 2]. Takie warstwy powierzchniowe sg zrédtem niklu,
ktéry potencjalnie moze zosta¢ uwolniony do srodowiska
organizmu [3].

W przypadku, gdy skomplikowane ksztatty przedmiotu lub
duza twardos$¢ materiatu utrudniajg lub w ogdéle uniemozli-
wiajg prowadzenie polerowania mechanicznego, pasywacje
powierzchni przeprowadza sie z wykorzystaniem metod
chemicznych lub elektrochemicznych.

Materialy i metody

Do badan wykorzystano stop NiTi w stanie nadsprezy-
stym produkgiji firmy SAES Memry. Sktad chemiczny stopu
wykorzystanego do badan spetniat zalecenia normy ASTM
F 2063. Badania przeprowadzone zostaty na prébkach
ptaskich (10x10x1 mm) o powierzchniach polerowanych
elektrolitycznie. W celu okreslenia wptywu réznych metod
oraz parametréw procesow pasywacji powierzchni na od-
pornos¢ korozyjng stopu NiTi, przeprowadzono obrobke
powierzchniowa, ktérej parametry przedstawione zostaty
w TABELI 1.

INFLUENCE OF PASSIVATION
ON CORROSION RESISTANCE
OF NiTi ALLOY

MarcIiN KAczZMAREK

SiLEsIAN UNIVERSITY OF TECHNOLOGY,

INSTITUTE OF ENGINEERING MATERIALS AND BIOMATERIALS,
18a KoNARskIEGO STREET, 44-100 GLiwice, PoLAND
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Abstract

The aim of the research was determination of influ-
ence of different passivation methods of NiTi alloy on
corrosion resistance. Two variants of passivation were
analyzed: chemical and electrochemical. For each of
the proposed variant different baths and parameters
were applied.

Keywords: biomaterials, shape memory alloys,
corrosion resistance, passivation

[Engineering of Biomaterials, 99, (2010), 32-34]

Introduction

Application of shape memory alloys in medicine is condi-
tioned by appropriate corrosion resistance, mostly obtained
in the way surface modification that ensures formation of
dense passive layers. The most common and the easi-
est way of the surface modification is oxidation in diverse
media. The obtained thin oxide layers, consisted mostly of
TiO,, oxidized in air have different colors, thickness and
adhesion. However, the main disadvantages of these sur-
faces is the fact that except TiO,, other Ti and Ni oxides as
well as elemental Ni are present on the surface. At room
temperature oxidation of Ti and Ni is not completed. At high
temperatures, the components of the alloy show a tendency
toward segregation and formation of non-homogeneous
surfaces with a mixture of different oxides [1]. Furthermore,
a high temperature oxidation causes formation of surface
layer enriched with elemental Ni [1,2]. This chemical ele-
ment is known to be allergenic and toxic, though essential
for the human body [3].

In the cases when complex shapes of an implant or hard-
ness of the material do not allow to carry out mechanical
polishing, the surface treatment is carried out by passiva-
tion realized with the use of chemical or electrochemical
methods.

Materials and methods

The research was carried out on superelastic NiTi alloy
manufactured by SAES Memry. Chemical composition of
the alloy fulfilled requirements covered in the ASTM F 2063
standard. The research was carried out on electropolished
flat samples (10x10x1 mm). In order to evaluate the influ-
ence of different methods and parameters of passivation
on corrosion resistance of NiTi alloy, the following surface
treatment was applied — TABLE 1.

The electrochemical tests of the investigated alloy were
performed with the use of a potentiodynamic method by
recording of anodic polarization curves. The tests were
carried out in Ringer’s physiological solution at the tem-
perature 37 £ 1°C. In the tests the scan rate was equal to
1 mV/sec. The PGP 201 potentiostat with the software for
electrochemical tests was applied. The saturated calomel
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TABELA 1. Sktad chemiczny kapieli oraz parametry procesu pasywacji
TABLE 1. Chemical composition of the baths and passivation parameters

Rodzaj pasywacji Sklad chemiczny kapieli Temp., [°C] f,?)ttiﬁi‘;:ll
Passivation type Chemical composition of the baths %
H,O 60 wrzenia
NaNO, (50g/dm?)/ NaNO, (50g/dm?) 60 wrzenia
HNO;, 1:1 60 wrzenia
Chemlgzna CrO;, 100 g/dm? 60 wrzenia
Chemical — -
Sterylizacja w parze wodnej
e 30 120
Steam sterilization
H,SO,, 1:1 3-20 10 - 30 25
Elektrochermi H,PO,, stez. 3-20 10 - 30 25
Cl e i Cr0,,100 g/dm? 25 10 - 30 25
Electrochemical
NaNO,(50g/dm?), NaNO, (50g/dm?) 3-20 5-25 25

Badania odpornosci korozyjnej analizowanego stopu
przeprowadzono w roztworze fizjologicznym Ringera z
wykorzystaniem metody potencjodynamicznej w oparciu o
rejestracje krzywych polaryzacji anodowej. Badania odpor-
nosci na korozje wzerowg byly podzielone na dwa etapy.
Pierwszy etap odbywat sie w warunkach bezprgdowych i
polegat na ustaleniu potencjatu korozyjnego E,... Ustalenie
potencjatu nastepowato w czasie 120 min. Drugim etapem
byta rejestracja krzywych polaryzacji anodowej prowadzona
ze stalg szybkoscig zmian potencjatu wynoszacg 1mVi/s.
Badania przeprowadzono w temperaturze 37+1°C. Elektro-
de odniesienia stanowita nasycona elektroda kalomelowa
(NEK). Jako elektroda pomocnicza zastosowana zostata
elektroda platynowa.

Wyniki i dyskusja

Badania odpornosci korozyjnej stopu NiTi przeprowadzo-
ne w ptynie fizjologicznym Ringera wykazaty, iz zapropono-
wane metody obrobki powierzchniowej zapewniajg dobrg
odpornos¢ na korozje wzerowg — TABELA 2. Jednakze w
wyniku przeprowadzonych badan stwierdzono, ze najlep-
sze efekty uzyskuje sie dla zabiegow przeprowadzanych
z wykorzystaniem metod chemicznych. Zastosowanie
metod elektrochemicznych powoduje, iz na powierzchni
pojawiajg sie lokalne, niejednorodne przebarwienia oraz
wytrawienia.

Dla wszystkich analizowanych wariantéw pasywacji
uzyskano zblizone warto$ci potencjatdw transpasywac;ji.
Srednie wartoéci potencjatu transpasywacji wynosity
Ei.s=1397 mV. Réznice pomiedzy analizowanymi warian-
tami obserwowane byty natomiast dla potencjatow

electrode (SCE) was applied as the reference electrode
and the auxiliary electrode was a platinum foil. The exposed
area of the specimen was equal to 1 cm?. The scanning
direction was reversed when the anodic current density
reached 1 mA/cm?2.

Results and discussions

Corrosion tests of the NiTi alloy, carried out in the Ringer’s
physiological solution, showed that the proposed surface
treatment ensure good pitting corrosion resistance — TA-
BLE 2. However, in the course of the work it was shown
that the best results are obtained for treatment realized
with the use of chemical methods. Application of the elec-
trochemical methods caused local colorings and etchings
of the surface.

For all the analyzed variants of passivation, similar
results of transpassivation potentials were obtained. Aver-
age values of the transpassivation potential were equal to
E...s=1397mV. However, differences between the analyzed
variants were observed in corrosion potentials as well as
corrosion currents. For the chemically passivated sam-
ples the average values of the corrosion potentials were
equal to E,,,=150mV but for the electrochemically treated
samples the corrosion potentials were lower and equal to
E..=- 88mV. For chemically and electrochemically passi-
vated samples, the average values of the corrosion current
density were equal to i,,,=231 nA/cm? oraz i.,,=223 nA/cm?
respectively.

TABELA 2.Wyniki badan korozyjnych stopu NiTi po réznych zabiegach pasywacji.
TABLE 2. Results of the corrosion tests of passivated NiTi alloy.

Rodzaj pasywacji

Passivation type

Sklad chemiczny kapiel
Chemical composition of the baths

EtranS!
[(Mv]

33

H,0 167 1387 198 <
NaNO, (50g/dm?)/ NaNO; (50g/dm") 24 1318 235 o
Chemiczna HNO,, I:1 189 1425 317 m
Chemical Cr0;, 100 g/dm’ 158 1388 178 <
Sterylizacja w parze wodnej - I I I
Steam sterilization 21l 1476 229 14 I
H,SO,, T:1 -167 1375 118 L
Elektrochemiczna H,PO,, st¢z. -142 1457 165 L
Electrochemical CrO,,100 g/dm 25 1398 347
NaNO,(30g/dm"), NaNO; (50g/dm) 63 1347 263 = 2
(D >
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korozyjnych oraz pragdéw korozyjnych. Dla prébek pod-

® o o o o o o danych pasywacji chemicznej srednie wartosci potencjatow

korozyjnych wynosity E.,=150mV, natomiast dla prébek
pasywowanych elektrochemicznie byty nizsze i wynosity
E.r =-88 mV. Natomiast dla prébek pasywowanych che-
micznie oraz elektrochemicznie $rednie wartosci gestosci
pradu korozyjnego wynosity odpowiednio i.,, =231 nA/cm?
oraz i.,,=223 nAlcm2,

Whioski

Wyniki przeprowadzonych badan wskazujg na mozliwosé
zastosowania zabiegow pasywacji do uszlachetniania
powierzchni implantatéw ze stopéw NiTi. Modyfikacja za-
stosowanych parametrow procesow pasywacji, zarowno
chemicznej, jak réwniez elektrochemicznej nie wptywa
istotnie na odpornosc¢ korozyjng badanego stopu. Z uwagi
na tatwo$c¢ obrobki oraz ze wzgledu na uzyskiwang jakos¢
powierzchni po obrébce zaleca sie przeprowadzenie pro-
cesu pasywacji metodami chemicznymi.

Podziekowania

Praca naukowa finansowana ze $rodkow na nauke w
latach 2010-2012 jako projekt badawczy N N507 464538.

Conclusions

The results of the research showed that the proposed
passivation methods can be applied as surface treatment
of implants made of NiTi alloys. Modification of the applied
parameters of passivation, both chemical and electrochemi-
cal, does not significantly influence the corrosion resistance
of the investigated alloy. Due to the ease of the surface
treatment and the obtained surface quality, passivation of
the NiTi alloy should be carried out with the use of chemi-
cal methods.
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Abstrakt

Przeciwbakteryjng proteze naczyniowg otrzymano
przez kowalencyjne wigzanie sparfloksacyny (SPA) lub
tosufloksacyny (TOS) z jej zelatynowang powierzchnig
z uzyciem aldehydowego i aminowego tgcznika. llosci
obydwu antybiotykow zwigzanych z Zelatynowg war-
stwg oceniono na podstawie roznic w stezeniu lekow,

EVALUATION OF THE BINDING
OF FLUOROQUINOLONE
ANTIBIOTICS TO THE VASCULAR
PROSTHESIS
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Abstract

Antimicrobial gelatine-sealed vascular prosthesis
was developed by the covalent bonding of sparfloxacin
(SPA) or tosufloxacin (TOS) to their surface by using
of aldehyde and amine linkers. The amounts of both
antibiotics bound to the gelatine layer were evaluated
on the basis of the differences in drug concentrations
before and after immobilization measured by HPLC
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przed i po immobilizacji, okreslanych metodg HPLC.
Aktywno$c przeciwbakteryjng protezy modyfikowanej
antybiotykiem wobec szczepow oceniono stosujgc
test hamowania stref wzrostu i test liczenia kolonii.
Przeprowadzone z uzyciem szczepoéw Staphylococ-
cus aureus i Echerichia coli badania wykazaty, ze
kowalencyjna immobilizacja SPA i TOS na powierzchni
implantu stanowi stabilng przeciwbakteryjng ochrone
przez co najmniej 2 tygodnie.

[Inzynieria Biomateriatow, 99, (2010), 34-37]

Wprowadzenie

W przypadku stosowania syntetycznych materiatow
implantacyjnych, nalezy zawsze liczy¢ sie z ryzykiem poope-
racyjnych infekcji powszczepiennych. Infekcja wszczepionej
protezy naczyniowej sama w sobie jest rzadka, ale powazng
komplikacjg chirurgii naczyniowej. Przypadki zakazenia
wszczepionych protez notowano zmiennie od 1% do 6%
[1,2]. Z punktu widzenia prewencji, nadrzedng potrzebg
jest otrzymanie protezy z substancjg, ktdra zapobiega
powstawaniu biofilmu.

Celem prezentowanej pracy byto otrzymanie przeciwbak-
teryjnej protezy naczyniowej z kowalencyjnie zwigzanymi
antybiotykami fluorochinolonowymi (sparfloksacyng lub
tosufloksacyna), uzywajgc homobifunkcjonalnego aldehydu
i multi-aminy jako tgcznikéw, w celu redukcji pooperacyjnych
infekcji.

Metody

Fragmenty protez naczyniowych (10x5 mm) pokrytych
zelatyng (Vascutek® Gelsoft) aktywowano glutaraldehydem
wedtug procedury zawartej w patencie [3]. Zaktywowang
powierzchni¢ poddano dziataniu dietylenotriaminy (tgcznik
aminowy) i ponownie glutaraldehydu (tgcznik aldehydowy),
a nastcpnie tak zmodyfikowanf powierzchni¢ potgczono
ze SPA (Rhéne-Poulenc Rorer, France) lub TOS (Chemos
GmbH, Niemcy) w srodowisku dimetylosulfotlenku (DMSO).
Celem zwigkszenia trwatosci wigzania, ugrupowania imino-
we zredukowano wodorem ,in statu nascendi” z uzyciem
borowodorku sodu do ugrupowan aminowych.

Celem optymalizacji procesu immobilizacji, zmodyfiko-
wane probki poddano oddziatywaniu roztworom SPA lub
TOS o réznych stezeniach 2 mg/ml, 1 mg/ml, 0,5 mg/ml,
0,2 mg/mli 0,1 mg/ml przygotowanych w DMSO. Roztwory
przygotowane do immobilizacji i otrzymane po tym procesie,
po odpowiednim rozcienczeniu, oznaczono metodg HPLC
z detekcjg UV (Waters HPLC system) dla oceny catkowitej
ilosci leku zwigzanego z powierzchnig zmodyfikowanej
probki.

Aktywnos$¢ przeciwbakteryjng protez naczyniowych ze
zwigzanym chemioterapeutykiem testowano in vitro wo-
bec szczepoéw bakteryjnych Staphylococcus aureus ATCC
25923 i Escherichia coli ATCC 25992, odpowiedzialnych
za infekcje pooperacyjne, z zastosowaniem badania hamo-
wania stref wzrostu bakterii (Mueller-Hinton agar) i liczenia
koloni (Mueller-Hinton bulion). Obecno$¢ zywych bakterii
kontrolowano przyrostem wartosci CFU.

Rezultaty

Do otrzymania przeciwbakteryjnych protez naczyniowych
zastosowano sparfloksacyne i tosufloksacyne. Fluorochi-
nolonowe antybiotyki zostaty wybrane ze wzgledu na ich
szerokie spektrum dziatania przeciwbakteryjnego wobec
bakterii gram-dodatnich i gram-ujemnych.

Przeciwbakteryjne wiasciwosci powierzchni protezy

method. Antimicrobial activity of antibiotic-modified
prosthesis against Staphylococcus aureus and
Escherichia coli strains was assessed using zone of
inhibition and colony count assays. The performed
researches indicated that the covalent immobilization
of SPA and TOS on the graft surface resulted in stable
antibacterial protection for at least of 2 weaks.
[Engineering of Biomaterials, 99, (2010), 34-37]

Introduction

The risk of postoperative graft infections must be taken
into account when these synthetic materials are applied.
Infection of the prosthetic vascular graft itself is a rare but
serious complication of vascular surgery. The incidence of
prosthetic graft infections has been reported to vary from
1% to 6% [1,2]. From a prevention standpoint, the need to
develop a prosthesis with substance that prevents a biofilm
formation is paramount.

The aim of the present paper was to obtain antibacterial
vascular prosthesis with a covalent binding of a fluoroqui-
nolone antibiotics (sparfloxacin or tosufloxacin), using of
homobifunctional aldehyde and multi-amine as linkers, in
order to reduce postoperative infections.

Methods

A vascular prosthesis segments (10x5 mm) gelatine-
sealed (Vascutek® Gelsoft) were activated with glutaral-
dehyde according to the procedure described in the Polish
Patent [3]. The activated surface was subjected to impact
of diethylenetriamine (amine linker) and again of glutaral-
dehyde (aldehyde linker), and then such modified surface
was linked to SPA (Rhéne-Poulenc Rorer, France) or TOS
(Chemos GmbH, Germany) in dimethyl sulfoxide (DMSO)
medium. In order to an increase of the bond stability, the
imine group was reduced with hydrogen ,in statu nascendi”
to amine group using sodium borohydride. With the aim of
optimizing the immobilization process, the modified samples
were subjected to impact solutions of SPA or TOS at the
different concentrations of 2.0 mg/ml, 1.0 mg/ml, 0.5 mg/ml,
0.2 mg/ml and 0.1 mg/ml prepared in DMSO. The solutions
prepared for the immobilization and the solutions obtained
after this process, adequate diluted, were determined by
HPLC method with UV-detection (Waters HPLC system)
for the evaluation of the total amount of drug linked with
surface of the modified sample.

Antimicrobial activity of the vascular prosthesis with the
bound chemotherapeutic agent was tested in vitro against
Staphylococcus aureus ATCC 25923 and Escherichia coli
ATCC 25992 bacterial strains, responsible for postoperative
infections, using zone of bacterial growth inhibition (Muel-
ler-Hinton agar) and colony count (Mueller-Hinton broth)
assays. The presence of living bacteria in broth medium
was controlled as a CFU value increase.

Results

To obtain the antimicrobial vascular prosthesis, spar-
floxacin and tosufloxacin was used. This fluoroquinolone
antibiotics were selected because of their broad-spectrum
antimicrobial activity against gram-positive and gram-nega-
tive microorganisms.

Antimicrobial properties of prosthesis surface was ob-
tained by an alternatively activation with glutaraldehyde and
diethylenetriamine, and then by coupling with SPA or TOS
in organic medium to form a relatively stable Schiff base
following by hydrogen reduction.
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RYS.1. Przykiadowe chromatogramy otrzymane
dla roztworow przed (A) i po (B) immobilizacji przy
stezeniu poczatkowym TOS 1.0 mg/ml.

FIG.1. The exemplary chromatograms obtained for
the solutions before (A) and after (B) immobilization
at initial TOS concentration of 1.0 mg/ml.

otrzymano przez naprzemienng aktywacje glutaraldehydem
i dietylenotriaming, a nastepnie przez potgczenie ze SPA
lub TOS w organicznym $rodowisku tworzac stosunkowo
trwatg zasade Schiff'a, w kolejnym etapie zredukowang
wodorem.

llosci lekdw zwigzanych ze zmodyfikowang powierzchnig
protezy obliczono na podstawie réznic w stezeniach SPA
lub TOS, przed i po immobilizacji, oznaczonych metoda
HPLC (RYSUNEK 1). llosci antybiotykéw przytgczonych do
biomateriatu byty rézne w zaleznosci od ich stezen w roztwo-
rach uzytych do immobilizacji. Ze wzrostem poczatkowego
stezenia lekdw, ilosci tych lekéw zwigzane z nosnikiem rosty,
ale wydajnos$¢ immobilizacji malata. Stezenie antybiotyku
w zakresie 2 - 1 mg/ml zostato wybrane jako optymalne do
immobilizacji obydwu lekéw biorgc pod uwage wydajnosé
tego procesu (ok. 50%) i aktywnos$¢ przeciwbakteryjng tak
otrzymanego implantacyjnego materiatu.

Zmodyfikowane préobki ze SPA lub TOS zbadano pod
wzgledem ich dziatania wobec szczepow Staphylococcus
aureus ATCC 25923 i Escherichia coli ATCC 25992 stosujgc
test plytkowy. Jak pokazano (RYSUNEK 2), strefy zaha-
mowania wzrostu bakterii wokot probek ze SPA lub TOS
otrzymanych po immobilizacji w roztworze o stezeniu 0.2
mg/ml wynosity 10-15 mm, a dla probek ze SPA lub TOS
otrzymanych po immobilizacji w roztworze o stezeniu 2.0
mg/ml wynosity 25-30 mm. Prébki nie modyfikowane anty-
biotykiem nie wykazaty stref zahamowania wobec wszyst-
kich badanych szczepdw, podobnie jak prébki aktywowane
tylko glutaraldehydowym i aminowym tgcznikiem. Obecno$¢
stref zahamowania wzrostu bakterii wokot probek zawiera-
jacych antybiotyk demonstruje, ze proces immobilizacji nie
zmienit aktywnosci przeciwbakteryjnej SPA i TOS.

Aktywnos¢ przeciwbakteryjng zmodyfikowanych probek
ze SPAIlub TOS otrzymanych przy stezeniu 1 mg/ml potwier-
dzono przy uzyciu testu cieczowego wobec tych samych
szczepow bakteryjnych, jak réwniez w badaniu ptytkowym.
Brak wzrostu bakterii moze sugerowacé, ze antybiotyk byt
zdolny dyfundowac do bulionu i byt aktywny. Jak pokazano
(TABELA 1), prébka zmodyfikowana SPA byta chroniona
przed kolonizacjg mikroorganizméw przez 17 dni (E.coli)
i 16 dni (S. aureus), podczas gdy probka zmodyfikowana
TOS byta chroniona przed kolonizacjg mikrobéw przez 16
dni (E. coli) i 9 dni (S. aureus).

Na podstawie testéw mikrobiologicznych mozna wyde-

RYS.2. Strefy zahamowania wzrostu jako przejaw
aktywnosci przeciwbakteryjnej modyfikowanych
protez. K - kontrola niemodyfikowana, O - kontrola
modyfikowana tgcznikami, 1- prébka ze SPA mody-
fikowana przy stezeniu 2 mg/ml, 2 - probka ze SPA
modyfikowana przy stezeniu 0.2 mg/ml.

FIG.2. Zones of bacterial growth inhibition as a
function of antibacterial effect of the modified
biomaterial; K - unmodified sample, O - sample
modified with linkers, 1- sample with SPA modified
at concentration of 2 mg/ml, 2 — sample with SPA
modified at concentration of 0.2 mg/mi.

The amounts of drugs bound to the modified prosthesis
surface were calculated on the basis of the differences in
SPA or TOS concentrations, before and after immobilization,
determined by HPLC method (FIGURE 1). The quantities of
antibiotics attached to biomaterial were altered by changing
their concentrations in solutions used for immobilization.
With increasing initial concentration of drugs, the amounts of
these drugs associated with the carrier were increased, but
immobilization yield decreased. The antibiotic concentration
in the range of 2 - 1 mg/ml was selected as optimal for im-
mobilization of both drugs, taking into account the yield of
this process (about 50%) and antimicrobial activity of such
obtained implantable material.

The modified samples with SPA or TOS were examined
for their effect against Staphylococcus aureus ATCC 25923
and Escherichia coli ATCC 25992 strains by using of plate
test. As it has been shown (FIGURE 2 ), the zones of bacte-
rial growth inhibition around the samples with SPA or TOS
obtained after immobilization in a solution of 0.2 mg/ml were
10-15 mm, and for the samples with SPA or TOS obtained
after immobilization in a solution of 2.0 mg/ml were 25-30
mm. The unmodified samples without antibiotic showed
no zones of inhibition against all tested strains, similarly
as samples modified only with glutaraldehyde and amine
linkers. The presence of inhibition zones of bacterial growth
around antibiotic-containing samples demonstrated that the
immobilization process did not change the antimicrobial
activity of SPA and TOS.

Antimicrobial activity of the modified samples with SPA or
TOS, obtained at concentration of 1 mg/ml, was confirmed
by use of the liquid test against the same bacterial strains
as in plate test. The lack of bacterial growth can suggest
that antibiotic was able to diffuse into the culture medium
and was active. As it has been shown (TABLE 1), the SPA-
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TABELA 1. Hamujacy wptyw immobilizowanego antybiotyku na wzrost E. coli i S. aureus.
TABLE 1. Inhibiting effect of the immobilized antibiotic on growth of E. coli and S. aureus.

Badana préba
Test sample 1

Wzrost
Proba kontrolna A* | zlewny
Control sample A* | Heavy

Control sample B*

Préba ze SPA

growth

Préba kontrolna

B* Heavy _ _ ) _ _ ) _ ) ) _ _ _ ) _ _ _
growth

| Escherichia coli |

8

A olo|lolo|lo|lo|lo|o|o|lo|o|o|o]| o o]axto

5 Heavy
Proba z TOS 0 oloflo|lololo|lo|lo|lo|lo|lo|lo|ol| o /o] gro
Sample with TOS o

| Staphylococcus aureus |

Préba ze SPA 6

Snenrmes | Y oloflofloflofofo]o]|o0o]|oO0o]|]oO0]|oO0]| 0 - |30
He-

Préba z TOS o

Sample with TOS v 0 o jojolojolo]jo| T |- ; A
wth

*-control sample A - the unmodified sample, control sample B - the sample modified with linkers

dukowaé, ze aktywnos¢ przeciwbakteryjna protez naczy-
niowych zmodyfikowanych SPA i TOS byfa spowodowana
zaréwno dyfuzjg obydwu antybiotykéw do agaru i bulionu
(niekowalencyjne wigzanie lekéw) jak i obecnoscig oby-
dwu antybiotykéw na powierzchni (kowalencyjne wigzanie
lekow).
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modified sample was protected from microbial colonization
for 17 days (E.coli) and 16 days (S. aureus), whereas the
TOS-modified sample was protected from microbial coloni-
zation for 16 days (E. coli) and 9 days (S. aureus).

From microbiological tests, it can be deduced that the
antimicrobial activity of SPA and TOS modified vascular
prostheses was due to the diffusion of both antibiotics into
agar and broth media (non-covalent attached drugs) and
to the presence of both antibiotics on the surface (covalent
attached drugs).
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BIODEGRADOWALNE
MATERIALY POLIMEROWE
WYKORZYSTYWANE JAKO
MATERIALY NA ELEMENTY
STABILIZUJACE

KucieL S., LiBER-KNEC A., KuzNIAR P.

PoLiTecHNIKA KRAKOWSKA IM. TADEUSZA Ko$cluszki,
WypziAt. MECHANICZNY,
AL. JANA Pawea Il 37, 31-864 Krakow

Streszczenie

W pracy oceniono mozliwoS¢ wykorzystania no-
wych biodegradowalnych polimeréw pochodzenia
naturalnego, jako materiatow do wytwarzania ele-
mentéw stabilizujgcych w ortopedii. Oceniono pod-
stawowe wiasciwoSci wytrzymatosciowe oraz wplyw
procesu biodegradacji w roztworze soli fizjologicznej i
pryzmie kompostowej na badane wtasciwosci. Probki
wktadano do wrzgcej wody i zaginano, w celu oceny
podatnosci polimeru do ksztaftowania, a takze spraw-
dzano trwato$¢ nadanego ksztaftu. Sposréd badanych
polimeréw najlepszy do potencjalnego zastosowania
na elementy stabilizujgce, np. dla matych zwierzat
okazat sie Bio-Flex F6510.

Stowa kluczowe: polimer biodegradowalny, orto-
pedia, opatrunki stabilizujgce
[Inzynieria Biomateriatow, 99, (2010), 38-41]

Wstep

Obecnie wyboér materiatéw wykorzystywanych w ortopedii
do stabilizacji i korekcji jest bardzo szeroki. Stosowany od
stuleci opatrunek gipsowy w postaci bawetnianych tasm
przesyconych gipsem, moczy sie w wodzie, a nastepnie
zaktada i modeluje na pacjencie. Pomimo, iz czas wigzania
opatrunku gipsowego rozpoczyna sie juz po 10 minutach i
konczy po okoto 45, to gips do petnego wyschniecia potur-
buje okoto 24 godzin. Czesto zamiast gipsu stosuje sie opa-
trunki wykonane z materiatéw polimerowych. Wykorzystuje
sie poliuretan, ktory na skutek kontaktu z wodg twardnieje,
dodatkowo jest on wzmocniony witdknami szklanymi dla
zwiekszenia sztywnos$ci opatrunku. Takie opatrunki sg duzo
Izejsze od gipsu, szybciej schng niz opatrunek gipsowy, ale
czesto koszt ich jest wysoki. Innym rozwigzaniem moze by¢
stosowanie opatrunkdéw stabilizujgcych z polimerow termo-
plastycznych, ktére uzyskujg pozgdang sztywnos$¢ po kilku
minutach od ich uksztattowania i ochtodzenia. Polimer taki
mieknie w temperaturze okoto 60-80°C. Do jego ogrzania
wykorzystuje sie kgpiel we wrzgcej wodzie, nagrzewanie
gorgcym powietrzem lub fale mikrofalowe. Czas migknienia
zalezy zwykle od Zrodta ciepta, wymiaru elementu i moze
wynies¢ od 30 sekund do 2 minut. Do materiatow, ktore
byty badane pod wzgledem wykorzystania na elementy
stabilizatorow nalezg: polimetakrylan metylu, polichlorek
winylu i jego kopolimery, polialkohol winylowy, octan ce-
lulozy, polietylen, polistyren, a takze duroplasty tj. zywica
formaldehydowa i zywice poliestrowe [1,2]. Obecnie wyko-
rzystanie biodegradowalnych polimeréw produkowanych
z roslin pozwala na produkcje nietoksycznych, biodegra-
dowalnych elementéw wykorzystywanych do stabilizacji w
ortopedii, ulegajgcych degradacji w czasie szesciu miesiecy
w warunkach kompostowania [3,4].

BIODEGRADABLE BIOPOLYMER
MATERIALS FOR USING IN
ORTHOPEDY AS A SPLINT
MATERIAL

KucieL S., LiBer KNEC A., KuzniaR P.

Tabeusz Kosciuszko CrRacow UNIVERSITY OF TECHNOLOGY,
FacuLTy oF MECHANICAL ENGINEERING
37 JAaNA PawLa Il Avenug, 31-864 Cracow

Abstract

In this work, possibility of using new biodegradable
polymers from renewable resources as materials for
stabilization elements in orthopedy was estimated. An
influence of biodegradation process in psychological
saline and in garden compost on basic mechanical
properties was estimated. Specimens were put into
boiling water and bended to estimate polymers ability
for shaping and also stability of the shape. The best
among tested polymers for using as stabilization ele-
ments, for instance for small animals, had Bio-Flex
F6510.

Key words: biodegradable polymer, orthopedy,
thermoplastic splint

[Engineering of Biomaterials, 99, (2010), 38-41]

Introduction

Nowadays selection of materials applied in orthopedy for
stabilization and correction has a wide variety. For centuries
gypsum plaster in the form of cotton tape impregnated with
gypsum has been used. Gypsum plaster soaks in water and
is shaped to be fit to the patient’s body. Even though the
setting of unmodified plaster starts about 10 minutes after
mixing and is complete in about 45 minutes; the cast is not
fully dry though for 24 hours. Plaster casts made of synthetic
materials are often used instead of classical calcined gyp-
sum. Polyurethane used as a plaster cast becomes siiff in
contact with water and additionally is filled with glass fibres
to increase stiffness of the plaster. These plasters are lighter
and dry much faster than gypsum plaster cast but their cost
is higher. Another solution may be using a thermoplastic
polymer as a stabilisation cast which hardens within few
minutes after shaping and cooling. Thermoplastic splint is
softened by heating at a minimum temperature of 60-80
°C. The possible activation sources are: boiled water bath,
air-heat gun, heating plate, microwave oven. The activation
time usually depends on the heat source and the product
size, and varies from 30 seconds to 2 minutes. The mate-
rials which have been considered experimentally for the
construction of splints includes: polymethyl methacrylate,
polyvinyl chloride and copolymers, polyvinyl acetate, cel-
lulose acetate, polythene, polystyrene and also thermosets:
phenolformaldehyde and polyester resins [1,2]. Nowadays
application of biodegradable polymers obtained from
plants allows producing non-toxic biodegradable splints,
undergoing degradation in time of six months in compost
conditions [3,4].

The aim of the work was to estimate the possibility of
using new biodegradable polymers from natural renewable
sources as materials for thermoplastic splints.
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Celem pracy byta ocena mozliwosci
wykorzystania nowych biodegra-
dowalnych polimeréw pochodzenia
naturalnego, jako materiatéw do wy-
twarzania elementéw stabilizujgcych
w ortopedii.

Materiaty i metody badan

Ozna-
czenie
Index

W badaniach wykorzystano nowe
naturalne termoplastyczne polimery:
BC-LBIO1iBC-LBI08 z serii BioCércs

Materials and
methods

TABELA 1. Poréwnanie gestosci, temperatury migk-
nienia Vicata (TMV) i wskaznika szybkosci ptyniecia
(MFI) badanych polimeréw.

TABLE 1. Comparison of density, Vicat softening
point (TMV) and melt fl
polymers.

The research was done
for new natural thermoplas-
tic polymers: wheat flour-
based products BC-LBI01
and BC-LB108 descending
from the BioCércs range
produced by FuturaMat
and Bio-Flex® F 6510, Bi-
ograde® C 9555 produced

low index (MFI) for tested

Ge-
stosé
Dens-

ity
[g/cm?]

MFI
(170,2.16)
[9/10min]

LAY

produkowane na bazie pszenicy przez I by FKuR® Plastics. The
FuturMat oraz Bio-Flex® F 6510 i Bio- e a0 L1 1.30 67.6 6.1 Bio-Flex® F 6510 trade
BC-LBI08 L8 1.32 66.4 34.1 CAS
grade® C 9555 produkowane przez Bio-Flex® name indicates blends of
FKuR® Plastics. Bio-Flex® F 6510 F 6510 FF 1.30 65.6 3-5 co-polyester and PLA with,
jest mieszaning poliestru i polilaktydu Bioarade® depending on the particular
z dodatkiem duzej ilosci naturalnego C 9355 GC 1.67 116 6-12* grade, a very high contend
materiatu, nie zawiera skrobi ani jej " of natural resource mate-
pochodnych. Biograde® C 9555 jest MF1(230,5.0) rial. Bio-Flex® does not

biatg, nieprzezroczystg mieszaning
celulozows.

Standardowe probki wiosetkowe wytworzono metodag
wtrysku w zaktadach Azotowych w Tarnowie przy uzyciu
wtryskarki Engel ES 200/40 HSL. Parametry procesu wtry-
sku dla biopolimeréw BC-LBIO1 i BC-LBI0O8 byty nastepu-
jace: temperatura wirysku 150°C, temperatura formy 50°C,
cisnienie wtrysku 70 MPa, czas cyklu 40 s (czas chiodzenia
20 s). Dla biopolimeru Biograde® C 9555 parametry procesu
wynosity: temperatura wtrysku 220°C, temperatura formy
60°C, cisnienie wtrysku 90 MPa, czas cyklu 50 s (czas chio-
dzenia 20 s). Dla Bio-Flex® parametry procesu byty takie
same jak dla Biograde® C 9555 z wyjatkiem temperatury
wtrysku, ktéra wynosita 180°C.

W celu oceny procesu biodegradaciji i wtasciwosci bada-
nych materiatdw, jeden zestaw probek zostat umieszczony
w roztworze soli fizjologicznej o temperaturze 40°C na 7 dni,
a drugi w pryzmie kompostowej (od kwietnia do czerwca,
na 60 dni). Statyczng probe rozciggania przeprowadzono
przy uzyciu maszyny wytrzymatosciowej Instron zgodnie z
normg PN - EN ISO 527-1 dla probek przed i po inkubacji.
Oznaczono wytrzymatos$¢ na rozcigganie, modut sprezysto-
Sci i odksztatcenie przy zerwaniu.

Dla oceny zdolnosci zachowania nadanego ksztattu
wykonano proby zaginania probek wiosetkowych ogrza-
nych wodzie o temperaturze 80-90°C przez 2 minuty na
rurze o $rednicy 40 mm do uzyskania réwnolegtego po-
tozenia koncéw prébki. Probki po zagieciu utrzymywano
w tym potozeniu do ich wstepnego schtodzenia. Mierzono
zmiane odlegtosci pomiedzy koncami zagietych prébek po
1 dniu (RYS.1). Dodatkowo

contain any starch or starch
derivatives. Biograde® C 9555 is a white, opaque cellulose
blend.

Standard dumbbell type specimens were produced by
injection molding in Zaklady Azotowe in Tarnow using Engel
ES 200/40 HSL. The parameters of the injection process
for biopolymer BC-LBIO1 and BC-LBIO8 were the follow-
ing: injection temperature 150°C, mold temperature 50°C,
injection pressure 70 MPa, cycle time 40 s (cooling time 20
s). For biopolymer Biograde® C 9555 parameters of the
process were: injection temperature 220°C, temperature
of form 60°C, injection pressure 90 MPa, cycle time 50 s
(cooling time 20 s). For Bio-Flex® parameters of the process
were the same as for Biograde® C 9555 except the injection
temperature which was 180°C.

To estimate the influence of biodegradation process on
the proprieties of tested materials, one set of the specimens
was placed in physiological saline for 7 days at 40°C and
another one in garden compost (since April till June, for 60
days). The tensile test for the specimens before and after
incubation in these environments was carried out using
Instron tensile machine according to PN - EN ISO 527-1.
Tensile strength, modulus of elasticity and strain at break
were calculated.

To estimate an ability to shape keeping, dumbbell type
specimens were heated in water in temperature of 80-90°C
for 2 minutes and bended on the tube (diameter of 40
mm) until ends of specimens got parallel position. Bended
specimens were kept in this position until cooling down. The
change of the distance between ends of bended specimens

after 1 day was calculated (FIG.1).

wykonano tez 10 minutowe

_| Additionally relaxation test was

proby relaksacji tak zginanych
probek na maszynie wytrzy-
matosciowej Instron.

Wyniki i dyskusja
W TABELI 1 poréwna-

no oznaczone gestosci po-
limeréw oraz temperature

done for these bended specimens
using Instron machine.

Results and discussion

In TABLE 1 the density, the
Vicat softening point and the melt
flow index of tested materials were
compared. In case of GC polymer,

mieknienia Vicata i masowy I

] the Vicat softening point seems

wskaznik szybkosci ptyniecia.
W przypadku polimeru GC
temperatura mieknienia Vicata
wydaje sie za wysoka, aby
mogto zachodzi¢ mieknienie
w temperaturze wody wrzg-

dzy koncami zagietych prébek

ends of bended specimens

RYS.1. Schemat pomiaru zmiany odlegtosci pomie-

FIG.1. Scheme of distance measurement between

to be too high to enable polymer
softening in boiled water and easy
shaping of splint. Also its high den-
sity compared to other polymers
may influence on high weight of
the plaster.
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cej, umozliwiajgce tatwe
ksztattowanie opatrunku
stabilizujgcego. Réwniez
jego wysoka gestos¢ w
poréwnaniu z pozostaty-
mi polimerami moze po-
wodowac zbyt duzg mase
catego opatrunku.

Na RYSUNKACH od 2
do 4 poréwnano zmiany
wtasciwosci wytrzyma-
tosciowych oznaczanych
przy rozcigganiu dla
badanych polimeréow w
trzech stanach: probki
po wtrysku, prébki in-
kubowane w roztworze
soli fizjologicznej oraz
inkubowane w pryzmie
kompostowej. Sposréd
badanych polimeréw naj-
szybszg biodegradacje
wykazujg dwa polimery
z serii BioCeres (L1 i
L8) oraz Biograde (GC).
Najwyzszg wytrzyma-
toscig charakteryzuja
sie dwa polimery GC i
FF (RYS.2), a najnizsza
praktycznie dyskwalifi-
kujgcg z punktu widzenia
zastosowan na szyny po-
limer L1. Wysokim modu-
tem sprezystosci charak-
teryzuje sie polimer GC, a
zadawalajgca lecz nizsza
0 potowe jego wartoscig
polimery FF i L8 (RYS.
3). Najwyzszg odksztat-
calnoscig przy zerwaniu
— powyzej 50% wyroz-
niajg sie polimery FF i L1
(RYS.4). Przeprowadzo-
ne pomiary odlegtosci
pomiedzy koncami zgie-
tych probek wykluczajg
zastosowanie polimeréw
L1 i GC na elementy
stabilizujgce ze wzgledu
na niewystarczajgcg sta-
bilno$¢ nadanego ksztat-
u (RYS.5). Dodatkowo
przeprowadzone proby
relaksacji tych dwdch
polimeréw (pozostate
— FF i L8 nie wykazy-
waty efektow relaksacji
naprezen) potwierdzity
wystepowanie, szcze-
golnie dla polimeru GC,
duzych utrzymujgcych
sie naprezen po zagieciu
prébki (RYS.6).

Whnioski

Przeprowadzone badania potwierdzity mozliwo$¢ wyko-
rzystania nowych biodegradowalnych polimeréw produko-

Wytrzymatosé¢ na
rozcigganie/tensile strength [MPa]

60
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FIG.2. Comparison of tensile strength for tested polymers
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RYS.4. Poréwnanie odksztalcenia przy zerwaniu badanych materia-
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FIG.4. Comparison of strain at break for tested polymers

In FIGURE 2
to 4, changes of
strength proper-
ties obtained in ten-
sile test for tested
polymers in three
conditions: injected
specimens, speci-
mens incubated
in physiological
saline or in gar-
den compost were
compared. Among
tested polymers,
the fastest biodeg-
radation process
was observed for
two polymers de-
scending from the
BioCércs range
(L1 and L8) and
Biograde (GC).
Two polymers GC
and FF have the
highest tensile
strength (FIG.2)
and L1 has the
lowest one which
eliminates its ap-
plication as a splint.
The highest value
of elasticity modu-
lus was obtained
for GC polymer;
polymers FF and
L8 have accept-
able but half lower
value of elasticity
modulus (FIG.3).
Strain at break
measured for poly-
mers FF and L1
obtained the high-
est value, exceed-
ing 50% (FI1G.4).
The measurement
of the distance
between bended
specimens’ ends
eliminates using
as splint two poly-
mers: L1 and GC
because of insuffi-
cient stability of giv-
en shape (FIG.5).
Additionally relaxa-
tion tests of these
two polymers (FF
and F8 didn’t have
relaxation effects)
confirmed pres-
ence high stresses

in bended specimens, especially for GC polymer (FIG.6).

Conclusions
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Conducted tests confirmed possibility of using new
biodegradable polymers from natural renewable sourc-



wanych z odnawialnych
surowcdw na elementy
stabilizujgce w ortope-
dii i weterynarii. Naj-
lepszych z polimerdw,
dla ktorego bedzie
mozna wytworzy¢ par-
tie probng opatrunkoéw
stabilizujgcych do prze-
testowania na zwierze-
tach jest polimer firmy
FKur Bio-Flex F6510.
Dodatkowo mozna
go wzmocni¢ tkaning
Iniang, cho¢ polimer
ten charakteryzuje sie
rowniez bez dodatkow
wysokg wytrzymatoscig
na poziomie 45 MPa.
Wykazuje on rowniez
najmniejszg degrada-
cje w roztworze soli
fizjologicznej i duze
odksztatcenie przy
zerwaniu, co powin-
no utatwi¢ plastyczne
ksztattowanie opatrun-
kow. Opatrunki z takich
polimeréw cechujg sie
duzg przyjaznosciag
dla srodowiska, tak ze
wzgledu na wytwarza-
nie ich z odnawialnych
surowcow, jak i przez
fakt, iz ulegajg biode-
gradaciji.
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FIG.5. The change of distance between ends of bended specimens for
1 day after their shaping
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FIG.6. Relaxation curves for biopolymer BioCeres LBI01 (L1) and
Biograde (GC)

20009, 3, 3, 262-274.

Rapra Limited, 2006.

es as materials for
stabilization ele-
ments in orthopedy
and veterinary. The
best among tested
polymer is Bio-Flex
F6510 produced by
FKur which may be
used for making test
set of stabilization
plasters or splints
and tested on ani-
mals. Additionally, it
may be reinforced by
flax fabric, however
this polymer has high
tensile strength on
the level of 45 MPa.
It has also the low-
est degradation in
physiological saline
and high elongation
at break which ought
to make easier plas-
tic plasters shaping.
Such polymer plas-
ters are environmen-
tal friendly because
of their renewable
character and bio-
degradation at the
end of life cycle.
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Streszczenie

W pracy przedstawiono charakterystyke mikro/
nanostruktury, wtasciwo$ci mikro-mechanicznych
i tribologicznych powtoki nc-TiC/a-C osadzonej na
utwardzonym powierzchniowo atomami tlenu stopie
Ti-6Al-7Nb. Badania mikro/nanostruktury przepro-
wadzono za pomocg skaningowej i transmisyjnej
mikroskopii elektronowej na prébkach z przekroju
poprzecznego. Stwierdzono, ze powfoka nc-TiC/a-C
zbudowana jest z nanokrystalicznych czgstek TiC w
amorficznej osnowie wegla. W warstwie wierzchniej
utwardzonego tlenem stopu wystepowat roztwor
staty tlenu w tytanie a(Q). Zastosowana obrébka po-
wierzchniowa istotnie poprawita mikrotwardos$¢ oraz
wtasciwosci tribologiczne stopu Ti-6Al-7Nb (wzrost
odpornosci na zuzycie przez tarcie, zmniejszenie
wspobfczynnika tarcia).

[Inzynieria Biomateriatow, 99, (2010), 42-44]

Wprowadzenie

Stopy tytanu sg szeroko stosowane w medycynie na
elementy endoprotez stawowych [1,2]. Do zastosowan tych
predysponujg je przede wszystkim korzystne wiasciwosci
mechaniczne i dobra odporno$¢ na korozje. Stopy tytanu
majg jednak stosunkowo matg odpornosc¢ na zuzycie przez
tarcie i duzy wspoétczynnik tarcia. W celu poprawy tych
niekorzystnych witasciwosci tribologicznych stosuje sie
obrobke powierzchniowg [1]. Perspektywiczne znaczenie
mogg mie¢ niskotarciowe powtoki nanokompozytowe, ktére
charakteryzujg sie wyjgtkowo korzystnymi wiasciwosciami
tribologicznymi i mechanicznymi. Wérdd pokry¢ nanokom-
pozytowych duzo uwagi poswieca sie grupie powtok zbu-
dowanych z nanokrystalicznych czgstek weglikow (nc-MeC,
Me=metal przejsciowy tworzgcy wegliki) w amorficznej osno-
wie wegla (a-C) [3-5]. W celu umozliwienia przenoszenia
przez powtoke znacznych obcigzen, stop Ti-6Al-7Nb (przed
osadzeniem powtoki) utwardzono atomami tienu w plazmie
wytadowania jarzeniowego [6]. Celem obecnej pracy byta
charakterystyka mikro/nanostruktury oraz wtasciwosci
tribologicznych i mikro-mechanicznych powtoki nc-TiC/a-C
osadzonej na utwardzonym powierzchniowo atomami tlenu
stopie Ti-6AI-7Nb.

Materiat i metodyka badan

Badania przeprowadzono na dwufazowym (a+f) sto-
pie Ti-6Al-7Nb. Materiaty zostat dostarczony przez firme
BOHLER Edelstahl GmbH, Niemcy, w stanie po walcowaniu

MICROSTRUCTURE AND
PROPERTIES OF LOW FRICTION
NANOCOMPOSITE nc-TiC/a-C
COATING ON Ti-6Al-7Nb ALLOY

T.MoskaLewicz'*, B.WENDLER?, S.Zimowski', A.CzYRsKA-Fi-
LEMONOWICZ!

TAGH UNIVERSITY OF SCIENCE AND TECHNOLOGY,

30 A.Mickiewicz AveNug, 30-059 Cracow, PoLAND
2TecHNICAL UNIVERSITY OF Lobpz,

1 STEFANOWSKIEGO STREET, 90-924 Lobpz, PoLAND
MAILTO: TMOSKALE@AGH.EDU.PL

Abstract

The microstructure as well as micro-mechanical
and tribological properties of the nc-TiC/a-C coating
deposited on oxygen hardened Ti-6Al-7Nb alloy were
examined. Scanning- and transmission electron mic-
roscopy investigations on cross-section specimens
were used for determination of microstructure and
phase composition. It was found that the nc-TiC/a-C
coating is composed of TiC nanocrystals embedded
in an amorphous carbon matrix. The Ti a(O) solid
solution enriched by interstitial oxygen atoms was
mainly present in the near-surface region. A particular
preliminary surface treatment of specimens signifi-
cantly improved microhardness and final tribological
properties: it increased wear resistance and decre-
ased friction coefficient of the alloy against alumina
bearing ball dry ball-on-disc sliding tests.

[Engineering of Biomaterials, 99, (2010), 42-44]

Introduction

Titanium alloys are widely used in medicine for compo-
nents of joint prostheses because of advantageous me-
chanical properties and good resistance to corrosion [1,2].
The application of titanium and its alloys as biomaterials
is limited by poor tribological properties (e.g. relatively low
wear resistance and high friction coefficient). Therefore, in
order to improve its tribological properties surface treatment
is often applied [1]. Low friction nanocomposite coatings
are among the fastest-growing areas of research with new
materials being continually developed, which often exhibit
exceptionally advantageous tribological and mechanical
properties. As a nanocrystalline phase, transition metal
carbide particles (nc-MeC, Me=carbide forming transition
metal) are often used. An amorphous carbon, hydrogen-free
(a-C) or hydrogenated (a-C:H) is used as a second phase
[3-5]. In order to improve mechanical properties (especially
hardness) of the Ti-6Al-7Nb alloy, a hard near-to-surface
zone enriched in oxygen atoms was produced in this alloy
[6]. The goal of this study was to characterize micro/na-
nostructure as well as micro-mechanical and tribological
properties of the nc-TiC/a-C coating deposited on oxygen
hardened Ti-6Al-7Nb alloy.

Materials and methods

The Ti-6Al-7Nb is a two phase (a+) titanium alloy. The
alloy was delivered by BOHLER Edelstahl GmbH, Germany,
as hot rolled and annealed at 750°C/2 h alloy. The Ti-6Al-
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na gorgco i wyzarzaniu (750°C/2h). Prébki stopu Ti-6Al-7Nb
poddano dyfuzyjnymu utwardzeniu warstwy wierzchniej
atomami tlenu w plazmie wytadowania jarzeniowego przy
temperaturze 1173 K w atmosferze Ar+O,. Nastepnie na
tak utwardzonym podtozu osadzono powtoke nc-TiC/a-C
metodg rozpylania magnetronowego. Szczegdtowy opis
obrébki powierzchniowej przedstawiono w pracy [7].

Badania mikro/nanostruktury przeprowadzono za pomocg
skaningowej- oraz analitycznej i wysokorozdzielczej trans-
misyjnej mikroskopii elektronowej (SEM, TEM, HRTEM).
Lamele do badan TEM przygotowano za pomocg zbieznej
wigzki jonéw (Focused lon Beam; FIB). Identyfikacje faz
przeprowadzono metodg selektywnej dyfrakcji elektronéw
(SAED) oraz w oparciu o transformate Fouriera obrazéw
HRTEM. Interpretacje dyfraktogramow elektronowych i
transformat Fouriera przeprowadzono przy uzyciu programu
komputerowego JEMS [8].

Pomiary mikrotwardosci i modutu Younga
przeprowadzono na przekrojach poprzecz-
nych prébek za pomocg urzadzenia Micro-
Combi-Tester firmy CSEM Instruments me-
todg Vickersa. Badania tarciowo-zuzyciowe
w ruchu obrotowym prébki wykonano na
sucho w styku kula-ptaszczyzna na tribo-
testerze typu ,kula-tarcza” stosujac kulke |
AlLO; o $rednicy 1 mm. i

Wyniki i dyskusja badan

Mikrostruktura stopu Ti-6Al-7Nb zbudo-
wana byta z ziaren fazy a (struktura heksa-
gonalna zwarta; HZ) i ziaren fazy 8 (struktura
regularna przestrzennie centrowana; RPC).
Wielko$¢ ziaren oszacowano na obrazach

7Nb specimens were surface treated by thermal oxidation at
900 °C in the Ar+O, atmosphere in the presence of plasma
glow discharge. The nc-TiC/a-C coating was deposited on
oxygen hardened alloy by reactive magnetron sputtering.
Details concerning the surface treatment is described in
Ref. [7].

Micro/nanostructure of the as received and surface
treated samples was characterised by scanning- as well as
analytical- and high-resolution transmission electron micros-
copy (SEM, TEM, HRTEM). The cross-section lamellas were
prepared by Focused lon Beam (FIB). Phase identification
was performed by means of selected area electron diffrac-
tion (SAED). The diffraction patterns were interpreted with
the help of JEMS software [8].

The nanohardness and Young’s modulus were measured
on cross-section samples using Nano- Combi-Tester of
CSEM Instruments with a Berkovich
indenter. Friction wear resistance was
tested by means of the ,ball-on-disc”
method using a ball of AL,O.

Results and discussion

Microstructure of the as received
Ti-6Al-7Nb alloy was consisted of
a grains (hexagonal close-packed;
hcp) and B grains (body-centred cu-
bic; bcc). The size of a and B grains
was measured from SEM and TEM
images to be in the range of 0.1-1.5
pm and 0.1-0.3 pm, respectively.
The microstructure of the Ti-6Al-7Nb
substrate after surface treatment was
changed. A diffusion zone consisting

powtoka nc-TiC/a-C

RYS.1. Mikrostruktura powtoki nc-
TiC/a-C na utwardzonym tlenem
stopie Ti-6Al-7Nb oraz dyfraktogram
elektronowy z powtoki, TEM cienka
folia z przekroju poprzecznego
FIG.1. Microstructure of the nc-TiC/
a-C coating on oxygen hardened
Ti-6Al-4V alloy as well as SAED
pattern taken from the coating and
its identification. TEM cross-section
thin foil

mikrostruktury z TEM na ok. 0,1-1,5 um dla
fazy ai 0,1-0,3 uym dla fazy B. Stwierdzo-
no, ze w wyniku obrébki powierzchniowej
mikrostruktura stopu ulegta zmianie. War-
stwa wierzchnia zbudowana byta gtéwnie z
roztworu statego tlenu w tytanie a(O). Pod
warstwg wierzchnig obserwowano dwufa-
zowg mikrostrukture, w ktérej ziarna fazy
a wzrosty do ok. 12 ym i ziarna fazy B do
ok. 5 ym, w poréwnaniu z wielkos$cig ziaren
tych faz w stopie w stanie dostawy. Wyniki
badan mikrostruktury stopu Ti-6Al- pe

7Nb sg przedstawione szczegdtowo |

w pracy [9]. 4

Grubos$¢ powtoki oszacowano na |
obrazach mikrostruktury obserwo-
wanych za pomocg SEM i TEM na §
ok. 270 nm (RYS.1). Dyfraktogramy
elektronowe wykonane z obszaru s
powtoki wykazywaty amorficzny =
charakter. Pomiedzy powtokg a
materiatem podtoza wystepowata
miedzywarstwa Ti a (HZ) o grubosci
ok. 35 nm. Miedzywarstwa Ti zosta-
ta osadzona w celu poprawy przy-
czepnosci nanokompozytowych
powtok nc-TiC/a-C do materiatéw
podtoza.

Szczegodtowe badania nano-
struktury powtoki wykonano za
pomocg wysokorozdzielczej trans-
misyjnej mikroskopii elektronowej
(HRTEM). W oparciu o transformate
Fouriera obrazéw wysokorozdziel-

[010] TiC

jako 1 jej identyfikacja, HRTEM

RYS.2. Nanostruktura powtoki nc-TiC/a-C na utwar-
dzonym tlenem stopie Ti-6Al-7Nb oraz transformata
Fouriera wykonana z obszaru oznaczonego narys.

FIG.2. HRTEM micrograph of the nc-TiC/a-C co-
ating on oxygen hardened Ti-6Al-7Nb alloy and
corresponding FFT pattern calculated from the area
marked as 1 on the figure and their identification

mainly of a (O) solid solution enriched
by oxygen was present in the near
surface region. The underlying bulk
material (substrate) was consisted of
a and 3 grains. The size of a and B
grains was measured as up to 12 ym
and up to 5 um, respectively. Results
of the Ti-6Al-7Nb alloy microstructure
characterisation are described in
Ref. [9].

SEM and TEM investigations
of sample cross-section re-
vealed that the coating was
dense and had an uniform
thickness of about 270 nm
(FIG.1). Electron diffraction
patterns (SAED) taken from
the coating were composed of
diffuse ,hallo” diffraction rings
what indicates for amorphous
structure of the coating (e.g.
SAED pattern in FIG.1). A
very thin (35 nm thick) inter-
layer of Ti a (hcp) was present
between the coating and the
substrate. This interlayer was
produced in order to increase
adhesion of the nanocompos-
ite nc-TiC/a-C coating to the
underlying bulk material.

The detailed investigations
of the coating by HRTEM
revealed a presence of nanoc-
rystals with size in the range of
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czych potwierdzono

3+7 nm in amorphous matrix

(Fig. 2). The calculated dif-
fraction patterns obtained by

performing FFT confirmed the

—8—Ti-6AFT M
—— TREAFTNDIOZ)

= ot = NC-TICA-C na Ti-BA R TNB(O2)

presence of TiC (face-centred
cubic; fcc) nanocrystals.

It was established that the
applied surface treatment

has an important beneficial
influence on microhardness

and tribological properties
of the Ti-6Al-7Nb alloy. The

wystepowanie fazy 08
TiC (RSC). Wielkosé | .
czastek TiC w nano- | .3
kompozytowej powio- E 04 L8
ce na stopie Ti-6AI4V | X e
oszacowano na ok.| € g3
3+7 nm (RYS.2). e

Stwierdzono| 5 02
istotny wptyw za-| 2 -——
stosowanej obrobki | £ 0.1 g
powierzchniowej na

o .

poprawe twardos$ci
i wtasciwosci tribo- o e00
logicznych stopu

Liczbacykii, N

. — | microhardness of the exam-
1500 2000} ined alloy increases from 3.4
GPa for the as received alloy

Ti-6AI-7Nb. Mikro-
twardos¢ powierzch-
ni stopu po obrébce
utwardzajgcej tlenem
wzrosta z 3,4 GPa do
ok. 10,6 GPa. Wyniki
testu tribologicznego
wykazaty, ze wspot-
czynnik tarcia stopu z
powtoka nc-TiC/a-C wynosi ok. 0,15, za$ materiatu podtoza
0,4-0,5 (RYS.3). Gtebokos$¢ wytarcia stopu w stanie do-
stawy wynosita 11 pm, stopu po utwardzaniu tlenem 0,19
Mm, zas stopu utwardzonego tlenem z powtokg nc-TiC/a-C
tylko 0,06 pm.

Podsumowanie

Nanokompozytowg powtoke nc-TiC/a-C osadzono na
utwardzonym tlenem stopie tytanu Ti-6Al-7Nb poprzez roz-
pylanie magnetronowe. Grubo$¢ powtoki wynosita ok. 270
nm. Powloka nc-TiC/a-C byta zbudowana z nanokrystalitow
TiC (RSC) o wielkosci 3+7 nm osadzonych w amorficznej
osnowie wegla. Pomiedzy materiatem podioza, a powtoka
nc-TiC/a-C stwierdzono wystepowanie miedzywarstwy Ti a
(HZ) o grubosci ok. 35 nm.

Wykazano, ze zastosowana obrobka powierzchniowa
istotnie wptywa na obnizenie wspotczynnika tarcia oraz
poprawe odpornosci na zuzycie przez tarcie stopu Ti-6Al-
7Nb.

Podziekowania

Badania zostaty dofinansowane przez AGH-UST (projekt
nr11.11.110.791)
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RYS.3. Wspotczynnik tarcia przy wspotpracy z kulka Al,O, stopu
Ti-6Al-7Nb, stopu Ti-6Al-7Nb po utwardzaniu tlenem oraz utwar-
dzonego tlenem stopu Ti-6Al-7Nb z powtoka nc-TiC/a-C

FIG.3. Friction coefficient of baseline Ti-6Al-7Nb alloy, oxygen
hardened Ti-6Al-4V alloy and nc-TiC/a-C coating on oxygen
hardened alloy during dry sliding against alumina ball

up to 10.6 GPa after surface
treatment. It was measured
by means of a “ball-on-disc”
test that the friction coefficient
of the nc-TiC/a-C coating on
oxygen hardened Ti-6Al-7Nb
alloy against an alumina ball
is about 0.15, while for a
substrate material it is 0.4-0.5
(FIG.3). The depth of the wear track after the test was 11
um for as-delivered Ti-6Al-7Nb alloy, 0.19 um for oxygen
hardened alloy and only 0.06 um for nc-TiC/a-C coating on
oxygen hardened alloy.

Summary

Nanocomposite nc-TiC/a-C coating was successfully
deposited on oxygen hardened Ti-6Al-4V alloy by reactive
magnetron sputtering. The nc-TiC/a-C coating was about
270 nm thick and composed of 3+7 nm diam. TiC (fcc) na-
nocrystals in an amorphous carbon matrix. A very thin (35
nm thick) interlayer of Ti a (hcp) was present between the
coating and the substrate.

It was found that the applied duplex surface treatment
significantly improved microhardness and tribological prop-
erties: it increased wear resistance and decreased friction
coefficient of the alloy against an alumina bearing ball during
dry sliding at ambient temperature.
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Abstrakt

Opracowano metode wnioskowania rozmytego
do oszacowania geometrii scaffoldu Ti6Al4V, otrzy-
manego przy uzyciu metody metalurgii proszkow.
Zaproponowana metoda umozliwia oszacowanie i
optymalizacje architektury scaffoldu poprzez dobor
odpowiednich parametrow procesu. Zaprojektowano
i przeprowadzono symulacje dziatania sterownika roz-
mytego (FLC) za pomocg oprogramowania Matlab.

[Inzynieria Biomateriatéw, 99-101, (2010), 45-47]

Wprowadzenie

Tytan i jego stopy sg materiatami implantacyjnymi czesto
stosowanymi w ortopedii w celu zastgpienia zniszczonej
ko$ci oraz do zapewnienia rusztowania dla nowotworzonej
tkanki kostnej. Rusztowania przenoszgce obcigzenia powin-
ny mie¢ zblizone wtasnosci do tkanki kostnej i jednoczesnie
wykazywa¢ odpowiednig wytrzymatos¢ mechaniczng. Bio-
materiaty tytanowe posiadajg pozgdane wtasnosci, takie jak
relatywnie niski modut sprezystosci, dobrg wytrzymatos¢ na
zmeczenie, plastycznos¢ i odpornosé na korozje [1]. Poro-
wate implanty tytanowe stanowig trojwymiarowg strukture
Z potgczong siecig porow, ktora umozliwia transport ptynow
fizjologicznych, waskularyzacje oraz wzrost tkanki kostnej
[2]. Dostepnych jest wiele metod produkcji tytanowych
rusztowan, takich jak spiekanie proszkéw metalowych bez
porogendw [3] i z uzyciem porogendw [2], replika ggbki
polimerowej [4], technologia szybkiego prototypowania, jak
np. trojwymiarowe odktadanie widkien (3DFD) [5] i wiele
innych. Jedng z metod uzytych do utworzenia porowatego
tytanowego rusztowania jest metoda metalurgii proszkow
przy uzyciu gazu TiH, jako czynnika tworzgcego pory [5].
Przy uzyciu tej metody mozliwe jest otrzymanie porowatej
struktury tytanowej z kontrolowang porowatoscig i jedno-
rodnym rozktadem porow, uzyskujgc wiasnosci zblizone
do ludzkiej kosci ggbczastej. Parametry procesu, takie jak
temperatura spiekania i zastosowane cisnienie podczas
prasowania, majg wptyw na rozmiary poréw oraz porowa-
tos¢ struktury.

Metodyka badan

Rozmyty system wnioskowania jest skuteczng metodg
stuzacg do ustalenia zwigzkéow pomiedzy wielkosciami
wejsciowymi i wyjéciowymi bez uzycia modeli matema-
tycznych [6]. Rozmyte zbiory wejsciowe i wyjsciowe zostaty
ustalone na podstawie badan przeprowadzonych przez
Gu i in. [5]. Jako zmienne wejsciowe przyjeto temperature
spiekania (840+1100°C) oraz ci$nienie prasowania (9+88
MPa). Rozmyte zbiory wyj$ciowe, to: rozmiar poréw (10-
200 pm) oraz porowatos¢ (10+70%). Przestrzen wejsciowa
i wyjsciowa zostaty podzielone na zbiory rozmyte, ktérym
nadano nazwy lingwistyczne: ,bardzo maty (VS), matly
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Abstract

The geometry of Ti6Al4V scaffold, fabricated by
powder metallurgy process, has been determined by
using fuzzy reasoning approach. A proposed method
showed the possibility of estimation and optimization
the scaffold’s architecture by choosing an appropriate
processing conditions. A fuzzy logic controller (FLC)
was utilized using Matlab Software.

[Engineering of Biomaterials, 99-101, (2010), 45-47]

Introduction

Titanium and titanium alloys are frequently used as im-
planting materials in orthopaedic applications in order to re-
place damaged bone and to provide support for healing bone
tissue. Load-bearing scaffolds should mimic the properties of
the native bone and possess adequate mechanical strength.
Titanium biomaterials possess desirable properties, such as
relatively low elastic modulus, good fatigue strength, form-
ability and corrosion resistance [1]. Porous titanium implants
provide three-dimensionally interconnected pores which
permit the transportation of body fluids, vascularization and
in-growth of bone tissue [2]. There are several processing
techniques to fabricate titanium scaffolds, such as sintering
of metal powders [3], space-holder method [2], replication
of polymeric sponge [4], rapid prototyping technology, like
three-dimensional fiber deposition (3DFD) [5], and many
others. Among them, the powder metallurgy process with
the addition of TiH, as pore forming agent has been used [5].
Using this method it is possible to obtain a porous Ti6AI4V
structure with controlled porosity and uniform pore size with
properties similar to human cancellous bone. The pore size
and porosity is affected by processing parameters, such as
sintering temperature and pressure applied during powder
compaction.

Material and methods

Fuzzy reasoning approach provides an efficient method
to establish the relationships between an input and an output
without the need of complex mathematical models [6]. Fuzzy
input and fuzzy output sets have been established based on
the research conducted by Gu et al. [5]. As input variables
sintering temperature (840+1100°C) and compaction pres-
sure (9+88 MPa) have been chosen. Fuzzy output sets are:
pore size (10-200 pm), and porosity (10+70%). Input and
output space have been divided into fuzzy triangular and
trapezoidal sets, with linguistic names given: “very small
(VS), small (S), medium (M), large (L), very large (VL)". The
rule base has consisted of just 9 rules linking input values
with output for certain parameters, which were introduced
into Matlab environment, Fuzzy Toolbox [6]. Rules in the
form “if — then” can be presented as decision table (Tab.1).
The center of gravity defuzzyfication method has been used
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Wyniki badan i dyskusja

Na podstawie wnioskowania roz-
mytego dla danych wartosci wielkosci
wejsciowych, otrzymano rozmyte zbiory
wyjsciowe (RYS.1). W wyniku procesu
wyostrzania zostata wybrana tylko jedna
wartos¢ w odpowiedzi na dane wartosci
wejsciowe. Jako przyktad, dla wartosci
wejsciowych temperatury spiekania
9700C oraz cisnienia prasowania 45

watos¢ [%].

TABELA 1. Tabela decyzyjna bazy regut rozmytych
dla utworzenia porowatego rusztowania Ti6Al4V
za pomocag metody metalurgii proszkow [5],gdzie:
T — temperatura spiekania [0C], C — cisnienie pra-
sowania [Pa], PS — srednica poréw [pm], P — poro-

TABLE 1. Decision table of fuzzy rule base for fa-
brication of porous Ti6Al4V by powder metallurgy
process [5], where: T — sintering temperature [0C],
C — compression pressure [Pa], PS — pore size [um],
P — porosity [%].

output sets have been
received (FIG.1). As a
result of defuzzyfication
process, only one value
was chosen, in response
to given input values.
As an example, for the
chosen input variables:
applied sintering tem-
perature of 970°C and
compaction pressure of
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RYS.1. Wyniki obliczen metoda wnioskowania rozmytego dla procesu wytwarzania porowatej struktury Ti6AI4V:
a) wielkosci wejsciowe — zastosowana temperatura spiekania 9700C oraz cisnienie prasowania 45 MPa, wielkosci
wyjsciowe — srednica poréw 97,9 ym oraz porowatos¢ 29,4%, b) wielkosci wejsciowe — zastosowana temperatura
spiekania 9500C oraz cisnienie prasowania 26 MPa, wielkosci wyjsciowe — srednica porow 50 um oraz porowa-

tos¢ 30%.

FIG.1. Results of fuzzy reasoning system for fabrication of porous Ti6Al4V: a) the inputs - applied sintering
temperature 970°C and compaction pressure 45 MPa, the outputs — pore size 97.9 ym and porosity 29.4 %, b)
the inputs - applied sintering temperature 950°C and compaction pressure 26 MPa, the outputs — pore size 50

pm and porosity 30%

MPa, w wyniku przeprowadzonej symulacji uzyskano wiel-
kosci wyjsciowe: Srednice poréow 97,9 um oraz porowatos¢
29,4%. Podobnie dla wielkosci wejsciowych, temperatury
spiekania 950°C oraz ci$nienia prasowania 26 MPa,
wartosciami wyjsciowymi sg: srednica poréw 50 ym oraz
porowatos¢ 30%. Otrzymane wartosci srednicy porow
oraz porowatosci sg zgodne z danymi eksperymentalnymi
uzyskanymi w [5].

Whnioski

Za pomocg prostej metody wnioskowania rozmytego
mozna okresli¢ optymalng geometrie architektury ruszto-
wania dla wzrostu kosci. Mozliwe jest uzyskanie bardziej
dokfadnego modelu poprzez dodanie regut rozmytych, mimo
iz udowodniono, ze liczba 9 regut rozmytych jest wystar-
czajgca do poprawnego okreslenia geometrii rusztowania.
Zaproponowana metoda jest uzytecznym narzedziem w
przypadku, kiedy nie istnieje wystarczajgca liczba danych
eksperymentalnych.

45 MPa, the simulation results determined the outputs vari-
ables: pore size of 97.9 um and porosity of 29.4%. Similarly,
for the inputs variables: applied sintering temperature of
950°C and compaction pressure of 26 MPa, the outputs
variables: pore size of 50 ym and porosity of 30%.The
obtained pore size dimensions and porosity are in line with
the experimental data achieved by Gu Y.W. et al.[5].

Conclusions

The optimal geometry of scaffold’s architecture can be
well determined using simple fuzzy reasoning method. It is
possible to make the model more accurate by addition of
fuzzy rules in order to make a better estimation of scaffold’s
architecture, although it has been proven that just 9 fuzzy
rules is enough to properly predict the scaffold’s geometry.
Proposed method provides a useful tool within the range of
area responses established, based on selective and limited
representative experimental data.
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Streszczenie

W pracy pokazano wptyw domieszek na wtasci-
wosci strukturalne bioszkiet. Przedstawiono sposoby
ofrzymywania i domieszkowania jonami srebra, miedzi
lub zelaza, cienkich warstw bioszkla otrzymanego
metoda zol-zel. Okre$lono aktywnoS$c¢ bakteryjng
Gram-ujemnych pateczek ropy bfekitnej Pseudomo-
nas aeruginosa and Gram-dodatniego gronkowca
ztocistego Staphylococcus aureus w domieszko-
wanych probkach. Zbadano wptyw promieniowania
ultrafioletowego na przezywalno$¢ bakterii.

q: bioszkfo, efekt antybakteryjny, procesy steryli-
zacji, nanoczasteczki srebra

[Inzynieria Biomateriatow, 99-101, (2010), 47-50]

Wstep

Biomateriaty po wprowadzeniu do organizmu moga ulec
infekcji. Wtasciwosci fizyczne materiatu mogg wzmacnia¢
jego odpornos¢ na mikroorganizmy. Biomateriat niemo-
dyfikowany, nie posiadajgcy metalicznych domieszek, nie
wykazuje wtasciwosci bakteriobojczych. Wiadomo jednak,

INFLUENCE OF DOPANTS ON
STERILIZATION PROCESS OF
BIOGLASS OF SMALL DOSE
RADIATION
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Abstract

A recent study has shown that the occurrence of
structural alteration of the bioglass which accompanies
the remarkable change in glass properties depends
on the ions to be incorporated. In this paper, the
preparation and antibacterial activity of doped with
silver, copper and iron (respectively) bioactive glass
thin films, obtained by sol-gel processing, are repor-
ted. The antibacterial activity against Gram-negative
Pseudomonas aeruginosa and Gram-positive Staphy-
lococcus aureus has been examined. The influence
of UV irradiation of different doses on these samples
has been investigated.

Keywords: bioglass, antibacterial effect, steriliza-
tion process, silver nanoparticles

[Engineering of Biomaterials, 99-101, (2010), 47-50]

Introduction

Biomaterials, after their implantation into the organism,
can enhance infections. At implantation, the surface of
biomaterials provides easy access into both tissue cells
and bacteria. The physical properties of the material gives
protection against microorganisms. Bacteria can participate
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ze niektore metale np. srebro znalazty zastosowanie jako
srodek wspomagajgcy zwalczanie drobnoustrojow.[1,2]
Oprécz wptywu srebra na przebieg procesow sterylizaciji
zbadany zostanie wptyw innych pierwiastkow, takich jak
zelaza czy miedzi [3] oraz adhezja bakterii do bioszkiet
otrzymanych w zaleznos$ci od ich sktadu. Do sterylizacji
uzyte bedzie promieniowanie ultrafioletowe.

Po sterylizacji okreslona zostanie przezywalnosc¢ bakterii
w zalezno$ci od sktadu materiatu, na ktérym sie znajdowaty,
oraz od czasu naswietlania.

Materiaty

Na podstawie wczesniejszych badan [5,6] otrzymano bio-
szkta o sktadzie 36Ca0+60Si0,*4P,0, (mol%) (G- prébki).
Podstawowy zel otrzymano z mieszaniny: TEOS-Si(OC,Hs),;
Ca(NO;),*4H,0; OP(C,H;0)s,; C,H;0OH; 2N HNO; jako ka-
talizator reakcji hydrolizy. Ten hydrolizat mieszano okoto 2
godzin. Potem hydrolizat domieszkowano Fe,O, lub CuCO,
i mieszano 15 min. Metodg spin-coating pokrywano szkieka
mikroskopowe. Wysuszone probki byty grzane z predkoscig
2°C/min do 550°C i przetrzymane okoto 2 godzin. Probki
zawierajgce srebro byly domieszkowane po otrzymaniu
bioszkta.

Zdolnos¢ specjalnych mikroorganizmow takich jak bak-
terie lub grzyby do otrzymywania czgstek metalicznych jest
znana. Synteze nanoczgstek poprzez grzyby Penicillium
opisano w pracy Sadowski et al. [3] Otrzymana biomasa
grzybowa uzyta w biosyntezie rosta w cieczy zawierajacej:
79/l KH,PO,; 2 g/l K,HPO,; 0,1 g8/ MgSO,*7H,0; 19/l
(NH,),SO,; 0,6 g extraktu drozdzy i 10 g glukozy.

Prébki bioszkta byty zanurzone w cieczy zawierajgce;j
nanoczagsteczki srebra przez 7 dni, w temp. pokojowej w
zamknietym naczyniu bez dostepu $wiatta. Obecnos¢ bra-
zowedo koloru na powierzchni szkta wskazywata, ze srebro
koloidalne pokryto bioszkto. Prébki poddano dziataniu ptynu
SBF (symulowany roztwor fizjologiczny) przez okres 7 dni
w temperaturze 37°C, pH ptynu wynosito 7,3.

Bakteriami, ktore posiewano byt gronkowiec ztocisty (SA),
czyli Staphylococcus aureus i pateczka ropy btekitnej(PA),
czyli Pseudomonas aeruginosa. Do badan wykorzystano
24 godzinne bulionowe hodowle obu szczepéw. Hodow-
le bakterii prowadzono na podfozu ptynnym w bulionie
odzywczym. Podtoze byto sterylizowane w autoklawie w
temperaturze 121°C pod cisnieniem 1,5 atmosfery przez 20
minut. Do 5 ml sterylnego bulionu odzywczego dodano 1 ml
badanej hodowli i w takiej zawiesinie umieszczono prébki
bioszkta. Cato$¢ poddano inkubaciji przez 5 dni, w cieplarce,
w temperaturze odpowiednio 37°C dla gronkowca ztocistego
i 28°C dla pateczki ropy btekitnej. Po 5 dniach prébki bioszkia
wyjeto z hodowli bakteryjnych i poddano sterylizacji. Po
sterylizacji probki bioszkta wraz z prébkami kontrolnymi (bez
sterylizacji) ponownie umieszczono w bulionie odzywczym
i inkubowano przez okres 24 godzin. Nastepnie zmierzono
gestos¢ optyczng hodowli OD 550nm za pomocg spekitro-

TAB.1. Gestos¢ optyczna hodowli pateczki ropy
btekitnej i gronkowca ztocistego po kontakcie
z prébkami bioszkiet.
TAB.1. Mean values of optical density (OD) of the
solution of P.aeruginosa and S. aureus culture after
doped-bioglasses contact
Probka Prébka
Sample

Prébka

Sample G

0,54
0,62

in metal corrosion. It has been demonstrated that strains of
Pseudomonas aeruginosa, Escherichia coli and Staphylo-
coccus aureus possess enzymes that can destroy metals.
The contact between the material and bacteria may occur
through one of three pathways: direct contamination, con-
tiguous spread and hematogenous spread. Experimental
investigations into bacterial colonization of biomaterial
were conducted by Gristina et al. [2]. S. aureus showed a
preference for metals rather than polymers. The antibacte-
rial effects of silver doped silica thin films on E.coli and S.
aureus were examined by the film attachment method. The
coating films had an excellent antibacterial performance [3].
It has observed that a silver coating on orthopedic external
fixation pins reduces the adhesive action of P. aeruginosa,
E.coli, and S. aureus. [4] The resistance of biomaterials
surface to infections can be maintained by sterilization,
antibiotic impregnation or by improving the colonization by
host tissue cells [1].

In the present study the bioglass thin films doped with
silver, copper and iron were successfully prepared by the
sol-gel method to be applied to antibacterial materials.

Here, we report on experimental enquires into physical
processes which govern the efficiency of sterilization by
UVv.

Materials

In agreement with procedures proposed by Hench
group [8,9], bio-gel glasses with the nominal composi-
tions 36Ca0+60Si0,*4P,0; (mol%) were obtained as a
G- sample.

The basic gel has been prepared from the mixture
of: tetraethoxysilane TEOS-Si(OC,H;),; calcium nitrate
tetrahydrate Ca(NO;),*4H,O dissolved in distilled water;
triethylphosphate OP(C,H;0), dissolved in ethanol C,H;OH
used as an organic solvent; 2N acid HNO; as a catalyst of
the reaction of hydrolysis. The hydrolyzate components were
mixed for about 2 hours. Then the hydrolyzate was doped
with Fe,O; or CuCO, and mixed for 15 min. The coated
microscopic glass substrates gelation was obtained by the
spin-coating method. The gel is then subjected to controlled
thermal processes; aged at 60°C for 72 h, dried in an oven
with a cycle ending at 120°C. All the dried composites were
heated in air at 2°C/min speed to 550°C and kept for about
2 hours. After the process of the bioglass formation, the
samples were doped with silver nanoparticles.

The ability of certain microorganisms, such as bacteria
or fungi, to control the synthesis of metallic nanoparticles
should be available. The extracellular synthesis of silver
nanoparticles by the fungus Penicillium was described by
Sadowski et al. [4]. A fungal biomass preparation used for
biosynthesis experiments was grown in liquid medium, con-
taining 7g/l KH,PO,; 2 g/l K,HPO,; 0,1 g8/ MgSO,*7H,0;
19/l (NH,),SO,; 0,6 g yeast extract; 10 g glucose.

Bioglass samples were kept for 7 days in 5 ml of the liquid
with silver nanoparticles. The bonding process of silver
particles with bioglass samples took place in the room tem-
perature, in a closed vessel, without light. The appearance
of brown color on the surface of bioglass samples indicated
that biomaterials were covered by colloidal silver particles.
Afterwards, the samples were dried at 40°C for 24h.

The bacteria tested were Gram-positive strains (Sta-
phylococcus aureus - Polish Collection of Microorganisms
(PCM) 9944) and Gram-negative rods of Pseudomonas
aeruginosa (PCM 2124).

To the 5 ml of sterile clear soup, 1 ml of investigated
culture was added, and in such suspension some samples
of bioglass were placed. Then the whole mixture was incu-
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Probki roznig sie miedzy sobg sktadem. Dziataniu hodowli
poddane zostaty prébki z domieszkg srebra (G+Ag), miedzi
(G+Cu), zelaza (G+Fe), oraz probki niedomieszkowane (G).
Okreslona zostata gestos¢ optyczna hodowli bakteryjnych,
przy dtugosci fali 550 nm, w ktorych przebywaty probki bio-
szkiet. Im wigksza liczba komorek bakterii w roztworze tym
znaczniejsza metnosc, poniewaz ilos¢ swiatta rozpraszane-
go przez komorki jest wprost proporcjonalna do ich liczby.
Uzyskane rezultaty badan adhezji pateczki ropy btekitnej
umieszczone zostaty w TABELI 1.

Mozna zauwazy¢, ze gesto$¢ optyczna kultur bakterii, w
ktérym znajdowaty sie probki nie zawierajgce domieszek (G)
jest znacznie wieksza niz dla bulionu z domieszkowanymi
probkami. Moze to swiadczy¢ o tym, ze miedz, zelazo
oraz srebro dodane do bioszkiet utrudniajg pateczkom
ropy btekitnej(PA) oraz gronkowca ztocistego kolonizacje
powierzchni materiatu.

W przypadku prébek przebywajgcych w hodowli
gronkowca ztocistego, prébki zawierajgce zelazo zostaty
zasiedlone przez bakterie w wigkszym stopniu, niz szkto
kontrolne. Swiadczy o tym wieksza gestosé optyczna dla
probki z zelazem (G+Fe) niz dla prébki czystej (G) i innych
(TAB.1). Zaistniata sytuacja moze wynika¢ z natury gron-
kowca ztocistego. Bakterie ta chetnie rozmnazajg sie i
tworzg biofilm w srodowisku zawierajgcym zelazo. Gestosc
optyczna hodowli bakteryjnych, w ktérych znajdowaty sie
probki zawierajgcych srebro, niezaleznie od rodzaju drob-
noustrojow, osigga zawsze wartosci najnizsze. Oznacza to,
ze adhezja bakterii do powierzchni, ktéra w swym sktadzie
zawiera srebro, jest znacznie spowolniona. Wptyw miedzi
na adhezje bakterii do powierzchni bioszkiet jest réwniez
zauwazalny. Wartosci gestosci optycznej dla prébek z
miedzig (G+Cu) sg zawsze nizsze niz wartosci dla probek
czystych (G) oraz z domieszkg zelaza (G+Fe), jednak nie
spadajg ponizej wartosci ekstynkcji uzyskanych dla prébek
z domieszka srebra (G+Ag). Oznacza to, ze miedz w mniej-
szym stopniu niz srebro spowalnia tworzenie sie biofilmu
na powierzchni tworzywa, ale przeciwdziata kolonizacji
podtoza skuteczniej niz zelazo.

Sterylizacja

Kazde urzadzenie, ktére zostaje wprowadzone do or-
ganizmu, musi by¢ sterylne. Procesy sterylizacji sg czesto
prowadzone za pomocg promieniowania UV Oddziatywanie
miedzy promieniowaniem, a bakteria jest oparte zmianie
indukowanej w tancuchach DNA mikroorganizmoéw, ktére
blokujg metabolizm komorkowy i reprodukcje [1].Sterylizo-
wane za pomocg lampy UV byly wszystkie prébki.Wyniki
pomiarow gestosci optycznych poszczegdlnych hodowli

TAB.2. Przezywalnos¢ gronkowca ztocistego po ste-
rylizacji promieniowaniem ultrafioletowym

TAB.2. Survival rate of bacteria after the sterilization
by ultraviolet radiation

Sample G SampleG+Cu SampleG+Ag SampleG+Fe

OIBR Average | % |Average| % |Average| % |Average| %
S:r:g:’e' 0,62 [100[ 055 [100| 039 [100| 0,67 100
5min | 029 [46| 031 |57| 038 [86| 021 |31
15min| 035 |56| 0,17 [31| 029 |74| 030 |45
30min| 011 |18| 014 |25| 031 [78| 034 |51
60min | 019 |31| 015 |27| 020 |50| 035 |52

bated for 5 days, at 37°C for S. aureus and at 28°C for P.
aeruginosa. After 5 days the bioglass samples were taken
out from bacteria cultures and sterilized. Next, the bioglass
samples (and control samples) were placed in clear soup
and incubated for 24 h. Finally, the optical density (OD) of
each clear soup was measured for 550nm on a spectropho-
tometer Specol 11 .

Samples are differentiated as far as the basic composi-
tion of the dopants is concerned. S.aureus and P.aeruginosa
were inoculated on silver-doped (G+Ag), copper-doped
(G+Cu), iron-doped (G+Fe) and undoped (G) bioglass. The
optical density of a solution indicated the formation of a
bacterial colony. Taking into account the number of bacteria
which sticked to biomaterial creating a biofilm, the quantity
of light dispersed by cells is directly proportional to the
number of bacteria (optical density OD).

The results of an investigation into bacterial adhesia are
presented in TAB.1. It may be observed that optical density
of bacteria cultures in samples without dopants (G) is much
higher than in clear soup with doped samples. It may be
a proof that copper, iron and silver added to bioglasses
make the colonization of the material surface difficult for
P.aeruginosa.

The admixtures of silver and copper also slow down the
growth of Staphylococcus. Yet the introduction of iron does
not bring about the same effect; on the contrary, these bac-
teria quickly propagate and create a biofilm in iron-containing
medium (TABLE 1 — the highest value of OD). This element
is here a factor determining pathogeny. Materials contain-
ing this metal are a good base for Staphylococcus. Optical
density of bacteria cultures in samples doped with silver,
independent of the type of microorganisms, always reaches
the lowest values. It means that the adhesion of bacteria to
the surface containing silver is significantly slowed down.
Copper slows down the growth of a biofilm on the surface
of materials. In a smaller degree than silver, but it stops the
colonization more effectively than iron. Independent of the
type of bacteria , the obtained results are similar.

Sterilization of biomaterials

Any device that is to be implanted into the body must
comply with sterile conditions. Thus the sterilization proce-
dures are the UV radiation. Interactions between radiation
and bacteria are based on the alterations induced on the
DNA chains of the microorganisms, with the block of the
cell metabolism or reproduction [1].

The results of measurements concerning optical density
of particular cultures were averaged and placed in TABLE
2. The survival of bacterial cultures after the contact with
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zostaty usrednione i umieszczone w jednej tabeli (TAB.2.).
Wyznaczona zostata rowniez przezywalnos¢ hodowli bakte-
ryjnych po kontakcie z bioszktami. Przezywalno$¢ wyrazona
w procentach okre$la ile drobnoustrojow przetrwato proces
sterylizacji i w okresie doby po sterylizacji rozmnozyto sie
w bulionie odzywczym. Rezultaty zostaty przedstawione
réwniez na wykresie stupkowym.

Po naswietlaniu UV probek przez okres 5, 15, 30 i 60 mi-
nut obserwujemy zupetnie inny wptyw domieszek na rozwoj
bakterii niz przed sterylizacjg. Rowniez czas ekspozycji na
promienie ma wplyw na uzyskany efekt. Poczatkowo, przed
sterylizacjg, w probce kontrolnej dla bioszkta ze srebrem
znajdowata sie najmniejsza ilos¢ gronkowca ztocistego.
Po sterylizacji UV przez okres 5 minut najmniejszg gestos¢
optyczng obserwujemy dla hodowli odpowiadajgcej probce
zawierajgcej zelazo, naswietlanie przetrwato tylko 31%
bakterii. Ten sam efekt dla materiatu zawierajgcego miedz
zostat osiggniety dopiero po 15 min. Jednak wsrdd bioszkiet
naswietlanych 15 minut najlepsze dziatanie antybakteryjne
wykazuje miedz. Przy tak krotkim czasie naswietlania nie
obserwujemy antybakteryjnego dziatania srebra. Mata
dawka promieni UV oraz obecnos¢ srebra prawdopodob-
nie spowodowata uruchomienie u bakterii mechanizméw
obronnych i przyspieszenie metabolizmu.

Bakterie w sytuacji zagrozenia zaczety rozmnazac sie
szybciej. Dziatanie bakteriobdjcze srebra jest widoczne
dopiero po 60 min. naswietlania UV. W przypadku bioszkiet
domieszkowanych miedzig, liczebno$¢ spada réwnomiernie,
juz po 5 minutach pozostata tylko potowa hodowli. Analizujgc
wyniki badan gestosci optycznej hodowli odpowiadajgcych
bioszktom z roznymi pierwiastkami w sktadzie, nie mozna
zaobserwowac¢ réwnomiernego spadku liczebno$ci mi-
kroorganizméw, za wyjatkiem probek domieszkowanych
miedzig. Nie jest mozliwe okreslenie jednego optymalnego
czasu, po ktorym wyginetyby wszystkie drobnoustroje. Im
dtuzej bioszkta pozostawaty pod dziataniem ultrafioletu tym
wiecej drobnoustrojéw przezyto na ich powierzchni. Moze
to oznaczadé, ze bakterie przyzwyczaity sie do panujgcych
warunkow, wytworzyty mechanizmy obronne i przetrwaty
napromieniowanie ultrafioletem. Aby unikng¢ takiej sytuaciji
mozna prébowac sterylizowac¢ materiaty kilkakrotnie przez
okres kilku minut. By¢ moze wéwczas drobnoustroje nie
zdgza przystosowac sie do zaistniatych warunkow i kolejna
dawka promieniowania spowoduje ich wyginiecie. Oceniajac
efekt sterylizacji po czasie 60 minut, mozna zauwazy¢ ze
we wszystkich przypadkach wygineto 50% i wiecej drobno-
ustrojow. Najlepszy efekt uzyskano dla bioszkta z domieszka
zelaza. Mimo iz z kontroli adhezji wynika, ze Zelazo przy-
spiesza rozmnazanie sie drobnoustrojéw. Mozna stwierdzic,
ze zelazo w potgczeniu z promieniowaniem ultrafioletowym
jest skutecznym srodkiem sterylizujgcym.
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bioglasses (FIG.2) was also calculated. The survival rate
show how many microorganisms survived the sterilization
and after twenty-four hours reproduced in clear soup.

After the UV irradiation of samples for 5, 15, 30 and 60
min the influence of dopants on bacterial growth is com-
pletely different than before the sterilization. The time of
exposition of irradiation has an influence on the obtained
result.

Initially, before the sterilization, the control sample for
a silver-doped bioglass contained the smallest amount of
S.aureus. After the UV sterilization which lasted 5 min, the
lowest optical density is observed in the culture of an iron-
doped sample. For the material containing copper, the same
effect was achieved only after 15 min. However, copper is
characterized by the highest antibacterial activity among
the bioglasses irradiated for 15 min. The result for a sample
containing silver is even higher.

During such a short time of irradiation we can not see
the antibacterial activity of silver. Small doses of UV ir-
radiation induce a silver-matrix cation exchange and the
antibacterial effect disappears. If silver containing sam-
ples were exposed to UV irradiation, they would change
their color. This is because Ag+ ions were not completely
trapped in the silica matrix and a bioglass network also was
not completely densified. Probably, a small dose of UV ir-
radiation and the presence of silver triggered the defense
mechanisms in bacteria and accelerated their metabolism.
When threatened, bacteria started to reproduce quicker. The
antibacterial activity of silver is clearly seen only after 60
min of irradiation. The number of S. aureus dropped by half.
In the case of bioglass containing copper, the reduction of
bacteria after UV sterilization was proceeding steadily and
after a 5 min exposure and a 24-hour incubation, it amounted
to approximately 50% against S. aureus. After 1hour of
UV sterilization, the reduction of bacteria was about 73%.
Analyzing the results of researches into the optical density
of cultures corresponding to bioglasses containing various
elements, it is not possible to calculate one optimal time after
which all the microorganisms would be killed. The longer
the bioglasses were under the influence of ultraviolet, the
more microorganisms survived on their surfaces. It may
mean that bacteria adjusted to external conditions, worked
out their defense mechanisms and survived the ultraviolet
irradiation. To avoid such a situation , the materials should
be sterilized several times, for several minutes. Maybe the
microorganisms will not get used to the conditions and the
following dose of irradiation will cause their extinction.

Estimating the effect of sterilization after 60 minutes, it
can be seen that 50% and more microorganisms died in
all cases. The best result was achieved for the iron-doped
bioglass. A thorough enquiry into the mechanism of adhesion
has shown that iron accelerates the reproduction of micro-
organisms. Nevertheless, it also appears that iron together
with ultraviolet radiation is an effective sterilizer.
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Wstep

Protezy naczyniowe sg szeroko stosowane w chirurgii w
celu zastgpienia uszkodzonych lub pomostowania zablo-
kowanych naczyn krwiono$nych. Stosowanie sztucznych
naczyn jest mniej inwazyjne niz autografting, ze wzgledu na
brak dodatkowych zabiegéw chirurgicznych zwigzanych z
pobraniem autologicznej zyty. W praktyce klinicznej czesciej
stosowane sg protezy dziane ze wzgledu na wysoka poro-
wato$¢, co wspomaga gojenie, ale z drugiej strony powoduje
krwotoki [1]. Aby unikng¢ tych komplikaciji, przed operacjg
protezy sg uszczelniane poprzez zanurzenie we krwi pa-
cjenta, co sprzyja wzrostowi neointimy [2]. Ta procedura
wymaga pobrania znacznej iloSci krwi pacjenta, ponadto
powstata na powierzchni protezy warstwa skrzepliny jest
trombogenna. Dlatego coraz czesciej stosowane sg pro-
tezy z gotowg impregnacja z biatek zwierzecych (kolagen,
zelatyna), usieciowanych formaldehydem lub aldehydem
glutarowym [3],[4], ktére charakteryzujg sie wysokg tok-
sycznoscig. Dlatego tez podejmowane sg badania majgce
na celu opracowanie nietoksycznych powtok hydrozelowych
0 wiasnosciach przeciwzakrzepowych. W pracy opisano
wtasnosci biomateriatu hydrozelowego przygotowanego z
ludzkiej albuminy (Alb) usieciowanej utlenionym dekstranem
(DexOx) i jego aplikacje jako powleczenie uszczelniajgce
protezy naczyniowe. Powszechnie wiadomo, ze albumina
ogranicza adhezje ptytek krwi i obniza trombogeniczno$¢
zatem wydaje sie by¢ idealnym substratem jako powioka
protezy naczyniowe;.

Materialy i metody

DexOx otrzymano poprzez czesciowe utlenienie dek-
stranu (M,,=70kDa) przy uzyciu nadjodanu oraz nastepnie
oczyszczanie produktu reakcji poprzez dialize [5]. Stopien
utlenienia oznaczono przy uzyciu chlorowodorku hydrok-
syloaminy [6]. Hydrozele zostaty przygotowane poprzez
zmieszanie roztworéw DexOx i Alb o stezeniu 5i 10% w
odpowiednich proporcjach (2:8; 5:5; 8:2). Badania zdolnosci
do pochtaniania wody oraz szybkos¢ degradacji przeprowa-
dzono w $rodowisku buforu PBS. Morfologie otrzymanych
hydrozeli oceniono przy uzyciu skaningowego mikroskopu
elektronowego. Zweryfikowano réwniez cytotoksycznosé
hydrozeli i ich produktéw degradacji oceniajgc przezywal-
nosc¢ ludzkich fibroblastéw za pomoca testu XTT.

Kawalki protezy dakronowej zostaty pokryte przez zanu-
rzenie roznymi powtokami hydrozelowymi. Zbadano prze-
puszczalnos¢ wody uszczelnionych protez naczyniowych.
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Introduction

Vascular grafts are widely applied in surgery to bypass
or replacement a segment of diseased artery. Application of
such artificial vessel is also less invasive then autografting,
due to the lack of additional autograft vane sampling surgical
procedure. Knitting grafts are more frequently used clinically
because of their high porosity, what supports healing, but on
the other hand causes bleeding [1]. Thus, before the surgery,
graft is sealed with the patient blood cloth what encourages
the growth of neointima [2]. Unfortunately, this procedure
demands additional amount of patient’s blood and creates
thrombogenic surface. Therefore, vascular prosthesis are
pre-sealed with coatings from animal proteins (collagen,
gelatin), crosslinked with formaldehyde or glutaraldehyde
[3], [4], which are known for their toxicity and cancerogenic
properties. Thus, a new type of hydrogel which does not
produce toxic effects or inflammatory response, and have
antithrombegenic properties is needed. As an example, the
hydrogel biomaterials for vascular graft’s sealing, preparing
from human albumin serum (Alb) cross-linked with oxidized
dextran (DexOx) is described in this study. It is generally
known that native albumin limits the platelet adhesion and
decreases thrombogenicity, so seems to be a perfect sub-
strate as a vascular graft coating.

Materials and methods

DexOx was prepared by partial periodate oxidation of
dextran (M,,=70kDa) followed by the dialysis purification
[6]. The oxidation degree of DexOx was determined by
hydroxylamine hydrochloride method [6]. Hydrogels were
prepared by mixing DexOx and Alb solutions (5% and 10%)
in different ratios (2:8, 5:5, 8:2). Swelling and degradation
studies were conducted in PBS. A porous structure was
examined under scanning electron microscopy (SEM). Cell
viability studies were performed using XTT assay to verify
the cytocompatibility of both hydrogels and their degradation
byproducts. The pieces of Dacron vascular graft were dip
coated with various hydrogels. Obtained composite grafts
were subjected to water permeability tests at elevated pres-
sure (120 mmHg).

Results and disscusion

The DexOx/Alb hydrogels were transparent and brownish
in colour. FIG.1 depicted SEM image of dried hydrogels,
revealing highly porous structure. There is an observable
influence of the DexOx content to the networks construction
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RYS.1. Zdecia SEM hydrozeli: A. 2:8; B. 8:2 De-
xOx/Alb

FIG.1. SEM image of A. 2:8; B. 8:2 DexOx/Alb hy-
drogel

Wyniki i dyskusja

Na RYS.1 przedstawiono zdjecia SEM obrazujgce struk-
ture. Zauwazono, ze wraz ze wzrostem zawartosci DexOx
struktura hydrozelu jest bardziej porowata.

Zdolnos$¢ do pochtaniania wody zalezy od gestosci wig-
zan w hydrozelu a tym samym od zawarto$ci DexOx. Dla
hydrozelu zawierajgcego 60% DexOx, stosunek liczby grup
aldehydowych do liczby dostepnych grup aminowych jest
réwna 1, co skutkuje wysoka gestoscig wigzan a tym samym
niskg zdolnoscig do pochtaniana wody. Nadmiar jednego
rodzaju grup zdolnych do utworzenia wigzania powoduje
nizsza gestos¢ wigzan a tym samym wysokg zdolno$¢ do
pochtaniania wody.

Degradacje in vitro hydrozeli powstatych z 5i 10% roztwo-
réw (2:8; 5:5; 8:2) oceniono mierzgc ubytek masy. Na RYS.2
przedstawiono wyniki degradacji hydrozeli przygotowanych
z 10% roztworéw. Hydrozele degradowaty na drodze nie
enzymatycznej hydrolizy. Najszybsze ubytki masy zaob-
serwowano w czasie pierwszych 3 dni, potem degradacja
byta wolniejsza. Otrzymane wyniki wskazujg na zaleznos$¢
szybkosci degradacji od zaréwno gestosci usieciowana czyli
od stosunku DexoOx i Alb, jak réwniez od podatnosci na
hydrolize obu substratéow. Profil degradacji 5-DexOx-1/Alb
byt bardzo podobny do przedstawionego na RYS.2, z tymze
szybko$¢ degradacji byta dwa razy wieksza.

Biozgodnos$¢ hydrozeli DexOx-1/Alb (2:8; 5:5; 8:2) zostata
zbadana przy uzyciu metody XTT. Przezywalno$¢ komorek
byta oceniana 2, 7 i 14 dnia hodowli. Wartosci przezywalno-
$ci w 2 dniu wynosity od 47 do 79% kontroli (fibroblasty na
dnie studzienki). Uzyskane rezultaty pokazuja, ze wiekszo$¢
z badanych hydrozeli nie wykazuje toksycznego dziatania na
komorki. Obserwacje mikroskopowe hodowli potwierdzajg
te wyniki — komaorki na powierzchni biomateriatow miaty
morfologie typowg dla prawidtowych fibroblastow.

Wysuszone, pokryte hydrozelami grafty byly sztywniejsze
niz niepokryte, jednak po zanurzeniu w roztworze soli fizjo-
logicznej na kilka minut stawaty sie miekkie i rozciggliwe.
Zbadano przepuszczalno$¢ pokrytych graftow aby okresli¢
efektywnos$¢ hydrozeli jak pokry¢ uszczelniajgcych. Zasto-
sowanie drugiej warstwy pokrycia spowodowato redukcje
przepuszczalnosci ponizej 1ml/cm?/min, podczas gdy
przepuszczalnosé graftéw niepokrywanych wynosita ok.
1400 ml/cm?/min.

Whioski

Przedstawione wyniki pokazujg, ze hydrozele DexOx-I/
Alb charakteryzujg sie réznym stopniem pochtaniania wody
oraz szybkoscig degradacji w zaleznosci od stosunku ok-
sydowanego dekstranu i albuminy. Zastosowanie tego typu
hydrozeli jako pokry¢ uszczelniajgcych grafty naczyniowe

RYS.2. Degradacja hydrolityczna hydrozeli
FIG. 2. Hydrolytic degradation of 10-DexOx/Alb
hydrogels (ratio 8:2, 2:8, 5:5)

and appearance.

Obtained results of swelling ratio studies showed that it
depends on crosslinking density. For DexOx/Alb hydrogels,
somewhere around 60% of DexOx content, the ratio of al-
dehyde groups in DexOx to available amine groups in Alb
is equal to 1. This results in the high crosslinking densities
so in the lowest swelling ratio. Excess of either aldehyde
groups or amine groups in the preparation leads to the lower
crosslinking densities so to the higher swelling ratios.

In vitro degradation of 5% and 10% DexOx/Alb hydrogels
(ratio 2:8, 5:5, and 8:2) was examined by determining the
weight loss of the hydrogels at 37°C. DexOx/Alb hydrogels
degraded due to the simple, non enzymatic hydrolysis. As
shown in FIG.2, the mass losses were faster in the first 3
days, and then degradation slowed down. Obtained results
showed that hydrolytic degradation depended on both
crossliniking density, thus on on the relative amount of
DexOx and Alb used in their preparation; as well as hydro-
lytic susceptibility of DexOx and Alb. Degradation profiles of
5-DexOx-I/Alb was very similar to those depictured in FIG.2,
but the degradation process was about two fold faster.

The cytocompatibility of DexOx-I/Alb (2:8, 5:5, and 8:2)
hydrogels and their degradation byproducts were evaluated
by peforming XTT assay. The cell viability (human fibrob-
lasts) was examined on days 2, 7 and 14 respectively.
Obtained results showed that the majority of developed
hydrogels did not display toxic properties. The viability
values on 2 day ranged from 47 to 79% of control cells
(fibroblasts on culture plate). Observation of cells during
the culturing revealed morphology typical for correctly de-
veloping fibroblasts.

Dryed coating grafts were stiffer than uncoated. When
immersed in saline for a few minutes they became soft
and flexible as without the coating. The measurements of
water permeability of composite grafts were fundamental
to appraise the effectiveness of hydrogels as sealants.
The water permeation value obtained for unsealed grafts
was about 1400 (ml/cm?/min). Single DexOx/Alb hydrogels
coating drastically decreases water permeability hydrogels.
Application of the second coating layer (preparing from 10%
solutions) reduced water permeability below 1ml/cm?/min.

Conclusions

Our study showed that DexOx/Alb hydrogel have differ-
ent swelling behaviour and degradability depending on the
ratio of the crosslinker to the protein. Application of these
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pozwala uzyska¢ szczelne grafty, gotowe do uzycia bez
koniecznosci przeprowadzania pre-clottingu. Po implan-
tacji, pokrycie hydrozelowe ulega stopniowej degradacji
utatwiajgc tym samym przerost tkanki przez sciany protezy.
To zastosowanie moze byc¢ rowniez korzystne ze wzgledu
na fakt, ze albumina jest naturalnym sktadnikiem krwi oraz
zapobiega adhezji trombocytow.
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Wprowadzenie

Materiaty na bazie chitozanu charakteryzujg sie wysoka
biokompatybilnoscig oraz bardzo cennymi wtasciwosciami
biologicznymi — chitozan m.in. przyspiesza gojenie sie ran,
posiada wiasciwosci antybakteryjne, jest biodegradowal-
ny i nietoksyczny. Z chitozanu stosunkowo tatwo mozna
otrzymaé materiat w postaci zelu, membrany, nanowtdkna,
mikro- i nanoczgsteczkek, skafoldu, czy tez ggbki. [1]. Z tego
powodu znalazt on szerokie zastosowanie w medycynie
(m.in. w produkcji implantow, opatrunkéw na rany i oparzenia
oraz jako nosnik preparatow o kontrolowanym dziataniu)
[2, 3]. Wtasciwosci fizyczne i chemiczne chitozanu zalezg
przede wszystkim od jego ciezaru czgsteczkowego oraz
stopnia deacetylacji. Chitozan jest polimerem podatnym na
degradacje, m.in. utleniajgcg, hydrolityczng, termiczng, czy
tez degradacje ultradzwiekami [4].

hydrogels as Dacron graft coating provides a ready to use
leakage free vane prosthesis without the need of pre-clotting.
After implantation, the hydrogel coating degrades gradually
allowing tissue ingrowth. This application can be beneficial
due to the fact, that albumin is a natural component of
blood and is known to prevent protein and thrombocytes
adhesion.
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Introduction

Chitosan is a natural biopolymer, usually prepared from
chitin. Chitosan-based materials possess high biocompatibil-
ity and various biological functions such as wound healing,
antibacterial activity, biodegradability and non-toxicity. Chi-
tosan is easily processed into gels, membranes, nanofibers,
beads, microparticles, nanoparticles, scaffolds and sponges
forms [1]. For this reason, chitosan is regarded as one of
the most useful natural biomaterials (eg. wound dressings,
drug delivery systems, space filling implants) [2, 3]. Physical
and chemical properties of chitosan depend strongly on the
molecular weight and the degree of deacetylation. Chitosan
is sensitive to various types of degradation such as oxidative,
hydrolytic, thermo-, photo- and ultrasonic-degradation [4].
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Materiaty i metody oceny probek

Chitozan, glutation i kamforochinon zakupiono w firmie
Sigma-Aldrich. Fenyloalamina zostata kupiona w firmie
Fluka. Otrzymano roztwér chitozanu o stezeniu 0,5%, po-
przez rozpuszczenie odpowiedniej ilosci chitozanu w 0,1 M
kwasie octowym. Mieszaniny chitozan/glutation, chitozan/fe-
nyloalanina oraz chitozan/kamforochinon otrzymano przez
rozpuszczenie odpowiednich ilosci glutationu, fenyloalaniny
i kamforochinonu w roztworze chitozanu. Stosunek wagowy
chitozanu do dodanego skfadnika w otrzymanych mieszani-
nach wynosit 99,9:0,1. Filmy uzyskano metodg wylewania
na ptytki szklane. Po odparowaniu rozpuszczalnika btony
pozostawiono do suszenia w temperaturze pokojowe;.

Otrzymane filmy chitozanu oraz jego mieszanin podda-
no dziataniu promieniowania emitowanego przez lampe
ksenonowg Suntest XLS (dtugosc¢ fali 300-800 nm), w
temperaturze 35°C. Czas ekspozycji na promieniowanie
wynosit 480 h.

Wiasciwosci powierzchniowe filméw chitozanowych i
mieszanin przed i po dziataniu promieniowania stonecznego
zanalizowano metodg pomiaru kata zwilzania oraz oblicze-
nia swobodnej energii powierzchniowej i jej sktadowych:
dyspersyjnej (y¢°) i polarnej (y,") metodg Owensa-Wendta.
Kat zwilzania zmierzono przy pomocy goniometru G 10/DSA
10 niemieckiej firmy Kriiss. Do pomiaréw zastosowano dwie
ciecze: dijodometan i gliceryne. Pomiarow dokonywano
bezposrednio po naswietlaniu probek, w temperaturze
pokojowej i w atmosferze powietrza. Podana wartos¢ kata
zwilzania jest srednig z 10 pomiardw.

W celu analizy powierzchni badanych filméw zasto-
sowano mikroskop sit atomowych AFM (NanoScope llla,
mikroskop MultiMode) ze skanujacg sondg SPM (Digital
Instruments Veeco Metrology Group, Santa Barbara, CA).
Badania przeprowadzano w trybie przerywanego kontaktu
(Tapping Mode), w atmosferze powietrza.

Wyniki i ich omoéwienie

W TABELI 1 podano wyniki pomiaru kgta zwilzania po-
wierzchni badanych filméw przy uzyciu cieczy niepolarnej
(dijodometanu) i cieczy polarnej (gliceryny).

Wartosci katow zwilzania nienaswietlanych filméw uzy-
skane dla mieszanin sg bardzo zblizone do uzyskanych dla
czystego chitozanu. Po napromienianiu badanych filméw
obserwuje sie znaczne zmniejszenie wartosci katow zwil-
zania kroplg gliceryny i
tylko niewielkie zmniej-
szenie wartosci kgtow
zwilzania uzyskane w
przypadku dijodometa-
nu . Wartosci swobod-
nej energii powierzch-
niowej w przypadku
wszystkich badanych
filméw wzrastajg po

solar radiation (w/w 99.9:0.01)

TAB.1. Kat zwilzania [°] zmierzony przy uzyciu cieczy niepolarnej
(dijodometanu) i cieczy polarnej (gliceryny) przed i po napromienianiu
przez 480 h filméw chitozanowych oraz mieszanin: chitozan/glutation,
chitozan/kamforochinon i chitozan/fenyloalanina (99,9:0,01)

TAB.1. The contact angles [°] of different liquids (dioodomethane, gly-
cerol) for chitosan and chitosan/glutathione, chitosan/camphorquinone
and chitosan/phenylalanine blends before and after 480 h exposure to

Materials and methods

Chitosan, glutathione and camphorquinone were sup-
plied by the company of Sigma-Aldrich. Phenylalanine were
obtained from Fluka. The powder of chitosan was dissolved
in 0.1 M acetic acid and chitosan solution was obtained
with concentration of 0.5 weight %. Chitosan/glutathione,
chitosan/phenylalanine and chitosan/camphorquinone
blends were prepared by dissolving of suitable amount of
glutathione, phenylalanine and camphorquinone in chitosan
solution and the final weight ratio of chitosan-second compo-
nent of blend was 99.9:0.1. Polymer films were prepared by
solution casting onto glass plates. After solvent evaporation,
the samples were dried in vacuum at room temperature.

Air-dried chitosan films and chitosan films containing
additives were submitted to treatment with solar irradia-
tion for 480 h, at a temperature 35°C, using a Suntest XLS
lamp (Atlas), which emits light in the range 300-800 nm
wavelength.

The surface properties of chitosan films and chitosan
films containing additives before and after solar irradiation
were investigated by contact angle measurements, which al-
low to calculate the surface free energy. The contact angles
of two liquids: diiodometan and glycerol on the surface of
studied films were measured using a goniometr equipped
with the system of drop-shape analysis (G 10/DSA, Kriss,
Germany). Each contact angle is the average value of
maximum 10 measurements. The surface free energy (ys)
and their dispersive (y,%) and polar (y,?) components were
calculated by Owens—Wendt method.

Surface morphology of chitosan films and chitosan films
containing additives were investigated using the technique
of Atomic Force Microscopy (AFM). AFM was performed by
using a MultiMode Scanning Probe Microscope Nanoscope
llla (Digital Instruments Veeco Metrology Group, Santa
Barbara, CA) operating in the tapping mode in air.

Results and discussion

The results of contact angle of two liquids with different
polarity, namely diiodomethane and glycerol, are listed in
TABLE 1.

The contact angle measured for chitosan films containing
additives gave the results very similar to those obtained for
pure chitosan films with all the liquids used. After irradiation
we observed drop of contact angle for glycerol and only small
drop for diiodometh-
ane. The surface free
energy of chitosan
films containing 0.1%
of glutathione, cam-
phorquinone and phe-
nylalanine increases
after irradiation time
(TABLE 2). The polar
component of surface

napromienianiu (TA-
BELA 2).

Sktadowa polarna
(YsP) swobodnej energii
powierzchniowej réw-
niez znacznie wzra-
sta po napromienia-

Ciecz

Liquid used

Chitozan
Chitosan

Kat zwilzania [°]
Contact angle [°]

Chitoza/
Kamforochinon
Chitosan/
Camphorquinone

Chitozan/

Glutation

Chitosan/
Glutathione

Chitozan/
Fenyloalanina
Chitosan/
Phenylalanine

free energy (y?) also
reveals much higher
value after irradia-
tion.

The alterations of
these parameters are
the biggest in a case

niu badanych prébek. of chitosan with 0.1%
Najwieksze zamiany ” N of glutathione. The
zachodza w filmach Diiodomethane | 60.4 | 51.6 | 64.6 [ 54.0 59.2 53.7 64.6 71.4 increase of polarity
chitozanu z 0,1% do- Gliceryna of the films indicates
datkiem glutationu.” Glycerol 0.2 | 576 1 90.7 | 573 858 ST 89.7 38:3 that photooxidation
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TAB.2. Swobodna energia powierzchniowa oraz sktadowa dyspersyjna (ysp) i polarna (y.,?) swobodnej energii

o0 000 00
powierzchniowej przed i po napromienianiu przez 480h filméw chitozanowych oraz mieszanin: chitozan/glutation,
chitozan/kamforochinon i chitozan/fenyloalanina (99,9:0,01)

TAB.2. The surface free energy and the polar (y.,?) and dispersive (ysp ) component of surface free energy for
chitosan, chitosan/glutathione, chitosan/phenylalanine and chitosan/camphorquinone blends before and after
480 h exposure to solar radiation (w/w 99.9:0.01)
. . Sktadowa dyspersyjna (y,?) i polarna (y.?) swobodnej energii
Cras naswietlania Swobodna energia powierzch- powierzchniowej
TPt (g Qiowe Polar (y.P) and dispersive (y.?) component of surface free energy
Surfach free energy
[h] [mN/m]
[mN/m])
s v
0 28,36 27,83 0,53
Chitozan
480 40,90 27,71 13,19
Chitozan/ 0 25,94 25,11 0,83
Glutation 480 65,99 21,65 4433
Chitozan/ 0 29,12 27,81 1,30
Kamforochinon 480 40,69 26,36 14,33
Chitozan/ 0 25,98 24,93 1,04
Fenyloalanina 480 37,79 16,05 21,74
Zmiany te wskazujg na fotout- e reactions take place on their
Ieniani){e powierzchjr?i badanych TA,B'.3' Srt_adnie oskfhyl,e iz k_wadratowe chropOV\{a- surface. i
filmow. toscl_pOW|_erzchn| fllmc_\w chlt.ozanowych oraz mie- Surface roughness is one of
W TABELI 3 przedstawiono Szanin: chltozan/gluta}tlon, L E D H T the most important topographi-
. . . . i chitozan/fenyloalanina (99,9:0,01) . .
wyniki pomiaréw chropowato$ci . cal parameters influencing cell-
powierzchni badanych filméw S S NHSISoE e SAUArSIOUARNSSSIOREII .\ tcrial interaction that can be
; ) tosan, chitosan/glutathione, chitosan/phenylalanine . .
uzyskane z analizy probek me- and chitosan/camphorquinone blends before and gvallablg from thg analysis of the
todg AFM. after 480 h exposure to solar radiation information obtained from AFM
(TABLE 3).
Whioski
Conclusions
W wyniku dziatania promie- Czas naswietlania Chropowato$¢
niowania stonecznego obserwuje Irradiation fime RMS roughnes The increase of polarity of
sie wzrost polarnosci prébek, co (h] [mm] hitosan films indicates an ef-
wskazuje na skuteczne procesy icient photooxydation on the
fotoutleniania na powierzchni 0 2836 urface upon solar radiation.
badanych filméw. Wolne rodniki Chitozan - Photooxidation of the surface of
utworzone podczas napromie- 480 40,90 he above films leads to forma-
niania mogg reagowac z tlenem Chitozan/ 0 25,94 ||tion of oxidized groups such as
atmosferycznym, prowadzac do Cllitiiten 430 65.99 EH, OOH, CO. The values of po-
utworzenie réznych grup zawie- lar and dispersive components
rajgcych tlen m.in. OH, OOH, CO. Chitozan/ v —— f surface free energy showed
Najbardziej polarna po naswietla- Kamforochinon 480 40,69 Ithat chitosan films containing
niL{ stata sie powierzchnia.filméw Chitozan/ 0 25,98 f glutatione and phenylalaning
chlto;anpwych zavylerajacych T e T ere more polar than pure chi-
glutation i fenyloalanine. 2 osan films.
Wartos¢ parametru chropo- Solar radiation causes the
watosci zmniejsza sie po napromienianiu filméw chito- increase of surface roughness in case of pure chitosan, but
zanowych z dodatkiem glutationu, kamforochinonu oraz when chitosan contains 0.1% glutathione, 0.1% camphorqui-
fenyloalaniny. none or 0.1% phenylalanine we observed the decrease of
surface roughness of studied films.
L
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Wprowadzenie

Od ponad 50 lat w leczeniu bradyarytmii stosuje sie sty-
mulacje serca. Pierwszy wewnetrzny rozrusznik wszczepit
8 pazdziernika 1958 roku szwedzki kardiochirurg Ake
Senning, przy wspotpracy z Rune Elmeqvistem, ktory byt
jego producentem. Elektrody urzgdzenia byty umieszczone
na nasierdziu (tak zwane elektrody nasierdziowe), a nie
wewnatrz jam serca. Niestety, rozrusznik zawiodt juz po
3 godzinach. Jednak od tego przetomowego momentu
obserwuje sie dynamiczny rozwaj elektroterapii, ktorej sku-
tecznosci dowiodta zaréwno praktyka kliniczna, jak i wyniki
badan naukowych [1-3].

Dzieki postepowi w dziedzinie mikroelektroniki stosowa-
ne obecnie urzadzenia sg mniejsze, cechujg sie wiekszymi
mozliwosciami programowania, za$ elektrody stymulatoréw
staty sie ciensze, jednoczes$nie charakteryzujac sie wyzsza
trwatoscig. Celem udoskonalen i modyfikacji — zaréwno
sprzetowych, jak i programowych — jest zapewnienie od-
powiedniej elektrycznej stabilizacji rytmu serca i korekty
zaburzen przewodzenia w sposob umozliwiajgcy uzyskanie
czynnosci elektrycznej serca mozliwie najbardziej zblizonej
do stanu prawidtowego. Producenci i lekarze dgzg rowniez
do wydtuzenia czasu funkcjonowania urzgdzen oraz elimi-
nacji powiktan leczenia stymulacja [3].

Elektroterapia obejmuje wszczepianie wielu urzadzen, z
ktérych najwazniejsze to [4]:

» kardiostymulatory zwane potocznie rozrusznikami
serca,

« kardiowertery-defibrylatory (ICD, Implanted Cardiover-
ter Defibrillator),

« uklady CRT (Cardiac Resynchronisation Therapy) do
stymulacji dwukomorowej biwentrikularne;j,

+ uktady CRT-ICD do stymulacji dwukomorowej z funkcjg
kardiowertera-defibrylatora.

Powodzenie zabiegow elektroterapii zalezy od sze-
regu czynnikéw, a jednym z nich jest wtasciwy dobor
instrumentarium i materiatow
pomocniczych. Istotne zna- § &
< czenie w prawidtowej realizaciji

implantowania kardiostymula- §
tora majg prowadniki, ktérych
zadaniem jest wprowadzenie
elektrod endokawitarnych. I

W pracy przedstawiono
< charakterystyke prowadnikéw

L stosowanych podczas wszcze- .

= 2 piania kardiostymulatora. Po- EIYGsf : S':m_wflgr'k;msw
_ miaréow dokonano metodami ollo ST e
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Introduction

For over 50 years of curing bradyarrhythmia, heart
stimulation has been used. The first internal pacemaker
was implanted on 8. October, 1958 by a Swedish heart
surgeon Ake Senning, in cooperation with Rune Elmeqvist
who was its producer. Electrodes of the device were placed
on epicardium (so called epicardial electrodes), not inside
heart cavities. Unfortunately, the pacemaker failed after only
3 hours. However, since that critical moment, we can witness
a rapid development of electrotherapy, the effectiveness of
which has been proved by both: clinical practice as well as
the results of scientific research. [1-3].

Thanks to development in the field of microelectronics,
the devices used nowadays are smaller, they feature bet-
ter software capabilities, and electrodes of stimulators are
thinner and at the same time more durable. The aim of im-
provements and modifications, related to hardware as well
as software — is to provide suitable electrical stabilisation of
heart rate and correction of conduction disorders in a way
that enables to obtain such electrical activity of heart that
is as close to the correct state as possible. Manufacturers
and doctors also aim at prolongation of functional time of
devices and removal of complications arising during treat-
ment by stimulation [3].

Electrotherapy includes implantation of various devices,
among which the most important ones are [4]:

» cardiac pacemakers,

* ICD - Implanted Cardioverter Defibrillators,

* CRT devices - Cardiac Resynchronisation Therapy — for
cardiac resynchronisation therapy,

» CRT-ICD devices for biventricular stimulation with ICD
functions.

The success of electrotherapy treatment depends on a
variety of factors. One of them is proper selection of equip-
ment and accessories. Leaders, the purpose of which is
to lead endocavital electrode, are of great importance for
correct implantation of pacemaker.

d B : The study

presents character-

ll istics of leaders used
for implantation of
pacemakers. Meas-
urements were made
by means of compu-
ter-aided quantitative
metallography. By
means of electron
scanning microscope
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metalografii ilosSciowej wspomaganej komputerowo. Przy
pomocy elektronowego mikroskopu skaningowego z emisjg
polowg FE SEM S-4200 HITACHI wspotpracujgcego ze
spektrometrem Voyager 3500 Noran Instruments przepro-
wadzono jakosciowg i ilosciowg analize sktadu chemiczne-
go. Ustalono wiasciwosci mechaniczne prowadnikéw.

Badania prowadnikow

Stosowane komercyjnie w elektroterapii prowadniki
majg postac drutéw. Badaniom poddano prowadnik prosty
Srednicy 0,4 mm i dlugosci 680 mm oraz prowadnik, ktérego
koncéwka jest uksztattowana w ksztatcie litery ,J”. Sred-
nica prowadnika zakrzywionego
wynosi 0,35 mm, a jego diugosc¢
550 mm. Prowadnik prosty stuzy
do wprowadzania elektrody ko-
morowej, natomiast prowadnik
zakrzywiony przeznaczony jest do
wprowadzania elektrody przed-
sionkowe;j.

Prowadnik prosty charaktery-
zuje sie specjalnym zakoncze-
niem o dtugosci 35 mm, ktérego
$rednica ulega stopniowej reduk-
cji. Na koncu prowadnika znajduje
sie kulka (RYS.1a — zdjecie wy-
konano na mikroskopie stereo-

skopowym firmy Olympus SZX9). = Spectrum

with field emission FE SEM S-4200 HITACHI in coopera-
tion with spectrometer Voyager 3500 Noran Instruments,
qualitative and quantitative analysis of chemical composi-
tion was made. Mechanical characteristics of leaders was
determined.

Tests of leaders

Leaders used commercially in electrotherapy have the
shape of wire. The tests involved straight leader with diam-
eter of 0,4 mm and length of 680 mm and leader with “J”
shaped end. Diameter of curved leader was 0,35 mm, and
its length was 550 mm. Straight leader is used for inserting

ventricular lead,
whereas curved
leader is used
for inserting atrial
lead.

Straight leader
features special
end, 35 mm long,
whose diameter
is gradually re-
* “]duced. At the end

26“ ?':I 8i
i ‘ o

Energia [keV]

RYS.2. Drut srednicy 0,3 mm i zarejestrowane widmo promie-
niowania rentgenowskiego
FIG.2. Wire with diameter of 0,3 mm and registered X-radiation

of the leader there
is a ball (FIG.1a
— the picture was
taken by means
of stereoscopic

Na RYS.1b i ¢ pokazano kulke
oraz strefe przejsciowg miedzy
drutem prostym s$rednicy 0,4 mm 5
a koncoéwka o zmniejszajacej sie
Srednicy. Do zmniejszania sredni- \
cy koncowki prowadnika zastoso-
wano zabieg szlifowania.

microscope by
Olympus SZX9).
Fig.1b and c show
the ball and the
transitional zone
between straight
wire with diam-

Badania zrealizowane na mi-
kroskopie skaningowym wskazu-
ja, ze wszystkie czesci prowadnika = ,,J”
prostego zostaty wyprodukowane
ze stali nierdzewnej o zawartosci
~20% Cri 10% Ni (RYS.2).

Prowadnik zakrzywiony (RYS.3) rowniez charakteryzuje
sie zakonczeniem, ktérego $rednica ulega stopniowemu
zmniejszaniu. Na koncu prowadnika znajduje sie kulka
(RYS.3a,b). Koncowke prowadnika szlifowano celem stop-
niowej redukcji srednicy (RYS.3c).

Analiza zrealizowana na mikroskopie skaningowym wy-
kazata, ze prowadnik zakrzywiony wyprodukowany zostat
rowniez ze stali nierdzewnej chromowo-niklowej.

Badania wtasciwosci mechanicznych wykonane na ma-
szynie wytrzymatosciowej firmy Instron wykazaty, ze drut
$rednicy 0,4 mm, ktérego uzyto do produkcji prowadnika
prostego charakteryzuje sie: wytrzymatoscig na rozcigganie
Rm=1950 MPa oraz wydtuzeniem wzglednym A,;,,=2,5%.
Wiasciwosci mechaniczne drutu $rednicy 0,35 mm zasto-
sowanego do wytworzenia prowadnika zakrzywionego sg
nastepujgce: wytrzymatos¢ na rozcigganie R,=1970 MPa
oraz wydtuzenie wzgledne A,,,=2,8%.

Podsumowanie

Implantacja rozrusznikdw serca jest zabiegiem stoso-
wanym powszechnie u coraz wiekszej liczby pacjentéw.
Rozrusznik jest urzadzeniem stuzgcym do elektrycznego
pobudzania rytmu serca. Stosuje sie go, gdy wezet zatokowy
w wyniku réznych schorzen przestaje spetnia¢ swojg role,
co prowadzi do bradykardii, a w konsekwencji moze prowa-

RYS.3. Prowadnik z koncéwka wyprofilowang w ksztalcie litery

FIG.3. Leader with J-shaped end

eter of 0,4 mm and
the end with de-
creasing diameter.
Grinding enabled
to decrease the
diameter of leader
end.

Tests carried out by means of scanning microscope show
that all parts of straight leader were made of stainless steel
with contents of Cr ~20% and content of Ni 10% (FIG.2).

Curved leader (FIG.3) also features the end whose di-
ameter is gradually decreased. There is a ball at the end of
the leader (FIG.3a,b). The end of the leader was ground in
order to reduce its diameter gradually (FIG.3c).

Analysis realised by means of scanning microscope
showed that curved leader was also made of chromium and
nickel stainless steel.

Tests of mechanical properties, made on Instron testing
machine, showed that wire with diameter of 0,4 mm, which
straight leader was made of, features: tensile strength
Rm=1950 MPa and relative elongation A,,,;=2,5%. Mechani-
cal properties of wire with diameter of 0,35 mm used for
production of curved leader are as follows: tensile strength
R,=1970 MPa and relative elongation A,;,,=2,8%.

Summary

Implantation of pacemakers is a widely used treatment
for an increasing number of patients. Pacemaker is a de-
vice that is used for electrical activation of heart rate. It is
used when, due to various diseases, sinuatrial node fails to
perform its function, which leads to bradycardia and in the
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dzi¢ do objawow niedokrwienia mézgu lub niewydolnosci
serca. Innym powodem implantacji sg rowniez zaburzenia
przewodzenia przedsionkowo-komorowego (tzw. bloki
serca). W Polsce zyje ponad 100 000 os6b z wszczepio-
nym kardiostymulatorem, a liczbe wszczepien szacuje sie
na 9500-rocznie. 80-90% tych zabiegdéw to wszczepienia
nowych rozrusznikéw (implantacja kardiostymulatora), a
w 10-20% to wymiany wyczerpanych stymulatoréw (reim-
plantacja). Bardzo wysoka cena importowanych urzgdzen
do stymulacji (w tym réwniez prowadnikéw) powoduje, ze
nie wszyscy chorzy mogg liczy¢ na implantacje. Niniejsza
praca sygnalizuje konieczno$¢ podjecia badan dotyczacych
technologii produkcji prowadnikéw.

Opracowanie i wdrozenie technologii wytwarzania
prowadnikéw przeznaczonych do wprowadzania elektrod
pozwolitoby na wyeliminowanie importu tych materiatow,
a tym samym na zaopatrzenie krajowych osrodkow kar-
diologicznych w wyrdb spetniajgcy wymogi nowoczesnej
elektroterapii.

Pismiennictwo

[1]. Luderitz B.: We have come a long way with device therapy:
historical perspectives on antiarrhythmic electrotherapy. J Cardio-
vasc Electrophysiol 2002;13(Suppl. 1): 2—-8.

[2]. ElImqvist R, Senning A.: Implantable pacemaker for the heart.
In: Smyth CN, ed. Medical Electronics. Proceedings of the Second
International Conference on Medical Electronics, Paris, 24-27 June
1959. London, UK: lliffe & Sons; 1960. 253—254. (Abstract).

long run it can cause the symptoms of cerebral ischaemia
or cardiac failure. Another reason for implantation is also
disorders of rhytm and atrio-ventricular conduction (so called
heart blocks). In Poland there are over 100 000 people with
implanted pacemaker and the number of implantations is
estimated at 9500 per year. 80-90% of those interventions
are implantations of new pacemakers (pacemaker implan-
tation), and 10-20% are replacements of worn stimulators
(re-implantation). Extremely high price of imported devices
for stimulation (including leaders) is the reason why implan-
tation cannot be performed on everybody who is ill. This
study points out that tests related to technology of leaders’
manufacturing are necessary.

Elaboration and implementation of technology used for
manufacturing leaders used for electrode insertion would
enable to give up importing those materials, and at the same
time to supply domestic cardiac centres with product that
meets the requirements of modern electrotherapy.
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Wstep

Srebro ze swych antybakteryjnych wtasciwosci znane
byto juz w starozytnosci. Antyczni Grecy, aby zapobiec sze-
rzeniu sie choréb pokrywali talerze i kubki srebrem, wrzucali
srebrne monety do kan z woda, aby przedtuzy¢ czas jej przy-
datnosci do spozycia, podawali réwniez dzieciom srebrne
tyzeczki do ssania, co miato chroni¢ je przed chorobami. W
latach 90 XX w. naukowcy zauwazyli, ze osoby, u ktérych
wystepuje niski poziom srebra jako pierwiastka sladowego,
czesto chorujg na choroby o etiologii wirusowej, bakteryjnej
oraz grzybiczej. Jednak nadmiar srebra wprowadzony do
organizmu moze prowadzi¢ do nekrozy tkanek watroby,
a zwiekszona jego zawartos¢ w pozywieniu powoduje u
cztowieka przebarwienia skoéry i bton sluzowych w postaci
niebieskoszarych plam [1].

Bosetti i wsp. [2] w swoich badaniach dowodzg braku
toksycznego wptywu srebra na komorki ludzkie (tj. limfocyty,
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Introduction

Silver was known for its antibacterial properties as long
ago as in antiquity. The Greeks covered their plates and
mugs with silver to prevent spread of diseases, they also
put silver coins into jugs of water to prolong the duration
of the liquid. Greek children were given silver spoons to
suck to prevent them from getting ill. In the 90 of the 20th
century scientists discovered that people with insufficient
amount of silver in their bodies are frequently subjected
to virus, bacteria and other illnesses. However too much
silver introduced into the body may result in necrosis of the
liver tissues. Too big amount of silver contained in food may
cause blue-grey spots on the skin [1].

Bosetti and others [2] proved lack of toxical influence of
silver on human cells (limphocytes, fibroblasts and ostheob-
lasts). They also claim that silver increases activity of bone
cells to develop (ostheoblasts). This argument arose interest
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fibroblasty i osteoblasty), a nawet twierdzg, ze metal ten
pobudza komorki kosciotworcze (osteoblasty) do wzmozo-
nej aktywnosci. Argument 6w dodatkowo budzi zaintereso-
wanie srebrem jako czynnikiem nadajgcym sie do uzytku
medycznego [2].

Jony srebra majg zdolno$¢ wigzania sie ze $ciang ko-

in silver as an element suitable for medical use [2].

The silver ions have ability to join the bacteria surface. ® @ ® o ® ® o

Low density of silver ions Ag+ influence the protons through
the bacteria surface, which results in total destruction of the
cell. Antibacterial activity of silver remains in proportion with
the density of silver ions Ag* in the environment [3].

moérkowg bakterii, cytoplazmg czy tez
otoczka. Niskie stezenia jondéw Ag+
indukujg zwiekszony wpltyw protonéw
poprzez btone cytoplazmatyczng
bakterii, prowadzgc do catkowitej dez-
organizacji tej struktury i ostatecznie
do $mierci komorki. Aktywnos¢ prze-
ciwbakteryjna jonéw srebra jest wprost
proporcjonalna do stezen jonéw Ag* w
Ssrodowisku [3].

Materiat i metodyka badan

Przedmiotem badan byto 7 prébek
wycietych z implantu (RYS.1)

Materiatem badanym byta stal
austenityczna, co potwierdza przepro-
wadzona analiza sktadu chemicznego
(RYS.2).

The material and
the research
methods

Research was carried
on 7 implant samples
(FIG.1).

The examined mate-
rial was stainless steel,
which was confirmed by
the analysis of chemical
compounds (FIG.2).

A thin silver covering
was placed on the sur-
face of the samples. Then
they were put into 7 dif-
ferent kinds of bacteria

Na powierzchnie prébek naniesiono
cienkg warstwe srebra i zanurzono je
w 7 réznych bulionach bakteryjnych
(bakterie najczesciej spoty-

RYS.1 Widok probki wycietej z implantu
FIG.1 The view of an implant sample

liquids (the bacteria most
frequently appearing in
human body): Enteroc-
cocous faecium, Eserichia

kane w organizmie ludzkim): | £1cment Wt o At 3 coli, Pseudomo-
Enteroccocous faecium, Es- . - - naes aeurogi-

L. . SiK 0.58 1.16 nosa. MRSA
erichia coli, Pseudomonaes CTK 17.57 19.09 ) )
aeuroginosa, MRSA, Ente- MnK 1.93 1.99 Enterobacter
robacter cloacae, Acinente- FeK 59.97 60.68 cloacae, Aci-
robacter baumani, Staphylo- NiK 14.29 13.75 nenteropacter
coccous epidermidis. TMiKl ) Og . Sg 103 . 33 baumani, Sta-

Po uptywie miesigca otat LU : phllc/"OCC_JdClCOUS
probki zostaty wyjete z bu-| g1ement  Net Inte.  Bkgd Inte. Inte. Error P/B epidermiais.

i i ikacji After a month
lionu. W celu identyfikacji .

e . SiK 2.34 4.71 14.66 0.50 the samples
biofilmu za pomoca pipety | ¢ ¢ 151.88 6.61 0.85 22.98 o .
na probki naniesiono 1% | wmnk 13.25 5.77 376 5 30 were taken ou
TTC Solution (trifenylotetra- | Fek 358.53 5.32 0.54 67.39 of the liquids.
zol chloru). Nastepnie wyko- |~ Nik 58.28 4,06 1.40 14.35 1% TTC Solu-
nano zdjecia mikroskopowe MoK 2.07 1.38 10.62 1.50 tion was placed

2 on the surface.

(elektronowy mikroskop
skaningowy Philips XL 30)
(RYS.3).

Dyskusja i wnioski

Zainteresowanie srebrem ze wzgledu na jego antybakte-
ryjne wiasciwosci stale rosnie. Srebro to pierwiastek sladowy
niezbedny do prawidtowego funkcjonowania ludzkiego
organizmu. Niedobdr jonéw srebra w organizmie cztowieka
objawia sie zwiekszong podatnoscig na infekcje, zwigzang
z obnizong odpornoscig immunologiczng [4].

Badania in vitro [2] dowodzg zwigekszonej skutecznosci
implantéw zawierajgcych srebro, stosowanych przy ztama-
niach czy tez sttuczeniach. Implanty zawierajgce srebro
zapobiegajg adhezji na obcych elementach wprowadzonych
do makroorganizmu oraz pozytywnie wptywajg na aktyw-
nos¢ osteoblastow.

Obserwacja powierzchni prébek na elektronowym
mikroskopie skaningowym wykazata kolonie bakterii,
ktére osadzity sie na materiale w formie biofilmu. Po jego
usunieciu nie byto zadnych oznak degradacji materiatu.
Obecnie przeprowadzane sg dalsze badania na probkach
z czystego srebra.

RYS.2 Skiad chemiczny badanego materiatu
FIG.2 The chemical compounds of the examined material

After that the mi-
croscope pho-
tos were taken
(scanning elec-
tron microscope Philips XL 30) (FIG.3).

The discussion and conclusions

Interest in antibacterial properties of silver is steadily
increasing. Silver is an element indispensable for proper
functioning of body. Lack of silver ions in human body
makes it prone to infections caused by lower immunologi-
cal resistance [4].

The in vivo research proves bigger effectiveness of im-
plants containing silver and used in fractions and bruises.
The implants containing silver prevent adhesis on implants
and have positive influence on the activity of ostheob-
lasts.

The observation of sample surfaces on the microscope
showed the bacteria colonies, which covered the material
n the form of biofilm. After removing it there were no signs
of material degradation. Further research is performed on
pure silver samples.
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RYS.3 Widok probek wyjetych z poszczegoélnych bulionéw: a) Enteroccocous faecium, b) Eserichia coli, c) Pseu-
domonaes aeuroginosa, d) MRSA, e) Enterobacter cloacae, f) Acinenterobacter baumani, g) Staphylococcous
epidermidis

FIG.3 The view of the samples taken out of the bacteria liquid: a) Enteroccocous faecium, b) Eserichia coli, c)
Pseudomonaes aeuroginosa, d) MRSA, e) Enterobacter cloacae, f) Acinenterobacter baumani, g) Staphylococ-
cous epidermidis
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Materiaty polimerowe majg wiele zastosowan biome-
dycznych, wykonuje sie z nich implanty medyczne, bio-
sensory stuzgce do diagnostyki, systemy kontrolowanego
dozowania lekdw. W zaleznosci od obszaru stosowania,
specyficzna adsorpcja protein do biomateriatéw jest zja-
wiskiem pozadanym (biosensory, dostarczanie lekéw) lub
niepozgdanym (implanty). Niestety oprécz oddziatywania w
sposoéb specyficzny, wiekszos¢ biatek wykazuje tendencje
do fizycznej adsorpcji do powierzchni polimerowych co
moze powodowac zmiane konformacji biatka, co skutkuje
utratg funkgciji biologicznych. W przypadku wszczepionych
biomateriatéw, moze pojawi¢ sie problem niespecyficznej
adsorpcji biatek, ktéra prowadzi do enkapsulacji lub nawet
do odrzucenia implantu. W rzeczywistosci nie istnieje mate-
riat, ktory w ogdle nie adsorbuje biatek in vivo, jednak mozna
stosowac¢ materiaty, do ktorych biatka adsorbujg w sposéb
kontrolowany, co pozwoli na zminimalizowanie ryzyka od-
rzutu. W zwigzku z tymi problemami prowadzi sie badania
polimeréw, majgce na celu sprawdzenie stopnia adsorpc;ji
réznych biatek do tych polimerow. [1]

Wiedza o stopniu adsorpcji biatek do powierzchni po-
limerowych moze by¢ wykorzystana do tworzenia mikro-
macierzy biatkowych, czyli macierzy duzej liczby biatek
rozmieszczonych przestrzennie na matej powierzchni.
Morin et al. [2] pokazali, ze istnieje mozliwos¢ selektywnej
adsorpciji biatek do domen fazowych wzoréw polimerowych.
Cienkie warstwy polimerowe sg interesujgce ze wzgledu
na ich zréznicowane wiasnosci (hydrofobowosé, tadunek).

Cienkie warstwy z binarnymi wzorami polimerowymi,
uformowane na duzych obszarach przez pary polimerow:
polistyren/ poli( metakrylan metylu) PS/ PMMA oraz polisty-
ren/ poli( tlenek etylenu) PS/ PEO, zostaty uzyte do zbadania
selektywnej adsorpcji dwéch biatek ( lektyn: conacanavalin
A oraz lentil lectin) i do zanalizowania jakosci odtworzenia
wzoréw polimerowych przez zaadsorbowane biatka. [1]
Wzory polimerowe powstaty w procesie samoorganizacji
(spontaniczna separacja fazowa) oraz przez zastosowanie
jednej z technik miekkiej litografii — mikroformowania warstw
(SAMIM). (RYSUNEK 1)
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Polymer-based bio-materials are commonly used in
biomedical applications such as medical implants, bio-sen-
sors for biomedical diagnostics, controlled drug-delivery
systems, and templates for tissue engineering due to their
varied properties. The knowledge of how to control the
protein adsorption is essential for all applications, such
as bio-sensors or drug delivery, where the immobilization
of proteins is desired. Unfortunately, apart from the spe-
cific interactions, most of the proteins reveal an additional
tendency to adsorb physically onto polymeric substrates,
thereby reducing their functionality. On the other hand,
studies on protein adsorption are also crucial in designing
bio-compatible surfaces where the elimination or reduction
of the protein adsorption improves their performance. The
main problem when a bio-material is introduced into the hu-
man body is nonspecific protein adsorption to the material,
which can initiate a cascade of events that eventually can
result in encapsulation, or even rejection, of the material
from the body. It is impossible to create a surface that will
completely prevent protein adsorption in vivo. Instead, by
controlling and modulating protein adsorption to surfaces, it
is likely to produce devices that can interact with biological
systems without adverse effects [1].

The knowledge of how proteins interact with polymer
surfaces can be used to create protein micro-arrays, that is,
arrays of large number of proteins distributed spatially in a
very small space. An additional possibility of selective pro-
tein adsorption to the domains of phase-separated polymer
blends was shown by Morin et al.[2]. Polymer blend films
are attractive as their surface properties (e.g., hydrophobic-
ity, charge) are varied at length scales comparable to both
single molecules (tens of nanometers) and whole cells (tens
of micrometers).

Thin films with binary polymer surface patterns, formed
over large areas by the pairs: polystyrene/ poly(methyl
methacrylate) PS/ PMMA and polystyrene/ poly(ethylene
oxide) PS/ PEO, are used as substrates to study selective
adsorption of two proteins (lectins: concanavalin Aand lentil
lectin) and to test reconstruction of polymer patterns by
these proteins [1]. The polymer patterns are formed by self-
organization (spontaneous phase-separation) during blend
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A) self-organization

(cross inking)
as o LJ>

Analiza geo-
metrii catkowej

[3] zostata uzy-
ta do ilosciowe-

B) soTT lithography

mdouble casting
— ) =

selective mtcr&rnoldlng

casting and by a soft
lithographic method
of solvent-assist-
ed micro-molding

| (sAamIm). (FIGURE

1)
Integral geometry

approach [3] is used
to compare quan-

c\ I'\ "‘

go poréwnania oA .a
obrazéw fluo- L X A (cross-linking)
H B q;_‘ r\ EL B = _F
rescencyjnych & ,“‘

domen biatek

titatively fluores-

[4] z obrazami
AFM oryginal-
nych wzorow
pelimerowych
[5] (RYSUNEK

miekka litografie (B).

graphy (B).

RYSUNEK 1. Wzory polimerowe wytworzone przez samoorganizacje (A) i

FIGURE 1. Polymer patterns formed by self organization (A) and soft lito-

2). Wyniki da-

stopien pokrycia F, dtugo$¢ powierzch- i :{

ni miedzyfazowej U oraz wspoétczynnik
Eulera Xz obliczonych dla obrazéw
domen biatkowych i wzoréw polime-
rowych. Wartosci wspoétczynnikow
Minkowskigo sg poréwnywane w celu
oceny jakosci odtworzenia oryginalnego wzoru oraz do
poréwnania réznych wzoréw powierzchniowych. Stwier-
dzono selektywng adsorbcje obu lektyn do domen PMMA,
wzmocniong w obszarze granicy faz. Natomiast dla podtoza
PS/ PEO stwierdzono wysoce selektywng adsorpcje biatek
do domen PS.

:a

2%

Pismiennictwo

[1] Zemta, J.; Lekka M.; Raczkowska J.; Bernasik A.; Rysz J;
Budkowski A. Biomacromolecules

2009, 10, 2101-2109.

[2] Morin, C.; Hitchcock, A. P.;Cornelius, R. M.; Brash, J. L.; Ur-
quhart, S. G., Scholl, A.; Doran, A. J. J. Electron Spectrosc. Relat.
Phenom. 2004, 137-140, 785-794.

[3] Mecke, K. R. Phys. ReV. E 1996, 53, 4794 4800.

° adsorbed proteins (ConA).

cence micro-graphs
of protein patches
[4] with AFM images
of original polymer
patterns [5] (FIGURE

RYS.2. Obraz AFM wzoru po- 2). Results of non-
limerowego PS/ PMMA oraz '0cal geometry analysis
obraz fluorescencyjny tej po- are expressed in terms

© | wierzchni po zaadsorbowaniu °f average morphologi-
FM | biatek (ConA).

1%'] FIG.2. AFM image of PS/PMMA area fraction F, .pgrimeter

film and fluorescence mic- U, and connectivity Xg of

cal measures describing

rograph of the pattern with both protein patches and
polymer patterns. The mor-
phological measures are
simply compared to collate different surface patterns and
to examine pattern replication. Preferential adsorption of
both lectins to PMMA domains, enhanced for PS/ PMMA
interfaces is concluded. In turn, protein binding to PS phase
regions of PS/PEO blends is highly selective.
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WPLYW SRODOWISKA
BAKTERYJNEGO NA
POWSTAWANIE BIOFILMU NA
STOPIE TYTANU - Ti-13Nb-13Zr

JOANNA ZoRN'*, ANNA PALUBICKA?

"PoLiTEcHNIKA GDANSKA, WYDzIAt. MECHANICZNY
2SzPITAL W KOSCIERZYNIE
*MAILTO: AsIA.ZORN@GMAIL.COM

[Inzynieria Biomateriatéw, 99-101, (2010), 63]

Zakazenia bakteryjne sg jednymi z najczesciej spoty-
kanych komplikacji po zabiegach ortopedycznych [1]. Gdy
pacjent nie otrzyma odpowiednio szybko pomocy ze strony
lekarzy moze dojs¢ do licznych powiktan, nawet takich, ktore
zagrazajg zyciu. Obecnos¢ biofilmu jest wyjgtkowo korzyst-
na dla rozwoju mikroorganizméw, a to moze doprowadzi¢
do zaniku otaczajgcej tkanki kostnej i w rezultacie zaburzy¢
proces osteointegraciji [2]. Dlatego przeprowadzono badania
w srodowisku 7 bakterii (Pseudomonas, Klebsiella oxytoca,
Acinetobacter, Staphylococcus epidermis, Staphylococcus
aureus — MRSA i MSSA, Enterococcus spp.) w celu okre-
$lenia korelacji miedzy materiatem podtoza (stopem tytanu
Ti-13Nb-13Zr) a srodowiskiem w jakim sie on znajduje, na
tworzenie sie biofilmu.

Prébki o wymiarach 5x15 mm zostaty wyciete z blachy
o grubosci 3mm i przygotowane przez Warsztat Centralny
Politechniki Gdanskiej, zostaty one podzielone na dwie
grupy (RYS.1). Jedna grupe stanowity probki odttuszczone,
a drugg odttuszczone i wyjatowione.

Kolejnym krokiem byto przygotowanie prébowek z pozyw-
ka (TSA—triptic soy agar) i szczepem bakterii. Nastepnie do
probéwek wprowadzono po 2 prébki i catos¢ odstawiono do
cieplarki o temperaturze 36°C (+0,5°C) na okres 30dni. Po
uptywie tego czasu z kazdej prébow-

THE IMPACT OF BACTERIAL
ENVIRONMENT ON FORMATION
OF BIOFILM ON THE TITANIUM
ALLOY - Ti-13Nb-13Zr

JOANNA ZorN'*, ANNA PAtUBICKA?

'Gpask UNIVERSITY OF TECHNOLOGY,
FacuLTy oF MECHANICAL ENGINEERING
2HosPITAL IN KOSCIERZYNA

*MAILTO: ASIA.ZORN@GMAIL.COM

[Engineering of Biomaterials, 99-101, (2010), 63]

Bacterial infection is the most common complication
which may occur an orthopedic surgery [1]. If the patient
does not receive help from the doctors on time, they can
suffer a lot of serious complications, even those life-threaten-
ing. The presence of biofilm is extremely beneficial for the
growth of micro-organisms and this may lead to loss of sur-
rounding bone tissue and consequently disrupt the process
of osseointegration [2]. Therefore, research was conducted
in an environment of 7 bacteria (Pseudomonas, Klebsiella
oxytoca, Acinetobacter, Staphylococcus epidermis, Staphy-
lococcus aureus - MRSA and MSSA, Enterococcus spp) to
determine the correlation between material surface (titanium
alloy - Ti-13Nb-13Zr) and the environment in which it is set
as well as the biofilm formation.

Samples of 5x15 mm were cut from the sheet with a
thickness of 3 mm and prepared by the Central Workshop
Gdansk University of Technology. Next all the samples were
divided into two groups. One group consisted of defatted
samples and the second contained both defatted and
sterile.

The next step was to prepare the test-tubes with the
culture medium (TSA - tryptic soy agar) and the strain

of bacteria. Then to the test-tubes were

ki zostanie wyciggnieta jedna probka
w celu identyfikacji biofilmu za pomo-
cg TTC Solution 1%. Po 60 dniach
czynnosc¢ ta zostanie powtorzona.

Dodatkowo przeprowadzono
takie same badania na stopie Ti-
6AIl-4V, aby stwierdzi¢ czy sktad

10 mm

introduced after the two samples and all
transported to the incubator on temperature
36°C (+0,5°C) for a period of 30 days. After
this time one sample is pulled out from each
test-tube in order to identify biofilm by TTC
Solution 1%. The same action were repeated
after 60 days.

chemiczny moze mie¢ wptyw na

Studies were conducted in parallel with

wyzej okreslong zaleznos$¢ (TABELA
1). Dos$wiadczenia zostaty przepro-
wadzone w Zaktadzie Diagnostyki
Laboratoryjnej i Mikrobiologii w
Szpitalu w Koscierzynie.
Uzyskane
wyniki zostang
zaprezentowa-
ne na konferen-
cji w Rytrze pt.

5x15mm

Stop tytanu
Titanium

RYS.1. Prébka do badan w srodo-
wisku bakteryjnym o wymiarach

FIG.1. A sample for testing in a bacte-
rial environment size 5x15mm

TABLE 1. Sktad chemiczny stopow tytanu: Ti-13Nb-13Zr i Ti-6Al-4V (%wag.) [3].
TABLE 1. Chemical composition (wt.%) of Ti-13Nb-13Zr, Ti-6Al-4V alloys [3].

Sktad chemiczny
Chemical components [%]

the Ti-6Al-4V in order to determine whether
the chemical composition can affect the
above-defined dependencies (TABLE 1). The
experiments were conducted at the Depart-
ment of Laboratory Medicine and Microbiology
at the Hospital in
Koscierzyna.

The results ob-
ained will be pre-
ented at a confer-

, Biomateriaty alloy C H N O | Fe |AI| S Hf | V| Nb Zr | Ti |encein Rytro “Bio-
w medycynie || Ti-13Nb-13Zr | 0,035 0,010 0,004 (0,078 (0,085 | - [<0,001|0,055| - |13,179 13,489 | Bal.|[naterials in medi-
weterynarii”. - ine and veterinary
[ Tieaav  [0,024]0,005]0,006] 018 [ 017 [60] - | - [a1] - - [Ballf eicine
1 fmeaicine. .
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OPRACOWANIE
BIORESORBOWALNYCH
WIELOWARSTWOWYCH
NOSNIKOW POLIMEROWYCH
DO KONTROLOWANEGO
UWALNIANIA DOKSORUBICYNY
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Streszczenie

W pracy przedstawiono wyniki badan uwalniania
i degradacji in vitro do sztucznego ptynu mdézgo-
wo-rdzeniowego (aCFS) dla wielowarstwowych
matryc polimerowych zawierajgcych doksorubicyne
Jjako substancje leczniczg. Proponowany system
terapeutyczny zbudowany jest z trzech warstw, {j. 2
zewnetrznych warstw kopolimeru glikolidu z e-kapro-
laktonem i 1 wewnetrznej warstwy kopolimeru glikolidu
z D,L-laktydem z 10% zawartoscig cytostatyka. Sy-
stem wielowarstwowy utworzono przez kompresje w
okreslonych warunkach: temperatury, nacisku i czasu.
Postep degradacji zostat potwierdzony przy pomocy
zmian mikrostruktury tancuchéw metodg spektrosko-
pii magnetycznego rezonansu jgdrowego. Kinetyke
uwalniania doksorubicyny z matryc jednowarstwo-
wych i tréjwarstwowych obserwowano przy pomocy
spektroskopii UV-VIS. Zastosowanie trojwarstwowej
matrycy pozwolito na zmniejszenie poczgtkowego
wyrzutu leku z powierzchni no$nika polimerowego a
tym samym zmnigjszenie inhibicji uwalniania do 100
godzin eksperymentu.

[Inzynieria Biomateriatéw, 99-101, (2010), 64-67]

Wstep

Mikrostruktura tancucha kopolimerowego jest czynnikiem
determinujgcym degradacje hydrolityczng alifatycznych
poliestréw i tym samym pozwala na sterowanie kinetykg
uwolnionej substanciji leczniczej. Odpowiednio zaprojekto-
wana mikrostruktura w oparciu o warunki kopolimeryzacji
oraz rodzaj inicjatora pozwala otrzymac systemy terapeu-
tyczny zapewniajgce kontrolowane uwalnianie réznych
substancji leczniczych [1,2]. Polimerowe materiaty otrzy-
mano w obecnosci nietoksycznego inicjatora cyrkonowe-
go [3], a jako substancje leczniczg wybrano hydrofilowy
antybiotyk antracyklinowy-doksorubicyne. Ten cytostatyk
jest stosowany w leczeniu ostrej biataczki limfoblastycznej
i szpikowej, chtoniakach, miesaka Kaposiego, raka piersi,
raka pecherza moczowego, raka ptuc, raka tarczycy, raku
zotadka, raka watroby [4]. Podanie dozylne doksorubicyny
wywotuje oprécz kardiotoksycznos$ci szereg innych skutkow
ubocznych tj. supresje szpiku, tysienie, nudnosci, wymioty,
zapalenie jamy ustnej. Zastosowanie liposomalnej doksoru-
bicyny (Caelyx®) w raku jajnika, piersi, miesaku Kaposiego
pod wzgledem efektu terapeutycznego jest porownywalne,
natomiast zmniejszone jest ryzyko wystgpienia powikfan
miesnia sercowego [5]. Preparat Caelyx® byt stosowany

ELABORATION OF
BIORESORBABLE MULTI-
LAYERED POLYMERIC
CARRIERS FOR CONTROLLED
DOXORUBICIN RELEASE

KATARZYNA STOKrOSA', JANUSZ KASPERCZYK'?,
PioTR DoBRzYNSKI?, ANNA SMOLA?

"MEebicAL UNIVERSITY OF SILESIA, DEPARTMENT OF BIOPHARMACY,
Narcyzow 1, 41-200 Sosnowiec, PoLAND

2CEeNTRE OF PoLYMER AND CARBON MATERIALS, PoLisH ACADEMY
oF ScieNcES, CURIE-SKLODOWSKA 34. 41-819 ZaBRzE, POLAND

Abstract

In this work the results of in vitro release and
degradation to artificial cerebrospinal fluid solution
(aCFS) from multi-layered polymeric matrices con-
taining cytostatic drug were performed.. The proposed
therapeutic system was constructed from three layers:
the glycolide/caprolactone copolymer were used in two
external layers and glycolide/D,L-lactide copolymer
in internal layer containing 10-weight % of cytostatic
agent.. Three-layered drug release system was made
by compression at suitable conditions of time, tempe-
rature and pressure. The degradation of three-layered
polymeric matrices was confirmed on the basis of
changes in copolymer chain microstructure using high
resolution NMR spectroscopy. Kinetics of doxorubicin
release from mono- and three-layered matrices was
observed by UV-VIS spectroscopy. Application of
three-layered matrix may be used to reduction of burst
effect from polymeric carrier surface and to reduction
of inhibition effect of doxorubicin release observed in
first stage from mono-layered matrix.

[Engineering of Biomaterials, 99-101, (2010), 64-67]

Introduction

Microstructure of copolymer chain is a factor which
determines hydrolytic degradation of aliphatic polyesters
so that permit to kinetics control of released drugs. Proper
microstructure design according to copolymerization condi-
tions and type of initiator allow to obtain therapeutic system
with controlled release of different drugs and in consequence
reduction of side effects [1,2]. Polymeric materials were
synthesized in the presence of non-toxic zirconium initiator
[3], and hydrophilic anthracycline antibiotic-doxorubicin was
chosen as drug. This cytostatic is used in acute lymphob-
lastic leukemia and chronic myeloid leukemia, lymphomas,
Kaposi's sarcoma, breast, bladder, lung, thyroid, gastric and
liver cancers [4]. Intravenously administration of doxorubicin
causes many side effects such as cardiotoxicity, bone
marrow suppression, loss of hair, nausea, vomiting, and
stomatitis. The therapeutic effect of liposomal doxorubicin
(Caelyx®) used in ovary cancer, breast cancer and Kaposi’s
sarcoma is comparable with intravenous doxorubicin but
decrease the risk of complications in cardiac muscle[5].
Caelyx® was used in brain glioma therapy but problem with
dose selection was observed what induced hemorrhage in
tumor area and also damage of surrounding tissues [6].
The aim of investigations was reduction of burst effect
from polymeric carrier surface and reduction of inhibition
effect of doxorubicin release by application of three-layered
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w terapii glejaka mozgu jednak wystgpit problem z dobo-
rem dawki co wywotato krwawienie w obrebie guza oraz
uszkodzenia tkanek otaczajgcych [6]. Celem badan byto
zmniejszenie poczgtkowego wyrzutu leku oraz inhibicji uwal-
niania doksorubicyny poprzez zastosowanie tréjwarstwowej
matrycy wykonanej z biodegradowlInych polimeréw o okre-
Slonej budowie. Wczesniejsze badania jednowarstwowych
bioresorbowalnych systemow uwalniania doksorubicyny
potwierdzity obecnos¢ wyrzutu leku z powierzchni matrycy
a nastepnie inhibicje uwalniania leku z masy matrycy, ktorej
przyczyna sg oddziatywania miedzy grupami hydroksylowy-
mi leku a grupg karbonylowa kopolimeru [7]. Implantowanie
trojwarstwowej matrycy polimerowej z doksorubicyng do
lozy pooperacyjnej moze spowodowac korzystny efekt
terapeutyczny w leczeniu glejaka moézgu.

Materiaty

Zastosowano 2 rodzaje kopolimerow: kopolimer gliko-
lidu z D,L-laktydem (PGDLA) i kopolimer glikolidu z e-ka-
prolaktonem (PGCA), o réznej mikrostrukturze tancucha
poliestrowego i zawartosci jednostek komonomerycznych
do wykonania implantacyjnego systemu terapeutycznego
doksorubicyny. Kopolimery zostaty otrzymane w masie [8,9]
w temperaturze 100-130°C, a jako inicjator zastosowano
nietoksyczny acetyloacetonian cyrkonu (Zr(Acac),]. W celu
usuniecia sladoéw nie przereagowanych komonomeréw
rozpuszczono je w chloroformie i wytrgcono w metanolu
a nastepnie suszono pod préznig. Zawarto$¢ procentowa
cytostatyka w matrycach poliestrowych wynosita 10%.
Sztuczny ptyn moézgowo-rdzeniowy (aCFS) otrzymano
przez potgczenie 2 roztworow soli w proporcji 1:1. Pierwszy
roztwor zawierat (NaCl, KCI, CaCl, MgCl,*6H,0) a drugi
(Na,HPO,*7H,0, NaH,PO,*H,0) [10].

Metody

Materiaty poliestrowe scharakteryzowano pod katem
ilosci jednostek komonomerycznych, mikrostruktury tancu-
cha przy pomocy 'H i *C NMR. Okreslono réwniez ciezary
czgsteczkowe metodg GPC i temperatury: topnienia i ze-
szklenia metodg DSC. Metodyka otrzymania pojedynczych
matryc polegata na rozpuszczeniu polimeru badz polimeru
z lekiem w rozpuszczalniku polarnym nastepnie wylaniu
do formy o okreslonej grubosci. Z folii wycieto krazki bez
cytostatyka i z cytostatykiem o $rednicy 1 cm i sprasowano
pod naciskiem 3,4 T w 40°C przez 5 minut. Probe kontrolng
stanowity pojedyncze krazki kopolimeru glikolidu z D,L-
laktydem i doksorubicyny. Badania uwalniania cytostatyka
i degradacji matryc prowadzono w uktadzie dynamicznym
przez 336 godziny poprzez inkubacje z wytrzgsaniem w
temperaturze 37°C. Absorbancje uwolnionej doksorubicyny
oznaczono metodg UV-VIS przy dtugosci fali A=482 nm, az
rownania krzywej wzorcowej okreslono stezenia uwolnionej
substanciji leczniczej.

biodegradable matrices with specific chain microstructure
Previous investigations of mono-layered matrix confirmed
presence of burst effect and next delay of drug release from
the bulk, which is caused by interactions between hydroxyl
groups of drug and carbonyl group of copolymer [7]. Implan-
tation of three-layered polymeric matrix with doxorubicin into
postoperative site could cause beneficial therapeutic effect
in brain glioma treatment.

Materials

Two types of copolymers were applied: copolymer of gly-
colide with D,L-lactide (PGDLA) and copolymer of glycolide
with e-caprolactone (PGCA) with different microstructure of
polyester chain and content of comonomeric units for con-
struction of implantation doxorubicin therapeutic system..
Copolymers were synthesized in bulk [8,9] at temperatures:
100-130°C, and as initiator non-toxic zirconium (V) acety-
lacetonate [(Zr(Acac),] was applied. In order to remove
traces of unreacted comonomers mixture was dissolve in
chloroform and precipitate with methanol and then dried in
a vacuum. Percentage content of cytostatic in polyester ma-
trices was 10% (w/w). aCFS was prepared by combination
of two solutions in ratio 1:1. First solution contained (NaCl,
KCl, CaCl, MgCl,*6H,0) and second one (Na,HPO,*7H,0,
NaH,PO,+H,0) [10].

Methods

Polyester materials were characterized according to
amount of comonomeric units and chain microstructure by
'H and *C NMR spectroscopy. Molecular masses by GPC
and temperatures: melting and glass transition by DSC
were also defined. Methodology of mono-layered matrices
formation consists of dissolving polymer or polymer with
drug in polar solvent and next casting to form with defined
thickness. Discs without and with cytostatic agent (d=1 cm)
were cut out and compressed 5 minutes under pressure
3,4 T at 40°C. Blank sample was mono-layered PGDLA
discs with doxorubicin. Cytostatic release studies and
degradation of matrices were conducted by incubation at
37°C with shaking. The values of absorbances of released
doxorubicin were indicated by UV-VIS method at A=482 nm,
standard curve equation permit to define concentrations of
release drug.

Results

Physicochemical properties and microstructure parame-
ters of copolymer chain for polymeric carriers was presented
in TABLE 1 and analysis of microstructure changes with
degradation time was shown in TABLE 2. Release profile
of doxorubicin from mono- and three-layered matrices and
also 'H and *C NMR spectra of these matrices was shown
at FIGURE 1.

TABELA 1. T,.: temperatura topnienia, T,: temperatura zeszklenia, M,: liczbowo $redni ciezar czasteczkowy, D:
polidyspersyjnosé, I°: eksperymentalna srednia dtugos¢ blokéw, R: stopien randomizacji, k: udziat jednostek

komonomerycznych w taincuchu kopolimeru.

TABLE 1. Tm: melting temperature, T,: glass-transition temperature, M,: number average molecular weight, D:
polydispersity, I1°: experimental average length of blocks, R: degree of randomness, k: ratio of comonomeric

units in copolymer chain.

Rodzaj nosnika

65

. T °C Te°C M, [kDa] D
Type of carrier g
PGDLA 100.2 | 54.9 44 2,067 | GGIDL=29/71 | Ige=1.771,1°,,=4.34 | 0.29
[ PGCA 55.6 -54.2 64 2,9 | GG/Cap=19.4/90.6 | I°:=0.568, I°.,,=5,47 | 1.06 ||
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.......Wyniki

Wiasciwosci fizykoche-
miczne oraz parametry
mikrostruktury tancucha
kopolimerowego no$nikéw
polimerowych przedstawio-
no w TABELI 1, a analize

TABELA 2. Matryca jednowarstwowa z cytostatykiem: A- w czasie 0,
B- po tygodniu degradacji, C- po 2 tygodniach degradacji. Matryca troj-
warstwowa z cytostatykiem: D- w czasie 0, E- po tygodniu degradaciji,

F- po 2 tygodniach degradaciji.

TABLE 2. Mono-layered matrix with cytostatic agent: A- at the initial
time, B-after 1 week, C- after 2 weeks. Three-layered matrix with cyto-
static agent: D- at the initial time, E- after 1 week, F- after 2 weeks

Matryca
zmian mikrostruktury z cza- Mart)r/ix k 1° R
sem degradacji w TABELI A GG/DL=28/72 I°6e=2,29; I, =5,88 Reana=0,39
2. o B GG/DL=30,5/695 | [°..=1,94; I°; =4,40 Recn 2=0,49
Profil uwalniania dok- C GG/DL=30,4/69,6 | 1°:=1,82; I, =4,17 Recn2=0,51
sorubicyny z matryc po- GG/DL=28/72 lss=1,89; 1°,=4,86 | Rpeps=0,471
_ Z matr D , 89; : AT1,
jedynczych I1|00tranych a GG/Cap=9.5/90,5 | I°5;=0.55, I°;,.=5,19 Regea=1,10
takze widma 'H i *C NMR = GG/DL=30,9/69,1 | [°cc=2,00; I5,=4,47 | Rpepa=0,474,
tychze matryc pokazano GG/Cap=9,7/90,3 | I°.;=0.55, I°,,=5,13 Reaca=1,10
na RYS.1 - GG/DL=30,8/69,7 | I°5c=1,86; I°,= 4,17 Recos=0,51,
GG/Cap=9,8/90,2 | I°5,=0.56, I°.,,=5,13 Recea=1,10
-
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Rys.1 I-Widma 'H i *C NMR, lla- Dzienna dawka uwolnionej doksorubicyny, llb-kumulacyjne uwalnianie dokso-
rubicyny: A- jednowarstwowa matryca, B-tréjwarstwowa matryca.
FIG.1 |- 'H and *C NMR spectra, lla-Daily dose of released doxorubicin, llb-Cumulative release of doxorubicin:

A-mono-layered matrix, B- three-layered matrix

Whioski

Analiza parametréw mikrostruktury metodg NMR po-
twierdzita budowe blokowg PGDLA i statystyczng PGCA.
Badania degradacji matryc pojedynczych i potréjnych z cyto-
statykiem udowodnity wzrost stopnia randomizacji i udziatu
jednostek glikolidylowych w czasie 1 tygodnia, co $wiadczy o
wymyciu oligomeréw kwasu mlekowego w poczgtkowej fazie
badan. Dzienne dawki uwolnionej doksorubicyny (RYS.1 lla)
oraz kumulacyjne uwalnianie doksorubicyny (RYS.1 lIb) z
matrycy pojedynczej (A) i trojwarstwowej (B) wskazujg na

Conclusions

The analysis of microstructure parameters by NMR meth-
od have confirmed block structure of PGDLA and random
structure of PGCA. Degradation investigations of mono- and
three-layered matrices with cytostatic agent have proved
increase of randomness degree and feed mole fraction of
glycolide during 1 week, what is connected with elution of
lactic acid oligomers at initial phase of studies. Daily doses
of released doxorubicin (FIG.1 lla) and also cumulative
doxorubicin release (FIG.1ll b) from mono- (A) and three-
layered matrix (B) indicate 1,75-times lower cytostatic burst
from three-layered matrix surface.
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zmniejszenie 1.75-krotne wyrzutu cytostatyka z powierzchni
matrycy trojwarstwowej.
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Streszczenie

W pracy przedstawiono wyniki badan uwalniania
radiouczulacza metronidazolu z jednowarstwowych
oraz trojwarstwowych matryc kopolimeru glkolidu z
laktydem do sztucznego ptynu mézgowo rdzenio-
wego ACFs. Przeprowadzono analize mikrostruktury
fancuchow polimerowych w oparciu o spektroskopig
magnetycznego rezonansu jgdrowego. Badanie uwal-
niania leku prowadzono w systemie dynamicznym z
regularng wymiang buforu we fiolkach poddanych
wytrzgsaniu. Ekstrakty analizowano metodg spek-
trometrii UV-VIS. Réwnolegle prowadzono badania

BODEGRADABLE POLYMERIC
SYSTEM RELEASING
RADIOSENSITIZER- THE IN VITRO
STUDIES

ANDRzEJ Buszman'*, JANusz KAsPERCZYK'2,
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Abstract

In this paper the results of radiosensitizer me-
tronidazole release investigation from mono- and
triple-layered copolymeric matrices in artificial cere-
bro-spinal fluid solution (ACFs) are presented. The
analysis of polymeric chain microstructure by the
NMR has been conducted. Drug release study was
performed in the dynamic system with regular buffer
exchange in constantly stirred glass ampoules. The
extracts were analyzed by the UV-VIS spectrometry.
Drug carrying matrices degradation research were
conducted to evaluate possible changes in polymeric
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degradacji matryc z lekiem pod katem oceny zmian
w mikrostrukturze tancucha polimerowego. Bada-
nia wykazaty znacznie szybszg degradacje matryc
wykonanych z kopolimeru glikolidu z D,L-laktydem
w poréwnaniu z matrycami z kopolimeru glikolidu z
L-laktydem. Ponadto wykazano ze optaszczenie ma-
trycy zawierajgcej lek polimerem bez leku (matryce
trojwarstwowe) zapobiega nagtemu wyrzutowi leku z
powierzchni w pierwszych dniach uwalniania.

Stowa kluczowe: Poliestry alifatyczne, systemy
kontrolowanego uwalniania lekow, glejak mézgu,
metronidazol

[Inzynieria Biomateriatéw, 99-101, (2010), 67-71]

Wprowadzenie

Polimery biodegradowalne, a szczegdlnie poliestry
alifatyczne stanowig grupe biomateriatéw stosowanych w
medycynie przy regeneracji uszkodzonych tkanek (jako tzw.
scaffoldy), w leczeniu ran (jako nici i klipsy chirurgiczne) oraz
jako membranowe i matrycowe systemy kontrolowanego
uwalniania lekéw [1]. Ze wzgledu na ich bezpieczenstwo,
biodegradowalnos¢, dostepnosc¢ i uniwersalnos¢ znalazty
zastosowanie w terapiach przeciwnowotworowych, uzalez-
nien, infekcji i szczepieniach. Wyniki degradaciji poliestréw
alifatycznych i wptyw mikrostruktury tancucha polimero-
wego na degradacje hydrolityczng pozwalajg projektowac
bioresorbowalne systemy kontrolowanego uwalniania oraz
wplywaé na czas ich degradacji i stezenie uwalnianego leku
[2]. W leczeniu nowotwordw, polimerowe systemy uwalnia-
nia lekéw moga by¢ podawane miejscowo, tj. bezposrednio
na tkanke guza lub do lozy pooperacyjnej, co stanowi
niewatpliwy atut tych systeméw na tle innych rozwigzan.
Jest to szczegdlnie wazne w leczeniu nowotworow gtowy i
szyi, gdzie bariera krew-mdzg stanowi istotng przeszkode
dla wielu lekdw podawanych ogélnoustrojowo. Dodatkowo,
umiejscowienie polimerowego systemu uwalniania leku
bezposrednio w guzie lub w lozy pooperacyjnej minimali-
zuje uszkodzenia tkanki nerwowej wywotane radioterapig.
Ponadto, systemy polimerowe charakteryzuje staty poziom
uwalniania leku w danym okresie czasu, co jest kluczowe
w terapii przeciwnowotworowe;j [3].

Metronidazol — nalezgcy do chemioterapeutykow lek z
grupy pochodnych nitroimidazolu wykazuje dziatanie pier-
wotniakobojcze oraz bakteriobdjcze wobec drobnoustrojow
beztlenowych, wykazano ponadto efektywne dziatanie tego
leku jako radiouczulacza w terapii biataczek, miesakow i
raka piersi. Wtasciwosci radiouczulajgce metronidazolu
mogag mie¢ zastosowanie w leczeniu innych nowotworow
ztodliwych jak np. glejakéw, jednak dla uniknigcia cyto-
toksycznych dziatan ubocznych jego miejscowe podanie
powinno byc¢ $cisle kontrolowane [4].

W niniejszej pracy zostaty przebadane kopolimery glikoli-
du z D,L-laktydem oraz glikolidu z L-laktydem ze specyficzng
mikrostrukturg tarncuchow kopolimerowych pod kgtem zasto-
sowania jako wszczepialne systemy terapeutyczne.

Materiaty

Materiaty kopolimerowe poli(glikolid-co-D.L-laktyd) oraz
poli(glikolid-co-L-laktyd) zostaty zsyntezowane w Centrum
Materiatow Polimerowych i Weglowych PAN w Zabrzu,
metodg kopolimeryzacji z otwarciem pierscienia prowa-
dzong w masie z uzyciem Zr(acac), jako nietoksycznego
inicjatora przy stosunku molowym inicjator/komonomery
1/1000. Otrzymane kopolimery zostaly rozpuszczone w
chloroformie, wytrgcone w metanolu a nastepnie wysuszo-
ne w temperaturze 25°C pod normalnym i zmniejszonym

chain microstructure. The results showed that matrices
containing poly(glycolide-co-D,L-lactide) demonstrate
higher degradation rate than matrices containing
poly(glycolide-co-L-lactide). It has been proved that
drug carriers coated with drug-free polymer (triple-
layered matrices) prevents from burst effect.
Keywords: Aliphatic polyesters, drug delivery
system, brain glioma, metronidazole
[Engineering of Biomaterials, 99-101, (2010), 67-71]

Introduction

Biodegradable polymers, especially aliphatic polyesters
are materials used for medical applications such as tissue
repair and regeneration (scaffolds), wound closure (sutures,
self-clamping clips, surgical pins) and drug delivery systems
(membrane, matrix, injectable etc.) [1]. Due to their safety,
biodegradability, availability and versatility they are used in
the areas of cancer therapy, drug addiction, infection and
vaccination. The influence of polymeric chains microstruc-
ture on hydrolytic degradation allow to design the biore-
sorbable controlled release systems and to control carrier
degradation time as well as concentration of released drug
[2]. In cancer treatment, polymeric drug delivery systems
have the advantage of being placed directly into the tumor
area or into the tumor cavity after the resection. This is very
important especially in brain and neck cancers, when the
blood-brain barrier (BBB) may prevent some systemically
administered drugs from reaching their destination. Moreo-
ver, implantation of polymeric drug delivery system directly
into tumor site or tumor cavity after resection minimizes
damage or toxic effects for the nerve tissue caused by ra-
diotherapy. Furthermore, polymeric delivery systems provide
stable release of the drug in certain period of time, which
is essential for the successful cancer therapy [3].

Metronidazole is nitroimidazole antibiotic medication
used for anaerobic bacteria and protozoa but has also been
proved as an efficient radiosensitizer in treatment of leuke-
mia, sarcoma and breast cancer. Its radiosensitive proper-
ties seem to be interesting in treatment of other malignant
tumors like glioma however local administration needs to be
controlled due to potential cytotoxical side effects [4].

In this study, copolymer of poly(glycolide-co-D,L-lactide)
and copolymer of poly(glycolide-co-L-lactide) with specific
chain microstructure have been chosen as carriers of met-
ronidazole for implantable therapeutic system.

Materials

Polymeric materials poly(glicolide-co-D,L-lactide) and
poly(glicolide-co-L-lactide) were synthesized in Centre of
Polymer and Carbon Materials PASci, Zabrze by ring-open-
ing copolymerization in bulk with Zr(acac), as a non toxic
initiator with initiator/molar ratio (/M) of 1/1000. Obtained
copolymers were dissolved in chloroform, precipitated in
methyl alcohol then dried at 25°C and under reduced pres-
sure to constant weight. Metronidazole was purchased
from Sigma Aldrich. Artificial Cerebro-spinal Fluid solution
(ACFs) was prepared by mixing proper amounts of NaCl,
KCl, CaCl,, MgCl,*6H,0, Na,HPO,*7H,0 and NaH,PO,*H,0
with distilled water.

Methods

Materials properties examination

The copolymers composition was confirmed by the 'H-
NMR analysis and the chain microstructure was examined
by the *C-NMR measurement (600 MHz on AVANCE
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cisnieniem do statej masy. Metronidazol zostat zakupiony
w SIGMA ALDRICH. Sztuczny ptyn mézgowo rdzeniowy
(ACFs) otrzymano w wyniku doktadnego rozpuszczenia i
zmieszania odpowiednich nawazek soli NaCl, KCI, CaCl,,
MgCl,*6H,0, Na,HPO,*7H,0O i NaH,PO,*H,O w wodzie
destylowane;j.

Metody

Badania wlasciwosci materiatow

Skfad chemiczny badanych polimeréw oraz mikrostruktu-
ra tancuchéw zostaty okreslone za pomocg analizy 'H-iC-
NMR (spektrometr 600 MHz AVANCE Il Ultra Shield Plus,
Bruker). Masy czgsteczkowe kopolimeréw Mn i Mw zostaty
oznaczone metodg chromatografii zelowej (GPC, Physics
SP 8800 chromatograph). Temperatura zeszklenia Tg oraz
topnienia Tm badanych kopolimeréw zostaty wyznaczone
metodg réznicowej kalorymetrii skaningowej (TADSC 2010
apparatus, TA Instruments, New Castle, DE).

Otrzymanie matryc polimerowych oraz krazkéw jedno- i
tréjwarstwowych

Matryce z lekiem otrzymano przez rozpuszczenie na-
wazki polimeru w CH,Cl,, wymieszanie go z roztworem
zawierajgcym odpowiednig ilos¢ metronidazolu i wylanie
na specjalng forme teflonowg. Po odparowaniu rozpusz-
czalnika w temperaturze pokojowej matryce suszono w
suszarce prozniowej. Nastepnie wycieto krazki o Srednicy
10mm, grubosci 0,5mm, zawierajgce 5%wag metronidazolu.
Krazki bez leku otrzymano analogicznie, wyjgwszy dodatek
roztworu metronidazolu. Krazki tréjwarstwowe otrzymano
przez umieszczenie krgzka z lekiem pomiedzy dwoma
krgzkami bez leku i sprasowanie w okreslonych warunkach
temperatury, czasu i nacisku.

Badanie uwalniania metronidazolu

Otrzymane jedno- oraz tréjwarstwowe krgzki umieszczo-
no w szklanych amputkach i dodano buforu ACFs w proporc;ji
1ml buforu na 15mg polimeru. Ekstrakty zbierano codziennie
w okresie pierwszego tygodnia badan a nastepnie co 7 dni
przez okres 12 tygodni. Przy kazdym pobraniu ekstraktu
wymieniano catg objetos¢ buforu. Inkubacja zachodzita w
temperaturze 37°C (Memmert Precision Incubator INE 400)
przy rbwnoczesnym ciggtym wytrzgsaniu amputek.

Pomiar absorbancji metronidazolu uwolnionego z kraz-
kow polimerowych do buforu ACFs

Stezenie uwolnionego metronidazolu zostato zbadane
metoda spektrofotometryczng w zakresie UV (270-370nm)
przy uzyciu spektrometru JASCO V-570 UV-VIS-NIR.
Réwnanie krzywej wzorcowej pozwolito okresli¢ ilos¢ uwol-
nionego leku.

Badanie degradacji krazkow

Z powodu bardzo duzego tempa degradacji matryc z
koplimeru glikolidu z D,L-laktydem (catkowity czas degra-
daciji ok. 8-10 tyg) wykonano analize NMR tego materiatu.
Celem analizy byto poréwnanie udziatu jednostek komo-
nomerycznych oraz parametréw mikrostruktury tancucha
polimerowego miedzy matrycg niezdegradowang a matrycg
po 4 tygodniach degradacji w ACFs w 37°C.

Wyniki

Wiasciwosci matryc polimerowych

Wyniki analiz DSC, GPC i NMR badanych polimeréw
zestawiono w TABELI 1. Dla obydwu materiatéw przed
inkubacjg wspotczynnik randomizacji R wskazuje na bu-
dowe blokowg

Il Ultra Shield Plus, Bruker). The copolymers molecular
masses Mn and Mw were investigated by gel permeation
chromatography (GPC, Physics SP 8800 chromatograph).
The copolymers glass-transition temperature Tg and melting
temperature Tm were determined by differential scanning
calorymetry (TADSC 2010 apparatus, TA Instruments, New
Castle, DE).

Obtaining polymer matrices and mono- and triple-lay-
ered discs

Matrices with drug were obtained by dissolving copoly-
mers in CH,Cl,and mixing with the proper amount of metro-
nidazole solution then cast on a teflon plate with the special
casting device. After evaporating at ambient temperature,
films were dried under reduced pressure. Then discs of
10mm diameter and 0,5mm thick were cut out from the
matrices each containing 5% w/w of drug. Drug-free discs
were obtained in similar way, without the drug addition.
Triple-layered discs were obtained by press moulding one
metronidazole carrying disc put between two drug-free discs
in proper conditions of temperature, time and force.

Metronidazole release investigation

Obtained mono and triple layered discs were put into
glass ampoules and filled with amount of ACFs proportional
to disc’s weight (1ml of ACFs per 15mg of polymer). Extracts
were gathered every day during the first week of the study
and then once each following week. Whole amount of buffer
was changed with every extract sample gathering. During
incubation at 37°C (Memmert Precision Incubator INE 400)
release of metronidazole were examined for about 12 weeks
with constant shaking.

Absorbance measurement of metronidazole released to
ACFs by UV-VIS spectrometry

Concentrations of metronidazole released were analyzed
by absorbance measurements of drug in the UV-range
(270-370nm) by JASCO V-570 UV-VIS-NIR spectrometer.
Equation of standard curve allowed to determine the amount
of metronidazole released.

Discs degradation analysis

Due to the very fast of poly(glycolide-co-D,L-lactide)
degradation rate (total degradation time estimated for
about 8-10 weeks) further 'H and '*C NMR analysis were
conducted for this material. The aim of this study was to
compare the comonomeric ratio and chain microstructure
between non-degradated matrix and matrix after 4 weeks
of incubation in ACFs at 37°C.

Results

Polymeric matrices properties

The results of DSC, GPC and NMR analysis are gath-
ered in TABLE 1. for both materials randomization factor R
indicates block chain microstructure.

Degradation analysis

The NMR study results for the poly(glycolide-co-D,L-
lactide) after 4 weeks of incubation showed in TABLE 1.
indicate significant changes in both copolymer composi-
tion and chain microstructure. The average block length
was decreased, especially for the lactidyl blocks and the
randomization factor increased to value indicating statistic
chain microstructure.

Metronidazole release profiles analysis
On the FIG.1. rapid drug release in first 24 hours of
incubation can be seen. It's known as the burst effect and
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is unwanted in drug delivery systems. Similar situation
is shown on FIG.3. where 25% of total drug reservoir is

Analiza degradacji
Wyniki analizy NMR dla kopolimeru glikolidu z D,L-lakty-
dem po 4 tygodniach inkubaciji
pokazane w TABELI 1 wskazu-
ja na znaczace zmiany jakie
zaszty w sktadzie polimeru
jak i w mikrostrukturze fancu-
cha. Obnizeniu ulegta $rednia
dtugo$¢ blokow, zwtaszcza
laktydylowych, a wspétczynnik
randomizacji wzrdst do pozio-
mu wskazujgcego na budowe
statystyczng tancucha.

TABELA 1. Zestawienie wiasciwosci matryc polimerowych w oparciu o analizy DSC,
GPC i NMR. GA:LA ratio — stosunek jednostek glikolidylowych do laktydylowych;
Lesc — sSrednia dtugos¢ blokow glikolidylowych; L¢,, — srednia dlugos¢ blokow lak-
tydylowych; R — wspétczynnik randomizacji; n/e — nie badano.

TABLE 1. Set of polymeric material properties based on DSC, GPC and NMR analy-
sis. GA:LA - glycolidyl units to lactidyl units molar ratio; L°;; — average glycolidyl
block length; L¢,, — average lactidyl block length, R — randomization factor; n/e — not
examined

Analysis GALA

Analiza profili uwalniania Material !
metronidazolu [°C] [°C] | [kDa] | [kDa] ratio

Na RYS.1.widoczny_jest poly(glicolide-co-
nagly wyrzut leku w ciagufl | jactide) before | 60,6 | 83,6 | 75,3 | 254,7 | 15,9:84,1 | 1,88 | 9,96 | 0,37
pierwszych 24 godzin inku- incubation
bacji. Jest to spowodowane
wymyciem czgsteczek leku z poly(glycolide-co-
powierzchni, niepozadane w {5 | Jjactide) before | 51,0 | 1109 | 46,4 | 99,2 | 52,8:47,2 | 2,93 | 2,62 | 0,55
systemach uwalniania lekow. incubation
Podobng sytuacje przedsta-
W'? IR:S'S' gld_2|e .25% C.aJ'eJ poly(glycolide-co-D,L-
pull leku uwalnia sie W clagu Il |actide) after 4 weeks | nfe | nie | nle | nle | 80,9:19,1| 1,95| 0,550| 2,44
pierwszej doby inkubaciji. Po- L
réwnanie tych dwoch matryc
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RYS.2. Wykres kumulacyjny uwalniania metronidazolu
do ptynu ACFs in vitro z matrycy trojwarstwowej zawie-

RYS.1. Wykres kumulacyjny uwalniania metronidazolu
do ptynu ACFs in vitro z matrycy jednowarstwowej

zawierajacej kopolimer glikolidu z L-laktydem.

FIG.1. In vitro cumulative release of metronidazole to
ACFs from mono-layered matrix containing copolymer
of glycolide and L-lactide

rajacej kopolimer glikolidu z L-laktydem.

FIG.2. In vitro cumulative release of metronidazole to
ACFs from three-layered matrix containing copolymer
of glycolide and L-lactide
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RYS.3. Wykres kumulacyjny uwalniania metronidazolu
do plynu ACFs in vitro z matrycy jednowarstwowej
zawierajacej kopolimer glikolidu z D,L-laktydem.
FIG.3. In vitro cumulative release of metronidazole to
ACFs from mono-layered matrice containing copolymer
of glycolide and D,L-lactide

RYS.4. Wykres kumulacyjny uwalniania metronidazolu
do ptynu ACFs in vitro z matrycy tréjwarstwowej zawie-
rajacej kopolimer glikolidu z D,L-laktydem.

FIG.4. In vitro cumulative release of metronidazole to
ACFs from triple-layered matrice containing copolymer
of glycolide and D,L-lactide
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wskazuje, iz profil uwalniania z matrycy otrzymanej z L-
laktydu jest bardziej zrbwnowazony a uwalnianie trwa do
50 dni, podczas gdy z matrycy otrzymanej zj D,L-laktydu
zaledwie do 25 dni.

Matryce tréjwarstwowe widoczne na RYS.2. i RYS.4. nie
wykazujg wyrzutu z powierzchni, uwalniajgc lek w umiarko-
wanym tempie do 55 dni (matryca z L-laktydem) lub do 25
dni dla matrycy z D,L-laktydem.

Whnioski

Obecnos¢ dwoch dodatkowych krgzkéw bez leku optasz-
czajgcych nosnik radiouczulacza chroni przed wystgpieniem
wyrzutu leku z powierzchni. Ponadto matryce 3-warstwowe
wykazujg bardziej zréwnowazony profil uwalniania niz 1-
warstwowe. Zwigkszenie udziatu jednostek L-laktydylowych
w matrycy kopolimerowej zapewnia dtuzszy czas degradacji
jak réwniez dtuzsze uwalnianie leku.

Szybka degradacja kopolimeru otrzymanego z D,L-lakty-
du zwigzana jest ze znacznymi zmianami w mikrostrukturze
tancucha i powoduje wyczerpanie sie puli leku w czasie
krétszym niz 30 dni.
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released in the first day of incubation. However, the com-
parison between these two indicates that the release profile
for matrix obtained from L-lactide is more stable and lasts
up to 50 days while for matrix obtained from D,L-lactide
only up to 25 days.

The triple-layered matrices presented on FIG.2. and
FIG.4. show no signs of burst effect, releasing the drug
at moderate rate up to 55 days (matrices obtained from
L-lactide) or up to 25 days for matrices obtained from D,L-
lactide.

Conclusions

The presence of two drug-free polymeric discs coating
the drug carrier prevents from rapid drug release known as
burst effect. Moreover, the triple-layered matrices indicate
more stable drug release profile than mono-layered.

The increase of L-lactidyl units in copolymeric matrix
ensures longer degradation time as well as longer drug
releasing.

Fast degradation of copolymer containing D,L-lactidyl
units is connected with significant changes in chain micro-
structure and causes whole drug reservoir being spent in
less than 30 days.
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Wprowadzenie

Choroby jamy ustnej, a w szczegolnosci préchnica ze-
bow, stanowig bardzo wazny problem zdrowotny ludzkosci
wspotczesnej cywilizacji. Prochnica zebow jest procesem
chorobowym polegajgcym na demineralizaciji i proteolitycz-
nym rozktadzie twardych tkanek zeba. Zmiany préchnicowe
prowadzg do chordb zebow, miazgi, nieestetycznego wy-
gladu uzebienia, co prowadzi do koniecznosci kosztownych
rekonstrukcji, leczenia endodontycznego, czy w koncu
utraty zebow. Konieczne jest zatem podjecie odpowiedniego
leczenia dla zachowania zeba i zabezpieczenia przed po-
wiktaniami, co polega gtéwnie na usunieciu uszkodzonych
tkanek zeba i umieszczeniu w miejscu ubytku materiatu wy-
petniajgcego. Od wielu lat dgzy sie do otrzymania materiatéw
do odbudowy tkanek zebowych charakteryzujgcych sie
wysokg adhezjg do twardych tkanek zeba, wysokg odpor-
noscig na obcigzenia dynamiczne i zuzycie tribiologiczne.
Materiaty stosowane do wypetnien i odbudowy ubytkow w
twardych tkankach zebowych powinny charakteryzowac sie
dtugoterminowg trwatoscig w zmiennym biochemicznie $ro-
dowisku jamy ustnej. Jedng z najwazniejszych wymaganych
cech fizycznych tych materiatéw jest twardo$¢ powierzchni,
ktéra determinuje ich Scieralno$¢, a co za tym idzie trwatos¢
wykonanych odbudéw. Badania materiatdbw stosowanych
do uzupetniania ubytkéw twardych tkanek zeba skoncen-
trowane sg w duzym stopniu na takich zagadnieniach jak
estetyka i brzezna szczelno$¢ wypetnienia, czy tez badania
kinetyki uwalniania fluoru. Mniej uwagi poswieca sie inter-
akcji tych materiatéw ze srodowiskiem jamy ustnej. Jest to
bardzo ztozone srodowisko, w ktérym materiat jest przede
wszystkim w ciggtym kontakcie ze sling , zréznicowanymi
chemicznie spozywanymi ptynami , czy tez poddawany
dziataniu wysokiej wilgotnosci.

Materiaty stosowane do odbudowy ubytkéw w stomatolo-
gii odtwérczej, jak kompozyty fotoutwardzalne, czy cementy
szkto-jonomerowe rdznig sie zasadniczo mechanizmem ich
utwardzania wynikajgcym z réznego chemizmu. Najnowszy-
mi materiatami przeznaczonymi do wypetnien i odbudowy
tkanek zebowych sg giomery [1, 2]. Giomery sg hybrydowy-
mi materiatami pochodnymi cementéw szkio-jonomerowych
( glass-ionomer) i materiatéw kompozytowych utwardzanych
przez sieciowanie oligomeréw i monomeroéw. Giomery sg
wiec materiatami aktywowanymi swiattem, uwalniajgcymi
jony fluorkowe i zawierajgcymi poza dotychczas stosowa-
nymi wypetniaczami w kompozytach jeszcze wypetniacz
bedgcy wstepnie przereagowanym szkto-jonomerem (
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Introduction

Oral diseases, particularly dental caries, constitute a very
important health problem of modern civilization of mankind.
Tooth decay is a disease process involving demineralization
and proteolytic distribution of dental hard tissue. Changes
lead to diseases of teeth, pulp, unaesthetic appearance
of teeth, which leads to the need for costly reconstruction,
endodontic treatment, and eventually tooth loss. Therefore
itis necessary to take appropriate treatment to preserve the
tooth and to prevent complications, which mainly consists of
removing the damaged tooth tissue and placement of filling
material. For many years people seek to obtain dental tissue
reconstruction materials with high capabilities of adhesion to
hard tooth tissues, high resistance to dynamic load and tri-
biologic wear. Materials used for fillings and reconstruction of
cavities in the hard tissues of teeth should have a long-term
durability in the changing biochemical environment of the
mouth. One of the most important physical characteristics
required of these materials is the hardness of the surface,
which determines their abrasion, and thus durability of
reconstruction. The study of materials used for restoration
of hard tooth tissues are focused largely on issues such as
aesthetics and marginal integrity of fillings, or study of the
fluoride release kinetics. Less attention is given to the inter-
action of these materials with the environment of the mouth.
This is a very complex environment in which the material is
primarily in contact with the saliva, chemically diverse liquids
consumed, or exposed to high humidity.

Materials used for the reconstruction of defects in re-
constructive dentistry, such as photo-curable composites
or glass-ionomer cements are fundamentally different in
their mechanism of hardening resulting from the different
chemistry. Latest materials for fillings and dental tissue re-
construction are giomers [1,2]. Giomers are hybrid materials
derived from glass-ionomer cements , and composite ma-
terials hardened by crosslinking oligomers and monomers.
Giomer materials are light activated, releasing fluoride ions
and, apart from the so far used fillers in the composites,
containing a prereacted surface glass-ionomer filler or full
prereacted glass-ionomer filler.

The aim of the study was to determine the influence of
different environments of incubation in time function on the
microhardness and micromorphology of surface produced
for use in the reconstruction of defects in dental hard tis-
sues of experimental materials, as giomer, composite and
glass-ionomer cement.
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TABELA 1. Materialy zastosowane w badaniach
TABLE 1. Materials used in research

1 Giomer MG-6

glass filler K-4M: 32,5%mas.
glass-ionomer filler sz-j G-1: 32,5%mas.
nanosilica: 5,0%mas.

matryca/Bis-GMA i TEG-DMA/: 30%mas.
wypelniacz ze szkta K-4M: 32,5%mas.
wypelniacz sz-jG-1: 32,5%mas.
nanokrzemionka: 5,0%mas.

matrix /Bis-GMA i TEG-DMA/:30,0%mas.

Wypehiacz ze szkta K-4M: 65,0%mas.

Kompozyt MK-4 nanokrzemionka: 5,0%mas.

matryca/Bis-GMA i TEG-DMA/: 30%mas.

Cement g-1 with
bifunctional liquid

| sizw solution of poly(acrylic acid)

2
Composite MK-4 matrix/Bis-GMA i TEG-DMA/:30,0%mas.
glass filler K-4M: 65,0%mas.
nanosilica: 5,0%mas.
Cement sz-j 2 ‘p%y— 4,45¢g proszku szkta/l ml ptynu, wodnego
nem dwufunkcyjnym .
roztworu polimeru kwasu akrylowego
3 SIZ/W

4,45¢ of glass powder/1ml of liquid, water

surface prereacted glass-ionomer filler) lub wypetniacz
bedacy catkowicie przereagowanym szkto-jonomerem ( full
prereacted glass-ionomer filler).

Celem przeprowadzonych badan byto okreslenie wptywu
roznych $rodowisk inkubacji w funkcji czasu na mikrotwar-
dosc¢ oraz mikromorfologie powierzchni wytworzonych z
przeznaczeniem do odbudowy ubytkow w twardych tkan-
kach zebowych eksperymentalnych materiatdw, jak giomer,
kompozyt i cement szkto-jonomerowy .

Materialy patrz TABELA
Metody

Badania mikrotwardos$ci HV0,3 wytworzonych materiatow
inkubowanych do 28 dni w temp. 37°C w komorze klima-
tycznej, przy wysokiej wilgotnosci RH 90 % lub w wodzie
dejonizowanej lub sztucznej $linie o pH 6,7, wykonano przy
uzyciu mikrotwardosciomierza cyfrowego z wgtebnikiem
Vickersa serii MMT-X3, produkcji japonskiej. Dla kazdej
probki wykonano po trzy oznaczenia i obliczono $rednie
wartosci oraz odchylenia standardowe (TAB.2,3,4).

TABELA 3 Mikrotwardos¢ HV0,3 probek polerowa-

nych kompozytu MK-4 inkubowanych do 28 dni w

komorze klimatycznej lub w wodzie dejonizowanej

lub w sztucznej slinie

TABLE 3. Microhardness HV0,3 of polished compo-

site MK-4 samples incubated to 28 days in climatic

chamber or in deionized water or artificial saliva
Kompozyt MK-4 po inkubacji

Composite MK—4 after inccubation

Badanie

po uply-

\Eﬁi Ic(lc:molja 3;7;CC g:nia dejonizo- iztggz?le; s'lilr'1a
amber 37° .. rtificial saliva,
TesE ;]fter e ]3:);1Comzed water, pH 67; 37 °C
96 56,6+0,6 56,524 55,743,3
168 52,9+0,6 56,3+1,1 54,8+1,0
336 51,1£1,8 53,2425 52,9+1,7
408 50,8+1,2 52,4+2.8 52,5+1,6
504 51,0£2,8 51,5+2,4 53,5+1,3
672 50,3£1,7 50,4+2,7 52,4+1,3

Materials see TABLE 1.

Methods

TABELA 2 Mikrotwardos¢ HV0,3 probek polero-
wanych giomeru MG-6 inkubowanych do 28 dni w
komorze klimatycznej lub w wodzie dejonizowanej
lub w sztucznej slinie

TABLE 2. Microhardness HV0,3 of polished giomer
MG-6 samples incubated to 28 days in climatic
chamber or in deionized water or artificial saliva

Giomer MG — 6
Badanie g:o l.nku:a?l
. after incubation
po upltywie
[h] jonizo-
e Komora 37°C y;nia dejonizo Sztuczna $lina
[h] Chamber 37°C Deionized water. Artificial saliva,
RH 90 % > | pH 6,7; 37 °C
37°C
54,7+0,7 54,1£2,1 56,2+1,3
51,9£3,6 54,3+0,3 58,6+2,1
51,945,1 51,0+1,4 57,6+1,7
55,4+1,3 53,1+2,9 54,4+1,1
54,943,1 52,7429 53,4423
54,3+2,3 51,8+£2,6 52,8+2,1
53,3+1,4 51,1£0,8 51,9+0,8

Testing microhardness HV0,3 of obtained materials
(TAB.1) incubated to 28 days at 37°C in a climatic chamber
with high humidity RH 90% or in deionized water or artificial
saliva of pH 6.7, was performed using a digital microhard-
ness meter Vickers of MMT X3 series with microindenter,
Japanese production. For each sample, three indications
were performed and mean values and standard deviations
were calculated (TABLE 2,3,4).

Testing of surface microstructure of the materials pro-
duced incubated for 21 days in the climate chamber or in
deionized water or artificial saliva was performed using a
high resolution scanning electron microscope FEI Company
Model Nanos Nova 299 in high vacuum mode.

Results

TABELA 4 Mikrotwardosé HV0,3 probek cementu
szklo-jonomerowego SJZ/W inkubowanych do 28
dni w komorze klimatycznej lub w wodzie dejoni-
zowanej lub w sztucznej slinie

TABLE 4. Microhardness HV0,3 of polished glass-
ionomer cement SJZ/W samples incubated to 28
days in climatic chamber or in deionized water or
artificial saliva

Badanie Cement SJZ/W
RS up%y- Woda dejonizo-
WL Komora 37°C wana Sztuczna §lina
[h] Chamber 37°C | Deionized wa- | Artificial saliva,
L ECl RH 90 % ter, pH 6,7; 37 °C
h] 37°C
24 60,9+6,6 60,8+1,7 58,1+3.7
96 85,8+2,4 66,5+4,2 61,5+2,5
93,0+2,6 67,5+4,1 61,5+1,1
102,4+5,3 69,7+2,9 61,8422
103,5+3,7 - 61,5£2,2
106,4+3,7 - 61,6x1,4
- 74,1£3,8 -
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Badania mikro-§

wytworzonych mate-
riatdw inkubowanych
do 21 dni w komorze 5
klimatycznej lub w wo- JF
dzie dejonizowanej lub =
sztucznej s$linie wy- |
konano przy uzyciu
wysokorozdzielczego
skaningowego mikro- &
skopu elektronowego
firmy FEI model Nova
NanoSEM 299 w trybie
wysokiej prozni.

ISEM/

Wyniki

Najwyzsze wartosci mikrotwardosci w funkcji czasu
oznaczono dla prébek cementu sz-j SJZ/W po inkubacji
we wszystkich badanych srodowiskach, a szczegdlnie
po inkubacji w komorze klimatycznej w 37°C i RH 90%
(TAB.4). Wowczas prawie dwukrotnie wyzsza byta mikro-
twardo$¢ cementu sz-j SJZ/W po inkubacji w komorze
niz w wodzie dejonizowanej. Prawdopodobnie tak wysoki
wzrost mikrotwardosci  jest skutkiem niezaktdconego
procesu tworzenia sie zelu krzemionkowego na granicy
ziarno szkla-matryca. Rowniez wyzszg mikrotwardosc
wykazuje cement sz-j SJZ/W po inkubacji w sztucznej
$linie w poréwnaniu z mikrotwardoscig po inkubacji w
wodzie dejonizowanej(TAB.4). Prawdopodobnie na wzrost
mikrotwardosci w tych warunkach inkubacji wptywa dyfuzja
jonéw wapniowych i fosforanowych do struktury cementu,
co w efekcie wzmacnia cement.

Giomer MG-6 wykazuje nieznacznie wyzsze wartosci
mikrotwardosci w poréwnaniu z kompozytem przetrzy-
mywanym tylko w sztucznej $linie (TAB.2,3). Po inkubac;ji
w pozostatych warunkach $rodowiskowych dla giomeru
MG6 i kompozytu MK4 zanotowano poréwnywalne wartosci
mikrotwardosci.

Badania w mikroskopie skaningowym wykazujg, ze po
inkubacji w komorze klimatycznej na powierzchni giomeru
MG-6 widoczne sg pory ( RYC.1a), a po inkubacji w wo-
dzie dejonizowanej obserwuje sie liczne ubytki z powodu
wymycia czgstek wypetniaczy oraz stabg spéjnosé licznych
czastek wypetniacza z matrycg (RYC.1b). Natomiast po
inkubacji w sztucznej $linie obserwuje sie jedynie luzne
potgczenie niektérych czastek z matrycg bez ubytkéw z
powodu utraty czgstek (RYC.1c).

Na obrazie skaningowym kompozytu MK-4 po inkubacji
w komorze klimatycznej widoczne sg pory (RYC.2a), a
po inkubacji w wodzie w jeszcze wiekszym stopniu niz dla
giomeru obserwuje sie rozluznienie potgczenia czgstek
wypetniacza z matrycg polimerowg. Natomiast po inkubac;ji
w sztucznej slinie wystepuja nieliczne pory i tylko na granicy
wypetniacz-matryca polimerowa stwierdza sie mikropeknie-
cia (RYC.2c).

Na podstawie dokonanych obserwacji mozna stwierdzic,
ze obrazy probek giomeru MG-6 i kompozytu MK-4 inku-
bowanych w komorze klimatycznej, czy w wodzie dejoni-
zowanej, czy tez w sztucznej $linie sg zblizone. Materiaty
te ulegajg najwiekszej degradacji w wodzie dejonizowanej,
a w szczegolnosci dotyczy to kompozytu MK-4.

Poréwnujgc obrazy powierzchni zgtadéw cementu SJZ/W
po inkubacji w badanych srodowiskach stwierdzi¢ nalezy,
ze najkorzystniej prezentuje sie powierzchnia zgtadu probki
cementu sz-j SJZ/W inkubowanej w sztucznej slinie (RYC.3
c). Nie obserwuje sie na powierzchni probki zadnych mi-

RYC.1. Giomer MG-6 po inkubacji do 21 dni w réznych warunkach srodowiskowych

FIG.1. Giomer MG-6 after incubation for 21 days in different environments /SEM/

The highest value of microhardness as a function of
time was determined for the samples of cement sz-j SJZ/
W after incubation in all tested environments, especially
after incubation in a climatic chamber at 37°C and RH
90% (TAB.4). At that time microhardness of cement sz-j
SJZ/W after incubation in the chamber was twice as high
as that in deionized water. Probably such a high increase
in microhardness is a consequence of the smooth process
of the formation of silica gel on the glass grain-matrix inter-
face. Also there is a higher microhardness of cement sz-j
SJZ/W after incubation in artificial saliva compared to the
microhardness after incubation in deionized water (TAB.4).
Probably the increase in microhardness in the conditions of
incubation results from diffusion of calcium and phosphate
ions to the structure of cement, which in consequence
strengthens the cement.

Giomer MG-6 shows a slightly higher microhardness
values compared to the composite placed only in artificial
saliva (TABLE 2, 3). After incubation in other environmental
conditions for giomer MG6 and composite MK4 comparable
microhardness values were reported.

Electron microscope scanning tests show that after
incubation in a climatic chamber on the surface of giomer
MG-6 there are pores visible (FIG.1), and after incubation
in deionized water numerous losses were observed due to
leaching of fillers particles and a weak of bound of many
particles of filler with the matrix (FIG.1b). However, after
incubation in artificial saliva only loose connection of some
particles with the matrix were noted without losses due to
loss of particles (FIG.1c).

On the scanning image of composite MK-4 after incuba-
tion in a climatic chamber there are pores visible (FIG.2a),
and after incubation in water to an even greater extent than
in case of giomer loosening of filler particles connection
with polymer matrix can be seen. However, after incuba-
tion in artificial saliva are very few pores, and only on the
interface of filler-polymer matrix the micro-cracks can be
seen. (FIG.2c.)

Based on the observations, it can be concluded that the
images of the giomer MG-6 and MK-4 composite samples
incubated in a climatic chamber, or in deionized water or in
artificial saliva were similar. These materials undergo the
largest degradation in deionized water, and in particular this
refers to composite MK-4.

In comparing images of the surface of cement SJZ/W
after incubation in the test environments, it should be noted
that the sample of cement sz-j SJZ/W incubated in artificial
saliva (FIG.3 c) looks the best. There are no micro-cracks
on the sample surface, at the interface of glass grain-poly-
mer matrix. The sample of cement SJZ/W after incubation
in a climatic chamber (FIG.3a) or deionized water (FIG.3b)
should be assessed as worse. After incubation in a climatic
chamber on the sample surface there were only a few
cracks at the boundary of glass grain-polymer matrix. After
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kropeknie¢ na granicy §
ziarno szkta- matry
ca polimerowa Niec
gorzej nalezy ocenié
obraz probki cementu
SJZ/W po inkubacji w
komorze klimatyczne
(RYC.3a) lub w wodzie
(RYC.3b). Po inkuba-
cji w komorze klima
tycznej na powierzchni gt
probki wystepujg ob- B
serwuje sie tylko nie-
liczne mikropekniecia
na granicy ziarno szkta
—matryca polimerowa. |
Po inkubacji probki w
wodzie obserwuje sie
na powierzchni liczne
mikropekniecia, ktérych
nie obserwuje sie po
inkubacji w sztucznej
Slinie.

ISEM/

Whioski

1. Najwyzsze war-
tosci mikrotwardosci w
funkcji czasu oznaczo-
no dla prébek cementu
szkto-jonomerowy SJZ/
W po inkubaciji we
wszystkich badanych $rodowiskach, a szczegdlnie po in-
kubacji w komorze klimatycznejw 37°C i RH 90%. Prawie
dwukrotnie wyzszg mikrotwardo$¢ ma cement sz-j SJZ/W
po inkubacji w komorze niz w wodzie dejonizowanej. Takze
wyzsze wartosci mikrotwardosci stwierdzono dla cementu
sz-j SJZ/W po inkubacji w sztucznej slinie w poréwnaniu z
cementem po inkubacji w wodzie dejonizowanej.

2. Dla giomeru MG-6 i kompozytu MK -4 oznaczono
nizsze wartosci mikrotwardosci po inkubacji w badanych
warunkach srodowiskowych niz dla cementu sz-j SJZ/W.

3. Prébki giomeru MG-6 i kompozytu MK-4 inkubowane w
komorze klimatycznej, czy w sztucznej $linie ulegajg dezin-
tegracji w mniejszym stopniu niz w wodzie dejonizowane;.

4. Sposrod wytworzonych materiatow po inkubacji do 21
dni w réznych srodowiskach najlepsze wtasciwosci wyka-
zywata powierzchnia zgtadu prébki cementu sz-j SJZ/W po
inkubacji w sztucznej slinie.

5. Na podstawie przeprowadzonych badan mikrotwardo-
$ci i oceny mikrostruktury mozna prognozowac, ze cement
sz-j z ptynem dwufunkcyjnym SJZ/W powinien w mnigejszym
stopniu ulega¢ dezintegracji i zuzyciu w $srodowisku jamy
ustnej niz inne wytworzone w trakcie eksperymentow
materiaty.

ISEM/

ISEM/

Pismiennictwo

[1]. Giomer restorations-Dental Abstracts ,vol.50, 6,nov.-dec.2005,
855!

RYC.2. Kompozyt MK-4 po inkubacji do 21 dni w réznych warunkach srodowiskowych

RYC.3. Cement SJZ/W po inkubacji do 21 dni w réznych warunkach srodowiskowych

P

FIG.3. Cement glass-ionomer SJZ/W after incubation for 21 days in different environments

incubation of the sample in water numerous micro-cracks
can be seen on the surface, which were not observed after
incubation in artificial saliva.

Conclusions

1. The highest value of microhardness as a function of
time were determined for samples of glass-ionomer cement
SJZ/W after incubation in all tested environments, especially
after incubation in a climatic chamber at 37°C and RH 90%.
The microhardness of cement sz-j SJZ/W after incubation in
the chamber was almost twice larger than in deionized water.
Also, a higher microhardness values were found for cement
sz-j SJZ/W after incubation in artificial saliva, as compared
with cement after incubation in deionized water.

2. For giomer MG-6 and MK-4 composite the lower values
of microhardness were determined after incubation in the
test environmental conditions than for cement sz-j SJZ/W.

3. Samples of giomer MG-6 and MK-4 composite incu-
bated in a climatic chamber, or in artificial saliva disintegrate
to a lesser extent than in deionized water.

4. Among the materials produced after incubation for
21 days in different environments the best properties were
shown by the sample of cement sz-j SJZ/W after incubation
in artificial saliva.

5. Based on the survey of microhardness and evaluation
of the microstructure, it can be predicted that the cement sz-j
with bifunctional fluid SJZ/W should be subject to disintegra-
tion and wearing to a smaller extent in the environment of the
mouth than other materials made during the experiment.

References

[2]. M.C. Sunico et al-Oper.Dent.30,may-jun.2005, 282-289.
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AUTOPRZESZCZEP WIOR
CHRZESTNO-KOSTNYCH Z WY-
KORZYSTANIEM KOLAGENOWEJ
BLONY ZAPOROWEJ - BADANIA
PILOTAZOWE NAD GOJENIEM
UBYTKOW CHRZASTKI
STAWOWEJ

Ewa KaruGA*, BoGUstAwA ZYWICKA, STANIStAW PIELKA

AKADEMIA MEDYCZNA IM. Piastow StLaskicH we WROCLAWIU,
ZAKtAD CHIRURGII EKSPERYMENTALNEJ | BADANIA BIOMATERIALOW
uL. Ks. J.PoniaTowskiEGO 2, 50-326 WRoctAw, PoLska
*MAILTO: EKARUGA@HOTMAIL.COM

Streszczenie

Urazy chrzgstki stawowej stanowig trudny prob-
lem terapeutyczny. Poznanie budowy oraz fizjologii
chrzgstki pozwala zrozumie¢ jej funkcje oraz patome-
chanizm odpowiedzialny za jej niszczenie w przebiegu
urazdw, choréb zwyrodnieniowych oraz choréb auto-
immunologicznych. Aktualnie badania nad gojeniem
uszkodzen chrzgstki stawowej koncentrujg sie na
inzynierii tkankowe, modyfikacji metod chirurgicznych
oraz wykorzystaniu biomateriatow.

Badania pilotazowe przeprowadzone w Zaktadzie
Chirurgii Eksperymentalnej i Badania Biomateriatéw
miaty na celu sprawdzenie mozliwosci odbudowy
uszkodzonej chrzgstki stawowej z zastosowaniem
autoprzeszczepu wiér chrzestno-kostnych i dwuwar-
stwowej btony kolagenowey.

Wstepne badania w 8 i 10 tygodniu nad auto-
przeszczepem wiér chrzestno-kostnych wykazywaty
przewage procesow regeneracyjnych nad repara-
cyjnymi.

Stowa kluczowe: procesy reparacji i regeneracji
chrzgstki, ubytek chrzgstki stawowej, widry chrzestno-
kostne, btona kolagenowa

[Inzynieria Biomateriatéw, 99101, (2010), 76-79]

Wprowadzenie

Dane literaturowe jak i kliniczna praktyka wykazaty ze
ubytki chrzgstki stawowej ograniczajgce sie jedynie do war-
stwy nieunaczynionej chrzgstki nie ulegajg procesowi repe-
racji z uwagi na brak wystgpienia krwawienia. Uszkodzenia
penetrujgce do unaczynionej kosci podchrzestnej powodujg
powstanie krwawienia i w konsekwencji dobroczynnego
skrzepu, ktory staje sie rusztowaniem dla nowopowstajgcej
tkanki. Tkanka wypetniajgca ubytek to widknista bliznowata
tkanka tgczna lub szklistopodobna o innych parametrach
wytrzymatosciowych niz oczekiwane.

W odréznieniu do przeszczepow chrzgstki, przeszczepy
kosci wykonywane sg z powodzeniem. Jest to mozliwe
poniewaz kos¢ ma witasne naczynia krwionosne i uzyskuje
ukrwienie od otaczajgcych tkanek przez co moze wgoic sie
W miejscu biorczym.

Od lat prowadzone badania nad autoprzeszczepem
chrzgstki. W wiekszosci badania te konczg sie niepowo-
dzeniem z uwagi na wykorzystanie w przeszczepie jedynie
warstwy chrzgstki stawowej ktéra z czasem ulega martwicy.
W badaniu wykorzystano wiory chrzestno-kostne, zawie-
rajgce fragmenty kosci, ktére moga uzyskac¢ unaczynienie

AUTOTRANSPLANTATION

OF CARTILAGE-BONE CHIPS
USING A COLLAGEN BARRIER
MEMBRANE

- APILOT STUDY OF CARTILAGE
DEFECTS HEALING

Ewa KARUGA*, BOGUSLAWA ZYWICKA, STANISLAW PIELKA

WRocLAw MEebpicAL UNIVERSITY, DEPARTMENT OF EXPERIMENTAL
SURGERY AND BIOMATERIALS RESEARCHE

2 J.PoNiATowskIEGO STR., 50-326 WRocLAW, PoLAND
MAILTO: EKARUGA@HOTMAIL.COM

Abstract

Articular cartilage injuries are a difficult therapeutic
problem. Acquiring the knowledge of the structure
and physiology of cartilage is a key to understanding
its function and the pathogenesis responsible for its
destruction in the course of injury, degenerative dise-
ases and autoimmune disorders. Currently, research
on the articular cartilage healing focus on tissue en-
gineering, modification of surgical methods and the
use of biomaterials.

Pilot studies conducted at the Department of Ex-
perimental Surgery and Biomaterials Research aimed
to explore the possibilities of rebuilding the damaged
cartilage using autograft cartilage-bone chips and
double-layer collagen membrane.

Preliminary studies in 8 and 10 week of observa-
tion showed superiority over reparative regenerative
processes.

Keywords: reparations processes and regene-
ration of cartilage, cartilage damage, cartilagw-bone
chips, articular cartilage, collagen membrane

[Engineering of Biomaterials, 99-101, (2010), 76-79]

Introduction

Literature data and clinical practice have shown that
articular cartilage lesions confined only to the layer of
cartilage disable of blood vessels are not able to start the
repair process because of the lack of bleeding. Damage
penetrating to the vascular subchondral bone may give rise
to bleeding and, consequently, beneficial blood clot, which
becomes a scaffold for the newly-tissue. Tissue filling the
defect is fibrous scar tissue, or hyaline-like tissue with other
biomechanical properties than expected.

In contrast to transplants of cartilage, bone transplants
are performed successfully. This is possible because the
bone has its own blood vessels and blood supply is obtained
from the surrounding tissues and thus transplant will be able
to ingrow in deposit place.

For years, studies cartilage transplantation are conduct-
ed. In most of these tests fail because of using only a layer
of cartilage which frequently became necrotic. The study
used cartilage-bone chips containing bone fragments, which
can get a vascularisation from exposed subchondral bone
at this point, and thus ensure the nourishment and survival
of cartilage fragments. A collagen membrane, which was
used in the study, had to prevent the movement of deposits
chips and was developed to stabilize the clot rich in recruited
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w miejscu biorczym od odstonietej w tym miejscu kosci, a
tym samym zapewni¢ odzywianie i przezycie fragmentom
znajdujgcej sie na niej chrzgstki. Wykorzystana w badaniu
btona kolagenowa miata na celu zapobieganie przemiesz-
czaniu sie zdeponowanych w miejsce ubytku wiér oraz
miata stabilizowa¢ powstaty skrzep bogaty w rekrutowane
ze szpiku kostnego komorki pluripotencjalne.

Cel

Badania miaty na celu sprawdzenie mozliwosci wgojenia
widr chrzestno-kostnych zaopatrzonych btong kolagenowg
w ubytek chrzgstki stawowe;.

W projekcie wykorzystano zmodyfikowang metode chirur-
gicznego zaopatrywania ubytku, fgczac jg z wykorzystaniem
btony zaporowe;.

Materiat i metody badan

Badania doswiadczalne przeprowadzono na krélikach
rasy Nowozelandzkiej.

| Lokalna Komisja Etyczna ds. Doswiadczenh na Zwierze-
tach uznata wszystkie zaplanowane w ramach tego projektu
badania na zwierzetach za dopuszczalne.

Operacje

Kréliki znieczulano podajgc domiesniowo Ksylazyne w
dawce 5mg/kg.m.c. (preparat: Rometar 2%, Spofa, Praha,
Czechy) oraz Ketamine w dawce 15mg/ kg.m.c. (preparat:
Bioketan, Vetoquinol Biovet S..A, Francja.

Po uzyskaniu petnej analgezji otworzono lewy staw
kolanowy. Ubytek o powierzchni okoto 5x2 mm wykony-
wano na ktykciu przysrodkowym nasady dalszej kosci
udowej.(RYC.1) Ubytek penetrowat do kosci podchrzestnej
co wyznaczano krwawieniem z podtoza ubytku.

W warunkach aseptycznych rozdrobniono pobrany z
ubytku materiat, az do uzyskania postaci wiér. Kolejnym
etapem byto wykonanie autoprzeszczepu pozyskanych wior
w miejsce ubytku. Autoprzeszczep zostat przykryty btong ko-
lagenowa OsseoGuard (prod.Biomed 3i USA)(RYC.2), ktérg
przymocowano do powierzchni chrzgstki za pomocg szwoéw
wchtanianych oraz resorbowalnych pinéw (Resor-Pin,
prod. Geistlich, Switzerland). Torebke stawowg zamykano
pojedynczym szwem ni¢mi wchianialnymi Dexon 3-0 (prod.
Syneture, UK), a skére szwami niewchtanialnymi Amifil M
(prod. SIMPO, Polska). W konczynie prawej w analogiczny
sposoéb przeprowadzono otwarcie stawu i wykonanie w nim
ubytku ktéry pozostawiano bez zaopatrzenia — kontrola. Po
operaciji krélikom nie stabilizowano stawéw kolanowych.

RYC.1. ubytek penetrujacy do kosci podchrzestnej
FIG.1. Lesion penetrated to the subchondral bone

from bone marrow pluripotent cells.

Objective

The study aimed to explore the possibilities of cartilage-
bone chips ingrowing in articular cartilage defect using
collagen membrane. The project used a modified surgical
method of cartilage defect treatment and combining it with
the use of barrier collagen membrane.

Materials and methods

Experimental studies conducted on White New Zealand
rabbits. The Local Ethical Commission to Animal found all
planned animal tests to be admissible.

Surgical procedures

Rabbits were anesthetized by intramuscular administra-
tion of Xylazine in dose of 5mg / kg.mc (Rometar 2% Spofa,
Praha, Czech Republic) and Ketamine at a dose of 15mg /
kg.mc (Bioketan, Vétoquinol Biovet S. A, France).

After obtaining full analgesia the left knee joint were
opened. Lesion of approximately 5x2 mm were performed
on the medial condylus of femur. (FIG.1) Defect penetrated
the subchondral bone was determined at the ground bleed-
ing from the cavity.

The aseptically crushed material downloaded from the
loss, until a chip. The next step was the performance of
autograft in place of chips obtained loss. Autotransplat was
covered with collagen membrane OsseoGuard (3i prod.
Biomed USA) (FIG.2), which was fixed to the surface of
the cartilage with absorbable sutures and absorbable pins
(Resor-Pin, man. Geistlich, Switzerland). Joint capsule
were closed with a single suture absorbable threads Dexon
3-0 (prod. Syneture, UK), and skin sutures unabsorbable
Amifil M (prod. SIMPO, Poland). The right limp was carried
out in a similar way to open the joint and the execution of a
defect, lesion has been left without supplies - check. After
the operation, rabbits knee joints were not stabilized.

Postoperative observation

After the operation the rabbits showed a mild depression
that provides the discomfort after surgery. This condition
disappeared after one day, then the animals showed normal
activity. The wound healed properly. After 10 days the skin
sutures were removed.

Macroscopic and histological studies
At 8 and 10 weeks, euthanasia was performed by intra-
venous administration of pentoparbital (Morbital, producer

RYC.2 ubytek przykryty btong kolagenowg
FIG.2 Autotransplat covered with collagen memb-
rane
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Obserwacja pooperacyjna

Po operacji kroliki wykazywaty lekkg osowiatos$¢ swiad-
czacg o dyskomforcie zwierzecia po wykonanym zabiegu.
Stan ten ustgpit po jednym dniu, nastepnie zwierzeta wy-
kazywaty prawidtowg aktywnos$¢. Rana po operacyjna goita
sie prawidtowo. W 10 dniu obserwacji wszystkim krolikom
usunieto szwy skorne.

Badanoia sekcyjne i histologiczne

W 8 i 10 tygodniach wykonano eutanazje krolikéw po-
przez dozylne podanie pentoparbitalu (preparat: Morbital,
producent Biowet, Putawy), w maksymalnej dawce do
80mg/kg. m.c. W trakcie wykonywanych sekcji, w pierwszej
kolejnosci oceniano makroskopowo rane pooperacyjng oraz
wyglad stawu kolanowego. Nastepnie pobierano badane
stawy wraz z otaczajgcymi je tkankami do dalszych badan
histologicznych.

Preparaty barwiono hematoksyling i eozyng (HE) oraz
metodg Van Gieson (VG)

Wyniki

Badania sekcyjne makroskopowe

W 8 tygodni po operacji widoczne byto pogrubienie
torebki stawowej. Miejsce ubytku pokryte byto biatawg
twardo-sprezystg tkanka.

W 10 tygodniu stwierdzono pogrubienie torebki stawowe;j.
Ubytek pokrywata btyszczgca biatawa warstwa.

W obu terminach sekcyjnych nie udato sie makroskopowo
zlokalizowa¢ btony kolagenowej. Widoczne byty natomiast
niezresorbowane piny mocujgce.

Badania mikroskopowe

W 8 tygodniu po zabiegu ubytek wypetniony byt od ze-
wnatrz btong kolagenowa, w dnie widoczna byta resorpcja
kosci, miejscami stwierdzono obecnos¢ tkanki chrzestne;.

Na granicy faz btona kolagenowa a tkanka kostna
widoczne byly pasma tkanki chrzestnej, ktére wnikaty w
przebudowywujgcy sie tkanke kostng (RYC.3). U podsta-
wy widoczne byly komorki pluripotencjalne oraz ogniska
chrzestnienia. W bezposrednim sgsiedztwie kosci widoczna
byta wysoka aktywno$¢ osteoblastow. W miejscu bezpo-
Sredniego kontaktu btony kolagenowej z tkankg kostng, bez
warstwy posredniej — wiér chrzestno-kostnych, widoczna
byta aktywnos$¢ osteoklastow (RYC.4)

W 10 tygodniu po implantacji miejsce ubytku wypetnione
byto tkankg chrzestng z wyspami tkanki kostnej splotowate;j
z aktywnymi osteoblastami. Powierzchnie ktykcia pokrywata

RYC.3 ognisko chrzestnienia 8tyg.
FIG.3 Band of cartilage penetrated to the rebuilding
bone 8 weeks (40x VG)

Biowet, Putawy),in maximum dose of 80mg/kg. During
autopsy the surgical wound was assessed macroscopically
and appearance of the knee were observed. Subsequently,
the knee joints with the surrounding tissue for further histol-
ogy were taken.

Preparations were stained with hematoxylin and eosin
(HE) and by Van Gieson method (VG).

Results

Macroscopic post-mortem examination

At 8 weeks after surgery was evident thickening of the
articular capsule. Place of the defect was covered with a
whitish, elastic hard tissue.

In the 10th week was thickening of the articular capsule.
Loss covered with shiny whitish layer. In both periods autop-
sy failed to locate the macroscopic collagen membrane.

Microscopic investigations

At 8 weeks after surgery defect was filled with collagen
membrane on the outside, the bottom was visible bone
resorption, cartilage were found in places.

At the interface collagen membrane and bone tissue,
there was a band of cartilage which penetrated to the
rebuilding bone(FIG.3). Pluripotent cells were visible at
the base of the cartilagecreating focuses. In the immedi-
ate vicinity of the bone there was a visible high activity of
osteoblast. In place of direct contact of collagen membrane
and the bone tissue, there was a visible activity of osteo-
clasts (FIG.4).

At 10-week post-implantation observation the loss was
filled with islands of cartilage and spongy bone tissue with
V’, ‘7/7 I,» ’.‘ 1‘.’ -~

TI
S 4

RYC.4 Granica
miedzy biong
kolagenowg a
tkanka kostna
— widoczne ak-
tywne osteokla-
sty 8tyg.

FIG.4 of direct
contact of col-
lagen membra-
ne and the bone
tissue — osteoc-
lasts 8 weeks
(400x VG)

RYC.5 bogata w naczynia tkanka kostna, widoczna
tkanka chrzestna 10tyg.

FIG.5 Condyle surface covered with regenerating
cartilage 10 weeks (100x VG)
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regenerujgca sie tkanka chrzestna lub wtdknista tkanka
taczna(RYC.5). W sgsiadujgcej tkance kostnej widoczne
byty liczne naczynia krwiono$ne Swiadczgce o procesach
przebudowy.

W ubytku do 10 tygodnia obserwaciji stwierdzano procesy
naprawcze z przewagg procesow regeneracyjnych prowa-
dzgcych do wytworzenia tkanki chrzestnej oraz mniej liczne
procesy reparacyjne.

Podsumowanie

Przeprowadzone badania pilotazowe pozwolity stwierdzi¢
ze zastosowane procedury operacyjne nie prowadzity do
uposledzenia ruchowego zwierzat.

Podczas obserwacji pooperacyjnej, trwajgcej odpowied-
nio 8 oraz 10 tygodni, nie obserwowano objawdéw bdlowych
u operowanych krolikow.

Histologicznie stwierdzono obecnos¢ procesu chrzest-
nienia na wszystkich mozliwych podtozach z niewielkim
udziatem procesow reparacyjnych.

Dla potwierdzenia uzyskanych wynikow nalezatoby wy-
dtuzy¢ okres obserwacji na reprezentatywne;j liczbie zwierzat
oraz wykona¢ badania uzupetniajgce.
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active osteoblasts. Condyle surface was covered with
regenerating cartilage or fibrous tissue (FIG.5). In the ad-
jacent bone numerous blood vessels were seen what were
demonstrating the processes of reconstruction

After 10 weeks of observation the loss was showing a
predominance of regenerative processes over repair proc-
esses which led to the generation of cartilage and smaller
reparations processes.

Summary

Pilot studies allowed us to state that the used procedures
do not lead to motor impairment of animals.

During the postoperative follow-up, lasting respectively
8 and 10 weeks, there were no symptoms of pain in the
operated rabbits.

The presence of histologically cartilagecreating proc-
esses was noticed at all possible substrates with a minor
contribution reparation processes.

To confirm the results is necessary to extend the period
of observation of a representative number of animals and
perform additional tests.
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WYBRANE WELASNOSCI
BIOMECHANICZNE PEEKOWEJ
PROTEZY TRZONU TYPU
,FUSION”

L.F.Ciurik', A.KiIERZKOWSKA'2, M.L.ozowski'

" CENTRUM BApAwczo-RozwoJlowe,

INsTYTUT BioinyNIERI MEDYCZNEJ, LFC,

uL. KozucHowska 41, 65-364 ZiELoNA GORA
2UNIWERSYTET ZIELONOGORSKI,

INSTYTUT BuDowy | EksPLOATACJI MASZYN,
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Stowa kluczowe: proteza trzonu, biomechanika,
badania modelowe, polimer, kregostup
[Inzynieria Biomateriatéw, 99-101, (2010), 80-82]

Wprowadzenie

Dysfunkcje przedniej kolumny kregostupa czesto wyma-
gajg usuniecia czesci lub catosci uszkodzonych chorobowo:
zwykle onkologicznie, osteoporoza [1,2] lub urazowo w
wyniku urazu kompresyjnego, kompresyjno-fleksyjnego
trzondw/trzonu [3]. W celu przywrdcenia funkgji nosnych kre-
gostupa, ubytki kostne wewnatrz trzondw, przy zachowaniu
ciggtosci tkanki zbitej wypetnia sie najczesciej cementem
kostnym [4,5] lub usuwa trzon/czes$¢ trzonu i zastepuje
miedzytrzonowym stabilizatorem implantowym, protezg
typu ,fusion” [6,7,8].

Celem pracy byta ocena wytrzymatosciowa polimerowe-
go modelu stabilizatora miedzytrzonowego/protezy trzonu
w prébie osiowego Sciskania z wykorzystaniem badan nu-
merycznych oraz empirycznych z weryfikacjg uzyskanych
wynikéw obydwu metod badawczych.

Materialy i metody

Do badan uzyto modelu stabilizatora miedzytrzonowego
(patent), jednopoziomowego wykonanego z implantowego
polimeru typu PEEK Optima. Badania numeryczne (FEM)
zrealizowano z wykorzystaniem pakietu obliczeniowego
ANSYS. Testy polegaty na wyznaczeniu maksymalnych na-
prezen zredukowanych wystepujgcych w protezie podczas
proby Sciskania. Analiza uwzglednia nieliniowy model mate-
riatowy. Zatozono warunki brzegowe z wymuszonym utwier-
dzeniem i przemieszczeniem. Na model zostata naniesiona
siatka elementéw skonczonych typu tetragonalnego.

Badania doswiadczalne, wytrzymatosciowe przeprowa-
dzono na maszy- g
nie MTS/MiniBio-
nix zaopatrzonej w
systemem wizyjny
do oceny odksztat-
cen i przemiesz- |
czenh powierzch- j§
niowych (RYS.1). i
Prébki stanowigce
modele implantu
miedzytrzonowego
sciskano osiowo,
az o zniszczenia,
a takze poddawa-
no obcigzeniom
cyklicznym reali-
zowanym z czesto-

cyklicznych

loads

RYS.1. Stanowisko do badan biomechncznych: a) kalibracja systemu wi-
zyjnego na maszynie MTS; b) stabilizator miedzytrzonowy podczas obciazen

FIG.1. Working station for biomechanical tests: a) calibration of vision system
on the strength machine MTS; b) intervertebral body stabilizer during cyclic
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Introduction

Anterior spinal column dysfunctions often require removal
of a part or whole of the damaged: usually oncologically,
by osteoporosis [1,2] or by trauma as a result of compres-
sive, compressive/flexion injury vertebral body/bodies [3].
In order to restore the load-bearing functions of the spine,
bony voids within vertebral bodies, while maintaining the
continuity of the connective tissue, are usually filled with
bone cement [4,5] or whole/part of the vertebral body is
removed and replaced with interbody implant stabilizer,
“fusion” type prosthesis.

Aim of the study was to evaluate strength of polymeric
model of interbody stabilizer/vertebral body prosthesis in an
attempt to axial compression, using numerical and empiri-
cal studied with verification of results obtained from both
research methods.

Materials and methods

In the study was used a model of one-level interbody
stabilizer (patent pending), made of implant polymer type
PEEK Optima. Numerical investigations (FEM) were carried
out using ANSYSS software. The tests consisted in determin-
ing of equivalent stress occurring in the prosthesis during
the compression tests. The analysis complies non-linear
material model. Boundary conditions were assumed, with
forced fixation and displacement. Finite model was mesh
by using a tetragonal element type.

Strength experimental studies were carried out on the
strength machine MTS/MiniBionix equipped with vision
system for evalu-
ation of surface
deformations and
displacements
(FIG.1). Samples
representing in-
terbody implant
models were axi-
ally compressed,
until the destruc-
tion, and subject-
ed to cyclic loads
realized with the
frequency of 1
Hz, with number
of cycles — 5
— from C, to C,,
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tliwoscig 1 Hz, przy [T

liczbie cykli 5 - od

C, do C., kolejno|

dla przemieszczen:

Ah=0.5, 1, 1.5, 2 i |

2.5 mm.
Wyniki

Wynikami badan
numerycznych byty
mapy przemiesz-
czen catkowitych,
naprezen zreduko-
wanych oraz od-
ksztatcen; przykta-
dy przedstawiono
na RYS.2. Granica

—
= R ST St 1 o ATESTS]

in sequence for
displacements:
Ah=0.5, 1, 1.5, 2

o0 00000

Fn.numm"
¥

and 2.5 mm.
B o
B e Results
e,
Numerical

tests results were
the maps of total
displacements,
reduced strains
and deforma-
tions; examples
are presented in

t FIG.2. The yield
s strength for the
§ assumed model

aj

plastycznosci dla
zatozonego mode-
lu wystepuje przy
przemieszczeniu na
okoto Ah=0.63 mm i

sile 4800 [N]. Przy przemieszczeniu do
Ah=2 mm naprezenia wyniosty 165 MPa.
Taka warto$¢ wedtug danych producenta
odpowiada granicy wytrzymatosci Rm
polimeru PEEK Optima wykorzystanego

w badaniach.

Wyniki badan w postaci sit: mak-
symalnej (F...,) i minimalnej (F.,,) dla
obcigzen cyklicznych przy przemiesz-
czeniu Ah=0.5, 1, 1.5, 2i 2.5 mm zesta-
wiono w TABELI 1. Fmax uzyskiwano
podczas pierwszego cyklu obcigzen C,. ||
W miare zwigkszania liczby cykli (od C, I
do C;) sita malata i dla ostatniego cyklu |
C; w kazdej z prob osiggata wartosci
najnizsze F,,. Przy czym roznica F,,-
F.n W kolejnych probach byta coraz wigksza, co nalezy
przypisywac wptywowi zmeczenia materiatu przy zwigksza-
jacych sie przemieszczeniach. W badaniach niszczacych,
sita graniczna wyniosta 6206 N przy przemieszczeniu ok.2.2
mm i byta nizsza od wartosci uzyskanych podczas badan
cyklicznych w prébach nr 4 i 5. Odksztatcenia miaty cha-
rakter plastyczny o kontrolowanym przebiegu. Najwieksze

occurs at the
displacement of
about Ah=0.63
mm and strength
of 4800 [N]. At the
displacement up to Ah=2
mm strains were 165
MPa. Such a value ac-
ording to the producer’s
ata corresponds with
he strength Rm of the
polymer PEEK Optima
used in these studies.
Tests results in a form
f forces: maximum (F,.,)

RYS.2. Przykiady obrazéw z analiz FEM: a) catkowite przemieszczenie, b)
odksztalcenia

FIG.2. Examples of images from FEM analyses; a) total displacement, b)
deformations

TABELA 1. Zestawienie sit: F,,, oraz F,;, dla po-
szczegolnych préb badan cyklicznych

TABLE 1.Comparison of forces: F,, and F,_n for
particular trials of cyclic tests

Sita min
przy Cs
Min
Force at
Cs
Fmin [N]

. . Sita max
Przemieszczenie
Nr . przy C,
cykliczne
proby Cyclic displace- Max
Trial y P Force at
No ment c
"
ol Fnee IN]

Fmax'Fmin
[N]

1 _ 1315 1296 nd minimum (F;,) for
2 1 3750 3683 67 lic loads at the di

3 15 5775 | 5642 | 133 |[vyCC loads at the dis-
3 - . e 736 |lPlacement Ah=0.5, 1,
- o5 o 5845 1512 ||1.5, 2 and 2.5 mm were

compared in TABLE 1.

Fmax was obtained dur-
ing the first cycle of loads C1. While increasing the number
of cycles (from C, to C,) the force decreased and for the last
cycle C; in each of the samples obtained the lowest values of
F.- The difference F,,,-F ... in subsequent trials increased,
which should be attributed to the impact of material fatigue
at increasing displacements. In destructive tests, boundary

deformacje byty obserwowane w obszarach otworéw przy
$cisnieciu Ah 6-8% (RYS.3). 7000 ANSYS
Zestawienie wartosci sit w funkcji przemieszczenia dla /
e ; . 6000
badan doswiadczalnych i modelowych uzyskanych z uzy-
. 5000 \
Z 4000
il MTS
G 3000
L
2000 (D
O J
pa03 1000 <
'E 237557\.\% 1
EB o O —
~Q 23.40+
g pa2sy 005 1 15 2 25 3 35 4 45 5 =z m
o) 23.10
2 P2.95- . .
a przemieszczenie [mm] -
22‘70. 0 75.‘00 150‘.00 225‘.00 300“00 375‘.00444.00 m

Krok

RYS.4. Poréwnanie wynikéw badan numerycznych z

RYS.3. Przyktady wynikéw powierzchniowych odksztat-

uzyciem programu (ANSYS) oraz doswiadczalnych

cen uzyskanych w systemie wizyjno-pomiarowym (MTS) w
FIG.3. Examples of incomes of surface deformations  FIG.4. Comparison of numerical tests results using = E
obtained in the vision-measurement system software (ANSYS) and experimental tests (MTS) _

0] >

0 0000000000000 00000000000000000600000000060_~ mmm
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force was 6206 N at
the displacement about
2.2 mm and was lower
than values obtained
during cyclic tests in
trials 4 and 5. Displace-
ments had the plastic
nature with a controlled
course. The greatest
deformations were ob-
served in areas of holes
at the compression Ah
6-8% (FIG.3).

The comparison
of force values as the

RYS.5. Przykiady zestawienia widokéw probek po sciskaniu z obrazami analiz kompute-

rowych FEM

FIG.5. Example comparison of views of the samples after compression with images from

computer analyses FEM

ciem ANSY'S przedstawiono na RYS.4. Réznice uzyskanych
rezultatdw mogg wynika¢ z nieuwzglednionego zjawiska
zmeczenia materiatu, a takze z rozbiezno$ci w przyjetych
do obliczer wartosci opisujgcych wtasnosci materiatu mo-
delowego i rzeczywistego.

Podsumowanie i wnioski

Odksztatcenia polimerowego modelu protezy trzonu
podczas obcigzen charakteryzowaty sie kontrolowanym
przebiegiem. Nie zaobserwowano oddzielania fragmentéw
konstrukcyjnych implantu. Najwieksze deformacje byty ini-
cjowane w obszarach spodziewanych, najstabszych — miej-
sca z otworami. Z przeprowadzonej analizy porownawczej
wynika, ze konstrukcja odznacza sie znacznie wigkszg wy-
trzymatoscig niz odpowiednie struktury kostne w miejscach,
w ktérych proteza jest stosowana i jest dostosowana do
bezpiecznego przenoszenia obcigzen fizjologicznych.

W badaniach uzyskano daleko idgcg odpowiednio$é
analiz komputerowych FEM z wynikami uzyskiwanymi w
testach doswiadczalnych (RYS.5). Metoda elementéw skon-
czonych FEM stanowi przydatne narzedzie poprzedzajgce
i weryfikujgce zatozenia do trudnych i kosztownych badan
biomechanicznych.
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function of the displace-
ment for experimental
and modeling tests us-
ing ANSYS software
is presented in FIG.4.
The differences of obtained outcomes can result from not
considered fatigue of the material, and from divergences in
values assumed for calculations, describing properties of
the model and real material.

Summary and conclusions

Deformations of the polymeric model of the vertebral
body prosthesis during the loading were characterized by a
controlled course. No separation of construction fragments
of the implant was observed. The greatest deformations
were initialized in expected, the weakest areas — places
with holes. The conducted comparative analysis shows, that
the construction is characterized with much greater strength
than corresponding bony structures in places, where the
prosthesis is used and is suited for the safe transfer of
physiological loads.

In the studies was obtained far-reaching suitability of
computer FEM analysis with results obtained in experimental
tests (FIG.5). Finite elements method FEM presents useful
tool preceding and verifying assumptions for difficult and
costly biomechanical tests.
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Streszczenie

Rozwdj tetniakéw, w tym aorty brzusznej (AAA)
Jest dynamicznym procesem, ktory zachodzi w wyniku
wieloczynnikowego, patologicznego remodelingu
tkanki tgcznej Sciany aorty. Badania strukturalne
Scian naczyn tetniczych (zdrowych i z tetniakiem)
przeprowadzono w oparciu o analize histologiczng
i ultrastrukturalng. Analiza porébwnawcza wynikow
wykazata, ze w przypadku preparatéw $cian tetniakow
aorty brzusznej odnotowano caty szereg zmian, ktore
sg charakterystyczne dla rozwazanego schorzenia,
w tym: wzmozony proces neowaskularyzacji oraz
obecno$c¢ nacieku zapalnego. Ponadto, odnotowano
zatarcie granic miedzy warstwami oraz redukcje ich
grubosci, co szczegdlnie zaznaczyto sie w przypadku
btony wewnetrznej. Zaobserwowano istotny ubytek
wtokien elastynowych oraz zmienny co do inten-
sywnosci w poszczegolnych przypadkach ubytek
wtdkien kolagenowych. Wykazano takze, ze zmiany
w liczbie wtdkien tkanki tgcznej odgrywajg kluczowg
role w procesie rozwoju AAA.

Stowa kluczowe: aorta brzuszna, tetniak, wtékna
elastynowe, wtékna kolagenowe

[Inzynieria Biomateriatéw, 99-101, (2010), 83-87]

Wprowadzenie

Tetniak aorty brzusznej (AAA) to trwate i postepujace,
lokalne poszerzenie aorty brzusznej o minimum 50%
w stosunku do jej prawidtowej srednicy. AAA wystepuje
gtébwnie w podnerkowej czesci aorty brzusznej [1,2]. Tetniak
aorty brzusznej powstaje w wyniku wieloczynnikowego,
patologicznego remodelingu tkanki tgcznej Sciany aorty
[3]. Przyczyna prowadzgca do powstania tetniaka nie jest
jeszcze znana. Potencjalnie, proces rozwoju AAA moze
by¢ wywotany miedzy innymi przez deficyt miedzi, cynku
lub kwasu askorbinowego [4,5]. Wiele badan przeprowa-
dzonych w ciggu ostatnich kilku lat wskazuje, ze inicjacje,
rozwoj oraz pekniecie tetniaka powoduje degradacja biatek
strukturalnych sciany aorty, czyli elastyny i kolagenu [6-8],
wywotana przez proteolityczne enzymy z rodziny endopep-
tydaz, gtdwnie reprezentowane przez metaloproteinazy
macierzy pozakomorkowej (MMP) [1,9].
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Abstract

The development of abdominal aortic aneurysm
(AAA) is a dynamic process proceeding as a result of
the multi-factor pathological remodelling of the con-
nective tissue. Structural investigations of normal and
aneurismal vessels were carried out on the basis of
histological and ultrastructural examinations. A com-
parative analysis of the experimental results revealed
a whole series of changes characteristic of the AAA
walls (intensified neovascularisation and inflammatory
infiltrations). In addition, the boundaries between the
layers were found to be blurred and the thickness of
the layers was reduced. A substantial loss of elastin
fibres and a case-specific loss of collagen fibres were
observed. The number of connective tissue fibres play
a key role in the AAA development.

Key words: abdominal aorta, aneurysm, elastin
fibres, collagen fibres

[Engineering of Biomaterials, 99-101, (2010), 83-87]

Introduction

An abdominal aortic aneurysm (AAA) is a permanent and
progressive dilatation (widening or bulge) of the abdominal
aorta by at least 50% relative to its normal diameter. The AAA
occurs mainly in the infrarenal part of the abdominal aorta [1,
2]. An abdominal aortic aneurysm arises as a result of the
many-factor pathologic remodelling of the aorta’s connec-
tive tissue [3]. The cause leading to an AAAis still unknown.
Potentially, the development of an AAA can be induced by,
among other things, copper, zinc or ascorbic acid deficiency
[4, 5]. Many researches done in recent years indicate that
the initiation, development and rupture of the aneurysm
are caused by the degradation of the aortic wall structural
proteins, i.e. elastin and collagen [6-8], induced by proteo-
lytic enzymes from the endopeptydase family, represented
mainly by matrix metalloproteinases (MMP) [1,9].

Material and methods

The experimental material had the form of 87 prepara-
tions of normal abdominal aortas (NAA) (average age of

LU
==
(D >

®© 0 0000000000000 0000006000000000000000000 000 =

Ll



84

Z ommm® 0 00000 0000000000000 000006000000060000000000

L

Materiat i metody

Materiat badawczy stanowity 87 preparatow scian nie-
zmienionych patologicznie aort brzusznych (NAA) ($redni
wiek dawcow: 66x11 lat) oraz 96 preparatéw $cian tetnia-
kéw aorty brzusznej (AAA) (sredni wiek dawcow: 6819 lat).
Zgode na przeprowadzenie badan oraz pozyskanie w tym
celu materiatu biologicznego wydata Komisja Bioetyczna
przy Akademii Medycznej we Wroctawiu na podstawie de-
cyzji nr KB—220/2010. Bezposrednio po pobraniu, materiat
biologiczny umieszczano w roztworze soli fizjologicznej
i przechowywano w temperaturze 4°C.

donors: 66+11 years) and 96 abdominal aorta aneurysm
walls (AAA) (average age of donors: 6819 years). The per-
mission to carry out the experiments and to acquire biologi-
cal material for this purpose was granted by the Bioethical
Committee at Wroctaw Medical University on the basis of
decision KB—220/2010. Immediately after it was taken, the
biological material was placed in a physiologic salt solution
and stored at a temperature of 4°C.

For the purpose of histological analysis, vascular wall seg-
ments 10mm? in area were fixed in a 4% solution of formalin
for 48 hours, washed under running water, dehydrated in an
alcohol series, cleared in methyl benzoate and xylene and

Normal abdominal aorta

RYS.1. Obrazy histologiczne scian zdrowych aort brzusznych (NAA) i scian
preparatow tetniakow aorty brzusznej (AAA): a) Sciana zdrowej aorty brzusz-
nej (P — przydanka; BS — btona srodkowa) w barwieniu wedtug Verhoff’a;
b) wtékna elastynowe (E) i kolagenowe (K) w obrazie histologicznym btony
srodkowej sciany NAA (barwienie wedtug Verhoff’a); c) sciana tetniaka aorty
brzusznej z rozr6znionymi warstwami (P — przydanka; BS — btona srodkowa;
BW - btona wewnetrzna); d) pojedyncze wiokna elastynowe (E) w sScianie
AAA (w barwieniu Van Gieson’a); e) fragmentacja wiokien elastynowych (E)
w btonie srodkowej sSciany AAA (w barwieniu technikg Van Gieson’a).

FIG.1. Histological images of normal abdominal aortic walls (NAA) and abdo-
minal aortic aneurys.m walls (AAA): a) Verhoff’s stain of normal abdominal
aortic wall (P — adventitia, BS — media), b) elastin (E) and collagen (K) fibres
in histological image of NAA wall media (Verhoff’s stain), c) abdominal aortic
aneurys.m wall with differentiated layers (P — adventitia, BS — media, BW
— intima), d) single elastin fibre (E) in AAA wall (Van Gieson’s stain), e) frag-
mentation of elastin fibres (E) in AAA wall media (Van Gieson’s stain).

then embedded in paraffin. The cubes
of experimental material were sliced
in a Micron (Zeiss) microtome into
5 pum sections which were stained with
haematoxylin and eosin according to
Delafield, by the Azan-Novum method
according to Geidies and by using
Verhoff's method and Van Gieson’s
method to differentiate the collagen
and elastin fibres in the connective
tissue. The stained preparations were
viewed under an Axiolmager M1m
(Zeiss) microscope. Aortic wall frag-
ments 10 mm? in area constituted the
material for ultrastructural examina-
tions. The experimental material was
fixed in a 2,5% phosphate-buffered
glutaraldehyde, dehydrated in an
acetone series, then dried and stuck
onto microscope stages, using carbon
glue. For the purpose of ultrastructural
analysis the previously dried mate-
rial had to be sprayed with gold. The
preparations were viewed under a Leo
435 VP (Zeiss) electron microscope
and the image was recorded in high
vacuum.

Results and discussion

No significant pathological changes
were found in the histological images
of the healthy abdominal aortic walls.
All the layers were normally formed
and no atrophy or significant struc-
tural disorders were observed in them
(FIG.1a). Numerous elastin fibres (E)
were present within the aortic media
of the NAA walls (FIG.1a,b). The
collagen fibres (K) observed in both
the aortic media and the adventitia
were morphologically normal (wavy)
(FIG.1b). Numerous changes were
discovered in the histological images
of the abdominal aortic aneurysm
walls. Disorders in the laminar struc-
ture were observed (FIG.1c). In most
cases, the boundaries between the
AAA wall layers had become blurred.
Most of the aneurysms were found
to lack a distinct intima layer. Single
elastin fibres (E) randomly occurred
in the full histological picture of the
aneurysm walls (FIG.1d). In a few
cases, elastin fibres fragmentation
was observed (FIG.1e). The arrange-



ment of collagen fibres in the media of the AAA walls was 85
disordered (FIG.1d,e,f). eeo0o00o0o0
Inflammatory infiltrations, located on the boundary

Analizy histologiczne przeprowadzono na wycinkach
$cian naczyn o powierzchni 10 mm?, ktére utrwalano w 4%
roztworze formaliny przez 48 godzin, ptukano w wodzie bie-

zgcej, odwadniano w szeregu alkoho-
lowym, przeswietlano w benzoesanie
metylu i ksylenie, a nastepnie zatapia-
no w parafinie. Bloczki z materiatem

badawczym krojono na mikrotomie | ¢

Micron (Zeiss) na skrawki o grubosci
5 um, ktére barwiono: hematoksyling i
eozyng wedtug Delafield’a oraz meto-

dg Azan-Novum wedtug Geidies’a oraz !

metodami Verhoff'a i Van Gieson’a,
réznicujgcymi w tkance tgcznej widkna
kolagenowe i elastynowe. Zabarwione

preparaty oglagdano w mikroskopie ||

Swietlnym Axiolmager M1m (Zeiss).
Materiat do badan ultrastrukturalnych
stanowity fragmenty $ciany aorty o po-

wierzchni 10 mm2. Materiat badawczy |
utrwalono w 2,5 % roztworze aldehydu |+

glutarowego na buforze fosforanowym,
odwodniono w szeregu acetonowym,
nastepnie suszono i naklejano na sto-

liki uzywajgc kleju weglowego. Analiza | ©

ultrastruktury wymagata napylenia zto-

ta na uprzednio wysuszony materiat. |:

Preparaty ogladano w skaningowym | -

mikroskopie elektronowym Leo 435 VP | ¢ ;

(Zeiss), a powstaty obraz rejestrowano
w warunkach wysokiej prézni.

Wyniki i dyskusja

W obrazach histologicznych pre- | - e 2

paratow zdrowych $cian aort brzusz-
nych nie odnotowano istotnych zmian
patologicznych. Wszystkie warstwy
uksztattowane byty prawidtowo i nie
obserwowano ich zaniku ani innych
istotnych zaburzen w ich budowie
(RYS.1a). W obrebie btony srodkowej
preparatow $cian NAA obserwowano
licznie wystepujgce widkna elastynowe
(E) (RYS.1a,b). Widkna kolagenowe
(K), obserwowane zaréwno w btonie
srodkowej, jak i przydance, miaty
poprawny morfologicznie, pofalowany
przebieg (RYS.1b). W obrazach histo-
logicznych preparatéw $cian tetniakow
aorty brzusznej odnotowano liczne
zmiany. Obserwowano zaburzenia
w budowie warstwowej (RYS.1c).
W wiekszosci przypadkéw doszio do
zatarcia granic miedzy warstwami
Scian AAA. Wiekszos$¢ $cian tetniakdw
jest pozbawiona rozpoznawalnej war-
stwy wewnetrznej. W petnym obrazie
histologicznym preparatéow uzyska-
nych ze $cian tetniakow wystepowaty
losowo pojedyncze wtdkna elastynowe
(E) (RYS.1d). W nielicznych przypad-
kach obserwowano réwniez fragmen-
tacje wiokien elastynowych (RYS.1e).
Uktad widkien kolagenowych w prepa-
ratach scian AAA w btonie $rodkowej
naczynia byt zaburzony (RYS.1d,e,f).

W obrazach histologicznych prepa-

RYS.2. Obrazy preparatéw scian tetniakow aorty brzusznej: a) naciek zapalny
umiejscowiony na granicy miedzy btona srodkowa (BS) i wewnetrzna (BW)
(w barwieniu technikg H&E) b) naciek zapalny w sasiedztwie zlogéw wapnia
(w barwieniu technikg H&E) c) rozlegty naciek zapalny (NZ) (w barwieniu:
Azan-Novum); d) naciek zapalny z rozréznialnymi makrofagami (M) oraz lim-
focytami (L) (w barwieniu technika H&E); e) naczynia naczyn (NN) w barwieniu
H&E; f) naczynia naczyn (NN) w barwieniu Verhoff’a; g) przesacz osocza
i sktadnikéw morfotycznych krwi (Er — erytrocyty) do wnetrza sciany naczynia
w barwieniu Verhoff’a oraz h) przesacz osocza i sktadnikow morfotycznych
krwi (Er—erytrocyty) do wnetrza sciany naczynia w barwieniu Azan-Novum.
FIG.2. Images of abdominal aortic aneurys.m walls: a) inflammatory infiltra-
tion located on boundary between media (BS) and intima (BW) (H&E stain),
b) inflammatory infiltration in vicinity of calcium deposits (H&E stain), c)
extensive inflammatory infiltration (NZ) (Azan-Novum stain), d) inflammato-
ry infiltration with discernible macrophages (M) and lymphocytes (L) (H&E
stain), e) vasa vasorum (NN) (H&E stain), f) vasa vasorum (NN) (Verhoff’s
stain), g) infiltration of blood plasma and morphotic blood components (Er
-erythrocytes) into vascular wall (Verhoff’s stain) and h) infiltration of blood
plasma and morphotic blood components (Er—erythrocytes) into vascular
wall (Azan-Novum stain)
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ratow $cian tetniakdéw
aorty brzusznej ob-
serwowano obecnos$c¢
naciekéw zapalnych, |5
ktére umiejscawiaty |/
sie na granicy miedzy
btong $rodkowg (BS)
i wewnetrzng (BW)
(RYS.2a), ewentu- |§
alnie w sgsiedztwie
ztogéw wapnia oraz
catkowicie uksztat-
towanych blaszek
miazdzycowych (rys.
2. b). Nacieki zapalne
ztozone byly w prze-
wazajgcej czesci
z limfocytéw oraz ma-
krofagéw (RYS.2d).
Obserwowano takze
wzmozony proces
neowaskularyza-
cji $cian tetniakow |
(RYS.2¢,f). Naczynia
naczyn (vasa vaso-
rum) wystepowaty za-
réwno w przydance,
co jest cechg fizjolo-
giczna, jak réwniez
w warstwie srodkowe;j |
Scian tetniakow aorty | 2§
brzusznej, co jest zde-
cydowanie patologig.
Nieliczne przypadki |
preparatéow $cian tet-
niakow wykazywaty
cechy pekania. W tych
preparatach zaobser-
wowano we wnetrzu
$ciany naczynia obec-

Normal abdominal aorta

between the
media (BS)
and the intima
(BW) (FIG.2a)
or in the vicin-
ity of calcium
deposits or fully
formed athero-
matous plaques
(FIG.2b), were
observed in
the histologi-
cal images of
the abdominal
aortic aneu-
rysm walls.
The inflam-
matory infiltra-
tions consisted
mainly of lym-
phocytes and
macrophages
(FIG.2d). Also
- | intensified ne-
- | ovasculariza-
tion of the an-
eurysm walls
was observed
(FIG.2e,f).
Vasa vasorum
occurred in
both the ad-
ventitia (which
is normal) and
‘| the abdominal
aortic aneu-
rysm wall me-
dia (which is
clearly patho-
logical). Only

nos$c¢ osocza, a nawet
sktadnikéw morfotycz-
nych krwi (RYS.2g,h).
Przesgcz osocza do
wnetrza $ciany wy-
wotywat rozsuniecie
sie witdkien kolage-
nowych i powstanie
przestrzeni, ktére wy-
petniat tworzacy sie
skrzep (RYS.2h).

W obrazach pre-
paratéw $cian zdro-
wych aort brzusznych
w skaningowym mikroskopie elektronowym obserwowano
charakterys.tyczne, poprawne morfologicznie utozenie
widkien, ktére tworzg tréjwymiarowg sie¢ (RYS.3a).
W zdecydowanej wiekszosci preparatow $cian NAA ob-
serwowano wystepowanie blaszek miazdzycowych lub
ztogéw wapnia, zlokalizowanych na granicy miedzy btong
wewnetrzng a srodkowa. Obrazy SEM $cian tetniakéw aort
brzusznych wykazaty, ze przebieg wtdkien kolagenowych
w przydance byt zaburzony i w wiekszos$ci analizowanych
przypadkow uktad widkien kolagenowych miat charakter
wyprostny (zblizony do liniowego) (RYS.3b). Obserwowano
réwniez wystepowanie komorek nacieku zapalnego — od-
notowano obecnos¢ limfocytow w $cianach tetniakéw aorty
brzusznej (RYS.3c). W przypadkach, w ktérych zauwazono
cechy pekania $ciany tetniaka rejestrowano wystepowanie

(Er — erytrocyty).

—erythrocytes).

RYS.3. Obrazy SEM s$cian zdrowych aort brzusznych (NAA) i tetniakow aort
brzusznych (AAA): a) wiékna elastynowe (E) i kolagenowe (K) w btonie srod-
kowej sciany NAA; b) wyprostny przebieg wtékien kolagenowych w przydance
Sciany AAA; c) limfocyt (L) widoczny w scianie AAA; d) rozpadajacy sie
i degradujacy erytrocyt (Er); e) krwiak objety przez elementy facznotkankowe

FIG.3. SEM images of walls of normal abdominal aortas (NAA) and abdomi-
nal aortic aneurys.ms (AAA): a) elastin (E) and collagen (K) fibres in NAA
wall media; b) straight-linear shape of collagen fibres in adventitia of AAA
wall; c) lymphocyte (L) visible in AAA wall; d) disintegrating and degrading
erythrocyte (Er); e) thrombus enveloped by connective tissue elements (Er

in a few cases,
the aortic an-
eurysm walls
showed rup-
ture symptoms.
In such prepa-
rations blood
plasma, and
even morphotic
blood compo-
nents, were
found to be
present inside
the vascular
wall (FIG.2g,h). The infiltration of blood plasma into the
wall resulted in the separation of collagen fibres and the
creation of a space which would be filled with a forming
thrombus (FIG.2h).

The characteristic morphologically normal arrangement of
fibres (forming a three-dimensional network) was observed
in SEM images of the normal abdominal aortic walls (FIG.
3a). Atheromatous plaques (or at least calcium deposits),
located on the boundary between the intima and the media,
were found in most of the NAA walls. SEM images of the
abdominal aortic aneurysm walls showed that the shape
of collagen fibres in the adventitia was disordered and in
most of the examined cases it was almost straight-linear
(FIG.3b). Also inflammatory infiltration cells (lymphocytes
in the walls of the abdominal aortic aneurysms) were found
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elementow morfotycznych, ktére degradujgc w $cianie
naczynia otaczane sg przez tgcznotkankowe komponenty
strukturalne, co nadaje $cianie naczynia specyficzny wyglad
przypominajacy obszar nekrozy (RYS.3d,e).

W procesie rozwoju tetniaka dochodzi do ubytku wtdkien
elastynowych oraz kolagenowych, przy czym ubytek wiokien
elastynowych jest pierwszym zjawiskiem obserwowanym
w procesie rozwoju AAA, natomiast znamienne zmniej-
szenie liczby widkien kolagenowych, ktore poczatkowo
przejmujg funkcje widkien elastynowych w procesie prze-
noszenia obcigzen, zachodzi dopiero w koncowym etapie
rozwoju tetniaka. Potwierdza to wczesniej wysunietg teze,
ze ubytek wtokien elastynowych w Scianie tetniaka aorty
brzusznej zwigzany jest gtdwnie z rozwojem tetniaka,
natomiast przerwanie ciggtosci sciany tetniaka odnoszone
jest do procesu degradacji wtokien kolagenowych [10-13].
Degradacja wtdkien elastynowych i kolagenowych moze
by¢ zwigzana z procesami zapalnymi [7,14]. Badania hi-
stologiczne scian tetniakéw wykazaty istnienie rozlegtych
naciekow zapalnych w wiekszosci analizowanych przypad-
kow, co potwierdzity takze obserwacje innych autorow [15].
Przyczyna powstawania procesu zapalnego nie jest znana.
Mozliwe, Ze jest to wynik reakcji autoimmunologicznej lub
odpowiedZ na dziatania réznego typu czynnikow zapal-
nych lub zakaznych, jak np.: Chlamydia pneumoniae [16].
Komorki zapalne w warstwie srodkowej i przydance moga
pochodzi¢ bezposrednio z krwi, ktéra dostarczana jest do
Sciany przez nowo powstajgce naczynia naczyn, w wyniku
wzmozonego procesu neowaskularyzaciji [1].
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Prace zrealizowano w ramach projektu: ,WROVASC-
Zintegrowane Centrum Medycyny Sercowo - Naczyniowej”,
finansowanego w ramach Europejskiego Funduszu Rozwoju
Regionalnego oraz z budzetu panstwa - Program Operacyj-
ny Innowacyjna Gospodarka 2007-2013.
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[3]. Davies, M., Aortic aneurysm formation: lessons from human
studies and experimental models. Circulation, 1998; 98: 193-195.
[4]. Cooggon, D., C. Martyn, and C. Osmond, Mortality from aortic
aneurysms in migrants between countries of England and Wales:
evidence for causes acting early in life. QJM, 1997; 90: 133-137.
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Powell, Abdominal aortic aneurysm expansion. Risk factors and
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and J. Powell, Genetic approach to the role of cysteine proteases
in the expansion of abdominal aortic aneurysms. Brit J Surg, 2004;
91: 86-89.

to be present (FIG.3c). In the cases when symptoms of
aneurysm wall rupture were noticed, morphotic elements
occurred which as they degrade are enveloped by structural
connective tissue components whereby the vascular wall
acquires a characteristic appearance resembling a necrotic
area (FIG.3d,e).

As the AAA develops, the number of elastin and collagen
fibres decreases. First the loss of elastin fibres is observed
while a reduction in the number of collagen fibres, which
initially take over the load bearing functions of the elastin
fibres, takes place only in the final stage in the development
of the AAA. This corroborates the thesis proposed earlier
that the loss of elastin fibres in the AAA wall is connected
mainly with the development of the aneurysm while the
breaking of AAA wall continuity is linked with the degrada-
tion of collagen fibres [10-13]. The degradation of elastin
and collagen fibres may be linked with the inflammatory
process [7,14]. Our histological examinations of the walls
of aneurysms revealed extensive inflammatory infiltrations
in most of the cases, which other authors observations
corroborated [15]. The cause of the inflammatory process
is unknown. It could be the result of an immune response
or a response to various inflammatory or infectious agents,
e.g. Chlamydia pneumoniae [16]. The inflammatory cells
in the media and in the adventitia may come directly from
the blood which is supplied to the wall by the newly forming
(as a result of intensified neovascularization) vessels of the
vessels (vasa vasorum) [1].
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Wprowadzenie

Oparzenie jest stanem wymagajgcym natychmiasto-
wej interwencji i mobilizacji wszystkich srodkoéw ratowni-
czych i finansowych dostepnych w szpitalu, jest stanem
bezposredniego zagrozenia zycia. Rumien, pecherze,
obrzeki, martwica, owrzodzenia to rozne objawy oparzen
skéry. Niektore z nich wymagajg leczenia szpitalne-
go, a czasami nawet zabiegdéw przeszczepiania skory.
Méwigc o oparzeniach skéry, mamy najczesciej na mysli
skutki dziatania wysokiej temperatury, czyli tzw. oparzenia
termiczne. Jednak oparzenia mogg by¢ takze wywotane
energig elektryczng, substancjami chemicznymi, promie-
niowaniem jonizujgcym, stonecznym, laserowym oraz
razeniem piorunem.

Oparzenia, w zaleznosci od ich gtebokosci, dzielimy na
trzy stopnie. Oparzenie | stopnia obejmuje wytgcznie na-
skorek. Objawy polegajg jedynie na wystgpieniu rumienia i
obrzeku. Wyleczenie nastepuje po kilku dniach. Oparzenie
Il stopnia dotyczy takze czesci skéry. Objawia sie ono w
postaci pecherzy, obrzeku i czesciowej martwicy naskorka.
Oparzenia te sg bolesne, wystepuje w nich przeczulica na
dotyk i ruch powietrza. Przydatki skérne, chodzi tu gtéwnie o
mieszki wtosowe, sg nieuszkodzone, co jest bardzo istotne,
gdyz gojenie sie tych oparzenh polega na pokrywaniu sie
ran naskérkiem powstajgcym z podziatéw komaorek nabton-
kowych tychze mieszkéw. Oparzenie Il stopnia obejmuje
juz catg grubos$c¢ skory i niszczy przydatki skoéry. Rany sg
zweglone, woskowate, barwy biatej lub szarawej. Zwykle
sg tez suche. Oparzone powierzchnie sg niebolesne, nie
reagujg na dotyk lub uktucie. Wyleczenie tego typu oparzen
jestjuz tylko czedciowe, na skérze pozostajg réznie rozlegte
i gtebokie blizny. Oparzenia | lub Il stopnia nazywamy tez
oparzeniami lekkimi. Obejmujg one 1-2% powierzchni ciata.
Sa to zwykle oparzenia domowe wywotane gorgcym lub
wrzgcym ptynem [1,2].

Inzynieria tkankowa umozliwia zastosowanie pierwotnych
hodowli keratynocytéw naskérka do leczenia oparzen i
owrzodzen. Metoda ta jest jednak czasochtonna, trudna
i bardzo kosztowna. Wyhodowanie pseudonaskérka po-
krywajgcego 1% powierzchni ciata kosztuje okoto 10000
$ [3].

Poszukuje sie nowych rozwigzan i coraz lepszych ma-
teriatow, ktére mogtyby pomdéc w zabliznianiu ran poopa-
rzeniowych.
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Introduction

Burn is a condition that requires immediate intervention
and emergency mobilization of all resources and funding
available in the hospital, it is a state of imminent threat to
life.

Erythema, blisters, swelling, necrosis, ulcers are different
symptoms of skin burns. Some of these symptoms require
hospitalization, and sometimes even skin grafting treat-
ments. When we consider of skin burns, we usually mean
the effects of high temperatures, ie. thermal burns. However,
burns may also be caused by electricity, chemicals, ionizing
radiation, solar, laser and lightning shocks.

Burns, depending on their depth, are divided into three
steps. First degree of burn involves only the epidermis.
Symptoms depend only on the occurrence of erythema and
edema. Recover is usually after a few days. Second degree
of burn also applies to parts of the skin. It manifests itself
in the form of blistering, swelling, and partial skin necrosis.
These burns are painful, they have hyperesthesia to touch
and air movement. Skin appendages, just a matter of hair
follicles are undamaged, which is very important, since the
healing of these burns is the epidermis covering the wounds
arising from the division of epithelial cells of these follicles.
Third degree burn longer includes the entire thickness of
the skin and destroys the skin appendages. Wounds are
charred, waxy, white or greyish. They are usually very dry
dry. Burnt surfaces are painless, do not respond to touch or
sting. The treatment for this type of burn is only partial, on
the skin appear broad and deep scars. Both, | or Il degree
of burns are usually called light. They include 1-2% of body
surface area. These kind of burns are usually caused by
domestic accidents with boiling and/or hot liquid.

Tissue engineering enables the use of primary epidermal
keratinocyte cultures for the treatment of burns and ulcers.
This method, however, is time-consuming, difficult and very
expensive. Culturing pseudoepidermis covering 1% of body
surface area costs about $ 10,000.

New and better solutions and materials that could help
to cure wounds are sought by material scientists and medi-
cal doctors.
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Materiaty i — | Materials

metodyka and
methods

W pracy zba-

dano materiaty MeclsorhA" WH. In this study we

opa_trunko_wg na investigated the

bazie alginianu [ | dressing materials

\tNapIr(1_|ah o(;azkoi)q- " a based on calcium

runki hydrokoloi- S=ne —— alginate and hy-

dowe, pozyskane — e | drocolloid dress-

dzieki uprzejmosci

. ings, obtained by

Torunskich Zakta-

déw opatrunko- RYS.1. Opatrunek na bazie alginianu

wych w Toruniu | Wapnia
(RYS.1,2). FIG.1. Dressing based on calcium
Opatrunek | alginate

na bazie alginianu

wapnia jest ste-

rylnym opatrunkiem przezna-
czonym do stosowania bezpo-
Srednio na rane. Witdkna tego
opatrunku reagujg z wydzieling
rany tworzac delikatny, wilgot-
ny zel, ktéry stwarza warunki
sprzyjajace gojeniu. Zel do-
datkowo chroni przed urazami
mogacymi wystgpi¢ ze strony
opatrunku zewnetrznego i mi-
nimalizuje ryzyko powstania
urazu podczas zmiany opatrun-
ku. Opatrunek ten umozliwia
wymiang gazowg, nie pozwala
na wyciek wydzieliny na obszar
zdrowej skory zapobiegajgc
jej maceracji. Zel, ktory przy
zmianie opatrunku pozostaje w
ranie daje sie tatwo wyptukac
przy pomocy 0,9% roztworu soli
fizjologiczne;j.

Opatrunek hydrokoloidowy
jest opatrunkiem ztozonym nie
tylko z warstwy hydrokoloidowe;j
ale takze z cienkiej pianki poliuretanowej. Opatrunek ten,
takze umozliwia migracje tlenu i pary wodnej oraz jedno-
czesnie nie przepuszcza bakterii. W kontakcie warstwy
hydrokoloidowej z wydzieling z rany powstaje spojny zel,
ktory dzieki odpowiedniej wilgotnosci sprzyja gojeniu sie
rany. Utworzony Zel nie przylega do rany przez co nowo
utworzona tkanka nie jest narazona na uraz podczas
usuwania bgdz zmiany opatrunku. Lekko kwasny odczyn
wytworzony pod opatrunkiem likwiduje ryzyko infekcji przy-
spieszajgc ziarninowanie. Opatrunek ten doskonale nadaje
sie do leczenia owrzodzen podudzi. Przyspiesza proces
oczyszczania i ziarninowania rany dzieki utrzymywaniu
wilgotnego srodowiska. Jego zaletg jest rowniez zminima-
lizowanie bolesnosci zmiany opatrunku.

W pracy zbadano wtasciwosci mechaniczne (odpornosc
na zerwanie) na sucho oraz w roztworze soli fizjologiczne;j.
Badania prowadzono za pomocg maszyny wytrzyma-
tosciowej Zwick&Roell ze specjalng komorg do badan w
roztworze (RYS.3).

Zbadano réwniez stopien specznienia opatrunkow w
buforze fosforanowym, w 37°C, imitujgc warunki organizmu
pacjenta. W podobnym srodowisku okreslono czas degra-
dacji opatrunkow.

courtesy of Torun
Group of Dress-
ings (FIG.1,2).
Dressing based
on calcium algi-
nate is a sterile
bandage designed for use di-
rectly on the wound. Fibers that
react with discharge dressing
the wound to form soft, moist gel
which creates favorable condi-
tions to healing. The gel also
protects against injuries that might
occur outside of the dressing, and
minimizes the risk of injury when
changing the dressing. The dress-
ing allows gas penetration, it does

RYS.2. Opatrunek hydrokoloidowy
FIG.2. Hydrocolloid dressings

RYS.3. Ma-
szyna wytrzy-
matosciowa
Zwick&Roell ze
specjalng ko-
morg do badan
w roztworze

FIG.3. T:_St' not allow the runny area of healthy
Ing machine  qin and prevents maceration.
Zick&Roell o ety St

The gel, which is a deposit after a
changing of the wound dressing
can be easily rinsed with 0.9%
saline solution.

Hydrocolloid dressing is not
only a bandage made of a layer
of hydrocolloid but it is also made
of a thin polyurethane foam. This
dressing also allows migration of
oxygen and water vapor, and at
the same time does not allow to
pass the bacteria. The contact layer of hydrocolloids with
wound secretion is able to create a consistent gel, which,
thanks to an appropriate humidity promotes wound healing.
Created gel does not stick to the wound for a newly formed
tissue and it is not exposed to trauma during the removal
or alteration of the dressing. Slightly acidic environment
produced under the dressing eliminates the risk of infection
by the acceleration of granulation. The dressing is perfectly
suited for the treatment of leg ulcers. The above dressing
accelerates the process of purification and granulation
wounds by keeping of the moisture in the wound environ-
ment. The advantage of such dressing is the minimization
of the painful dressing replacements.

In this study we investigated the mechanical properties
of dressing (resistance to breaking) in dry conditions and in
saline solution. The study was performed using the testing
machine Zwick&Roell with a special chamber to test the
material in solution (FIG.3).

with a special
chamber for
testing in so-
lution

We also measured the degree of swelling of dressings
in phosphate buffer in 37°C, simulating the conditions of
the patient’s body. The degradation of dressings has been
studied at the same environment i.e. in phosphate buffer
in 37°C.
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Wyniki i dyskusja

Wyniki wykazaty dobrg odpornos¢ na zerwanie nie tylko
na sucho ale i w roztworze, odpowiedni stopien specznienia
dla opatrunkow oraz dtugi okres degradacji materiatow. Za-
pewnia to badanym opatrunkom odpowiednie wiasciwosci
uzytkowe.
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Results and conclusions

The results showed good resistance of dressing to
breaking in both, dry state and in the solution. Moreover, a
sufficient degree of swelling for a long period of dressings
and materials degradation have been observed. The results
proved that the dressings provide suitable properties for
application in burn treatment.
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[Inzynieria Biomateriatéw, 99-101, (2010), 90-92]

Wprowadzenie

Chitozan jest produktem N-deacetylacji chityny, polimeru
nalezgcego do grupy polisacharydéw pochodzenia gtéwnie
zwierzecego. Jego nazwa systematyczna to poli[3-(1,4)-
2-amino-2-deoxy-D-glukopiranoza). Jest to kopolimer
sktadajacy sie z komonomeréw N-acetyloglukozy tj. 2-
acetamido-2-deoxy-B-D-glukopiranozy i 2-amino-2-deoxy-
B-glukopiranozy.

W przeciwienstwie do chityny, chitozan ze wzgledu na
rozpuszczalnos¢ w wodnych roztworach kwasow, zwtasz-
cza organicznych, zaliczany jest do polimeréw o wyraznym
charakterze uzytkowym. Chitozan wykazuje szereg korzyst-
nych cech takich jak biodegradowalnosc¢, bioaktywnosc,
biozgodnos¢, wysoka adhezja, nietoksycznosc¢, zdolnose
do chelatowania i wigzania jonéw metali i substancji orga-
nicznych, btono- i wiéknotworczosé [1,2]. Chitozan tak jak
kazdy biomateriat musi by¢ przed uzyciem sterylizowany.

PHOTOCHEMICAL STABILITY OF
CHITOSAN IN THE PRESENCE

OF SMALL AMOUNT OF
COLLAGEN, GLUTATHIONE,
CAMPHOROQUINONE,
PHENYLALANINE AND TYROSINE

ALINA SIONKOWSKA, ANNA PrANECKA*, JUSTYNA KoztowSsKA,
PAULINA L0$, JOANNA SKOPINSKA-WISNIEWSKA

NicoLaus CopPerNicus UNIVERSITY, FACULTY oF CHEMISTRY,
CHAIR OF CHEMISTRY AND PHOTOCHEMISTRY OF POLYMERS,
GRoOUP OF BIOPOLIMERS,

7 GAGARINA STREET, 87-100 ToruN, PoLAND

*MAILTO: ANNAP@CHEM.UMK.PL

[Engineering of Biomaterials, 99-101, (2010), 90-92]

Introduction

Chitosan is a product of N-deacetylation of chitin, a poly-
mer belonging to the group of polysaccharides. In chemical
nomenclature chitosan is called poly[B-(1,4)-2-amino-2-de-
oxy-D-glucopyranoses]. Chitosan as a copolymer consists
of N-acetoglucose co-monomers, which is 2-acetylamino-
2-deoxy-B-D-glucosepyranoses and 2-amino-2-deoxy-f3-
glucosepyranoses

Chitosan due to the solubility in aqueous solutions of
organic acids is widely applied in many fields, whereas
the application of insoluble chitin is limited. Chitosan has
several great features such as biodegradability, bioactiv-
ity, biocompatibility, high adhesion, non-toxicity, the ability
to chelate and bind metal ions and organic substances,
membrane and the fiber formation [1,2].

Like other biomaterials chitosan has to be sterilized prior
the application. Germicidal lamp emitting ultraviolet radia-
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Bakteriobdjcza lampa emitujgca promieniowanie nadfio-
letowe jest czesto stosowanym s$rodkiem do sterylizacji
materiatdbw medycznych. Dlatego zasadne jest poznanie
przemian zachodzgcych w chitozanie pod wptywem dzia-
tania promieniowania UV oraz modyfikacja chitozanu w
celu podniesienia jego fotochemicznej odpornosci. Oprécz
zastosowania chitozanu przy wytwarzaniu wyrobow me-
dycznych, farmaceutycznych i w biotechnologii, jest takze
stosowany do oczyszczania wody, w kosmetyce, rolnictwie,
dodatkach do zywnosci, w przemysle witdkienniczym oraz
produkcji bton. W Swietle tak duzego zastosowania chito-
zanu wazne jest, aby odpowiednio chroni¢ go przed dziata-
niem promieniowania UV. Przebieg procesu fotostarzenia
i fotodegradacji polimeréw mozna modyfikowa¢ dodajgc
do nich niewielkie ilosci innych substancji. Mogg to by¢
substancje matoczgsteczkowe, bgdz wielkoczgsteczkowe.
W zaleznosci od budowy chemicznej mogg one hamowac,
badz przyspieszy¢ procesy fotochemiczne w polimerach.
W pracy zbadano mieszaniny chitozanu z niewielkimi do-
datkami (1% i 0,1%) kolagenu, glutationu, kamforochinonu,
fenyloalaniny oraz tyrozyny.

Materiaty i metodyka

Chitozan (Aldrich Sigma) uzyty do badan charakteryzo-
wat sie stopniem deacetylacji 91,22 oraz $rednim ciezarem
czasteczkowym 760000 g/mol. Kolagen otrzymano ze
Sciegien ogonéw mtodych szczurow — albinoséw. Po wy-
ptukaniu sciegien w wodzie destylowanej, rozpuszczono
je w0,1M kwasie octowym. Glutation i kamforochinon oraz
rozpuszczalnik kwas octowy zakupiono z firmy Aldrich
Sigma. Natomiast Fenyloalanina i tyrozyna z firmy Fluka.
Przygotowano prébki o nastepujgcym sktadzie procento-
wym: chitozan/kolagen — 99/1; chitozan/glutation — 99,9/0,1;
chitozan/kamforochinon — 99,9/0,1; chitozan/fenyloalanina
—99,9/0,1; chitozan/tyrozyna — 99,9/0,1.

Do napromieniania probek uzyto Sredniocisnieniowg
lampe rteciowg HPR-120 W (firmy Philips, Holandia) emitu-
jacg promieniowanie UV o dtugosci fali 254 nm. Zmierzone
natezenie wynosito 0,1542 J/(s2-m) (25,7 W/m?).

Probki nie naswietlane i poddane dziataniu promie-
niowania scharakteryzowano za pomocg spektroskopii w
podczerwieni (po wczesniejszym wylewaniu roztworéw czy-
stego chitozanu, oraz jego mieszanin z réznymi dodatkami
modyfikujgcymi na ptytki wykonane z CaF, i odparowaniu
rozpuszczalnika) oraz wykonano widma w $wietle UV-Vis
(w spektrofotometrze badano cienkie btonki polimerowe,
uzyskane przez wylewanie roztworéw polimeréw bezpo-
Srednio na ptytki z kwarcu optycznego).

Wyniki i dyskusja

Na RYSUNKU 1 pokazano zmiane absorbancji w za-
kresie widm UV-Vis przy dtugosci fali 320 nm w zaleznosci
od czasu naswietlania promieniowaniem UV o dtugosci fali
254 nm.

Analizujgc wyniki spektroskopii w Swietle widzialnym i UV
mozna zauwazyc¢, ze absorbancja chitozanu i jego miesza-
nin rosnie w trakcie naswietlania. Najwyzszg wartos¢ absor-
bancji osiggnety mieszaniny chitozanu z dodatkiem kam-
forochinonu oraz tyrozyny. Oznacza to, ze wiasnie te dwa
dodatki najbardziej przyspieszajg reakcje fotochemiczne w
chitozanie. Réwniez glutation przyspiesza reakcje fotoche-
miczne w chitozanie, poniewaz zwigzek ten dzieki grupom
chromoforowym pochtania dodatkowa porcje energii i tworzy
rodniki, ktdére inicjujg kolejne przemiany fotochemiczne w
chitozanie. Takze w obecnosci fenyloalaniny efektywnos$é
tworzenia grup chromoforowych jest wigksza, niz dla czy-

tion is a frequently used means of sterilization of medical
materials. Therefore it is reasonable to know how the action
of UV radiation modifies the chitosan and to find chemical
compounds which enhance its photochemical stability. Chi-
tosan is also used in the manufacture of medical devices,
pharmaceuticals and in biotechnology as well as in water
treatment. The ability of film formation is widely applied
in cosmetics, agriculture and in the textile industry. Such
wide application of chitosan requires the protection of this
biopolymer against UV radiation. The process of photoag-
ing and photo-degradation of polymers can be modified by
addition small amounts of other substances. Depending on
the chemical structure, they may inhibit or accelerate the
photochemical processes in polymers. In this study we fo-
cused on photochemical stability of chitosan in the presence
of small additions (1% and 0.1%) of collagen, glutathione,
camphoroquinone, phenylalanine and tyrosine.

Materials and methods

Chitosan (Sigma Aldrich) used for the study was marked
by a degree of deacetylation of 91.22 and the average mo-
lecular weight 760,000 g / mol. Collagen was obtained from
tail tendons of young rats - albino. After washing in distilled
water the tendons were dissolved in 0.1 M acetic acid.
Glutathione and camphoroquinone and solvent - acetic acid
were purchased from Sigma Aldrich, whereas phenylalanine
and tyrosine from Fluka company.

Samples have been prepared with the following percent-
age composition: chitosan / collagen - 99 / 1; chitosan /
glutathione - 99.9/0.1, chitosan / camphoroquinone - 99.9 /
0.1, chitosan / phenylalanine - 99.9/0.1; chitosan / tyrosine
-99.9/0.1.

Irradiation of the samples was carried out using mercury
lamp Medium HPR-120 W (Philips, Holland) emitting UV
light with a wavelength of 254 nm. The measured intensity
was 0.1542 J / (s?m) (25.7 W/m?). Samples not irradiated,
and after UV-treatment were characterized by infrared
spectroscopy (after pouring the solutions of pure chitosan
and its mixtures with various additives onto CaF, plates
and evaporation of the solvent thin film was formed), and by
UV-Vis spectroscopy (in the spectrophotometer has been
studied thin polymer film, obtained by pouring the polymer
solutions directly on the plate of optical quartz).

Results and discussion

FIGURE 1 shows the change in absorbance in the UV-Vis
spectra of chitosan at a wavelength of 320 nm, depending
on time of UV irradiation with a wavelength of 254 nm.
From the results of spectroscopy in the visible lightand UV it
can be seen that the absorbance of chitosan and its blends
increases during irradiation. Maximum value was reached
for chitosan with the addition of tyrosine and camphoro-
quinone. It suggests that these two compounds accelerate
photochemical reactions in the chitosan. Glutathione also
accelerates the photochemical reactions of chitosan, be-
cause of chromophoric groups of glutathione consume an
additional portion of energy and produce radicals, which
initiate further photochemical transformation of chitosan.
Also in the presence of phenylalanine chromophoric groups
efficiency is bigger than for pure chitosan.

FIGURE 2 shows the dependence of integral intensity of
the carbonyl band in FTIR spectrum of chitosan with time
of UV-irradiation. After short of irradiation we observe the
decrease of the amount of carbonyl group for both, pure
chitosan and chitosan with additives. After long time of
irradiation we observe an increase of amount of carbonyl
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stego chitozanu.

Na RYSUNKU 2 po-
kazano zalezno$¢ zmian
intensywnosci integralnej
pasma karbonylowego
w widmie FTIR od czasu
napromieniania lampa rte-
ciowg, emitujgcg promie-
niowanie UV o dtugosci
fali 254 nm.

Zaréwno w czystym
chitozanie, jak i w obec-
nosci dodatkéw sub-
stancji modyfikujgcych
po napromienianiu, grup
karbonylowych najpierw
ubywa, potem przybywa
i ponownie ubywa. Na
podstawie analizy wyni-
kéw spektroskopii IR (a
doktadniej pol powierzch-
ni charakterystycznych
pasm) wnioskujemy, ze w
filmach chitozanowych z
réznymi dodatkami ubywa
wody zwigzanej, ale takze
grup C=0i—NH. llos¢ grup
=CH, nie ulega wiekszym
zmianom. Natomiast z
wartosci potozenia pasm
drgan pochodzacych od
charakterystycznych grup
(prezentowanych na po-
sterze) wynika, ze procesy
fotoutleniania zachodza
w przypadku naswietlania
filmoéw chitozanowych z
dodatkiem fenyloalaniny
i tyrozyny.

Whnioski

W obecnosci fenyloa-
laniny i tyrozyny procesy
fotoutleniania w chitoza-
nie zachodzg z wiekszag
wydajnoscig. Rowniez
glutation i kamforochinon

miczne w chitozanie. Zdegradowany fotochemicznie chi-
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RYS.1. Zmiany absorbancji przy dtugosci fali 320 nm w funkcji czasu
naswietlania (A- absorbancja probki po napromienianiu, A0- absorban-
cja prébki nienapromienianej)

FIG.1. Changes in absorbance at a wavelength of 320 nm as a function
of exposure time (A-absorbance of the sample after irradiation, A0-
absorbance of the sample before irradiation)
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RYS.2. Zmiany intensywnosci integralnej pasma karbonylowego (w
zakresie 1520-1800 cm') w funkcji czasu naswietlania (A- absorban-
cja probki po napromienianiu, A0- absorbancja probki nienapromie-
nianej) lampa rteciowa.

FIG.2. Changes in carbonyl band integral intensity (in the range 1520-
1800 cm') as a function of exposure time (A-absorbance of the sample
after irradiation, the absorbance of the samples before irradiation - A0

przyspieszajg procesy fotoche-

tozan posiada mniejszg mase czgsteczkowsg, a co za tym

idzie lepszg rozpuszczalnos¢, co moze by¢ wykorzystane
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w produkcji kosmetykdw i biomateriatow o bardziej hydro-

filowych wtasciwosciach.

Podziekowania

groups. Based on
the analysis of
the FTIR results
(namely the area
of characteristic
bands ), we can
conclude that in
the films of chi-
tosan photooxi-
dation processes
occur.

However, the
location of the vi-
bration bands in
FTIR spectrum
originating from
specific groups
suggests that pho-
tooxidation proc-
esses occur more
efficiently in the
case of irradiation
of chitosan films
with the addition
of phenylalanine
and tyrosine.

Conclusion

The chitosan
photooxidation
processes oc-
cur with greater
efficiency in the
presence of phe-
nylalanine and
tyrosine. Glutath-
ione and campho-
roquinone also
accelerate pho-
tochemical proc-
esses in chitosan.
Photochemically
degraded chi-
tosan has a lower
molecular weight,
and thus better

solubility, which can be used in cosmetics formulations as
well as in preparation of more hydrophilic biomaterials.
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Streszczenie

Modyfikacja powierzchni tytanu i jego stopow,
poprzez nanoszenie warstw technikami plazmowymi,
uwazana jest za jeden z najbardziej efektywnych i
skutecznych sposobéw poprawy ich parametrow
uzytkowych. W tej pracy przedstawiamy wyniki badan
nad otfrzymywaniem warstw wegloazotku krzemu
SiC,N,(H) na podfozu Ti Grade 2 metodg chemicznego
osadzania z fazy gazowej ze wspomaganiem plazmy
generowanej mikrofalami (MWCVD, 2,45 GHz, 2 kW).
Warstwy o réznej zawartosci Si, C i N osadzano przy
uzyciu reaktywnych mieszanin gazowych o odpo-
wiednio dobranym stezeniu sktadnikéw: SiH, CH,,
NH,. Otrzymane materiaty poddano analizie sktadu i
budowy atomowej z zastosowaniem technik SEM/EDS
i FTIR. Oceny uzytkowych wtasciwosci synergicznych
uktadéw ,warstwa — podtoze” dokonano w badaniach
wtasciwosci tribologicznych.

Stowa kluczowe: technologia PACVD, biomate-
riaty tytanowe, warstwy a-SiC,N,(H)

[Inzynieria Biomateriatow, 99-101,(2010),93-97]

Wprowadzenie

Tytan ze wzgledu na swoje wiasciwosci fizykochemiczne
zaliczany jest do grupy najbardziej obiecujgcych biomateria-
tow. Dzieki dobrej wytrzymatos$ci mechanicznej, obojetnosci
chemicznej i wysokiej odpornosci na korozje, a takze dzieki
dobrej zgodnosci tkankowej oraz niskiej toksycznosci, na-
wet przy diugich okresach inkubacji w zywym organizmie,
stanowi on atrakcyjny materiat dla implantologii [1,2].
Pierwsze udokumentowane proby zastosowania tytanu w
chirurgii kostnej przypadajg na lata '40 ubiegtego stulecia
[3]. Od tamtego czasu nastgpit znaczgcy postep w kierunku
modyfikacji czystego tytanu, umozliwiajacej poprawe jego
relatywnie niskich parametréw tribologicznych, przy za-
chowaniu dobrych wtasciwosci biologicznych. Efekty takie
uzyskano poprzez wprowadzenie do struktury Ti réznych
pierwiastkow, jak: Al, V, Nb, Mo, W, Co, Si, Ta, Zr oraz Fe
[1,2,4,5].

Aktualne kierunki badan nad mozliwo$ciami modyfikaciji
biomateriatow tytanowych majg na celu wyeliminowanie
problemu alergii, pojawiajgcej sie w miedzywarstwie implant
— kosc i ograniczenie zjawiska metalozy, skutkujgcej przej-
sciem szkodliwych pierwiastkéw do organizmu ludzkiego.
Prowadzone badania majg rowniez na celu poprawe tribo-
logicznych wiasciwosci materiatéw tytanowych. W tym celu
wykorzystuje sie rézne techniki modyfikacji powierzchni tak,
aby przy zachowaniu waloréw tytanu, poprawi¢ wtasciwosci,

INFLUENCE OF PACVD
PARAMETERS ON STRUCTURE
AND PROPERTIES OF SYNERGIC
SiC,N,(H)/Ti SYSTEM
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Abstract

Operational parameters of titanium biomaterials
may be effectively improved by application of layers
of given chemical composition deposited with appli-
cation of plasma techniques. This work reports the
results concerning formation of SiC,N,(H) layers on Ti
Grade 2 substrate. The layers were formed in plasma
assisted chemical vapor deposition (PACVD system)
with application of microwave (MW) plasma (MWCVD
technique, 2,45 GHz, 2 kW). The layers of various Si,
C and contents were obtained from reactive gas mix-
ture of SiH,, CH,, NH, at various ratios. The samples
were subjected to chemical composition studies with
SEM-EDS technique. FTIR spectra were used in the
description of atomic structure of the layers. Opera-
tional properties of synergic layer-substrate systems
were evaluated in the measurements of tribological
parameters.

Keywords: PACVD, titanium biomaterials, a-
SiC,N,(H) layers

[Engineering of Biomaterials, 99-101,(2010),93-97]

Introduction

Titanium, due to its specific physical and chemical proper-
ties, belongs to a family of the most important biomaterials.
Thanks to good mechanical properties, chemical inertness,
high corrosion resistance as well as good tissue compatibility
and low toxicity, even during long period of incubation in a
biological environment, is considered as a very attractive
materials for implantology [1,2]. First reported efforts to
use titanium in bone surgery comes from the forties of the
previous century [3]. Since then, very strong progress has
occurred which allowed improving relatively pure tribologi-
cal properties of titanium with simultaneous preservation of
its biological properties. This was achieved by introducing
various elements, such like: Al, V, Nb, Mo, As, Co, Si, Ta, Zr,
Fe and others into Ti [1,2,4,5]. Current trends in modification
of titanium biomaterials are aimed at eliminating a danger
of an allergy at the implant - bone interface and at reduc-
ing metalosis in the vicinity of metal implants - the result of
corrosion or hypersensitivity reaction. Further improvement
of tribological properties of titanium is another important
purpose of the studies.

The most effective techniques to modify Ti include sur-
face engineering methods. Plasma assisted chemical vapor
deposition (PACVD) is considered as one of the most reliable
one. It allows modifying the operational parameters of any
material via formation a well adhesive layer of tailored chemi-
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ktére nie spetniajg norm, stawianych FE—— W/ cal compo-
biomateriatom do konkretnych za- Warstwa/ éze;pf%)\:’vv?sag;\;v] TABELA 1. Sktad ga- sition [6].
stosowan. Jedng ze stosowanych |k - zowych mieszanin re-  Amorphous
technik jest chemiczne osadzanie Ar | NH, [FCH S akcyjrl:ycl}, zastoso- §iamond -
warstw z fazy gazowej, aktywowane |[ 4 SiN 25 [ 150 | — | 3 || Wanych wiormowaniu ixe carbon
plazmowo (PACVD — Plasma Assisted ! warstw SiC,N,(H) W |5 615 (a-C:
Chemical Vapour Deposition), pozwa- || 2 | SIC,Ny(H) | 225 | 140 [ 10 | 3 ;‘_;'332'91P_A}ﬁ:26mp0 H) belong
Iajace_ na modyfikacje pO_W|erzchn| 3 | sicNH) | 225 | 135 | 15 3 ST G D TS to the best
materiatu poprzez osadzenie warstwy Y applied in blasma assi known and
o0 odpowiednio dobranym sktadzie || 4 SiC,N,(H) | 225 | 130 | 20 3 sfer:i CVD ‘:)f SiC,N,(H) most com-
chemicznym [6]. Aktualnie, najczesciej - layers Ty monly used
stasowane sg amorficzne warstwy ° Sic 225 | - 25 3 : layer materi-
diamentopodobne a-C:H. Jednak ze als. Unfortu-

wzgledu na ich niskg adhezje do podtoza wcigz poszukuje
sie nowych, lepszych rozwigzan.

W tej pracy przedstawiamy nowy kierunek badan, jakim
jest modyfikacja powierzchni tytanu poprzez stosowanie
warstw wegloazotku krzemu SiC,N,(H), o réznej wzgled-
nej zawartosci poszczegolnych pierwiastkow (w tym war-
stwy SiC, i Si,N,), osadzanych na powierzchni Ti metodg
PACVD.

Technologia warstw i metody badan

Warstwy typu SiC,N,(H), x2 0, y 2 0, otrzymano metodg
chemicznego osadzania z fazy gazowej z uzyciem plazmy
mikrofalowej (MWCVD 2,45 GHz, 2 kW) na podtozach Ti
Grade 2 i (001)Si. Podtoza wstepnie oczyszczono przy
uzyciu alkoholu izopropylowego oraz acetonu. Wiasciwe
osadzanie poprzedzono trawieniem jonowym w plazmie
argonowej (przeptyw gazu 225 sccm), prowadzonym przez
10 minut, przy cisnieniu 0,3 Tr, moc 400 W.

Warstwy formowano z zastosowaniem mieszaniny gazéw
reakcyjnych, zawierajacej SiH,, NH, i CH, w roznych propor-
cjach - TABELA 1. Przeptyw silanu i argonu byt utrzymywany
na niezmienionym poziomie. Parametrem zmienianym w
kolejnych seriach byt iloraz stezen [NH,])/[CH,], przy statej
sumie przeptywoéw tych gazéw. W ten sposéb otrzymano
piec¢ serii prébek, kazda o innej zawartosci krzemu, wegla,
azotu i wodoru. Czas osadzania wynosit 30 minut, cisnienie
w komorze reakcyjnej 0,3 Tr, temperatura podtoza 600°C,
moc 400 W.

Zmodyfikowane powierzchniowo materiaty metaliczne
zostaty poddane badaniom sktadu chemicznego przy uzyciu
mikroskopu skaningowego JOEL, Model 5400 z mikroanali-
zatorem dyspersji energii promieniowania rentgenowskiego
EDS. W opisie budowy atomowej warstw wykorzystano
widma FTIR, zarejestrowane przy uzyciu spektrofotometru
Bio-Rad FTS 60 V (256 skandw, rezolucja 4 cm™).

Dodatkowo przeprowadzono badania tribologiczne, ce-
lem wyznaczenia wspoétczynnikéw tarcia i zuzycia w ruchu
obrotowym. Badania wykonano z godnie z normami ASTM

nately a presence of residual stresses in the layers of this
type lower their adhesion to the substrate.

In this work a new direction of research is presented
which is the modification of Ti with SiCxNy(H) layers of
various content of Si, C and N (including SiC and Si,N,
layers).

Materials and methods

The series of SiC,N,(H), x 2 0, y 2 0 layers were obtained
by chemical vapor deposition using microwave plasma
(MWCVD 2,45 GHz, 2 kW) on Ti Grade 2 and (001) Si. The
substrates were pre - cleaned with isopropyl alcohol and ac-
etone. The formation of the layers was preceded by ion etch-
ing in argon plasma (gas flow 225 sccm), during 10 minutes,
under 0,3 Tr of the pressure, the power 400 W. The layers
were deposited with application of the reactive gas mixture
containing SiH,, NH; i CH, at various ratios — TABLES 1.
Silane and argon flows were kept at unchanged level. The
[NH,J/[CH,] ratio was varied in the respective experiments,
while the sum of the flows of these gases was constant. In
this way five series of the samples were obtained — each one
of various silicon, carbon, nitrogen and hydrogen contents.
In each case the processing time was 30 minutes. The other
parameters were as follows: pressure in reaction chamber
- 0,3 Tr, the substrate temperature - 600°C, MW plasma
generator power - 400 W.

The samples with the layers were subjected to the stud-
ies of chemical composition with application of SEM/EDS
technique (SEM JOEL, Model 5400 with energy dispersive X
- ray microprobe). In the description of the atomic structure
of the layers the FTIR spectra registered with Bio-Rad FTS
60 V spectrophotometer were used (256 scans, resolution
4 cm™). The friction and wear coefficients were measured
using “sphare - shield” type tribotester, in accordance with
ASTM standards G 99-05, ISO 20808:2004. The tribological
parameters of the synergic systems (the substrate with the
layer) were compared with the respective parameters of the
unmodified titanium sample.

RYS.1. Obraz SEM czystego Ti ( RYS. a) oraz obrazy SEM Ti z warstwa: b) Ti z warstwa Si,Ny, c) Ti z warstwa
SiCxN,(H) - seria 4, d) Ti z warstwa SiC,.
FIG.1. SEM image of unmodified Ti surface and SEM images of Ti with the layer: b) Ti with Si,N, layer, c) Ti with
SiC,N,(H) layer, d) Ti with SiC, layer
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G 99 - 05, ISO 20808:2004, za
pomocgq tribotestera typu kula
— tarcza.
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Result and
discussions

FIGURE 1 shows SEM im-

Wyniki

5,9

SiC, N, s7|| ages taken for Ti with the layers

Na RYSUNKU 1 zestawiono

in comparison with the image

7,2 SiC; 24N, 7,

obrazy SEM warstw SiC,N,(H),
SiC,, Si,N, osadzonych na pod-

of the unmodified sample. The

6,4 (6,0 SiC, 7N, z5|| Presented images do not show

tozu Ti z obrazem powierzch-

essential differences. They are
typical for amorphous or micro-

(¢)] » w
©
N
SN

11,9(104/ 0 | 0 |11 0| 1,1 SICy 14

ni tytanu przed modyfikacjg.
Przedstawione obrazy nie wyka-
zujg istotnych réznic. Sg one ty-
powe dla amorficznych badz tez
mikrokrystalicznych warstw.

W TABELI 2 podano iloscio-
we zaleznosci, charakteryzujgce
sktad chemiczny otrzymanych
warstw i oszacowane z widm
EDS. Zgodnie z oczekiwaniami,
probka pierwszej serii zawiera
wytgcznie azot i krzem oraz
tytan pochodzacy od podtoza
(a takze woddr, ktérego widmo
EDS nie rejestruje). Stosunek
[N])/[Si] w tej warstwie wynosi
okoto 1,7 co odpowiada formule
Si3N5 i swiadczy o pewnym
nadmiarze azotu w poroéwnaniu
do stechiometrycznego azotku
krzemu Si3N4. Zwiekszenie ste-
zenia metanu (jako prekursora
wegla) w mieszaninie gazowe;j
powoduje wbudowywanie sie
wegla w strukture warstw. Jego
ilos¢ wzrasta wraz ze wzrostem
stezenia CH,.

Warstwy otrzymane w wa-
runkach odpowiadajgcych serii
5 zawierajg w swoim skfadzie
tylko wegiel i krzem, w stosunku
bliskim stechiometrii (przy nie-
znacznym nadmiarze wegla).

Wiecej informacji, dotycza-
cych budowy atomowej warstw,
dostarczyty widma absorbcyjne
w podczerwieni (RYS.2), zareje-
strowane dla probek osadzonych
na (001)Si. Ich szczegodtowg
interpretacje zamieszczono w
TABELI 3. W widmie warstwy
otrzymanej przy uzyciu miesza-
niny NH, i SiH, (seria 1) dominuje
pasmo przy okoto 820 cm™, przy-
pisywane do drgan rozciggajg-
cych w ugrupowaniu Si—-N-Si. W
strukturze tych warstw wystepuje
takze wodor zwigzany z azotem,
o0 czym Swiadczg pasma przy
okoto 1140 cm™, 1530 cm™',
3300 cm™ oraz woddr zwigzany
z krzemem — pasma przy 640
cm™i 2130 cm™. Widma warstw

otrzymanych przy niewielkim dodatku CH, do mieszaniny
reakcyjnej (serie 2,4) jakosciowo niewiele réznig sie od
widma dla serii 1. Dodatkowo pojawiajg sie tutaj bardzo
stabe pasma w zakresie 2890-2940 cm-', ktére przypisac
nalezy drganiom w ugrupowaniach CH,. Dopiero 10% (20

crystalline layer materials.
The quantitative relation-
ships characterizing chemical
composition of the deposited
layers are presented in TABLE
2. The values were calculated
from EDS spectra. According
to expectations the sample
f the series 1 contains only
ilicon, nitrogen and titanium

TABELA 2. Sktad chemiczny warstw osadzanych na
Ti z zastosowaniem réznych stezen gazowych pre-
kursoréw. Wyniki z analizy widma EDS.

TABLE 2. Chemical composition of the layers depo-
sited on Ti at various gas mixture compositions. The
results from EDS spectra.

Literatura
Ref.

Przyporzadkowanie

Assignment

640 Si - H wachlarzowe/wagging [8] oming from the substrate (and
740 Si - C w Si - CH, rozciggajace/stretching | [7,12] |lobviously hydrogen which is not
780 Si - C rozciagajace/stretching [9.10,12]||detected in EDS spectrum). The
800-820 |Si - C w Si - (CH.), rozciggajace/stretching| [9,10] i i ]
820 ST~ (CH,), wahadfowe/rocking [8.10] [1N¥ [S'E] Tat:'c’ for this 'ay;r ?q”tils
Si - N - Si rozciagajace/stretching , which corresponds 1o the
990 Si - CH, wahadfowe/rocking 19 |ISisNs formula and shows a small
1140 N - H zginajace/bending [7-9] llexcess of nitrogen in compari-
1410 CH, w Si - (CHy), (7.10] [[gon to the crystalline Si;N,. An
zginajgce/bending introduction of methane into the
1530 N - H zginajgce/bending [8,11] 26 RIS GEVEES &1 (e
2100-2130 Si - H rozciggajgce/stretching [7-9] boration of carbon to the layer.
2890-2940 CH, rozciggajgce/stretching [7,9,10] NS et GF GRS i (e
3300 N - H rozciggajgce/stretching [8,11,12] |||ayer increases with increasing

methane concentrations.

The layers deposited in the
series 5 contain only carbon and
silicon at the ratio close to the
stoichiometric one (with small
carbon excess).

The atomic structure of the
eposited materials was ana-
lyzed on the basis of FTIR
pectra registered for the layers
ormed on (001)Si (FIG.2). The
ssignment of the bands present
in the spectra is given in TABLE
3. The spectrum of the layer

TABELA 3. Przypisanie pasm absorpcji widm FTIR,
zarejestrowanych dla warstw osadzonych na pod-
tozu (001)Si.

TABLE 3. Assignment of absorption bands in FTIR
spectra of the layers deposited on (001)Si.

Pole
przekroju
bruzdy/
Groove

Wskaznik
zuzycia
WEETS
cross .
- sectional coefficient
[mm?3/Nm]

Szerokos¢ Gtebokosé
Width Depth

(bm] [um]

Seria/
Series

Ti bg\z, btained from the mixture of NH,

T"ivsvrifhozt 162,6430,9| 1,170.35 |56,1£10,2| 44,848,1 [land SiH, (series 1) is dominated

layer by the band at about 820 cm™,

1 94,5+30,7 | 0,16£0,08 | 5,5¢2,8 | 43,9£19,79 insft':gense:,flo_sstir Zi‘;ﬁ'ggTVllgrsgzgz

4 105,0£4,0 | 0,14+0,02 | 4,9+2,0 | 39,5+13,28 |lat about 1140 cm™, 1530 cm ',

= =il

5 00,48+14,16| 0,16+0,03 | 4,9+1,0 | 49,3+10,47 ||‘;:13§8 Z"r;1 i’;?]ﬁ:ribtﬁ:ts:'eggnmcé

of hydrogen bonded to nitrogen
TABELA 4. Srednia gleboko$é, szerokosé, pole andysilicgn. < - (D
przekroju poprzecznego bruzdy oraz wskaznik zu- The spectra of the layers O |

zycia dla czystego Ti oraz dla probek serii 1,4i5. ). -4 -t [ow CH. concentra-
TABELA 4.The average depth, width, groove cross- tion (series 2 and 3; e o <

sectional area and wear coefficient for pure Ti and

Ti with chosen layers (series: 1, 4 and 5). CEEIBYER i) (D) SIETeir)

of the layer of the series 1.
A very weak band within the
range 2890-2940 cm™ can be attributed to the vibrations
in CH, groups (n=1,2,3). The layer formed at the 10% CH,

concentration (20 sccm) exhibits clearly different structure. L
The absorption band located between 500 and 1000 cm-' = E
has strong inflection related to the localization of the SiC in .
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sccm) udziat CH, w mieszaninie ga-
zowej powoduje zasadnicze zmiany
struktury warstw. Pasmo w zakresie
500-1000 cm™" ulega silnemu prze-
gieciu, nastepuje lokalizacja drgan
pochodzgcych od ugrupowan typu
SiC w Si-(CH,),. Ponadto ilo$¢ ugru-
powan typu Si—H relatywnie spada,
0 czym swiadczy zanik pasma przy
2130 cm™'. W widmach warstw serii
5 (otrzymanych bez udziatu NH, w|
mieszaninie gazowej) widoczne sg
tylko pasma pochodzgce od drgan wi
ugrupowaniach Si-C (okoto 780 cm™)
i Si - CH, (okoto 990 cm-") oraz stabe)
pasma przy okoto 2100 cm™' (Si-H) i
2890 cm™ (CH,).

Badania wtasciwosci tribologicz-
nych probek obejmowaty wyznacze-
nie wspoétczynnika tarcia podczas|
Slizgania w ruchu obrotowym oraz
odpornosci na zuzycie przez tarcie.
Badania te wykonano na sucho,
w styku kula - ptaszczyzna. Prze-
ciwprobkg w tych badaniach byta
kulka o srednicy 6 mm, wykonana
ze stali tozyskowej, o polerowa-
nej powierzchni. Na RYSUNKU 3
przedstawiono wartosci sredniego
wspotczynnika tarcia, zarejestro-
wane podczas wspotpracy probek
surowych i z natozonymi warstwami.
Najwyzszg wartos¢ wspotczynnika
tarcia w catym zakresie pomiarowym
(500 cykli) posiada wyjsciowe pod-
toze Ti (tytan bez warstwy). Probki
z warstwg SixNy i prébki z warstwag
SiCxNy(H) wykazujg bardzo dobre
wiasciwosci Slizgowe do 350 cykli
(f<0,1), potem wspotczynnik tarcia
rosnie w wyniku przecierania sie
warstwy. Niemniej jednak utrzy-
muje sie on na nizszym poziomie
w poréwnaniu z wyjsciowym pod-
tozem. Najmniejszg warto$¢ wspot-
czynnika tarcia posiada prébka z
warstwg SiC,N,(H).

Zuzycie badanych probek miato
gtéwnie charakter $cierny, a mozli-
we zuzycie adhezyjne mogto mie¢
miejsce tylko podczas tarcia ma-
teriatéw podtoza. Wyniki pomiaréw
odpornosci na zuzycie badanych
probek zawiera TABELA 4. Naj-
wiekszg odpornos¢ na zuzycie,
sposréd badanych prébek, posiada
Ti z warstwg SiC,N,(H) (wskaznik
zuzycia = 39,5:10® mm3/Nm), a
najmniejszg probka z warstwg SiC.
Dodatek azotu wptywa wiec korzyst-
nie na wkasciwosci scierne badanych
warstw. Musi sie on utrzymywac sie
na poziomie, ktéry zapewni elastycz-

780

990

Absorbancja/Absorbance

seria 5/
2890 Series 5
seria 4/
series 4

seria 2/

D series 2

seria 1/

series 1
3300

T
500 1000

1500 2000 2500 3000 3500 4000

Liczba falowa/Wave number [cm'1]

Si-(CH,), vibrations. A decay
of the band located at 2130
cm realtes to a decrease of
a number of Si-H groups.
In the spectra of the layers
rom the series 5, the bands
assigned to Si-C (at about
780 cm™) and Si-(CH,), vibra-
|tions (at about 990 cm™) are
present. Two additional weak
bands at 2100 cm™ and 2890
cm' assigned to Si—-H and CH,
can be seen.

Studies of tribological prop-
lerties of the layers depos-
ited on Ti substrate included
measurements of the friction
coefficient at sliding during
rotation and measurements
of resistance to wear by fric-
|tion. The measurements were
performed ata dry “ball - disc”
contact. The ball made of
bearing steel of the diameter
lequal to 6 mm was used. The
obtained results are given in
TABLE 4, FIGURE 3. FIGURE
3 shows a comparison of the
average values of the friction
coefficients measured for un-
modified Ti and for Ti substrate
with various layers.

RYS.2. Wzorcowe widma FTIR warstw osadzonych
na podtozu (001)Si przy roznych stezeniach gazo-

wych prekursorow.

FIG.2. FTIR spectra for the layers deposited on

(001)Si at various gas mixture concentrations.

The highest friction coef-
ficient (within 500 cycles) has
Ti without layer. The samples
with SixNy and SiCxNy(H)
layers exhibit very good slid-
ing properties up to 350 cycles

(f < 0,1). Then the friction

0,5 .
—A—SIiCN (H)

1—*—SiN
0,4 {—®—SiC

—n—Ti bez warstwy/
Ti without a layer

o
w
1

o
)
1

o
1

-—nn

Fe—k.

— - aX

Wspétczynnik tarcia/ Friction coefficient, f

E T
0 100

T T T T
200 300 400 500

Liczba cykli/ Number of cycles, N

coefficient increases as a
result of the layer sawing.
Nevertheless, it remains at
the level lower than the val-
ues for unmodified Ti. The
smallest friction coefficients
were measured for titanium
with SiC,N,(H) layer.

The observed wear of the
samples has mainly abrasive
character. The adhesive wear
can take place only at friction
of the substrate surface. The
results of the measurements
of wear resistance are pre-
sented in TABLE 4. The high-

RYS.3. Sredni wspoétczynnik tarcia wyznaczony dla

probek serii 1, 4 i 5 oraz dla Ti bez warstwy.

FIG.3. The average friction coefficient f measured
for the samples of the series 1, 4 and 5 and for Ti

without layer.

nos¢ warstwy SiC,N,(H) (w przeciwienstwie do kruchego

weglika krzemu).

est wear resistance has the
sample with SiCxNy(H) layer
(Wear coefficient = 39,510
mm?3/Nm), and the smallest
one has been measured for
the sample with SiC layer.
Thus, the addition of nitrogen
improves abrasive properties

of the layer. It can be assumed that this addition must keep
at the level providing elasticity of SiC,N,(H) —in contradiction

to brittle silicon carbide.
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Whioski

Serie warstw, o réznej strukturze oraz o réznej zawartosci
krzemu, azotu i wegla, osadzono na podtozu Ti Grade 2,
w procesie MWCVD. Zmiane sktadu chemicznego warstw
uzyskano poprzez odpowiedni dobor sktadu mieszaniny
gazow reakceyjnych (SiH,, NH,, CH,, Ar). Otrzymano warstwy
amorficzne typu: SiC,, Si,N, i SiC,N,(H). W badaniach wtas-
ciwosci tribologicznych potwierdzono, ze w sposoéb istotny
zalezg one od udziatu poszczegodlnych pierwiastkéw. Naj-
lepsze wtasciwosci wykazujg prébki z warstwg wegloazotku
krzemu, ktére tgczg wiasciwosci twardego SiC i bardziej
elastycznego Si;N,.
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Conclusions

The series of the layers of various atomic structures
and various contents of silicon, nitrogen and carbon were
deposited on Ti Grade 2 at MWCVD processing. A differen-
tiation of the chemical composition was achieved thanks to
the proper choice of the reactive gas mixture composition
(SiH,, NH;, CH,, Ar). The amorphous layers of the following
types were formed: SiC,, Si,N, and SiC,N,(H).

It has been shown that the tribological properties of the
synergic “substrate - layer” system depend on the chemical
composition of the layer. The best operational parameters
has been found in the case of SiC,N,(H) layers which com-
bine properties of hard SiC and more flexible Si;N,.
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Wstep

Kolagen i elastyna to biatka strukturalne, bedgce gtéw-
nymi komponentami macierzy zewngtrzkomorkowej. Kola-
gen charakteryzuje sie bardzo wysokg wytrzymatoscig na
rozcigganie, podczas gdy elastyna wykazuje niezwyktg ela-
stycznos¢. Wiasciwosci mechaniczne obu biatek znakomicie
sie uzupetniaja, dzieki czemu kolagen i elastyna zapewniajg
odporno$¢ mechaniczng tkankom tgcznym réznego rodzaju.
Szczegdlnie bogate w te biatka sg tkanki i organy poddane
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Introduction

Collagen and elastin are structural proteins, the main
components of extracellular matrix. The collagen reveals
high tensile strength whereas the elastin exhibits unusual
elasticity. The mechanical properties of these proteins are
complementary and provide a resilience of all kinds of con-
nective tissues. Especially the load-bearing tissues such as
bones, tendons, lungs, skin and arteries are collagen and
elastin rich. In addition, the proteins ability to improving the
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znacznym obcigzeniom, badz wielokrotnemu rozcigganiu
takie jak kosci, sciegna, ptuca, skoéra, naczynia krwiono$-
ne. Kolagen i elastyna wspomagajg adhezje i proliferacje
komorek, ktore nastepnie wytwarzajg elementy macierzy
zewnatrzkomorkowej. Dzigki tym cechom oba biatka od
wielu juz lat znajdujg sie w kregu zainteresowan badaczy
z dziedziny technologii biomateriatow i inzynierii tkankowej
[1-3]. Jednakze, zaréwno zastosowanie, jak i badanie tych
biatek jest ograniczone ze wzgledu na stosowane obecnie
procedury ich oczyszczania. Natywna elastyna, ze wzgledu
na bardzo wysoki stopien usieciowania, jest nierozpuszczal-
na. To sprawia, ze komercyjnie dostepne rozpuszczalne
postacie elastyny otrzymywane sg na drodze hydrolizy, ktéra
powoduje zniszczenie unikalnej tréjwymiarowej struktury
biatka i w konsekwencji zmiane wtasciwosci. Stad, prowa-
dzone sg badania nad przywréceniem niezwyktej architek-
tury sktadnikow macierzy zewnatrzkomérkowej [4].

Celem pracy byto zbadanie zmian wtasciwosci bioma-
teriatdw na bazie kolagenu i elastyny w skutek sieciowania
termicznego w réznych warunkach.

Materialy i metody

Roztwor kolagenu ze $ciegien ogonowych mtodych
szczuréw w 0,1M kwasie octowym zostat sporzagdzony w
naszym laboratorium zgodnie z wczesniej opisang meto-
dyka [5].

Nierozpuszczalng elastyne uzyskano oczyszczajgc aorty
Swinskie metodg Lansing’a. Aorty zostaty pozbawione ota-
czajgcych tkanek i odtuszczone. Tkanke umieszczono w
0,1M roztworze NaOH i ogrzewano przez 50 min w tempe-
raturze 95°C. Otrzymany materiat rozdrobniono w ciektym
azocie [6]. Proszek elastynowy (1g) poddano hydrolizie
zasadowej. Otrzymany roztwor zneutralizowano kwasem
octowym i dializowano wzgledem wody dejonizowane;.

Mieszaniny biatek otrzymano przez dodanie do roz-
tworu kolagenu i zmieszanie 10% hydrolizatow elastyny
(w przeliczeniu na suchg mase). Cienkie filmy otrzymano
przez wylanie roztworéw na wypoziomowane ptytki szklane
i odparowanie rozpuszczalnika.

Probki wygrzewano w 60°C i 100°C przez 2 i 24 godzi-

ny.
Wyniki i dyskusja

Na podstawie przeprowadzonej analizy termicznej filmow
kolagenowych oraz kolagenowo-elastynowych, zaréwno
niesieciowanych jak i poddanych sieciowaniu termicznemu
w réznych warunkach, stwierdzono, ze degradacja termicz-
na przebiega w dwoch etapach. Pierwszy etap rozkfadu,
widoczny pomiedzy 25°C i 100°C, zwigzany jest z odparo-
waniem wody zaabsorbowanej przez biatka. Zaobserwo-
wano, ze Tmax pierwszego etapu rozktadu termicznego
usieciowanych materiatéw kolagenowych jest nizsza niz
dla filméw nie poddanych sieciowaniu (TAB.1). Obnizenie
temperatury jest szczegolnie widoczne w przypadku wygrze-
wania w czasie 2 godzin, zaréwno w temperaturze 60°C jak
i 100°C. Dla prébek kolagenowo-elastynowych zanotowano
natomiast wzrost temperatury parowania wody absorpcyj-
nej po sieciowaniu w 60°C. Efekt ten moze by¢ zwigzany
z uwiezieniem czgsteczek wody w usieciowanej strukturze
materiatu. Nie zaobserwowano znaczgcych réznic pomiedzy
ubytkami mas dla probek kolagenowo-elastynowych przed
i po sieciowaniu.

Drugi etap rozktadu termicznego materiatéw na bazie ko-
lagenu i elastyny obserwowany jest pomiedzy temperaturg
280°C i 400°C i wigze sie z odparowaniem wody zwigzanej
oraz rozktadem termicznym fancucha polipeptydowego i

cells adhesion and promoting the production of extracellu-
lar matrix from proliferating cells, makes that collagen and
elastin have been the focus in biomaterials technology and
tissue engineering since many years [1-3]. However, the use
of the proteins, particularly the elastin, is limited because of
the procedures of purification which are applied nowadays.
Native elastin is extremely insoluble owing to its cross-link-
ing degree. Commercially available soluble elastins are
obtained from the insoluble protein by hydrolysis, which
destroys its unique 3-D structure. So, many scientists work
on the reconstruction of the architecture of main components
of the extracellular matrix [4].

The aim of our work was the study the influence of
different thermal cross-linking conditions on properties of
collagen-elastin based biomaterials.

Materials and methods

The solution of collagen from tail tendons of young albino
rats in 0,1M acetic acid was obtained in our laboratory [5].

Insoluble elastin was purified from pig aortas by Lansing’s
method. Pig’s aorta was cleaned from adhering tissues and
de-fatted by extractions in ethanol an ether. The tissue was
placed in 0.1M NaOH and heated to 95°C for 50 minutes.
Dry material was minced in liquid nitrogen [6]. Elastin powder
(1g) was hydrolysed in an alkaline conditions. The resulting
solution was neutralised with acetic acid and then dialysed
against deionised water .

The collagen/elastin samples were prepared by addi-
tion of 10% of elastin hydrolysates The protein films were
obtained by solvent evaporation from solutions poured onto
glass plates.

The samples were heated at 60°C and 100°C during 2h
and 24h.

Results and discussion

During thermal analysis the two-stages of degrada-
tion process were noted. The first stage (between 25 and
100°C) is connected with the evaporation of water absorbed

Specimen T [C] Am [%]

Collagen not cross-linked 66,82 13,87
[Collagen; 60°C, 2n 49,87 12,40
[Collagen; 60°C, 24h 62,30 10,80
[Collagen; 100°C, 2h 52,13 14,79
Collagen; 100°C, 24h 66,82 13,94
(iJnc:(I(I::jgen/elastln not cross- 77.00 759
Collagen/elastin; 60°C, 2h 81,50 7,26
|[Collagen/elastin; 60°C, 24h 80,39 7,51

TABELA 1. Wartosci temperatur i ubytkéw masy |
etapu degradaciji termicznej filméw z kolagenu i mie-
szanin kolagenu z hydrolizatami elastyny przed i po
sieciowaniu termicznym; temperatura w maksimum
szybkosci procesu (T,,,,) i ubytek masy nastepujacy
w czasie ogrzewania (Am).

TABLE 1. Thermal parameters for the | stage of ther-
mal decomposition of collagen and collagen/elastin
films before and after thermal cross-linking; the
temperature of the maximum speed of the process
(T.ax) @and the mass decrement during the heating
process (Am).
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Specimen Trax [°CI Am [%] Specimen Gel [%]
Collagen not cross-linked 308,99 62,43
[collagen; 60°C, 2n 321,40 58,76 Collagen; 60°C, 2h 97,53
[collagen; 60°C, 24h 308,88 50,98 [Collagen; 60°C, 24h 97,63
[[collagen; 100°C, 2n 306,98 70,27 [ Collagen; 100°C, 2h 97,35
Collagen; 100°C, 24h 313,22 71,70 [[Collagen; 100°C, 24h 86,28
ci;nok”e?jgen/elas“n not cross{ 544 g5 69.27 ||Collagen/elastin not cross-linked 98,52
Collagen/elastin; 60°C, 2h 316,26 65,39 | Collagenvetastin; 60°C, 2h gear
[Collagen/elastin; 60°C, 24n | 311,81 61,78 | Cotlagen/elastin; 60°C, 24 99,58

TABELA 2. Wartosci temperatur i ubytkéow masy
Il etapu degradaciji termicznej filméw z kolagenu
i mieszanin kolagenu z hydrolizatami elastyny
przed i po sieciowaniu termicznym; temperatura w
maksimum szybkosci procesu (T,,,,) i ubytek masy
nastepujacy w czasie ogrzewania (Am).

TABLE 2. Thermal parameters for the Il stage of
thermal decomposition of collagen and collagen/
elastin films after thermal cross-linking; the tem-
perature of the maximum speed of the process
(Tmax) @and the mass decrement during the heating
process (Am).

wytworzeniem matoczasteczkowych, czesto lotnych, pro-
duktéw degradaciji. Proces ten zachodzi z maksymalng
szybkoscig w temperaturze okoto 309°C dla materiatu
kolagenowego i 315°C w przypadku filméw z dodatkiem
elastyny (TAB.2). Wygrzewanie probek w 60°C przez 2
godziny powoduje wzrost wartosci Tmax drugiego etapu
rozktadu termicznego. Zmiana ta $wiadczy o zwiekszeniu
liczby wigzan poprzecznych w badanym materiale. Takze
zmniejszenie wartosci ubytkow mas potwierdza, iz sieciowa-
nie prébek w opisanych warunkach prowadzi do stabilizacji
struktury filmow biatkowych. Nalezy rowniez zauwazy¢,ze
wygrzewanie w 60°C prowadzi do uzyskania bardziej termo-
stabilnego materiatu niz prowadzenie procesu w 100°C.

Zaobserwowano takze, ze w efekcie sieciowania ter-
micznego dochodzi do wytworzenia w probkach nierozpusz-
czalnego zelu, co dodatkowo potwierdza tworzenie nowych
wigzan sieciujgcych. Stwierdzono, ze ilos¢ powstajgcego
zelu jest wieksza w przypadku probek zawierajgcych oba
biatka, niz dla filmoéw kolagenowych (TAB.3). Sugeruije to, ze
obecnosc¢ hydrolizatow elastyny sprzyja tworzeniu nowych
wigzan sieciujgcych w skutek dziatania podwyzszonej tem-
peratury. Efekt ten moze by¢ zwigzany z wiekszg mobilnos-
cig stosunkowo krotkich tancuchéw hydrolizatéw elastyny,
dzieki czemu fatwiej dochodzi do zblizenia odpowiednich
grup funkcyjnych obecnych w biatkach i uczestniczacych
w tworzeniu nowych wigzan.
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TABELA 3. Zawartos¢ zelu dla filméw z kolagenu i
kolagenu z dodatkiem hydrolizatéw elastyny pod-
danych sieciowaniu termicznemu.

TABLE 3.The amount of gel in collagen and colla-
gen/elastin films after thermal cross-linking

to proteins. For cross-linked collagen we observed that
Tmax of this stage was lower than for non cross-linked
one (Tab.1). Especially for samples heated by 2h, both in
60°C and 100°C, we observed the lower values of Tmax.
However, for collagen/elastin specimens the temperature
of water evaporation increased after heating at 60°C. It
shows that molecules of water were trapped in cross-linked
structure. In case of collagen/elastin films the alteration of
weight loss in the first stage after thermal modification was
not significant.

In the second stage (between 280 and 400°C) water
bounded to proteins is released and small molecular prod-
ucts of thermal degradation of polypeptides are formed. The
maximum speed of the process was observed around 309°C
for collagen and 315°C for collagen/elastin films (Tab.2). The
heating of the specimen in 60°C by 2h caused increase the
value of the temperature of maximum speed of the process.
It suggests that the new cross-linking bonds were created.
The lower values of mass decrement confirm that these
conditions lead to she stabilization of the structure of protein
samples. It should be noted that heating at 100°C is not so
effective as a cross-linking at 60°C.

After thermal cross-linking we observed the gel formation,
what confirmed that additional cross-links have been formed.
The highest amount of gel (among specimen studied) was
noted for collagen/elastin films (TAB.3). We can conclude
that the presence of elastin hydrolyzates makes creation of
new cross-linking bonds easier. It could be connected with
higher mobility of short elastin hydrolyzates chains than
collagen polypeptides.
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Substancje aktywne biologicznie takie jak biatka i pep-
tydy przez wiele lat byly badane pod kgtem potencjalnego
zastosowania farmakologicznego. W wielu przypadkach ich
hydrofilowa natura i zbyt krétki okres cyrkulacyjny w orga-
nizmie cztowieka powoduje, ze ich ustne dostarczanie do
okreslonego miejsca jest niemozliwe. Substancje aktywne
biologicznie mogg powodowac¢ odpowiedz immunologiczng
organizmu, ulega¢ enzymatycznej degradacji i wyelimino-
waniu z uktadu krgzenia. Koniecznos¢ polepszania skutecz-
nosci terapii farmakologicznych doprowadzita do wzrostu
zainteresowania enkapsulacjg jako potencjalng metodg
pozwalajgca na dostarczanie w kontrolowany sposob lekéw
i innych substancji aktywnych biologicznie. Enkapsulacja nie
tylko chroni te substancje, ale takze przedtuza ich dziatanie,
co znacznie polepsza skutecznos¢ terapii [1-4].

W ostatnich latach bardzo duzym zainteresowaniem
cieszg sie uktady polimerowe stosowane jako kapsuty
ochronne, w ktérych umieszcza sie aktywng molekute i
wprowadza do okreslonego miejsca w ludzkim organizmie
[5-7]. Czesto biomolekuly wprowadzone sg do wnetrza
nanoczgstek poprzez enkapsulacje badz adsorpcje. Zdarza
sie réwniez, ze lepszg wydajnos¢ enkapsulacji otrzymuije sie
poprzez potgczenie biomolekuty wigzaniem kowalencyjnym
z polimerem tzw. biokoniugacja [8-11].

Wiele uwagi poswiecono réwniez wykorzystaniu termo-
czutosci niektoérych polimeréw do otrzymywania uktadéw do
enkapsulacji i dostarczania lekow [12]. W wyniku ogrzewania
roztworu termoczutego polimeru powyzej dolnej krytycznej
temperatury rozpuszczalnosci (LCST) wigzania wodorowe
pomiedzy tancuchami polimeru a rozpuszczalnikiem (wodg)
ulegajg rozerwaniu, a polimer wytrgca sie z roztworu. W
odpowiednich warunkach, rozcienczone roztwory polimerow
powyzej LCST moga tworzy¢ stabilne, sferyczne struktury
- tzw. mezoglobule [13-16]. Najczesciej opisywanym po-
limerem termoczutym jest poli(N-izopropyloakryloamid)
(PNIPAM). W oparciu o procedure otrzymywania struktur
rdzen-powtoka opisang w pracy [17], do enkapsulacji
peptydéw wykorzystano zjawisko termoczutosci PNIPAM.
PNIPAM w temperaturze pokojowej jest rozpuszczalny
w wodzie, podczas ogrzewania roztworu powyzej LCST,
zmienia swoj hydrofilowy charakter na hydrofobowy, agre-
guje tworzgc stabilne mezoglobule (patrz rys. ponizej). Ze
wzgledu na odwracalnos¢ procesu mezoglobule muszg by¢
stabilizowane. W tym celu otaczane sg powtokg, otrzymy-
wang na drodze polimeryzacji rodnikowej nukleowanej na
powierzchni mezoglobul.

W prezentowanej pracy przedstawiono wyniki badan
nad enkapsulacjg peptydu NOCYCEPTYNY (FGGFTGAR-
KSARKLAN) prowadzong podczas otrzymywania mezoglo-
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The potential use of biomolecules such as proteins and
peptides as therapeutic agents has been widely investi-
gated. Hydrophilic nature and short-time activity of many
peptides make its oral delivery to the desired site of a
human body impossible. In many cases they may cause
dangerous immune response or can be easily eliminated
from the systemic circulation due to enzymatic degradation
and excretion. In the last decade increased interest in the
area of formulations development that protect and stabilize
biomolecules can be observed [1-4].

To provide protection biomolecules might be encapsu-
lated inside the protective “capsules” made from polymeric
materials and delivered to the desired place [5-7]. Usually
biomolecules such as proteins or peptides are placed in-
side the nanoparticle via either encapsulation or physical
adsorption. However sometimes it is also convenient to
covalently attach biomolecule to the polymer, what is called
bioconjugation [8-11].

Attention has been paid to the thermosensitive materials
as precursors of stimuli-responsive drug delivery systems
[12]. Thermosensitive polymers undergo phase transition
above temperature called lower critical solution temperature
(LCST). When the temperature of solution containing such
polymer increases above the phase transition temperature
(LCST), and the hydrogen bonds between soluble poly-
mer and solvent (water) are broken, the polymer starts to
precipitate. When the solution is diluted and the heating is
performed in controlled manner polymers do not precipitate,
but start to form stable nanoparticles called mesoglobules
[13-16]. Most intensively investigated and described polymer
among thermosensitive ones is poly(N-isopropylacrylamide)
(PNIPAM). In our previous work [17] we proposed the new
route to prepare core-shell nanoparticles based upon ther-
mosensitive poly(N-isopropylacrylamide) (PNIPAM) that can
be potentially used for peptides encapsulation and delivery.
PNIPAM at room temperature is water soluble polymer
but upon heating above LCST, it changes its hydrophilic
nature into hydrophobic and forms stable nanoparticles
(see fig. below). Due to the reversibility of the aggregation
process, mesoglobules used for encapsulation need to be
stabilized. Radical polymerization nucleated by surface of
mesoglobules was used to create a protective shell stabiliz-
ing thermosensitive interior.

Here we explore the idea to encapsulate a peptide
NOCICEPTIN (FGGFTGARKSARKLAN) into PNIPAM me-
soglobules during the process of their formation. The studies
on peptides were preceded by the experiments with model
substance - poly(2-ethyl-2-oxazoline) (PEtOx), mimicking
peptide structure [18].

Influence of encapsulation conditions such as rate of
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bul PNIPAM. Badania z wykorzystaniem peptydéw
zostaty poprzedzone badaniami z uzyciem mode-
lowej substancji mimikujgcej strukture peptyddéw
poli(2-etylo-2-oksazoliny) (PEtOx) [18].

Badano wptyw warunkoéw enkapsulacji takich
jak szybkos¢ i sposob grzania roztwordw, mase
i stezenie polimeréw na wielko$¢ powstajacych
nanoczgstek.

Wykorzystujgc oddziatywania fizykochemiczne
pomiedzy termoczutym PNIPAM, a peptydem/
PEtOx otrzymano mieszane mezoglobule, ktére

nastepnie otoczono powtokag z poli(metakrylanu bydrofilewe laficuchy polimeru
2-hydroksyetylu) (PHEMA) lub PNIPAM na drodze Keniicpoimer shams

rodnikowej polimeryzacji w obecnosci odpowied-

niego czynnika sieciujgcego i inicjatora. Schematyczny
przebieg procesu otrzymywania mieszanych mezoglobul
przedstawiono ponize;j.

Poniewaz nanokontenery docelowo majg stuzy¢ do
transportu i uwolnienia zawartych w nich peptydow np. we
wnetrzu komorki, niezbedne jest skonstruowanie powtoki
W sposob, ktoéry to umozliwi. Planuje sie wprowadzenie do
powtoki degradowalnych enzymatycznie wigzan, ktére w
odpowiednich warunkach ulegng zniszczeniu. Wigzania
zostang wprowadzone poprze zawierajgcy je czynnik sieciu-
jacy. W tym celu planuje sie wprowadzenie enzymatycznie
degradowanych wigzan disulfidowych. W obecnosci enzy-
mu — tioredoksyny lub niskoczgsteczkowego ditiotreitolu
ulegajg one redukgcji i rozpadajg sie tworzgc ugrupowania
tiolowe [19].

Przedstawiony proces enkapsulacji peptydéw w trakcie
tworzenia mezoglobul nie wymaga ich oczyszczania, jak
to ma miejsce w wypadku innych metod. Oddziatywania
fizykochemiczne, a co za tym idzie brak wigzan kowalen-
cyjnych miedzy peptydem a nanokontenerem, nie powinien
wptywac na aktywnos¢ biologiczng peptydu.

Proces otrzymywania nanoczgstek o strukturze rdzen-
powtoka jest badany za pomocg dynamicznego rozprasza-
nia $wiatta, a morfologia z wykorzystaniem mikroskopii sit
atomowych oraz skaningowej mikroskopii elektronowe;j.
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heat transfer,
polymers con-
centration and
molar masses
on the parti-
cles size and
size distribu-
tion were in-

Phase transition
T>LCST

T<LCST *Eﬁ;i“,'!vryé‘ifﬁ?ﬁ::’ﬁE.ﬁ.e"“““““ vestigated.
gﬁff.ﬁ?mhm polymeris The physi-
cal interac-
tions between
PNIPAM and

the neuropep-
tide or PEtOx chains upon heating of its water solution above
LCST result in formation of mixed mesoglobules. Mixed
mesoglobules were stabilized by the protective shell via
nucleated radical polymerization of HEMA or NIPAM in the
presence of cross-linking agent and initiator. The schematic
procedure of encapsulation of peptide is presented below.

The nanocontainers should be used to transport the
active content to the desired place (e.g. the interior of the
cell) and to release it there. For this purpose, a mechanism
to destroy the protective shell is required. For this pur-
pose enzymatically breakable bonds will be introduced by
crosslinking agent used for the shell formation. Enzymati-
cally degradable disulfide bonds are good candidates for
this purpose. In the presence of enzyme- thioredoxin or
low molecular dithiothreitol they easily undergo cleavage
to thiols [19].

Presented encapsulation method does not require com-
plicated and tedious reservoir purification before peptide
encapsulation. This method allow peptide incorporation
into the nanoparticles via physical interaction so the lack
of covalent bonds between the nanoparticles and peptide
should not cause any changes in peptide activity.

The process of mesoglobules and core-shell particles
formation is followed by dynamic light scattering, atomic
force microscopy and scanning electron microscopy.
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. WLASCIWOSCI TRIBOLOGICZNE
SPIEKANYCH STOPOW
TYTANU DO ZASTOSOWAN
BIOMEDYCZNYCH

PioTr DePTULA
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[Inzynieria Biomateriatow, 99-101,(2010),102-104]

Wprowadzenie

Na przetomie ostatnich lat wzrastajgce wymagania

wspotczesnej medycyny stawiane biomateriatom, sktaniajg
do stosowania nowych rozwigzan technologicznych, ktére

pozwolityby na otrzymanie materiatéw lepiej spetniajgcych
stawiane im cele. Tytan i jego stopy uwaza sie za najbardziej
obiecujgce metaliczne biomateriaty, z powodu kombinacji

dobrych wtasciwosci mechanicznych i biokompatybilnosci w

srodowisku tkankowym. Materiaty te sg szeroko stosowane
w medycynie, w produkcji elementow rekonstrukcyjnych

dla zespolen kosci, implantéw protetycznych i endoprotez

stawow [1-4].

Zastosowanie stopow tytanu jako powierzchnie tarcia
w endoprotezoplastyce jest ograniczone przez stabe wtas-
ciwosci tribologiczne i stabg odpornos¢ na zuzycie [1-4].
Liczne badania skupione sg na modyfikacji wtasciwosci
tribologicznych tytanu, gtéwnie za pomocg metod inzynierii
powierzchni, jak implantacja jonéw, azotowanie i osadzanie
cienkich odpornych na zuzycie warstw. Jednakze dtugoter-
minowe obserwacje powierzchni tarcia implantow pokazaty
niebezpieczenstwo lokalnych zniszczen i rozwarstwienia
cienkich warstw co intensyfikuje zuzycie i moze powodo-
wac potrzebe reimplantacji [5,6]. Stopy tytanu ze wzgledu
na swoje wiasciwosci sg trudne do obrobki plastycznej i
wiorowej, dlatego poszukuje sie nowych technologii, ktére
dadzg nam nowe mozliwosci w otrzymywaniu bardziej
konkurencyjnych stopéw i kompozytow na bazie tytanu

do zastosowan biomedycznych. Metalurgia proszkow

pozwala tworzy¢ materiaty kompozytowe z szerokg gama

wypetniaczy, ktére poprawiajg wtasciwosci tribologiczne czy

mechaniczne materiatow [4].

Gtéwnym celem prezentowanych badan byto badanie no-
wych beta-fazowych stopéw i kompozytéw na bazie tytanu
z dodatkiem grafitu i weglika tytanu. Badania wskazujg na
wptyw modyfikatorow na strukture i wiasciwosci kompo-
zytdow na bazie tytanu, szczegdlnie na ich charakterystyki
tribologiczne.

Materiaty i metodyka badan

Prébki wykonane byty metodg metalurgii proszkow. Na
podstawie literatury wybrano dwa pierwiastki stabilizujgce
faze B tytanu — molibden i niob. Zaprojektowano beta-fa-
zowy stop tytanu o skfadzie Ti-15Mo-2,8Nb. Badano takze
kompozyty na bazie tytanu z dodatkiem 10%,,,; grafitu i

dodatkiem 10%o0bj. weglika tytanu. Proces technologiczny

obejmowat prasowanie na zimno pod cisnieniem 500 MPa i
spiekanie w prézni w temperaturze 1230°C przez 3 godziny.

Prébki chtodzone byty do temperatury otoczenia wewnatrz
pieca. Mikrostruktury prébek po tarciu badane byty przy

uzyciu skaningowego mikroskopu elektronowego Hitachi
S-3000N. Twardos$¢ mierzona byta metodg Brinella. Badania

TRIBOLOGICAL PROPERTIES
OF SINTERED TITANIUM ALLOYS
FOR BIOMEDICAL APLICATIONS

PioTrR DEPTULA

BiaLysTok TECHNICAL UNIVERSITY,

FacuLty oF MECHANICAL ENGINEERING,

45C WieJska STREET, 15-351 BiALysTOK, PoLAND,
MAILTO: JRD@PB.EDU.PL

[Engineering of Biomaterials, 99-101,(2010),102-104]

Introduction

Over the past years increasing demands made by mod-
ern medicine for biomaterials induce development of new
technological solutions which could allow to obtain materials
better fulfilling the demands. Titanium and its alloys are con-
sidered to be the most prospective metallic biomaterials due
to the unique combination of good mechanical properties
and biocompatibility in human tissue environment. Titanium
and its alloys are widely used in biomedical applications, e.g.
in manufacture of reconstructive elements for fixing of bone
fragments, prosthetic implants, and joint endoprostheses
[1-4].

The use of titanium alloys as bearing surfaces in total
human replacements is limited by very poor tribological
properties and wear resistance. Numerous research are
focused on modification of titanium tribological properties
mainly by means of surface engineering methods, like ion
implantation, nitriding processes and deposition of thin wear
resistance coatings. However, the long term observation
of implants with surface treated friction elements showed
the danger of local damage and delamination of hard layer
which intensified materials wear and might cause necessity
of revision surgery [5,6]. Because of their properties, plastic
forming and machining of titanium alloys are very difficult and
that is why new technologies have been sought which would
offer new possibilities to obtain more competitive titanium-
based alloys and composites for biomedical application.
Furthermore, modern technologies allow for creating com-
posite materials with a wide range of fillers which improve
tribological or mechanical properties of materials [4].

The main goal of the present investigation was to re-
search the new beta-phase alloy and composite materials
based on titanium powder with the addition of graphite and
titanium carbide. This study examined the influence of modi-
fiers on the structure and functional properties of titanium
composites, especially their tribological characteristics.

Materials and method

Specimens were fabricated by means of powder metal-
lurgy method. On the basis of literature the two types of
stabilizers — molybdenum and niobium were selected. Ti-
15Mo-2,8Nb alloy was designed. Specimens were fabricated
by means of powder metallurgy. The composite materials
based on titanium powder with 10% volume fraction of
graphite (Ti+C) as well as 10% volume fraction of titanium
carbide (Ti+TiC) were also investigated. The technological
process comprised cold pressing by the pressure of 500
MPa and sintering in vacuum at the temperature 1230°C for
3 hours. The specimens were cooled down naturally to the
ambient temperature inside the furnace. The microstructure
after tribological test of the alloys and composite materials
was observed under a scanning electron microscope Hitachi
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tribologiczne przeprowadzone byty na tribometrze typu pin-
on-disc. Wspoifczynnik tarcia mierzony byt przy maksymalnej
wartosci sity tarcia. Przeciwprobkag byty krazki ze stopu
Ti-6Al-4V. Testy przeprowadzone byty w srodowisku wody
destylowanej, w temperaturze pokojowe;.

Wyniki i dyskusja

Po spiekaniu wypraski stopu z molibdenem i niobem i
kompozyty z grafitem i weglikiem tytanu charakteryzowaty
sie dobrg zageszczalnoscig. Gestos¢ wzgledna wyprasek
otrzymanych kompozytéw wynosita w granicach 83%, co
mozna wyttumaczy¢ dobrymi wiasciwosciami smarnymi
dodatkéw podczas prasowania. Najwiekszg zageszczalnos-
cig po spiekaniu charakteryzowat sie kompozyt z grafitem
— 93%. Wskazuje to na aktywowang temperaturg reakcjg
pomiedzy osnowa i dodatkiem podczas spiekania. Gestos¢
wzgledna stopu i kompozytu z dodatkiem weglika tytanu
byta mniejsza.

Wyniki badan twardosci Brinella jak takze mikrotwardosci
wskazujg, ze twardo$¢ kompozytu Ti - grafit spiekanego
w temperaturze 1230°C jest zblizona do twardosci stali
weglowej (TABELA 1). Twardos¢ czystego tytanu i stopu
beta-fazowego byta znaczaco nizsza.

Poréwnanie wspétczynnikéw tarcia badanych materiatow
przedstawiono na RYS.1. Analiza otrzymanych wynikow
wskazuje, ze otrzymany stop miat podobny wspotczynnik
tarcia jak stop handlowy. Kompozyty charakteryzowaty sie
nizszymi wspotczynnikami tarcia i wyzszg odpornoscig na
zuzycie. Wspotczynnik tarcia kompozytéow z dodatkiem
grafitu byt prawie dwa razy mniejszy niz prébek z czystego
tytanu. Opory ruchu byly takze niskie dla kompozytu z
dodatkiem weglika tytanu, ale w mniejszym stopniu niz dla
kompozytow z grafitem.

Jest to istotna zaleta dla takich materiatéw, daje to moz-
liwos$¢ zastosowania ich jako pary tarciowe w urzgdzeniach
biomedycznych. Widoczny byt wptyw wypetniaczy na zuzy-
cie. W przypadku kompozytu z grafitem zaobserwowano
spadek, a w przypadku kompozytu z dodatkiem weglika

S-3000N. Hardness was measured by Brinnel method. 103
The tribological tests were performed by pin-on-disc ® @ @ e @ @ o
tribometer. Friction coefficient were calculated from the
maximum values of friction force to describe extreme resist-
ances to motion. The counterspecimen in the form of a ring
was made of Ti-6Al-4V alloy. Tribological tests were carried
out in distillation water environment in room temperature.

Results and discussion

The green specimens of alloy with molybdenum and
vanadium, and composites with graphite and titaniu car-
bide addition before sintering were characterized by good
compactibility. The relative density of received composites
molders was about 83%, that could be explained by good
lubricating effect of graphite during compaction process.
The biggest compactibility after sintering has material
with graphite addition — 93%. It indicates the possibility of
thermally activated reaction between components during
sintering. The relative density of alloy and composite with
titanium carbide was minor in any case.

The results of macrohardness measured by Brinnel
method as well as the average microhardness of material
showed that the macrohardness of titanium-graphite com-
posites sintered under 1230°C was similar to the high-carbon
normalized steel (TABLE 1). Macrohardness of pure tita-
nium and beta-phase titanium alloy were significant lower.

A comparison of the friction coefficient values for the
investigated materials are shown in FIG.1. The analysis of
obtained results confirmed that the obtained Ti-15Mo-2,8Nb
alloy has similar friction coefficient to commercial alloys.
Composites were characterized by a lower coefficient of
friction and higher tribological wear resistance.

The friction coefficients for the composites with graphite
reduced over twice compared with friction of pure titanium
samples. Motion resistance are also lower for composites
with titanium carbide, although to a lesser degree than in
case of composites with graphite.

It is an important feature of this kind of implant materials
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as regards capabilities of applying them in
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' | have a meaning in technical aspects.
Less advantageous tribological character-
istics of Ti+TiC composites is caused through

RYS.1. Poréwnanie wspoétczynnikéw tarcia otrzymanych materiatow
FIG.1 Comparison of the friction coefficient for the investigated ma-

terials

TABLELA 1. Wyniki pomiaréw zageszczalnosci i
twardosci spiekanych materiatow

TABLE 1. Results of density and hardness measu-
rements for sintered materials

less cohesion of this type of materials and
connected with this demolition of hard parti-
cles TiC. This demolition might intensification
of secondary wear processes. Confirmation of
this was the observation of friction surfaces of

TABELA 2. Wyniki pomiaréw zuzycia
TABLE 2. Results of wear test

Wear loos
; ; Linear wear Weight wear
Relatlv[ci/]densny Hardness HB [um] [.?0-3 al i
0

Pure Ti 86 120 Pure titanium 30,4 21,5 " I_

| Ti_15Mo-2,8Nb 87 166 I || Ti-15Mo-2,8Nb 28.8 20,0 |
I Ti+C 91 220 I [ Ti+10%cC 16,6 11,5 I _ E

[ Ti+TiC 87 203 | |L_Ti+10%Tic 33,9 23,7 1 =
(D >
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104 tytanu podwyzszenie zuzy-
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charakterystyki kompozytu | RyS.2. Materiaty po badaniach tarciowych (SEM): a) Ti + 10%C, b) Ti + 10%TiC, Ples are

Ti+TiC sg spowodowane c) Ti-15Mo-2,8Nb

shown.

gorsza spojnoscig tego | FIG.2. Materials after tribological test (SEM): a) Ti + 10%C, b) Ti + 10%TiC,c) We can

typu materiatéw i odrywa- | Ti-15Mo-2,8Nb

niem sie twardych czastek

TiC. Niszczenie to moze

intensyfikowac procesy zuzycia wtdérnego. Potwierdzeniem
tego byta obserwacja powierzchni tarcia prébek. Na RYS.2
przedstawiono slady tarcia badanych probek.

Mozna zaobserwowacé, ze dominowato zuzycie $cierne i
zmeczeniowe z deformacjami i tuszczeniem. W przypadku
probki Ti+TiC czgstki wypetniacza sg luzno zwigzane z
podtozem. To moze intensyfikowac¢ procesy tarcia. Otrzy-
mane wyniki wskazuja, ze najlepsze wtasciwosci posiada
kompozyt z grafitem.

Spojnosc¢ faz powstatych z reakcji pomiedzy czgstkami
tytanu dodatkéw ma istotne znaczenie na gestos¢ i wtasci-
wosci kompozytow.

Whnioski

Przedstawione badania pokazujg, ze metalurgia prosz-
kéw daje mozliwosé otrzymywania nowych, interesujgcych
materiatow do zastosowan biomedycznych. Wyniki zatgczo-
nych badan wskazuja, ze technologia metalurgii proszkéw
daje mozliwos¢ tworzenia stopow bogatych w faze beta, bez
toksycznych dodatkow aluminium i wanadu i kompozytow
na bazie tytanu. Kompozyty na bazie tytanu z dodatkiem
grafitu posiadajg ztozong strukture, bedgca wynikiem reakcji
pomiedzy tytanem i wypetniaczem podczas spiekania.

Obecnos¢ na granicy ziarn weglikow wtérnych ma ko-
rzystny wptyw na wtasciwosci tribologiczne kompozytéw
na bazie tytanu. Dodatek grafitu zmienia warunki tarcia
i znaczaco wptywa na obnizenie oporoéw ruchu i zuzycia
podczas tarcia. Kompozyt z dodatkiem grafitu miat najko-
rzystniejsze wtasciwosci sposrod badanych materiatow, co
wskazata dobra zageszczalnos¢ jak i poprawa wiasciwosci
tribologicznych w stosunku do materiatu niemodyfikowa-
nego. Otrzymano materiat o lepszych wtasciwosciach me-
chanicznych i tribologicznych w poréwnaniu do materiatéw
standardowych.
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see, that
the abra-
sive and
fatigue wear is dominated with apparent of deformation
areas and spalling of surface layer friction surfaces. In case
of Ti+TiC sample small particles of filler loosely connected
with surface is apparent. This might cause intensification
of wear processes. Obtained results are testified better
compatibility and more advantageous mechanical properties
for Ti+C composites.
Attendance of reactive phases between titanium and
graphite particles advantageous influence on cohesion and
properties this type of composites.

Conclusion

The recent research showed that powder metallurgy
method offers the possibility of producing new interesting
materials for biomedical applications. The results of the
conducted studies indicate that powder metallurgy pro-
cedures allow to manufacture implant alloys rich in the
phase — without toxic additions of aluminum or vanadium
and composite materials based on titanium. Composite
materials on the basis of titanium with graphite additions
have a compound structure as result of reaction between
the titanium and modifier during sintering process.

Additionally, the presence of titanium carbide particles,
appeaning in-situ, have a good influence on tribological
properties of titanium based composite materials.

The graphite addition changed the friction conditions and
ensured a significant decrease of the motion resistance and
wear during friction. The composite has the best proper-
ties among the researched materials, which was proved
by good material condensation as well as improvement
of tribological properties in comparison with non-modified
material. We obtained a materials with significantly better
mechanical and tribological properties in comparison to
commercial alloys.
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Strzeszczenie

Fosfataza alkaliczna (ALP), enzym odgrywajgcy
role w mineralizacji koSci, zostat zwiazany wewnatrz
kleistego hydrozelu chemicznie zblizonego do biatek
omulkoéw, sktadajgcego sie z glikolu katecholo-polyety-
lenowego (cPEG). Nastepnie, przygotowane hydro-
zele zostaly zanurzone w roztworze glycerofosforanu
wapniowego (CaGP) w celu ich zmineralizowania i
poprzez to polepszenia ich przydatno$ci jako mate-
riat zastepczy kosci. Zwiazany ALP zachowat swojg
bioaktywnosSc¢ i przyczynit sie do tworzenia materialu
podobnego do apatytu wewnatrz cPEG-zeléw. llo$¢
tego materialu oraz wytrzymato$¢ mechaniczna
wzrastaly zarbwno wraz ze zwiekszeniem oKkresu
inkubacyjnego jak i stezenia fosfatazy. Wyniki poka-
zujg zasade dzialania mineralizacji za posrednictwem
fosfatazy ALP.

[Inzynieria Biomateriatow, 99-101, (2010), 105-106]

Wstep

Hydrozel przypominajgcy biatka omulkow, sktadajacy
sie z czteroramiennego glikolu polyetylenowego (PEG),
podstawionego grupami katecholowymi, zwanego PEG-iem
katecholowym (PEG), znalazt zastosowanie jako klej tkanko-
wy i wykazat dobre zgodnos¢ biologiczng z naturalng tkankg
(1). Fosfataza alkaliczna (ALP) jest enzymem sprzyjagcym
mineralizacji kosci poprzez swojg zdolnos¢ do odrywania
biologicznie zwigzanego fosforanu. Przyczyniajgc sie do
jednorodnej mineralizacji hydrozeléw, ALP zwieksza ich
wytrzymalos¢ mechaniczne tudziez polepsza ich przydat-
no$¢ jako materialy zastepcze kosci. Zastosowanie ALP
przedstawia godna uwagi alternatywe dla innych metod,
jak np. techniki wprowadzania do hydrozelu czgsteczek fo-
sforanu wapniowego (CaP) ktérej wada jest sktonno$¢ CaP
do tworzenia agregatow. W naszych badaniach ALP zostat
zwigzany w cPEG podczas tworzenia zelu aby nastepnie
spowodowac jego mineralizacje poprzez zanurzenie w
wodnym roztworze glycerofosforanu wapniowego, zrodta
wapnia i fosforanu.

Metodyka

Czteroramienny cPEG zostat zsyntezowany jak w po-
przednej publikacji (2). Zmieszano 200 mg/ml cPEG w 2x
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Abstract

Alkaline Phosphatase (ALP), an enzyme involved
in mineralization of bone, was incorporated into mus-
sel protein-inspired adhesive hydrogels consisting of
catechol-polyethylene glycol (cPEG) and incubated in
calcium glycerophosphate (CaGP) solution to induce
their mineralization with a view to improving their suita-
bility as materials for bone replacement. Incorporated
ALP retained its bioactivity and induced formation of
apatite-like material within cPEG gels which rose with
increasing incubation time and ALP concentration,
as well as an increase in mechanical strength. The
results prove the principle of ALP-mediated enzymatic
mineralization.

[Engineering of Biomaterials, 99-101, (2010), 105-106]

Introduction

A mussel protein-inspired adhesive hydrogel consisting
of 4-armed polyethylene glycol (PEG) substituted with cat-
echol end-groups, or catechol-PEG (PEG) has been used
as an tissue adhesive and shown good biocompatibility
(1). Alkaline Phosphatase (ALP) is an enzyme involved
in mineralization of bone by cleavage of phosphate from
organic phosphate. The use of ALP to induce homogenous
mineralization of hydrogels to increase their mechanical
strength or render them more suitable for bone replacement
applications is an alternative to, for example, incorporation of
calcium phosphate (CaP) particles, which tend to aggregate.
In this study, ALP was incorporated into cPEG during gel for-
mation in order to induce gel mineralization though incuba-
tion in aqueous calcium glycerophosphate (CaGP) solution,
which served as a calcium and phosphate source

Materials and methods

4-arm cPEG was prepared as described previously (2).
200 mg/ml cPEG in 2x phosphate buffered saline (PBS), ALP
in 2x PBS and 0.08 M NalQO, (crosslinker) in H,O were mixed
in the volumetric ratio 1:1:2. Resulting gels were mineralized
by incubation in 0.1M calcium glycerophosphate (CaGP) in
H,O for 1-8 days with daily medium change. The solid weight
percentage, i.e. the gel weight percentage not consisting
of water, was calculated as: (weight after incubation and
subsequent freeze-drying/weight before incubation)+100.
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zbuforowanym roztworze solnym fosforanu (PBS), ALP w
2x PBS i 0.08 M NalO, (crosslinker) w H20 stosunkach
objetosciowych 1:1:2. Powstajgce zeli zostaly poddane

incubation in 1.25M NaOH.

dziataniu 0.1M wodnym roztworze glycerofosforanu

wapniowego (CaGP) w przeciggu 1-8 dni w celu
mineralizacji. Roztwor byl wymieniany codziennie.
Waga procentowa materialu statego, to znaczy nie
zawierajacego wody, wyliczyta sie¢ w nastepujgcy
sposob: (waga po mineralizacji i nastepujacej
liofilizacji/ waga przed mineralizacjg)*100. Mineral
utworzony wewnagtrz cPEG-zeléw zawierajgcych
ALP analizowano FTIR po uprzednim zniszczeniu
skfadnika organicznego cPEG czterotygodniowym

ptukaniem w 1.25M NaOH.

Wyniki i dyskusja

Zele zawierajgce ALP wykazywaly wysoki sto-

pien zmineralizowania, widoczny we
wzroscie metnosci (RYS.1). Analiza
mineralu utworzonego w cPEG-ze-
lach zawierajacych ALP za pomoca
FTIR (RYS.2) wykazata pik przy
1030 cm™" oraz podwdjny pik miedzy
600 a 520 cm™, charakterystyczny
dla apatytu. Oszacowanie wagi pro-
centowej materiatu statego w zelach
(RYS.3) unaocznito zwiekszenie jego
ilosci jako funkcji rosngcego okresu
inkubacji w roztworze glycerofosfora-

nu wapniowego oraz wzrastajgcego | *

stezenia ALP.

Podsumowanie
i perspektywy

Badania przedstawiajg praktycz-
ng metode wywolania krystalizacji
mineralu podobnego do apatytu
w cPEG-hydrozelach za pomoca
zwigzanego w trakcie powstawania
zelu ALP i nastepujgcej mineralizacji
w roztworze glycerofosforanu wap-
niowego. Przyszte badania skupig
sie na charakteryzacji wtasciwosci
mechanicznych oraz zgodnosci
biologicznej zmineralizowanych
zelow odnosnie ich zastosowania
jako kostny materiat zastepczy oraz
na zwigzaniu ALP wewnatrz innych
materiatow hydrozelowych istotnych
dla inzynerii tkankowe;.

Podzigkowanie
Badania zostaly sfinansowane z

programu “Samogojgce Materialy”
organizacji SenterNovem.

Pismiennictwo

(1) Bilic G et al. Am J Obstet Gynecol. 2010 Jan;202(1):85.e1-9.

!iﬁOﬁ

RYS.1. 50 mg/ml cPEG-hydrozele
zawierajgce ALP po 7 dniach w roz-
tworze 0.1M CaGP (aq)

FIGURE 1. 50 mg/ml cPEG hydrogels
containing ALP incubated for 7 d in
0.1 M CaGP (aq)

Mineral formed in cPEG gels containing ALP was examined
by FTIR after destruction of the cPEG component by 4 week

Results and
discussion

Gels containing ALP min-
eralized, resulting in an in-
crease in opacity (FIGURE 1).
Analysis of mineral formed in
cPEG gels containing ALP by
FTIR (FIGURE 2) revealed a
peak at approximately 1030
cm™ and a double peak be-
tween 600 and 520 cm™,
both characteristic of apatite.
Calculation of solid weight
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percentage of gels (FIGURE
3) showed that mass fraction
due to mineral deposition in-
creased with increasing ALP
content and duration of incu-
bation in CaGP solution.

Summary and
outlook

This work showed the
feasibility of inducing apa-

tite-like mineral formation in

RYS.2. Widmo FTIR cPEG-a (czarny) i cPEG-a za-
wierajgcego ALP zmineralizowanego w 0.1 M CaGP
(aq) i zanurzonego w 1.25M NaOH w celu wyizolowa-
nia mineralu (niebieski). Hydroksyapatyt (czerwony)
jest pokazany dla porownywania.

FIGURE 2. FTIR spectra of cPEG (black) and cPEG
containing ALP, mineralized in 0.1M CaGP (aq) then
incubated in 1.25M NaOH to isolate mineral (blue).
Hydroxyapatite (red) is shown for comparison.

cPEG hydrogels by incorpo-
ration of ALP during hydrogel
formation and subsequent
incubation in CaGP solution.
Future work will concentrate
on characterisation of me-
chanical properties and bio-
compatibility of mineralized
gels with a view to their future
use as bone substitutes, as
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well as the incorporation of
ALP in other hydrogel mate-
rials of relevance for tissue
engineering.

(1) Bilic G et al. Am J Obstet
Gynecol. 2010 Jan;202(1):85.
e1-9.

(2) Lee BP et al. Biomacromole-
cules. 2002;3(5):1038-47.

RYS.3. Proporcja masy statej cPEG-zelow zawiera-
jacych 0, 1.25 lub 2.5 mg/ml ALP zmineralizowanych
przez 2-8 dni w 0.1M CaGP (aq). Proporcja masy
stalej wzrasta z wzrastajacym okresem inkubacyj-
nym oraz zawartosci ALP.

FIGURE 3. Solid weight percentage of cPEG gels
containing 0, 1.25 or 2.5 mg/ml ALP incubated for
2-8 days in 0.1M CaGP. Weight % increases with
incubation time and ALP content.
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CYTOTOXICITY OF THE NEW
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Introduction

FIG.1.
Poly(lactic
acid) (PLA)
fibers used
in the study

There is still a need for new polymeric materials for
tissue repair and repair [1,2].

Poly(lactic acid) (PLA) is a linear aliphatic thermoplastic
polyester derived from 100% renewable sources such as
corn. The polymer is used broadly in textile applicati

PLA fibres meet the requirements [ 2-" =
of nonwovens sector for hygiene and |~ ===
medical application. -

PLA fiber is compostable. The ==
natural tissues are supported by [
fibrous structure, therefore fibrous E*
biodegradable PLA fibres with control-
led structure, molecular weights may
be promising materials for regenera-
tive medicine. This paper reports on
the cytotoxicity evaluation of a new
PLA fibers.

Materials and methods

The PLAfibres were prepared by a *
two-step melt-spinning process using - /
a laboratory units at Institute of Bi-
opolymer and Chemical Fibres (Lodz, |is.
Poland). The PLA polymer used in this [
study is NatureWorks Polymer 6201D, |-
fiber grade polymer with nominal
MFI=15-30 g/10min, a NatureWorks
LLC product. During spinning PLA
fiber is coated with Estesol PF 790,
a spin-finish supplied by Bozzetto
GmbH. The oil pick-up is 0.62%.

After drawing and cutting process
the fibres with linear density 2,3 dtex,
tenacity 35 cN/tex, elongation 44%
were obtained.

Cytotoxicity Test

Cell cultures L929 (ATCC CCL1) was used for the cy-
totoxicity study in vitro. The mouse fibroblast-like cell line
was maintained in Eagle’s medium with 10% c.s., antibiot-
ics (100U/ml penicillin and 100 pg/ml streptomycin ) and
2mM L-glutamine. The cells were seeded in the tubes,
1 ml of 2x10° cells/ml in the culture medium Eagle’a and
were incubated with extracts from polymers with addition
of 2 % bovine serum for 24h, 48h and 72h at 37°C in the
atmosphere of 5% CO, in air. Cell growth, morphology and
viability (on the basis of exclusion of Trypan Blue Staining)
were used as parameters to determine the cytotoxicity of
the materials. As a control material PE HD (USP) was used
as positive control- phenol.

Mean cell count

Material ~ MOPNOIOQY Of - g pwpy g yoppey  Level of
cells toxicity
amount %

Fibres PLA No found 9,6-10° 1 0
PE HD No found 9.610° 2 0
Phenol Morphological | 5 4 145 | 400 3

changes
Lo29-control |\ tound | 1.00108 | 1 0
cells

TABLE 1. Cytotoxicity activity of biomaterials on
mouse fibroblast-like cells L929 after 72hours, in
vitro

Results

Control.Phenol 48"

FIG.2. Morphology of L 929 fibroblastoid cell line culture after 24, 48h, 72h
hours incubation with extracts from tested materials
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ADHESION AND GROWTH

{OF VASCULAR CELLS ON

POROUS POLYETHYLENE

| TEREPHTHALATE
SCAFFOLDS

JANA HavLikova™, KAREL TUREK?, GABOR
DaJko®,
Lucie BAcakovA'

FIG.3. Morphology of L 929 fibroblastoid cell line culture after contact
with copolymers (A)PLAGA, (B)BLENDA PLAGA+PHB,(C) PLAGACapr,

(D)Phenol(E) Control cells

Discussion & conclusions

Cytotoxicity of new fibers from biodegradable polylactides
was tested on mouse fibroblast cultures L929 . No fibroblast
cultures after contact with extracts from PLA fibers material
showed any damage, the cells had proper morphologies
and showed good proliferation in contrast to the control
cells. The test results have shown that the polylactide PLA
fibers are noncytotoxic and may be promising materials for
regenerative medicine.
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Abstract

Polymers such as polyethylene terephthalate (PET)
have been used for large-caliber vascular prostheses
with a relative success but their application is limited
in small-caliber grafts. Blood vessel grafts with an
internal diameter smaller than 6 mm are prone to fail
mainly due to their thrombogenicity and poor hae-
modynamics. One of the possible solutions of these
problems may be reconstruction of the tunica intima
and media on the synthetic grafts. For this purpose,
special PET foils were prepared. Six-um thick foils
were irradiated by copper ions or fission fragments
from a radionuclide etalon source ?2Cf and etched by
1M sodium hydroxide to obtain holes of a defined dia-
meter (from 80 to100 nm in foils irradiated by copper
ions and from 1.0to 1.5 um in foils irradiated by fission
fragments) and density (1x10° cm2 - fission fragments
to 5x108 cm? — copper ions) (FIG.1). Afterward these
materials were seeded with vascular smooth muscle
cells (VSMC) derived from the rat aorta, or endothelial
cells of the line CPAE. Adhesion, proliferation and
viability of the cells were monitored after one, three
and seven days. The cell proliferation was evaluated
by changes in the cell number in several time intervals
and construction of growth curves. Determination of
cell viability was based on staining of live cells with
calcein emitting green fluorescence, and the dead cells
with ethidium bromide emitting red fluorescence.

Experiments with the growth of vascular smooth
muscle cells and endothelial cells on the PET scaf-
folds with different pore size showed that endothelial
cells prefer pores around 1 um while VSMC have no
preferences concerning the pore size of the polymer
scaffolds tested. Although the highest cell population
densities were found on the glass coverslips used as
control material, the number of cells growing on prist-
ine PET did not differ from the densities on PET foils
irradiated by Cu-ions or fission fragments of Cf.

The obtained data showed applicability of our
improved polymer foils as supporting scaffolds for
vascular cells. In the further step, these porous PET
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membranes could serve as synthetic analogues of
internal elastic lamina separating vascular smooth
muscle cells and endothelial cells in a newly constru-
cted bioartificial vascular wall.

250KV 30 5000x SE

1

FIG.1. PET foils irradiated by Cu-ions (A) and fission fragments (B) viewed by scanning electron microscopy

due to the oxidization and polymerization of fullerenes
in an air atmosphere. We therefore tested the depen-
dence between the age of C,,/Ti composites (i.e., from
one week to one year) and the level of DNA damage

109

[Engineering of Biomaterials, 99-101,(2010),108-109] of human osteoblast-like MG 63 cells in cultures on
these materials. The DNA damage was analyzed by
immunofluorescence staining of markers of DNA da-
mage response, such as phosphorylation of histone
H2AX and focal recruitment of p53-binding protein. As
positive control to markers of DNA damage response
was used 7 days long treatment with 2,5 mM Thymi-

dine. We also monitored the proliferation and
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COMPOSITES CAUSE NO DNA
DAMAGE RESPONSE IN HUMAN
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2 weeks old

Abstract

Fullerenes (C60) and fullerene-based composites
are considered as promising substrates for biological
cell colonization. It might be mainly due to their na-
nostructure, resembling the nanoarchitecture of the
natural extracellular matrix. Thin films of binary Cq/Ti

composites with various concentrations of Ti ranging O

from 25% (i.e., 25 Ti atoms and 75 C4, molecules) to
70% were deposited on microscopic glass coverslips
in micro-patterned form through a metallic mask, and
were tested for their potential use in bone tissue engi-
neering. It is known that fullerenes and their derivatives
can cause cytotoxic injury, cell death or inhibition of
cell growth. These effects are based mainly on the
reactivity of fullerenes, which may weaken with time

FIG.1. Immunofluorescence staining of markers
of DNA damage response: 53BP1 (A) and gamma-
H2AX (B) in human osteoblast-like MG 63 cells on
2 weeks old and 1 year old fullerenes with various
concentrations of Ti (Low, Medium and High). GS—
control microscopic glass coverslips, PC—positive
control to markers of DNA damage response, 7 days
long treatment with 2.5 mM Thymidine
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morphological changes of the cells.

After 7 days of cultivation, we observe no cytoto-
xic morphological changes, such as enlarged cells
or cytosolic vacuole formation, which are signs of
cell senescence, and no increased induction of cell
death. In addition, there was no increased level of
DNA damage response on the Cg/Ti composites
(FIG.1). We also found no significant differences in cell
population densities and no increased level of DNA
damage among various Ti concentrations (FIG.1).
Moreover, there was no effect of the age of the Cg/Ti
composites on the cell population densities or on
the DNA damage response (FIG.1). These results
suggest that fullerenes in combination with Ti do not
cause cytotoxic injury and this material could be used
in bone tissue engineering.

[Engineering of Biomaterials, 99-101,(2010),109-110]
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Abstract

Hybrid biomaterials due to their unique struc-
ture may become an alternative for many popular
composite and nanocomposite materials. Multilevel
modification of their matrix manifesting itself in the
presence of particles of different sizes i.e., microme-
tric, submicrometric and nanometric together with the
variety of shapes of a modyfing phase (nanometric
fibres, submicron particles, coated nanoparticles) and
its different chemical character make the hybrid mate-
rials similar to natural tissue. Bone tissue structure is
particulary close to this model in which collagen fibres
and hydroxyapatite particles and nanoparticles have
not only different form but first of all they play different
role in the tissue which depends on their chemical
nature. In the biomedical engineering syntetic hybride
biomaterials are usually produced using resorbable
and degradable polymer matrices and inorganic fi-

lers (ceramic bioactive particles; HAp, TCP, SiO,) or
organic filers (collagen, polysaccharides e.g. alginate
fibres). The main function of the modyfing phase is
inprovement of the polymer matrix leading to bioactive,
stronger material showing high biofunctionality.
Production of hybrid materials is based mainly on
experimental works, which is related to the presence
in their matrix few phases with different properties
which may interact. Hybrid materials do not follow the
rule of mixtures thus it is difficult to predict behaviour
of a material in which co-exis different chemical and
phisical phases. In the work hybrid composite foils
were produced in which modyfing phase consisted
in; nanocomposite calcium alginate fibres modyfied
with ceramic nanoparticles; HAp (CAH fibres), TCP
(CAT fibres), SiO, (CAS fibres) and MMT (CAM fi-
bres). Short fibres were subjected to additional size
reduction in vibration ball mill resultiong in submicron
and nanometric phases. Size of the particels after
grinding was determined by screening analysis and
DLS method (for particels smaller than 500 nm). It
was observed than the population of short fibres
consist in three fractions i.e.; micrometric (~2um, 50
wt.%), submicrometric (500-800 nm, 40 wt.%) and
nanometric ( below 500 nm, 10 wt.%). The fibres and
products of their grinding were homogenised in P(L/
DL)LA polymer solution (poly-L/DL-lactide, Purarorb
80, Purac Germany). A hybride material in the form of
thin foils containing 2 wt.% of a modyfing phase were
subjected to durability tests consisting in incubation
in distilled water (30 days/37C). Monitoring of the
medium pH and conductivity did not show changes
related to harmful products of their decomposition.
Osteoblast-like cells from MG-63 line contacted with
the surface of the materials showed high viability (MMT
test) comparable with the reference material (TCPS).
High degree of adherence of the cells to the materal
surface (CV test) testifies of potential abilities of the
material stimulating proliferation of bone tissue cells.
The highes rate of dynamic growth (increase of the
cells number after 7 days of incubation) was observed
for the material which was modified with CAS fibres
and products of their grinding. The performed inve-
stigations have a preliminary character. Their results
testify for potential osteoconductive or osteoinductive
abilities of hybride materials basing on P(L/DL)LA and
alginate nanocomposite fibres.
[Engineering of Biomaterials, 100-101, (2010), 110]
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Streszczenie

W artykule pokazano, ze pewne funkcjonalne
struktury krzemianowe wytwarzane w naturalnych
warunkach otoczenia przez jednokomorkowce jak np.
okrzemki mogg inspirowa¢ naukowcoéw w pracach
badawczych majgcych na celu wytworzenie w wa-
runkach laboratoryjnych materiatow opartych na krze-
mionkowych matrycach polimerowych dla zastosowan
medycznych jako nanoporowate materiaty na nosniki
substancji aktywnych biologicznie lub biosensory, a
takze w biotechnologii i ochronie $srodowiska. Odkry-
to, ze potencjat cieplny reakcji chemicznej hydrolizy
tetraetoksysilanu TEOS inicjuje site Lorenza, ktéra
Jest z kolei sitg napedowg dla tworzenia jednolitej
uporzgdkowanej struktury krzemianowej w matrycy
polimerowej. Odkrycie tego mechanizmu opisano po
raz pierwszy formalizmem matematycznym otrzymu-
Jac rozwigzanie dajgce pewne mozliwosci sterowania
kinetykg procesu formowania struktury krzemianowej
0 kontrolowanych parametrach rozktadu i wielkoSci
porow wymaganych dla kontrolowanego uwalniania
lekow.

Stowa kluczowe: potencjat ciepiny, sita Lorenza,
TEOS, krzemionkowe matryce polimerowe,

[Inzynieria Biomateriatow, 99-101, (2010), 111-117]

Wstep

Jest rzeczg fascynujaca, ze budowa struktur zaréwno
najdrobniejszych, jednokomdrkowych organizméw zywych
jak i skomplikowanych struktur tkanek zwierzat i roslin od-
bywa sie w przyrodzie w warunkach temperatur i cisnien
otoczenia. Dzietem pracy sit natury jest zawsze charaktery-
styczna nano i mikroporowata struktura materii, potrzebna
dla celéw transportu i magazynowania energii dla przezycia.
Te struktury sg z jednej strony bardzo twarde i wytrzymate a z
drugiej miekkie i elastyczne. Obserwacje przyrody pozwalajg
badaczom dostrzec, pozna¢ a czasem i wydrze¢ naturze
tylko niewielkie tajemnice dotyczgce zasad powstawania
i wzrostu struktur tkanek organizmoéw zywych. Podejmujg
wtedy préby wytworzenia takich struktur, zazwyczaj mate-
riatu w postaci kompozytu, w warunkach laboratoryjnych, o
wiasciwosciach najblizszych naturalnym tkankom takim jak
na przyktad tkanka kostna, tkanka wtdkien Sciegna, tkanka
Scian zyt i tetnic. Wydarcie tajemnicy naturze i wytworzenie
przez cztowieka takiej struktury zawsze uwazane jest za
odkrycie naukowe.

llustracjg tych rozwazan niech bedg ksztatty i struktury
krzemianowe szkielecikéw mikroskopijnych okrzemek [a],
ktore pobierajg z wody morskiej krzem oraz tlen, tworzg
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Abstract

In article was showed, that some functional silica
structures produced in natural conditions by unilocu-
lars as for instance the diatoms can inspire scientists
in his research works having on aim the production
of materials in laboratory conditions based on silica
polymer matrix for medical application as nanopo-
rous carriers materials for substances with biological
activity as well as in biotechnology and environment
protection as biosensors. It was discovered, that the
thermal potential of hydrolysis reaction of the tetraetok-
sysilan (TEOS) initiates the Lorenz’s force that is the
driving force for creating an uniform and well ordered
silica structure in polymer matrix. The discovery of a
mechanism was described firstly by the mathema-
tical formalism receiving the solution giving some
possibilities for steering the kinetics of the process of
formation silica structure with controlled parameters of
distribution and size of porous required for controlled
release of therapeutic agents.

Keywords: thermal potential, Lorentz force, TEOS,
silica polymer matrix.

[Engineering of Biomaterials, 99-101, (2010), 111-117]

Introduction

It is the fascinating thing, that building of structures of the
smallest, unicellular alive organisms as well as compiled
structures of the animals and plants tissues take place in
surroundings conditions of temperatures and pressure in
nature. The characteristic nano an micro porous structure
of a matter is always the work of the force labor of a nature
necessary for transportation and energy storing for survival.
These structures are very hard and resistant from one side
and soft and elastic from the second. The observations of
nature permit the explorers to perceive, to get to know and
sometimes to wrest a small secret from the nature relating
the principles of formation and the growth of structures
of tissues of alive organisms. They undertake tests of
producing such structures of material in laboratory condi-
tions, usually complicated composites, characterizing with
proprieties closest to natural tissues such for instance the
osseous tissue, tissue of filaments of tendon, tissue of walls
of strands and the arteries. Extortion of a secret of nature
and producing by man such a structure is always considered
as a scientific discovery.

Let an illustration of these considerations will be the struc-
tures and shapes of skeletons of microscopical diatoms [a].
They take the silicon and oxygen from sea water and create
the silica and they construct small boxes to keep in them
the chlorophyll. Moreover they produced an oily substance
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krzemionke i budujg z niej malenkie
pudeteczka aby przechowywac¢ w
nich chlorofil i ponadto dzieki wytwo-
rzonej substancji oleistej utrzymywaé
sie na wodzie aby spetni¢ prze-
de wszystkim tg pierwszg funkcje
(RYS.1).

Ich szkliste ostonki majg zadziwia-
jaco roznorodne ksztatty - sg koliste,
kwadratowe, trojkgtne, owalne, pro-
stokgtne, zawsze bogato ozdobione
ornamentami geometrycznymi. Te
filigranowe wzory po mistrzowsku
wyryte w przezroczystej krzemion-
ce sg tak drobne, ze wios ludzki
zmiesScitby sie miedzy nimi jedynie
wtedy, gdyby byt 400 razy cienszy.
Promienice budujg krzemionkowe
twory przypominajgce stonce z
promieniami dtugich cienkich prze-
zroczystych igietek wyrastajgcych
z centralnie potozonej krysztatowej
kulki lub z krzemionkowych rozpérek
zbudowane sg szesciokaty, z ktdrych
powstajg proste koputy geodezyjne.
Ale jedna geodezyjna koputa nie
wystarcza temu superarchitektowi,
poniewaz musi on mie¢ trzy ko-
ronkowo zdobione krzemionkowe
czasze, umieszczone jedna w dru-
giej. Gagbki budujg bardzo skompli-
kowane szkielety krzemionkowe. W
naturze rozpoznajg sie nawzajem,
dzieki czemu moga taczyc sie i or-
ganizowac. Mikroskopijne komorki
mogg wspotpracowac ze soba, zeby
wydzieli¢ miliony przypominajacych
szkio igietek i zbudowac tak ztozong kratownice.

Opisane wyzej bogactwo i funkcjonalno$¢ naturalnych
krzemionkowych struktur o symetrycznych geometrycz-
nych formach jest wzorcem i znakomitg inspiracjg do
nasladowania dla badaczy w celu poszukiwania nowych
materiatdw o zastosowaniach technicznych, a zwtaszcza
medycznych, w tym szczegdlnie interesujace sg materiaty
nadajgce sie na nosniki srodkow aktywnych biologicznie
[c], [d], [e], [f], w biotechnologii i ochronie srodowiska jako
biosensory [g], [h].

Zasadniczym problemem jest zaprojektowanie, biodegra-
dowalnej matrycy (no$nik) pozbawionej wtasnej aktywnosci
farmakologicznej, w ktorej zostanie umieszczona substancja
aktywna w sposob zapewniajgcy kontrolowanie jej uwal-
niania wg okreslonej kinetyki. Natura ma takie materiaty,
chociazby wspomniane okrzemki magazynujgce chlorofil.
Powstaje pytanie czy takie formy mozna wytworzy¢ w wa-
runkach laboratoryjnych nasladujac te naturalne i jakg zasto-
sowac technike? Obserwowany szybki rozwdj inzynierii, w
szczegolnosci w obszarach zwigzanych z syntezg nowych
materiatéw nano-porowatych metodg zol-zel wydaje sie iz
daje pozytywng odpowiedz na powyzsze pytanie. Umozliwia
ona otrzymanie materiatdw nieorganicznych, organiczno-
nieorganicznych, nanokompozytéw w bezpiecznych wa-
runkach procesowych nie niszczacych funkgji biologicznych
biomolekut, np. enzymow [i], [j].

Podstawg metody zol-zel jest otrzymanie zelu z zolu,
ktéry powstaje w wyniku reakcji hydrolizy i kondensaciji pre-
kursora metalu, np. tetraetoksysilanu (TEOS). Metoda daje
duze mozliwosci praktyczne dla wytworzenia porowatych
materiatéw krzemionkowych o strukturze nieuporzadkowa-
nej takich jak kserozele lub aerozele oraz uporzadkowanej

RYS.1. Formy struktur przestrzennych mikrosko-
pijnych okrzemek w elektronowym mikroskopie
skaningowym (Centrales 1, 2; Pennales 3, 4) [b].
FIGURE 1. Forms of spatial structures of micro-
scopic diatoms in scanning electronic microscope
(Centrales 1,2, Pennales 3,4) [b].

to keep a head on the sea
water and first of all thanks
to that they fulfill the first
function (FIGURE 1).

They have a glassy
sheaths with surprisingly
various shapes as circular,
A square, triangular, oval,
rectangular. They are al-
ways richly decorated with
geometrical ornaments.
These filigree ornamenta-
tion pattern engraved in a
masterly manner in trans-
parent silica are so small
that human hair would
hold between them only
when it will be of 400 times
thinner.

Actinomycetales con-
struct silica creatures re-
minding sun with long rays
and thin transparent nee-
dles growing from the crys-
tal sphere which is centrally
positioned or hexagons
made from silica spacers
which come into being the
straight geodesy copulas.
However one geodesy cop-
ula does not suffice for this
super architects because
it must to have three lacily
adorned silica bowls which
are placed all alike.

Sponges construct com-
piled silica skeletons. They
was recognized mutually in the nature and thanks to that
they can join and to organize. Microscopical cells can co-op-
erate together in order to liberate millions needles reminding
glass and they build complicated lattice-work.

The wealth and the functionality of natural silica structures
with symmetrical geometrical forms described above are a
patterns and excellent inspiration for mimicry by research-
ers to search of new materials with technical as well as
especially medical application where materials for drug
and biologically active substances carriers are particularly
interesting [c], [d], [e], [f], and also in biotechnology and
environment protection as biosensors [g], [h].

The principal problem is designing of the biodegraded
matrix (solid carrier) without own pharmacological activity
where will be inserted an active substance in such a way
that assure the controlled release of the drug according to
definite kinetics. Nature has such materials, let's remember
diatoms storing chlorophyll. Question comes into being if
such forms can be produced in laboratory conditions copying
these natural ones and what techniques should be applied ?
The observed quick development of engineering, in peculiar-
ity in areas connected with synthesis of new nano porous
materials by the sol- gel method seems that it gives the posi-
tive answer on above mentioned question. It makes possible
to produce the inorganic as well as organic nano composite
materials in safe processing conditions of not destructive
functions for biological molecules (enzymes) [i], [j]-

The basis of sol-gel method is the receipt a gel from
the sol which comes into being as a result of reaction of
hydrolysis and the condensation of a precursor of metal,
for instance tetraetoksysilan (TEOS). Method gives a large
practical possibilities for producing not ordered silica porous
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w skali nanometrycznej, ktérych przyktadem sg sita mole-
kularne o heksagonalnie uporzgdkowane;j strukturze (M41S,
MCM41) (RYS.2), regularnym uporzadkowaniu (MCM48)
czy warstwowym (MCM50) oraz mezoporowate pianki ko-
morkowe (MCF). Produkt w postaci proszku charakteryzuje
sie bardzo waskim rozktadem objetosci poréw o $rednicy
kilku nanometréw, powierzchni wtasciwej rzedu 1000m2/g,
objetosci poréw okoto 1cm?/g [K].

Wyniki dotychczasowych prac wskazujg, ze podstawo-
we znaczenie dla zaprojektowania krzemionkowej matrycy
mogacej znalez¢ zastosowanie w kontrolowanym uwalnia-
niu substancji aktywnych biologicznie majg jej wtasciwosci
strukturalne, ktére zalezg od uzytego prekursora krzemu,
stosunku molowego wody do prekursora krzemu, modyfi-

structure as kserogels or aero gels as well as well ordered
silica structures in the nanometer scale as for example
molecular sieves with hexagonal well ordered structure
(M41S, MCM41) (FIGURE 2), cubic settlement (MCM48)
or stratified (MCM50) mesoporous cellular foams (MCF).
Powder product characterizes with a very narrow distribution
of pores volume where diameter of pores are about several
nanometer and a proper surface is in range of 1000m?/g,
and pores volume is about 1cm?®/g [K].

The results of hitherto exist works show, that the structur-
al properties have a basic meaning for designing silica matrix
for application in controlled release of an active biologically
substances. Structural properties depend from used precur-
sor of silicon, molar relation of water to precursor of silicon,

katorow, typu i rodzaju katalizatora,
itp. Modyfikacja struktury matrycy
krzemionkowej otrzymanej metoda |* %
zol-zel mozliwa jest w ograniczo- |
nym zakresie, poprzez jej synteze
W oparciu o mieszane nieorganicz- |
no-organiczne prekursory krze-
mu, dodanie rozpuszczalnych w

modifiers, type and a kind of
catalyst, and etc. Modification
.. | of structure of silica matrix ob-

| tained by the sol-gel methods
is possible in the limited range
by its synthesis based on an
organic as well as inorganic
precursors also with addition

zolu polimerdw, itp. Kontrolowane
uwalnianie substancji aktywnej
nastepuje gtéwnie w wyniku proce-
séw erozyjnych i degradacyjnych,
jakim ulega nosnik oraz zjawisku
dyfuzji. Mobilnos¢ cieczy w porach
jest zdecydowanie mniejsza od tej
obserwowanej w roztworze, a za-
tem jest mozliwe, kontrolowanie do
pewnego stopnia uwalniania substancji leczniczej z nosnika
porowatego, poprzez zmiany jego parametrow struktural-
nych takich jak srednica poréw, powierzchnia wtasciwa,
objetos¢ poréw. Pojawia sie tu wazny problem sterowania
budowa struktury matrycy jako nosnika substancji leczgcej
dopasowanej do rodzaju tego leku i jego sposobu dawko-
wania zgodnego z kinetykg uwalniania leku przyjetg przez
lekarza leczgcego.

Innym interesujgcym rodzajem materiatow, kiére mogg
znalez¢ zastosowanie jako nosniki substancji biologicznie
aktywnych, a oprécz tego w technice adsorpcji, separaciji,
nosnikow katalizatoréw a takze magazynowaniu energii sg
uporzgdkowane mezoporowate struktury wegla (OMCs)
[m], [n]. Materiaty te réwniez charakteryzujg sie $cisle
zdefiniowang geometrig jednakowej wielkosci poréw w du-
zym zakresie od 2 do 50nm, duzg powierzchnia wtasciwg
i duzg objetoscig poréow. Znane do tej pory réozne metody
otrzymywania tych materiatdw pozwalajg na uzyskanie
struktur o wysokim stopniu uporzagdkowania poréw i réznej
morfologii, jak formy kuliste, witdkniste, formy z pustymi
przestrzeniami, ale uprzywilejowane zastosowanie majg
jednak formy kuliste. Ogélne, najprostsze podejscie dla wy-
tworzenia uporzgdkowanych mezoporowatych struktur wegli
polega na chemicznej lub fizycznej aktywacji prekursorow
wegla czyli na wytworzeniu trwatej matrycy krzemianowe;j
o uporzgdkowanej strukturze mezoporéw, wielokrotnie po-
wtarzanej impregnacji za pomocg prekursoréw wegla takich
jak sacharoza, alkohol furfurylowy, etylen, nastepnie wy-
suszeniu, karbonizacji i usunieciu matrycy krzemionkowe;.
Uzyskane struktury wegla sg odwrdcona replikg struktury
krzemianowe;j.

Literatura przedmiotu podaje bardzo liczne procedury
otrzymywania mezoporowatych struktur wegla. Zauwaza
sie przy tym, iz brak jest opiséw i podejscia teoretycznego
do zagadnienia, ktére umozliwig wytonienie parametrow dla
sterowania procesem wytwarzania matrycy krzemianowej,
od ktdrej zaleze¢ bedzie wielko$¢ porow i uporzadkowanie
poézniejszych struktur wegla. Przewidywanie i uzyskanie

RYS.2 Schemat powstawania uporzagdkowanych
materialdw mezoporowatych z krzemionka o
strukturze heksagonalnej przy uzyciu organicznej
matrycy [l].
RYS.2 Schema of formation of ordered mesoporous
silica hexagonal structure in polymeric matrix [I].

of polymers which is soluble
in sol. The controlled release
of drugs active substance
follows mainly as a result of
an erosive and degradation
processes of the carrier as
well as the phenomenon of
diffusion. The mobility of liquid
in pores is decidedly smaller
from that observed in solution, and therefore it is possible
on controlling, to sure stage, the release of the healing
substance from porous carrier. It can be done by change of
structural parameters as porous diameter, specific surface
and porous volume. Here appears an important problem
concerning the steering of the formation of matrix structure
of a drug carrier which is well-fitting to the kind of a medicine
and a way of dosage corresponding with kinetics of release
of the medicine accepted by doctor treatment.

Other interesting kind of materials which can find
an application as a drug carriers as well as in adsorption,
separation, catalysts carriers and materials for energy stor-
ing are an ordered mesoporous structure of carbon (OMCs)
[m], [n]. These materials also characterized with closely
defined geometry of uniform size of pores in a great range
from 2 to 50nm, high proper surface and large volume of
pores.

Well known methods for production these materials allow
to make a structure with very high ordered pores and dif-
ferent morphology as spherical forms, fibrous, moulds with
empty spaces but only spherical ones have privileged appli-
cation up to present time. In general, the simplest approach
for producing the well ordered mesoporous structures of
carbons depends on chemical or physical activation of the
carbon precursors that is on the production of hard template
of silica matrix with ordered structure of mesoporous, many
time repeated impregnation by the aim of carbon precursors
such sucrose, alcohol furfurylowy, ethylene and then drying,
carbonization and the removal the silica matrix. The obtained
carbon structures are a replica of silica structures.

The literature shows numerous procedures of receiving
the mesoporous structures of carbon. It is noticed, that is
lack of descriptions and theoretical approach to the ques-
tion which will make possible the appearing of parameters
for steering the process of production of silica matrix from
which it will depend on the size of pores distribution the
later structures of carbon. Expectation and obtainment of
the planed and controlled pores size and their shapes in
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zatozonej i kontrolowanej wielkosci poréw i ich ksztattéw
w skali nanometrycznej jest obecnie kolejnym krytycznym
problemem technologicznym.

W niniejszym artykule podjeto po raz pierwszy probe
podania teoretycznego opisu zagadnienia, stanowigcego
odkrycie mechanizmu tworzenia i wzrostu matrycy krze-
mianowej oraz podanie matematycznej funkcji opisujgcej
proces. Podstawg jest wykorzystanie potencjatu cieplnego
reakcji hydrolizy TEOS, zwigzku o lokalnych wtasciwosciach
hydrofobowych i hydrofilowych, w wyniku ktorej zostaje
zainicjowany ruch reagujgcych substratéw. Rozpisanie
operatora przyspieszenia wytania czton tzw. sity Lorentza.
Sita ta, jak mozna pokazac¢, ma sktadowe ortogonalne do
ptaszczyzny ruchu wywotanego gradientem temperatur
zaleznego od potencjatu cieplnego reakcji hydrolizy tetrae-
toksysilanu. Ta ortogonalna sktadowa przenosi, przy udziale
odpowiednich potencjatéw, jony krzemu w kierunku ortogo-
nalnym do ptaszczyzny powodujgc powstawanie struktury
zgodnej z formg przestrzenng polimerowej matrycy.

Giéwny wynik

Rozpoznanie zagadnienia tworzenia nanostruktur o
osnowie krzemianowej na bazie formalizmu matematycz-
nego prowadzi¢ moze do opanowania procesu sterowania
ich konstrukcjami. Dlatego przedstawimy idee.

Rozwazmy quasi-ptaskg tetraedryczng strukture tetra-
etoksysilanu (TEOS) o formule - H
chemicznej Si(OC,H;), sktada- L
jacej sie z lokalnych polarnie |
czterech grup etylenowych, ota- |
czajgcych anionkrzemu (RYS.3). 4 4 ?
Grupy etylenowe tworzg cztery 4, ' O0~8 -0
podobszary hydrofobowe, nato- | 6
miast posrodku potozony krzem :
stanowi podobszar hydrofilny. W -H

Alternatywnie TEOS moze " "
by¢ uwazany za ester etylowy &
kwasu ortokrzemowego Si(OH),.
Dzieki reaktywnosci wigzan Si-
OR jest on stosowany gtownie
jako czynnik sieciujacy w poli-
merach krzemianowych lub jako
prekursor dwutlenku krzemu
przy produkcji potprzewodnikow i w wytwarzaniu aerozeli.
Bardzo tatwo ulega konwersji do dwutlenku krzemu po
dodaniu wody. Reakcja biegnie poprzez serie kondensacji
przeksztatcajgc czasteczke TEOS w staty minerat poprzez
tworzenie wigzan Si-O-Si. Podobszary hydrofobowe od-
suwajg sie na osiach (tutaj poziomych i pionowych). Ta
reakcja hydrolizy jest wtasnie przyktadem wspomnianego
procesu zol-zel (1).

Si(OC,H;),+2H,0—Si0,+4(C,H;0OH) )

Szybkos¢ konwersji do dwutlenku krzemu zalezy od
obecnosci zasadowego lub kwasowego katalizatora. W
temperaturach powyzej 600°C), TEOS ulega przeksztal-
ceniu w SiO, (2).

Si(OC,H;),+2H,0—Si0,+20(C,H;), (2)

Na RYSUNKU 4 pokazano dla przyktadu dwa wybrane
zdjecia z filmu przedstawiajgcego proces hydrolizy TEOS i
tworzenia sie krzemionki. Strzatki pokazujg kierunki ruchu
rotacyjnego powstatych samoistnie dwoch obszaréw po-
wstawania krzemionki. Potencjaty cieplne reakgji hydrolizy
wytwarzajg odpowiedni gradient temperatury, a oddziatujgc
na materie tworzg podobszary o roznej gestosci i wptywajg
na hydrofilne sytuacje dla podobszaréw krzemowych i
hydrofobowe dla podobszaréw grup etylenowych. Dodajgc
do tego uktadu jonowe zwigzki powierzchniowo czynne

RYS.3 Schemat struktury tetraetoksysilanu (TEOS)
o formule chemicznej Si(OC,H;), [o]

FIG.3 Schema of Structure of tetraetoksysilan
(TEOS) with chemical formula Si(OC,H;), [0]

nanometer scale is the next critical technological problem
at present time.

In presented article, at first time, was shown the test
of theoretical description of the question, making up the
discovery of mechanism of creating and growth of silica
matrix as well as the mathematical function describing the
process have been revealed. Thermal potential of hydrolysis
reaction of TEOS possesses locally hydrophobic as well as
hydrophilic properties is basis of this theory. It initiates move-
ment of reacting substrates in result. Writing out the operator
of acceleration it appears the link of Lorentz’s force. As it
can be shown, Lorentz’s force has orthogonal components
into the plane of movement made by temperature gradient
dependent on the gradient of the thermal potential of hydroly-
sis reaction of TEOS. This orthogonal component transfers
ions of silicon in orthogonal direction into the plane, using
suitable potentials, causing the formation of structure which
is concordant with spatial form of polymer matrix.

Main result

Recognition of the problem of creating of nanostructure
with silica matrix on the base of mathematic formalism can
lead to master of the process of steering their construction.
Therefore the idea will be revealed.

Let’s consider the quasi flat tetrahedral structure of TEOS
with chemical formula Si(OC,H;), consisting from locally

polar four ethylene groups, sur-

__-, rounding the silicon anion (FIG-

Y URE 3). Ethylene groups create

' four hydrophobic subarea, how-

ever silicon placed in the middle
creates hydrophilic one.

Alternatively TEOS can be
consider as an ethylene ester
of the orthosilicate acid Si(OH),.
Thanks to the reactivity of the
bonds of Si-OR it can be ap-
plied as the netting factor in the
silica polymers or the precursor
of the dioxide in production
semiconductors as well as in the
production the aero gels. It very
easy undergoes the conversion
into silicon dioxide after an addition of the water. Reaction
runs across series of condensation transforming corpuscle
of TEOS in solid mineral by creating bonds of Si-O-Si. Hy-
drophobic subarea move away on axis (here horizontal and
perpendicular). This hydrolysis reaction of hydrolysis is just
an example of mentioned sol-gel process (1).

Si(OC,H;),+2H,0—Si0,+4(C,H;OH) (1)

The speed of conversion into silicon dioxide depends
on the presence of an alkaline or acidic catalyst. In tem-
peratures above 600°C), TEOS undergoes transformation
into SiO, (2).

Si(OC,H;),+2H,0—Si0,+20(C,H;), (2)

Two pictures taking from the sequences of individual
recordings are an example of illustration of the hydrolysis
process of TEOS and formations of silicon dioxide (FIGURE
4). The arrows show directions of the rotary movement of
the two areas of the formation of silicon dioxide which have
been created self dependently. The thermal potentials of
hydrolysis reaction create the suitable gradient of tem-
perature, and affecting on the matter make subareas with
different density and influence on the hydrophilic situation
for silicon subareas and hydrophobic ones for ethylene
groups. Adding ionic surfactants in alkali conditions such
as for instance block copolymers of oxide alkenes with

JH
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RYS.4 llustracja reakcji hydrolizy TEOS i kierunki rotacji powstatej krzemionki na poczatku (u gory) i na koncu
Obserwacji (na dOIe) (V1ewy podobszar <vprawy podobszar) [p]
FIG.4. lllustration of hydrolysis reaction of TEOS and directions of rotation of formed silica in the beginning (top)
and end (down) of observation (Ve susarea<rignt subarea) [Pl

w warunkach zasadowych, takie jak na przyktad blokowe
kopolimery tlenkéw alkenéw o dtugich tancuchach poliety-
lenowych i polipropylenowych, mozna otrzymac¢ wtasnie
materiaty mezoporowate np. typu MCM. Agregaty tych
zwigzkow tworzg szablony struktur porow. Elektrostatyczne
oddzialtywanie pomiedzy dodatnio natadowanym zwigz-
kiem powierzchniowo czynnym a ujemnie natadowanymi
czgsteczkami krzemu jest procesem formowania tych ma-
teriatdbw. W tym miejscu zwrdcimy uwage na fakt, ze réw-
nanie ciaggtosci w sytuacji gestosci materiatu okreslonego
potencjatem cieplnym reakcji hydrolizy wymusza pewien
ruch o okreslonej predkosci.

Przeanalizujemy teraz drogi tego transportu, wobec eg-
zotermicznej reakcji w prostym uktadzie TEOS — woda. Pro-
ces zachodzi w uktadzie cylindrycznym (p-promien, ¢-kat,
z—kierunek osi). W chwili poczatkowej rozwazamy niewielki
odcinek Az na osi z. Zatézmy, ze ptyn, poddany jest sitom
zwigzanym z réwnaniem dynamiki Eulera, ktore przybliza
opis naszego zjawiska. Réwnanie to ma postac (3):

2
@+V%—vxmlv:—g@

ot V4 (3)
gdzie:
v — pole predkosci
g — przyspieszenie ziemskie
p — ci$nienie
Yy — gestosé

Poniewaz dla kazdego ptaskiego podobszaru sytuacja
energetyczna zjawiska jest identyczna mozemy zatozy¢, ze
pochodna czasowa pola predkosci jest zerem, poniewaz
proces jest stacjonarny. Ponadto zjawisko zachodzi powoli,
a wiec mozemy tez zatozy¢ ze gradient energii kinetycznej
zjawiska jest nieduzy. Dostajemy zatem do rozwigzania
réwnanie postaci (4):

Vp
r (4)

vXrotv=g

gdzie: v x rot v - sita Lorentza
Zapiszmy pola w uktadzie cylindrycznym. Mamy (5):

v=eyv,+te,v, e,

®)

long polyethylene and polypropylene chains it is possible
to produce mesoporous materials type MCM. Aggregates
of these compounds make templates of pores structure.
Electrostatic reaction between positively charged surfactant
and negatively charged corpuscles of silicon belong to the
process of formation of these materials.

It will turn the attention on fact in this place, that the
equation of continuity in situation of the density of material
described by thermal potential of hydrolysis reaction force
some movement with a definite velocity.

We will analyze the way of this transportation now, in
relation to the exothermic reaction in a simple system
TEOS-water. The process proceed in cylindrical configura-
tion where p-radius, @-angle, z-direction of axis. In initial
moment we consider small section Az on axis z. Let’s put on,
that liquid is subjected with potency connected with Euler’s
equation of dynamics, which brings closer description of our
phenomenon. Equation this has FIGURE (3):

2
@+Vv7—vxrotv:—gv—p

where:

v - velocity field

g - earthly acceleration
p - pressure

y - density

We can assume that time derivative of velocity field is
equal zero because for every flat subarea the energetistic
situation of phenomenon is identical and process is sta-
tionary. Moreover phenomenon proceed slowly, so we can
put also that the gradient of kinetic energy of phenomenon
is small. We receive therefore the following equation for
solution (4):

v
vxrotv=g—p

/ (4)
where: v x rot v - Lorentz’s force
Let’s record it in cylindrical configuration. We have (5):

v=e,v,+ev, ey,

®)
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oraz (6):

z —%)‘F@ (%—%)4’6 (a(pv‘ﬂ) _l%
0z 20z Op oop p 0

Przeanalizujmy te wektory, z punktu widzenia zjawiska.
Ze wzgledu na przyblizenie radialne i obserwowang forme
ruchu, pochodne wzgledem kata przyjmiemy za réwne
zeru.

Ze wzgledu na powtarzalno$c¢ struktury wzgledem osi z
przyjmiemy pochodne w tym kierunku tez za przyblizone
zerem. Wobec tego dostaniemy (7):

ov, ov ov, ov,
v><r0tv=—e_.vpa—eva(pa—;+vw)+ep[v¢(pa—;+vw)—v$]

Emisja ciepta z reakcji hydrolizy wytwarza odpowiedni
gradient temperatury, ktéry wymusza odpowiedni ruch
radialny, ktéry jest dobrze obserwowany na ptaszczyznie
poziomej zgodnie z rownaniem ciggtosci. Pominmy skta-
dowg vp ze wzgledu na ograniczenie $ciankg naczynia
reakcyjnego i napiszmy réwnanie ruchu w postaci (8):

P _ f(p)

( ov, )
v,(p——+V,) -V,
! (8)

0z

Réwnanie to opisuje sktadowg z-towg sity Lorenza
unoszacej krzemionke z hydrolitycznego rozktadu TEOS.
Ta sita wiasnie buduje strukture krzemionkows i jesli za-
stosuje sie odpowiedni zwigzek powierzchniowo czynny, to
otrzymamy struktury heksagonalng lub regularng lub war-
stwowg charakteryzujgce sie wysokim uporzgdkowaniem
struktury. Jest tez wielce prawdopodobne, iz sita Lorenza
ulega dodatkowemu wzmochnieniu z uwagi na specyficzny
rozktad i wielko$¢ tadunku elektrostatycznego zwigzku
powierzchniowo czynnego wynikajgcego z diugosci jego
tancucha polietylenowego i polipropylenowego.

Zaprojektowanie i otrzymanie materiatu o celowych
wiasciwosciach jako nos$niki substancji aktywnych biologicz-
nie, z zadang kinetyka uwalniania leku, a wiec o réznych
wielkosciach poréw i postaci (kulki, widkna, prety) i ich
rozktadzie w catej objeto$ci materiatu, bedzie polegac na
odpowiednim doborze takich parametrow sterujgcych jak
temperatura, pH oraz obecnos¢ surfaktantéow, czynnikow
speczniajgcych, elektrolitéw, soli, ktére charakteryzujg sie
odpowiednim potencjatem zeta.

Podsumowanie i wnioski

Obserwacje i analizy porownawcze naturalnych struktur
krzemionkowych jednokomérkowych okrzemek oraz struktur
krzemianowych matryc polimerowych otrzymanych w warun-
kach laboratoryjnych wykazaty duze podobienstwo i przyczy-
nity sie do odkrycia mechanizmu formowania tych struktur.

Teoria formalizmu matematycznego postuzyta natomiast
do opisu zjawiska i pozwolita przyjg¢ wyjasnienie, ze poten-
cjat cieplny reakcji hydrolizy inicjuje site Lorenza (w zapisie
wektorowym v x rot v), ktéra jest z kolei sitg napedowg dla
tworzenia jednolitej uporzgdkowanej struktury krzemianowe;j
w matrycy polimerowe;.

Réwnanie ruchu w uktadzie cylindrycznym opisuje skta-
dowg z-towg sity unoszgcej krzemionke z rozktadu hydroli-
tycznego zwigzku chemicznego TEOS, ktéra w obecnosci
odpowiedniego kopolimeru odpowiada za formownie hek-
sagonalnej, regularnej lub warstwowej struktury krzemionki
z matrycg organiczng (KMO).

and (6):
1o, Py, Po_
pop Oz ?° 0z

rotv = e ( %)+ez(6(m”)—l%
op op p 0o
Let's analyze these vectors, with point of view of phe-
nomenon. With regard on radial approximation and observed
character of movement, we will accept derivatives equal
zero in relation to angle. With regard on repeatability of
structure in relation to axis z we also accept derivatives
approximate to zero in this direction. In relation to this we
will get (7):

ov, ov, ov, ov,
vxrotv=—ezvpg—e¢vp(p6—;+vw)+ep[vw(pa—;+v¢)—v ap]

The emission of heat from hydrolysis reaction generate
a suitable gradient of temperature, which force a suitable
radial movement which is observed on horizontal plane ac-
cording with equation of continuity. Let’s skip component vp
with regard on limitation of the side of reactionary vessel
and let's write an equation of the movement (8):

P _ f(p)

( - ) 5
v,(p—+v,)-v.
! (8)

oz

Equation describes z component of Lorenz’s force carry
off the silica from hydrolytic splitting of TEOS. This force just
constructs the silica structure and if suitable surfactant will
be applied, then we will receive the high ordered hexago-
nal, cubic or lamellar structures. It is also highly probable,
that Lorenz’s force undergoes an additional strengthening
with attention on specific distribution and the quantity of an
electrostatic charges from surfactant resulting with length
of their polyethylene and polypropylene chains.

Designing and the production of material with intentional
properties as carriers for biologically active substances with
demanded kinetics of medicine release characterizing with
different size of pores and morphologies as spheres, fibres,
hollow spheres and their distribution in whole volume of
material will depend on the appropriate selection of such
steering parameters as temperature, pH as well as the pres-
ence the surfactants, compacting factors, electrolytes, salt,
which characterize with adequate zeta potential.

Summary and conclusions

The observations and comparative analyses of natural
unicellular silica structures of diatoms and silica polymer
matrix structures produced in laboratory conditions show
high similarity and contributed into discovery of a mechanism
of formation of these structures.

The theory of mathematical formalism however was used
to description of phenomenon and permitted to accept an
explanation, that the thermal potential of hydrolysis reac-
tion of TEOS initiates Lorenz force (in vector notation v x
rotv), which is the driving force for creating an uniform well
ordered silica polymers structure.

Movement equation in cylindrical arrangement describes
component z of force transferring silica from hydrolytic
splitting of TEOS which response for hexagonal, cubic or
lamellar structures of silica polymer matrix in presence of
suitable copolymers (MCM).

Presented problems becomes a challenge to undertaking
the co-operation of experts in material engineering as well
as pharmaceutical industry and medical doctors requiring
an innovatory approach to this question and corresponding
financial expenses.
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Przedstawiona problematyka jest wyzwaniem do pod-
jecia wspotpracy specjalistow inzynierii materiatowej oraz
przemystu farmaceutycznego i lekarzy wymagajacej nowa-
torskiego podejscia do tego zagadnienia i odpowiednich
naktadéw finansowych.
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MECHANICZNE POLILAKTYDU
MODYFIKOWANEGO WLOKNAMI

| CZASTKAMI PRZEZNACZONEGO
NA GWOZDZIE SRODSZPIKOWE

A. MorawskA-CHoCHOL, J. CHroPEK, A. WIETECHA

AKADEMIA GORNICZO — HUTNICZA,

Wvbziat INZYNIERI MATERIALOWEJ | CERAMIKI,
KATEDRA BIOMATERIALOW

AL. Mickiewicza 30, 30-059 Krakow,

Streszczenie

Praca miata na celu ocene wiaSciwosci mechanicz-
nych réznego typu kompozytow o osnowie z polilak-
tydu pod katem ich zastosowania na wielofunkcyjne
gwoZzdzie Srodszpikowe. Zastosowanie resorbowalnej
osnowy pozwoli na unikniecie powtdrnej operacji w
celu usuniecia implantu, natomiast stosowane dodatki
majg na celu zapewnienie odpowiedniej charaktery-
styki mechanicznej (wzmocnienie polimeru wtéknami
weglowymi, z alginianu sodu i poliakrylonitrylu) i bio-
aktywnosci (utatwienie osteointegracji przez obecnosc
czgstek ceramicznych z tréjfosforanu wapnia).

MECHANICAL PROPERTIES OF
POLYLACTIDE MODIFIED WITH
FIBRES AND PARTICLES FOR
INTRAMEDULLARY NAILS

A. MorawsKA-CHoOCHOL, J. CHroPEK, A. WIETECHA

AGH UNIVERSITY OF SCIENCE AND TECHNOLOGY,
FacuLty oF MATERIALS SciENCE AND CERAMICS,
DEPARTMENT OF BIOMATERIALS,

30 Mickieweicza Ave. 30-059 Cracow, PoLAND

Abstract

This paper was aimed to evaluate mechanical pro-
perties of various composites with polylactide matrix
regarding their application for multifunctional intrame-
dullary nails. Due to the presence of the resorbable
matrix, there is no need to perform another operation
for implant removal. And used additives are to provide
the adequate mechanical characteristic (polymer re-
inforcement with carbon fibres, sodium alginate fibres
and polyacrylonitryle fibres) and bioactivity (facilitated
osseointegration due to the presence of ceramic par-
ticles with tricalcium phosphate).
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Najwieksze wzmocnienie osnowy PLDL uzyskano
poprzez zastosowanie wtokien weglowych. Zastoso-
wanie widkien alginianowych zapewnito ponad 100%
wzrost wytrzymatosSci na rozcigganie w stosunku do
czystego polimeru, jest to jednak wartosc¢ nie wystar-
czajgca na zastosowanie tego kompozytu na gwoz-
dzie $rédszpikowe. Dodatek czgstek TCP w ilosci 15%
wag. spowodowat niewielkie obnizenie wytrzymatosci
kompozytu. Optymalnym rozwigzaniem wydaje sig byc
potgczenie w jednym kompozycie obu typow wtokien,
weglowych i alginianowych, dla zapewnienia wysokiej
wytrzymatoSci, przy rébwnoczesnym zastosowaniu
kilku procent TCP dla nadania cech bioaktywno$ci, co
bedzie kontynuowane w kolejnych badaniach.
[Inzynieria Biomateriatéw, 99-101, (2010), 117-120]

Wstep

Zespolenia gwozdziami srodszpikowymi stanowig jeden z
podstawowych zabiegéw w zespalaniu kosci dtugich, zdecy-
dowanie wypierajgc zespolenia ptytkowe, a takze tam gdzie
nie ma ztaman otwartych réwniez stabilizatory zewnetrzne
[1]. Opracowanie nowej generacji gwozdzi $rédszpikowych
opartych o materiaty resorbowalne otwiera nowe mozliwosci
w zakresie zespalania ztamanych kosci dtugich u zwierzat i
ludzi. W Polsce od dtuzszego czasu prowadzi sie badania
nad opracowaniem zaréwno technologii otrzymywania poli-
merow resorbowalnych, jak i wykorzystania ich szczegdlnie
w postaci kompozytéw w medycynie [2,3,4]. Gtéwne kierunki
badan to podtoza dla inzynierii tkankowej, jak i implanty w
réznej postaci stosowane gtoéwnie w chirurgii kostnej [5,6].
Wprowadzenie nowych rozwigzan materiatowych moze
istotnie poprawi¢ skuteczno$c¢ zespolen i ograniczy¢ efekty
uboczne zwigzane z koniecznoscig stosowania a potem
usuwania gwozdzi metalicznych.

Praca miafa na celu ocene wtasciwosci mechanicznych
roznego typu kompozytéw o osnowie z polilaktydu pod
katem ich zastosowania na wielofunkcyjne gwozdzie $réd-
szpikowe. Zastosowanie resorbowalnej osnowy pozwoli na
unikniecie powtornej operacji w celu usuniecia implantu,
natomiast stosowane dodatki majg na celu zapewnienie
odpowiedniej charakterystyki mechanicznej (wzmocnienie
polimeru wtdknami weglowymi, z alginianu sodu i poliakry-
lonitrylu) i bioaktywnosci (utatwienie osteointegracji przez
obecnos$c¢ czgstek ceramicznych z trojfosforanu wapnia).

Materialy i metody

Kopolimer L-laktydu z DL-laktydem(PLDL-70%L/30%DL)
otrzymano w Centrum Materiatéw Polimerowych i Weglo-
wych PAN w Zabrzu [7]. Polimer ten formowano metodg
prasowania. Probki w ksztatcie wiosetek otrzymano w
dwdch etapach. W pierwszym etapie polimer rozpuszczono
w CH,CIl,, a nastepnie wylano na szalki w celu otrzymania
btonek. W drugim etapie z wysuszonych folii wycieto probki
w ksztatcie wiosetek, ktére nastepnie prasowano w formie w
temperaturze120°C i pod ci$nieniem 110 kPa/cm?.

Kompozyt PLDL z wtoknami alginianowymi (PLDL+ALG)
otrzymano poprzez wprowadzenie 50% wag. widkien
ciggtych z alginianu sodu ($rednica widkien 17 pym, wy-
trzymato$¢ na rozcigganie 123,6 MPa, wydtuzenie 7,4%,
modut Younga 9,9 GPa). Widkna te otrzymano w Katedrze
Widkien Sztucznych na Wydziale Inzynierii i Marketingu
Tekstylibw Politechniki Lodzkiej z alginianu sodu, metodg
mokrg z roztworu alkoholu.

Kompozyt PLDL z widknami PAN (PLDL+PAN) otrzy-
mano poprzez wprowadzenie 50% wag. widkien ciagtych
PAN (Srednica wtdkien 7,5 pm, wytrzymato$¢ na rozcia-

The most significant reinforcement of PLDL matrix
was obtained by using carbon fibres. Alginate fibres
provided over 100% increase in tensile strength in rela-
tion to pure polymer. But this value was not satisfactory
for the application of such composites in intramedullary
nails. Adding 15 wt% of TCP patrticles resulted in slight
decrease in the composite strength. The combination
of both types of fibres, carbon and alginate ones, in
one composite seems to be the optimal solution su-
pporting high strength, at simultaneous addition of a
few percent of TCP to provide bioactive features of the
material. This issue will be continued in further studies.
[Engineering of Biomaterials, 99-101, (2010), 117-120]

Introduction

Intramedullary nails fixation is among regular procedures
used for pipe bones fixations, and it is definitely replacing
plate fixations as well as external supports in case of sim-
ple fractures [1]. The development of a new generation of
intramedullary nails based on resorbable materials provides
new opportunities for the fixation of fractured human and
animal pipe bones. In Poland, the research on developing
technologies of obtaining resorbable polymers and their ap-
plication, especially in the form of composites, in medicine
has been conducted for quite a long time [2,3,4]. The main
types of studies are the base for tissue engineering as well
as various forms of implants used mainly in bone surgery
[5,6]. The introduction of new material solutions can sig-
nificantly improve the efficacy of fixations and reduce side
effects related to the use, and then removal of metal nails.

This paper was aimed to evaluate mechanical properties
of various composites with polylactide matrix regarding their
application for multifunctional intramedullary nails. Due to
the presence of the resorbable matrix, there is no need to
perform another operation for implant removal. And used
additives are to provide the adequate mechanical character-
istic (polymer reinforcement with carbons fibres from sodium
alginate and polyacrylonitryle) and bioactivity (facilitated
osseointegration due to the presence of ceramic molecules
with tricalcium phosphate).

Materials and methods

L-lactide/DL-lactide co-polymer (PLDL-70%L/30%DL)
was developed in the Centre of Polymer and Carbon Ma-
terials PAN in Zabrze, Poland [7]. It was formed through
compressing method. The samples in the shape of paddles
were obtained in two stages. At first stage, polymer was dis-
solved in CH,CI,, and then poured into bowls to obtain films.
At second stage, the samples in the shape of paddles were
cut from dried films and then, they were compressed at the
temperature of 120°C at pressure of 110 kPa/cm?.

PLDL composite with alginate fibres (PLDL+ALG) was
produced by adding 50 wt.% of long fibres from sodium
alginate (fibre diameter - 17um, tensile strength — 123.6
MPa, elongation — 7.4%, Young’'s modulus — 9.9 GPa).
These fibres from sodium alginate were produced by wet
method with alcohol solution at the Department of Man-Made
Fibres, Faculty of Material Technologies and Textile Design,
Technical University of £.6dz.

PLDL composite with PAN fibres (PLDL+PAN) was
produced by adding 50 wt.% of PAN long fibres (fibre di-
ameter — 7.5 ym, tensile strength — 284.9 MPa, elongation
—22.9%, Young’s modulus — 6.95 GPa). These fibres were
also obtained at the Department of Man-Made Fibres, Fac-
ulty of Material Technologies and Textile Design, Technical
University of £6dz.
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ganie 284,9 MPa, wydtuzenie 22,9%, modut Younga 6,95
GPa). Widkna te réwniez otrzymano w Katedrze Widkien
Sztucznych na Wydziale Inzynierii i Marketingu Tekstyliow
Politechniki £.édzkie;.

Kompozyt PLDL z wiéknami weglowymi (PLDL+CF)
otrzymano poprzez wprowadzenie 50% wag. widkien cig-
gtych CF (widékna weglowe $redniomodutowe T300 firmy
Torayca, wytrzymatosc¢ na rozcigganie 3,2 GPa, wydtuzenie
1,4%, modut Younga 235 GPa).

Kompozyt PLDL z czgstkami TCP (PLDL+TCP) otrzyma-
no poprzez dodatek 15% wag. czgstek B-TCP firmy Fluka
(sktad tlenkowy: CaO — 54,3% mas., P,O; — 45,7% mas.).

Badania mechaniczne wykonano dla probek wyjsciowych
i po ich inkubacji w symulowanym srodowisku biologicznym
na uniwersalnej maszynie wytrzymatosciowej (Zwick 1435).
Inkubacje prowadzono w wodzie destylowanej w temperatu-
rze 37°C przez okres 6 tygodni. Wykonano rowniez badania
mikrostrukturalne na mikroskopie stereoskopowym Beta,
firmy Visio Beta.

Wyniki i dyskusja

Przeprowadzone badania mechaniczne wykazaty, ze
najwiekszy efekt wzmocnienia uzyskano dla kompozytu
modyfikowanego widknami weglowymi (TABELA 1). Ponad
100% wzrost wytrzymatosci na rozcigganie
w stosunku do czystego polimeru osigg-
nieto dla kompozytu z alginianem sodu. W
mniejszym stopniu poprawe wytrzymatosci
uzyskano dla kompozytu modyfikowanego
witdknami PAN, natomiast dodatek czgstek
fosforanu tréjwapnia w niewielkim stop-
niu pogorszyt wtasciwosci mechaniczne
polimeru. Wytrzymatos¢ na rozcigganie
widkien alginianowych wynosita 124 MPa i
byta nizsza od wytrzymatosci wtdkien PAN
(285 MPa), jednak wigekszy efekt wzmoc-
nienia w przypadku modyfikacji kompozytu
widknami alginianowymi moze by¢ zwigza-
ny z ich wyzszym modutem Younga (9,9
GPa dla witdkien alginianowych i 6,95 GPa
dla wtokien PAN) oraz wystepowaniem
dodatkowych efektéw podwyzszajgcych
energie pekania, takich jak wycigganie
widkien, co potwierdza RYS. 1. Obnizenie
wytrzymatosci materiatu w wyniku wprowadzenia czgstek
TCP jest zwigzane z ich wysokg zawartoscig w kompozycie.
Poprawe wytrzymatosci w tego typu kompozytach mozna
uzyskaé¢ poprzez dodatek TCP w ilosci do kilku procent.

Wytrzymato$¢ na rozcigganie badanych materiatow
gwattownie obniza sie wraz z czasem inkubacji (RYS. 2).
Spadek ten jest najwiekszy w przypadku kompozytu z
witdknami alginianowymi, co jest spowodowane rozpusz-
czaniem widkien w srodowisku wodnym. Stopniowa zmiana
wytrzymatosci nastepuje w przypadku kompozytéow z TCP
i widknami PAN.

Pomimo wyraznej poprawy wytrzymatosci kompozytow
modyfikowanych wiéknami ciggtymi z alginianu sodu i PAN
wcigz jest to jednak wartos¢ niewystarczajgca dla zastoso-
wania tych kompozytow jako gwozdzi Srédszpikowych. Aby
zmniejszy¢ udziat widkien weglowych, na rzecz resorbo-
walnych wtokien alginianowych przy zachowaniu dobrych
parametréw mechanicznych, optymalnym rozwigzaniem
wydaje sie by¢ potgczenie w jednym kompozycie obu typow
widkien, natomiast rownoczesne zastosowanie kilku procent
TCP nadatoby materiatowi wtasciwosci bioaktywnych.

PLDL

PLDL+TCP

PLDL+ALG

PLDL+PAN

PLDL+CF

TABELA 1. Wiasciwosci mechaniczne polimeru
PLDL i jego kompozytow.

TABLE 1. Mechanical properties of PLDL polymer
and its composites.

PLDL composite with carbon fibres (PLDL+CF) was pro-
duced by adding 50 wt.% of CF long fibres (medium modulus
CF T300 by Torayca company, tensile strength — 3.2 GPa,
elongation — 1.4%, Young’s modulus — 235 GPa).

PLDL composite with TCP particles (PLDL+TCP) was
obtained by adding 15 wt.% of B-TCP molecules by Fluka
(oxides content: CaO — 54.3 wt.%., P,O5 — 45.7 wt.%).

Mechanical tests were carried out for initial samples and
after their incubation period performed in the simulated bio-
logical environment on a universal testing machine (Zwick
1435). The incubation was carried out in distilled water at
the temperature of 37°C for the period of 6 weeks. Also
microstructure tests on Beta stereoscopic microscope by
Visio Beta were conducted.

Results and discussion

The conducted mechanical tests demonstrated that the
best reinforcement result was obtained for the composite
modified with carbon fibres (TABLE 1). Additionally, the
composite with sodium alginate showed 100% higher tensile
strength in comparison with pure polymer. Not so significant
increase in tensile strength was observed for the composite
modified with PAN fibres, whereas the additive of tricalcium
phospahte particles slightly deteriorated mechanical proper-
ties of polymer. The
tensile strength of
alginate fibres was
124 MPa. This value
was lower than the
one for PAN fibres

o [MPa] Ermax [%] E [GPa] (285 MPa). However,
better reinforcement
33,2409 | 7,409 14101 || result for composite
modified with algi-
nate fibres can be
29,2417 3,60,6 1,804 related to their higher
Young’s modulus (9.9
74,9i3,g 13,91’2,1 3,01’0,3 GPa for a|ginate f|-
bres and 6.95 GPa for
52,7+1,1 12,1%£1,2 2,0£0,1 PAN fibres) and the
occurrence of extra
248+32 | 21,2+1,6 22,1+0,9 effects, such as fibres
elongation, which in-

crease the fracture
energy. This is presented in FIG. 1. The addition of TCP
particles decreased the material strength. This is related
to their high content in the composite. Strength of such
composites can be improved by adding TCP in the quantity
up to a few percent.

The tensile strength of tested materials was dramatically
reduced along with the incubation time (FIG. 2). The most
significant reduction can be observed in composites with
alginate fibres, which is caused by fibres dissolution in the
aqueous environment. The gradual change in the strength
was visible for the composites containing TCP particles
and PAN fibres.

Despite the evidential improvement in the strength of
composites modified with sodium alginate and PAN fibres,
this value is still unsatisfactory for the application of such
composites in intramedullary nails. The optimal solution
for reducing carbon fibres content by resorbable alginate
fibres and maintaining satisfactory mechanical parameters
seems to be the combination of both types of fibres in one
composite. And simultaneous application of a few percent of
TCP would provide bioactive features of this material.
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2 weeks old:

53BP1

B.
2 weeks old

RYS. 1. Powierzchnie przetamu powstate po zerwa-
niu prébek: a) PLDL+ALG, b) PLDL+PAN (mikroskop
stereoskopowy).

FIG. 1. Fracture surfaces formed after the following
samples rupture: a) PLDL+ALG, b) PLDL+PAN (ste-
reoscopic microscope).

Whioski

Najwieksze wzmocnienie osnowy PLDL uzyskano po-
przez zastosowanie widkien weglowych. Zastosowanie
witokien alginianowych zapewnito ponad 100% wzrost
wytrzymatosci na rozcigganie w stosunku do czystego poli-
meru, jest to jednak warto$¢ nie wystarczajgca na zastoso-
wanie tego kompozytu na gwozdzie $rédszpikowe. Dodatek
czgstek TCP w ilosci 15% wag. spowodowat niewielkie
obnizenie wytrzymatosci kompozytu. Optymalnym rozwigza-
niem wydaje sie by¢ potgczenie w jednym kompozycie obu
typow widkien, weglowych i alginianowych, dla zapewnienia
wysokiej wytrzymatosci, przy réwnoczesnym zastosowaniu
kilku procent TCP dla nadania cech bioaktywnosci, co be-
dzie kontynuowane w kolejnych badaniach.
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RYS. 2. Wiasciwosci mechaniczne polimeru PLDL i
jego kompozytow w funkcji czasu inkubaciji.

FIG. 2. Mechanical properties of PLDL polymer and
its composites in the function of incubation time.

Conclusions

The most significant reinforcement of PLDL matrix was
obtained by using carbon fibres. Alginate fibres provided
over 100% increase in tensile strength in relation to pure
polymer. But this value was not satisfactory for the appli-
cation of such composites in intramedullary nails. Adding
15 wt.% of TCP particles resulted in slight decrease in the
composite strength. The combination of both types of fibres,
carbon and alginate ones, in one composite seems to be
the optimal solution supporting high strength, at simultane-
ous addition of a few percent of TCP to provide bioactive
features of the material. This issue will be continued in
further studies.
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Introduction

One of the directions in which biomaterials engineering
and regenerative medicine are developing today is the
discovery of ever newer implant materials which would
considerably shorten the body’s regeneration time, and
thus reduce the costs of hospitalization and rehabilitation
of patients.

An alternative solution to the implants currently used
in orthopaedics and traumatic surgery might be the use
of composites produced with carbon fibres obtained us-
ing a new generation of polyacrylonitrile precursor fibres.
The introduction of bioglass into the precursor fibres as a
nanoadditive will make it possible to obtain carbon fibres
or unwoven fabric whose structure contains an inorganic,
biologically active compound. A convincing argument for
the use of a nanoadditive of this type could be the fact that
it is one of the most widely used bioceramic materials in
orthopaedics [1-5]. The carbon fibres are also required, in
addition to the basic biological properties, to demonstrate
high strength in combination with higher porosity. Both of
these parameters are directly dependent on the structure
and properties of the precursor fibres. The formation of
PAN fibres wet from solution makes it possible to control
the process parameters suitably so as to obtain the desired
properties [6-8]. Carbon fibres or unwoven fabrics obtained
in this way can be used to produce composite materials also
containing other biodegradable polymers, such as aliphatic
polyesters. The composites so obtained will be characterized
by differentiated biodegradation times, anisotropy of proper-
ties (due to the presence of fibres) and extensive possibilities
in designing their porosity. Porosity,
and also the nature of the surface of
the ready implant, are parameters
which determine how well the material
introduced into the body interacts with
the surrounding tissues.

The objective of the research
reported here was the production of
a new generation of precursor PAN

Sample

symbol [%]

As-spun
draw ratio

control. A spinneret with 240 orifices, 0.08 mm in diameter
each, was used. Fibers were solidified in a bath containing
an aqueous solution of DMF with a concentration adapted to
the given spinning series under investigation. The fiber draw-
ing process was carried out in two stages: in a plasticizing
bath and under superheated steam. After rinsing the fibers
were dried at 20-40°C under isothermic conditions.

Moisture content measurements at 100% RH were car-
ried out in accordance with the Polish standard PN-71/P-
04635.

Water retention (WVR) was measured by relating the
weight of retained water after centrifuging a sample for 10
min at an acceleration of 10000 mes? to the weight of a
dry sample. Prior to centrifuging, fibers were immersed in
water containing 1% of Rokafenol NX-3 (a surface-active
agent) for 24 h.

Fiber tenacity at break was measured according to the
Polish standard PN-85/P-04761/04, using an Instron tensile
testing machine.

Results

The objective of the work was to obtain precursor fibres
with good strength properties, enabling the processing of the
fibres into unwoven fabric, which will then undergo a proc-
ess of carbonization. Conditions of forming were taken as in
our previous work [..], making it possible to obtain precursor
fibres with the increased porosity that is advantageous for
the medical application of carbon fibres. The obtained pre-
cursor PAN fibres have a tenacity in the range 34—41 cN/tex,
where the highest value of this parameter was obtained
for fibres formed at a value of pull-out at the as-spun draw
ratio of —40%. These fibres also gave the highest value for
total draw, at 912%.

The lowest specific tenacity value was obtained in the
case of fibres whose total draw was 737%. In spite of the
large differences in specific strength, the fibres obtained
have similar elongation at brake, at a level of 10—11%. Both
the specific strength and elongation at brake values are at
levels which make it possible to process these fibres into
unwoven fabric.

Tests of sorption properties show that all the types of
fibres obtained have similar moisture sorption at 65% RH,
amounting to around 2%, and moisture sorption at 100%
RH, in the range of 6.3—7.4%.

TABLE 1. Properties of PAN fibres containing bioglass.

Moisture

sorption Tena-

at 100% city
[cN/tex]

Moisture

sorption Elonga-

tion at
brake
[%]

fibres containing bioglass nanoaddi- || PB1A 10

tive, and fulfilling the condition of good
processability into unwoven fabric.

These fabrics will be a starting product

for obtaining a new type of carbon-polymer composites in-
tended for bone tissue regeneration. This work constitutes
part of a series of research on the selection of appropriate
conditions for the formation of precursor PAN fibres contain-
ing bioglass nanoadditive.

Formation of PAN fibres and methods

Fibers were spun by the wet process from solution us-
ing a laboratory spinning machine that made it possible to
stabilize required technological parameters under a constant

P B1 10 81748 | 2.20 6.45 37.83 | 11.48
737.85 2.04 6.30 34.27 10.38 ||
[ PB2 -40 912.58 |  2.04 7.39 41.02 | 1181 |
Summary

The tests carried out demonstrated the possibility of ob-
taining PAN fibres containing bioglass with a tenacity of more
than 30 cN/tex and elongation at brake of around 10%. Both
of these parameter values are such as to allow the conclu-
sion that the fibres obtained will offer good processability into
unwoven fabric. The results of tests of the properties of the
fabrics obtained, and of the process of their carbonization,
will be the subject of subsequent work.
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Introduction

Titanium based materials are widely used owing to desir-
able properties that include light weight, high strength and
durability. Titanium based materials are also biocompatibile,
making them ideal for medical replacement structures such

as orthopedic and dental implants.

Nevertheless, because of poor wear resistance, tita-
nium materials are still facing clinical challenges such as
implant loosening over time. The addition of graphite to
lower the friction coefficient and increase wear resistance
could produce a composite material that overcomes these
disadvantages. Furthermore, the addition of graphite could
improve the cell/material surface interaction and influence
the cell capacity to proliferate and differentiate.

In our study the ability to promote cell proliferation and
adhesion of titanium and titanium-grafit composite was
compared by assessing the attachment of human normal
osteoblasts in vitro.

Materials and methods

Materials

Specimens were fabricated by means of powder met-
allurgy method. Commercially available pure titanium in
volume 80% and graphite in volume 20% were used as the
component powders. The particle size of the pure titanium
powder was below 150 uym, graphite powder had a mean
particle size of 100 um. Both components were mixed, cold
compacted under pressure of 500 MPa and sintered for three
hours in vacuum at the temperature of 1230°C.

Cell culture

The autoclaved titanium or titanium-graphite composite
round compacts were placed in 48-well plates, one in each
well. 1 ml of cell suspension containing 1,5x10* NHOst cells
(Lonza, USA) was added on the surface of each specimen.
Cells seeded on tissue culture plates (TCPS) at the same
density, were used as positive controls. The biocompatibility
of the sintered titanium-graphite composite was determined
by the cytotoxicity studies (ToxiLight assay, Lonza, USA),
adherence (crystal violet absorbance test) and proliferation
rate (ViaLight assay, Lonza, USA) of cells seeded on materi-
als. The morphology of the adherent cells was studied by
fluorescence microscopy.

Results

Obtained results indicate that the presence of graphite
have an impact on cellular adhesion, but not significantly
on cellular proliferation. The cells seeded on the surfaces
of the titanium-graphite composites have slightly lower pro-
liferation, as compared to those cells seeded on the pure
titanium and TCPS surfaces. However, it was observed
that the human osteoblasts adhered well onto the surface
of titanium-graphite compacts and exhibit proper phenotype
(FIG.1).

FIG.1 The cell adherence to titanium (A) and titanium-
graphite composite (B). Cells well proliferated on the
surface of titanium can be very easily detached from
it. Micrographs obtained through fluorescence micro-
scopy. Objective magnification 10x.
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Introduction

Nowadays a great attention is drown to resorbable
materials, for example copolymers of lactide and glycolide
(PLG), as potential materials enhancing bone tissue re-
generation [1]. It is related to the fact that one may control
their biodegradation by changing lactide/glycolide ratio,
chain microstructure, molecular mass, and crystallinity. PLG
materials can be processed into scaffolds which mimic the
structure of spongy bone, thus provide temporary matrix
enhancing osteogenic cells adhesion, proliferation and
differentiation. Moreover, the PLG scaffolds can be modi-
fied with hydroxyapatite (HAp), the most abundant mineral
component in natural bone, in order to ensure better condi-
tions to adhering cells and to promote the mineralisation of
newly-formed tissue. Our previous experiments showed that
the scaffolds produced from PLG materials support growth
and differentiation of osteogenic cells in vitro [2,3].

This study aims at analyzing bone tissue regeneration
in critical-size experimentally created bone defects in rab-
bits treated with different PLG scaffolds using computed
tomography and histological technique.

Materials and methods

PLG 85:15 (M,=100 kDa, d=2.1) was synthesized ac-
cording to the method described previously [4]. Two types
of cylindrical porous scaffolds (diameter 4 mm, height 5
mm) with porosity of 85% and size of the pores of 250-
320 ym and 400-600 um respectively, were obtained by
a newly modified solvent casting/salt particulate leaching
method [3]. The scaffolds were also modified with HAp by
biomimetic SBF method [5]. The research protocol for the in

vivo study was approved by the local ethic committee. The
scaffolds after being sterilized with oxygen peroxide plasma
(Sterrad 120, ASP, J&J) were implanted into experimentally
created critical-size osteochondral defects in New Zealand
rabbit femoral trochlea. Four animals were used and each
animal received three implants. The fourth defect was left
empty. After 26 weeks from the surgery the animals were
sacrificed, the femora containing implants were excised,
placed in formalin and submitted to computed tomography
(CT) examinations. The evaluations were done on GXCB-
500/i-CAT (Gendex Dental System, Italy) tomograph at a
voxel size of 200 um. The bone mineral density (expressed
in Hounsfield units) was also evaluated from the image data
for 15 um2 areas. Afterwards, tissue blocks with implanted
scaffolds and empty defect were excised, decalcified in
buffered EDTA and embedded in Paraplast. Histological
slices of 9 um in thickness were prepared and stained by
Masson-Goldner method.

Results and discussion

FIG.1 shows representative CT images of tissue defects
treated with three different types of scaffolds and that of
empty defect. The images show that bone mineralization
was more advanced in the defects filled with the scaffolds
having the poresize of 250-320 um (FIG.1A) and those
enriched with HAp (FIG.1B). On the other hand, defects
filled with the scaffolds with bigger pores, e.g. 400-600 pm
in diameter (FIG.1C), and that of empty defect (FIG.1D)
exhibited lower mineralization. The quantitative data of bone
mineral density (BMD) for each defect and that measured
for healthy spongy bone in rabbit femoral trochlea are pre-
sented in FIG.2. The results show that BMD tended to be
the highest for the scaffolds having the pores in the range
of 250-320 um enriched with HAp, while the lowest for the
empty defect. Moreover, a tendency that the scaffolds with
smaller pores elicited better bone mineralization than those
with bigger pores of 400-600 um was found, although these
results were not statistically different.

Histological pictures after Masson-Goldner staining of

FIG.1. Computed tomography pictures of tissue
defects in rabbit femoral trochlea after 26 weeks
from surgery treated with scaffolds: A — poresize
250-320 ym, B — poresize 250-320 ym and HAp, C
— poresize 400-600 um, and D — empty defect.
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FIG.2. Bone mineral density in tissue defects in
rabbit femoral trochlea after 26 weeks from surgery
treated with scaffolds: A — poresize 250-320 ym, B
— poresize 250-320 yum and HAp, C — poresize 400-
600 pm, and D — empty defect; averages * standard
deviation.

were the most appropriate for cell adhesion, proliferation
and osteogenic differentiation. We attributed it to higher
pore interconnectivity and scaffold permeability, thus as-
suring better diffusion of nutrients, wastes and/or material
degradation products in the whole volume of the scaffold. In
tissue defects it seems that these parameters characterizing
the microstructure of the scaffolds are not the most crucial to
support tissue regeneration. Probably relative surface area
of the scaffolds, which is higher for the scaffolds with smaller
pores than for those with bigger pores, better enhances
osteogenic cells migration from the periphery into the center
of the bone defect. As a result bone regeneration proceeds
faster. Additional beneficial effect in bone mineralization was
found if the scaffolds were modified with hydroxyapatite.
This outcome is not surprising and it was already found in
many previous studies [7].

To sum up, the results show that the scaffolds with pores
in the range of 250-320 um enriched with HAp have the
highest potential for regeneration of

critical size bone defects.
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FIG.3. Histological pictures of tissue defects in rabbit femoral trochlea after
26 weeks from surgery treated with scaffolds: A — poresize 250-320 ym, B
— poresize 250-320 pm and HAp, C — poresize 400-600 pm, and D — empty
defect; Masson-Goldner staining, optical microscope Zeiss StereoDiscovery,

original magnification 20x.

all examined materials and that of empty defect are pre-
sented in FIG.3. The results show that on the base of the
implanted scaffolds newly formed bone trabeculae were
observed. The remnants of the scaffold material were also
visible in the implantation site. Bone regeneration was more
advanced in the case of the scaffolds having the poresize
of 250-320 ym (FIG.3A) and of 250-320 um enriched with
HAp (FIG.3B), than that of bigger pores , e.g. 400-600
pum in diameter (FIG.3C). It was also found that the defect
reconstruction started from the peripheral bone ends and
incorporated into the center of the scaffolds. In the case of
empty defect the central part was filled with fibrous connec-
tive tissue (FIG.1D).

Our findings based on tomography and histological
studies imply that in rabbit model the scaffolds with smaller
pores better support bone regeneration and mineralization
that those with bigger pores. It is contradictory to our previ-
ous findings received from in vitro studies of osteoblast-like
cells in both static and dynamic conditions [3,6]. In those
experiments the scaffolds with bigger pores (400-600 um)

References

[1] Sabir M.I., Xu X., LiL., J Mat Sci: Mat Med 2009;44:5713-
5724.

[2] Pamula E, Bacakova L, Filova E, Buczynska J, Dobrzynski P,
Noskowa L, Grausova L. J Mat Sci: Mat Med 2008;19:425-35.

[3] Pamula E, Filova E, Bacakova L, Lisa V, Adamczyk D J Biomed
Mater Res 2009;89A:432-443.

[4] Dobrzynski P, Kasperczyk J, Janeczek H, Bero M. Macromole-
cules 2001;34 :5090-5098.

[5] Douglas T, Pamula E, Hauk D, Wiltfang J, Sivananthan S, Sherry
E, Warnke PH. J Mat Sci: Mat Med 2009;20:1909-1915.

[6] Wojak I. , Pamuta E., Dobrzynski P., Zimmermann H., Worch
H., Scharnweber D., Hintze V. Eng Biomat 86 (2009) 9-13.

[7] Murphy W.L., Simmons C.A., Kaigler D., Mooney D.J., J Dent
Res 2004;83,204-210.

Z 0 © 00000 0000000000000 00000000000000000060000

Ll



KOMPOZYT POLIMEROWO-CERA-
MICZNY JAKO POTENCJALNY
IMPLANT KOSTNY

AGNIESZKA JELONEK* , KATARZYNA KILAN,
AGNIESZKA SKORSKA-STANIA, BARBARA OLEKSYN

Wvybziat CHEMII UNIWERSYTETU JAGIELLONSKIEGO,
UL.INGARDENA 3, 30-060 KrakOw
*MAILTO: AGNIESZKA.HEFLICH@UJ.EDU.PL

[Inzynieria Biomateriatéw, 99-101, (2010), 125-127]

Wraz z rozwojem medycyny wzrasta zapotrzebowanie na
biomateriaty majgce za zadanie odbudowe i przywrécenie
funkcjonalnosci uszkodzonych tkanek i organéw. Jedng z
dziedzin medycyny, ktéra czesto wykorzystuje biomateriaty
do naprawy uszkodzonych tkanek jest, szeroko pojeta, chi-
rurgia kostna. Duze znaczenie odgrywajg w tym przypadku
biomateriaty ceramiczne, ktére moga by¢ wykorzystywane
do leczenia ubytkéw kostnych. Materiatem ceramicznym
stosowanym od lat w medycynie jest hydroksyapatyt. Jest
to materiat bioaktywny, ktéory moze tworzy¢ chemiczne
wigzanie z koscig. Dodatkowo, porowaty hydroksyapatyt,
moze takze ulegac biologicznemu wigzaniu z koscig (ko$¢
przerasta implant). Hydroksyapatyt nie ulega resorpcji ani
biodegradacji w srodowisku biologicznym, jest nietoksyczny
i nierakotworczy, a jego skfad chemiczny jest zblizony do
sktadu chemicznego kosci. Niestety, jak kazdy materiat
ceramiczny, hydroksyapatyt jest kruchy i podatny na kruche
pekanie. Charakteryzuje sie takze modutem Younga duzo
wyzszym od modutu Younga ludzkich kosci. Poprawa wtas-
ciwosci mechanicznych materiatdbw hydroksyapatytowych
moze by¢ zrealizowana poprzez tworzenie kompozytéw np.
ceramiczno-ceramicznych lub ceramiczno-polimerowych.
Zaletg takich kompozytow jest mozliwos¢ zaprojektowania
ich w taki sposob, aby posiadaty wymagane wtasciwosci
mechaniczne, odpowiednig porowatos¢ i nizszy modut
Younga.

Szeroko stosowanym w medycynie polimerem jest nie-
toksyczny i nierakotworczy polilaktyd. Ulega on bioresorpcji
w srodowisku biologicznym. Gtéwny produkt jego rozktadu,
tj. kwas mlekowy, nie jest grozny dla cztowieka, gdyz jest
wytwarzany w organizmie ludzkim na skutek naturalnych
procesow.

Dzieki potgczeniu hydroksyapatytu i polilaktydu mozliwe
jest stworzenie kompozytu o odpowiednich wtasciwos$ciach
mechanicznych oraz dobrej porecznosci chirurgiczne;j.
Dodatkowo kompozyt polimerowo-ceramiczny moze petnié
funkcje nosnika lekow.

Celem tej pracy byto stworzenie materiatu do produkcji
implantéw kostnych konkurencyjnego w stosunku do mate-
riatdw dostepnych na rynku. Materiat ten docelowo powinien
znalez¢ zastosowanie w chirurgii twarzoczaszki, a co za tym
idzie powinien by¢ poreczny chirurgicznie i ulega¢ mozliwie
szybkiej integracji z koscig. Ponadto mogtby potencjalnie
spetniac role nosnika antybiotyku-klindamycyny.

Aby spetni¢ powyzsze oczekiwania wstepnie skupiono
sie na otrzymaniu porowatych granul hydroksyapatytowych
impregnowanych klindamycyna. Proby potgczenia antybio-
tyku i ceramicznych granul nie przyniosty oczekiwanych
rezultatéw i konieczne sg dalsze badania tego ukfadu.
Zdecydowano sie wiec na zastosowanie kompozytu polime-
rowo-ceramicznego. Wybranymi materiatami do stworzenia
kompozytu o wspomnianych witadciwosciach byt syntetyczny
hydroksyapatyt i poli(D,L-laktyd). Kompozyt miat posta¢
porowatych granul hydroksyapatytowych pokrywanych
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For the last few years we can observe a progress in me-
dicine and an increasing requirements for biomaterials which
can help in reconstruction and restoring the functionality of
damaged tissues and organs. An osteosurgery is one of the
branches of medical science that often use biomaterials to
repair damaged tissues. Bioceramics plays a significant role
in healing bone defects. Hydroxyapatite is a bioceramic ma-
terial which is used for many years in medicine. Itis bioactive
and able to create a chemical bond with bone. Moreover, in
its porous form, it can bind to bone in biological way (bone
grown into the implant). Hydroxyapatite does not resorb or
biodegrade in biological environment. It is non-toxic and
non-cancerogenic. Chemical composition of hydroxyapatite
is similar to human bone. Unfortunately, it is brittle and has
low fracture toughness. Young modulus of hydroxyapatite
is much higher then Young modulus of human bone. To im-
prove mechanical properties of hydroxyapatite materials we
can create composite materials such as a ceramic-ceramic
composite or a polymer-ceramic composite. The great ad-
vantage of composite materials is the fact that it is possible
to tailor their properties to different requirements.

A polymer which is extensively used in medicine is po-
lylactide. It is non-toxic and non-cancerogenic. In biological
environment polilactyde is resorbed in controlled way. The
main product of its decomposition is lactic acid. It is har-
mless for human because it is formed in our bodies during
natural process.

Itis possible to create a composite that has good mecha-
nical properties and is surgically convenient. Additionally it
is possible to use a polymer-ceramic composite as a drug
carrier.

The purpose of this work was to create a bone implant
material that could be competitive to already used materials.
Our material could be applied in oral and maxillofacial surge-
ry. This material is required to be surgically convenient and
binds to bone in short time after implantation. Potentially it
also can be used as a drug carrier for clindamycin.

At first, to perform all requirements, porous hydroxyapa-
tite granules impregnated with clindamycin were obtained.
All efforts to connect directly clindamycin and ceramic gra-
nules did not bring expected effects and further research
is necessary. That is why we created a polymer-ceramic
composite. Materials that were used in this work were hydro-
xyapatite and poly(D,L-lactide). The composite was porous
hydroxyapatite granules covered with poly(D,L-lactide).
The function of polymer was to increase adhesion and to
improve surgical convenience of the implant. Additionally
it should allow to incorporate clindamycin into the system.
Poly(D,L-lactide) was synthesized in The Centre of Polimer
and Carbon Materials of Polish Academy of Sciences in
Zabrze. Its molecular weight was 80 kDa.

Synthetic hydroxyapatite was obtained using wet pre-
cipitation method. The porous granules were produced by
using a method based on liquids immiscibility effect [1]. A
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poli(D,L-laktydem). Polimer miat za zadanie zwiekszy¢
adhezje i poprawi¢ porecznos¢ chirurgiczng implantu oraz
zapewnic¢ inkorporacje klindamycyny do uktadu. Wykorzy-
stany poli(D,L-laktyd) zsyntetyzowany zostat w Centrum
Materiatéw Polimerowych i Weglowych Polskiej Akademii
Nauk w Zabrzu. Jego masa czgsteczkowa wynosita okoto
80 kDa.

Czysty fazowo syntetyczny hydroksyapatyt otrzymano
metodg strgceniowg. Wykorzystano go do sporzgdzenia
porowatych granul metoda niemieszajgcych sie ptynéw
[1]. Do wodnego roztworu zelatyny dodano odpowiednig
ilos¢ proszku hydroksyapatytowego. Powstatg zawiesine
wkroplono do schtodzonego oleju, cato$¢ mieszano na
mieszadle magnetycznym. Na skutek dziatania sit napiecia
powierzchniowego utworzyly sie granule, ktére nastepnie
wyptukano i wysuszono. Wysuszone granule poddano wy-
grzewaniu w celu wypalenia zelatyny oraz spieczono. Gra-
nule hydroksyapatytowe zaprojektowano tak aby mogty by¢
wykorzystywane w leczeniu gtebokich kieszonek kostnych,
do powigkszania zanikfej krawedzi wyrostka zgbodotowego,
do uzupetniania ubytkéw kostnych po zabiegach hemisek-
cji, radektomii, amputacji korzenia zeba lub po operacji
cyst korzeniowych oraz do wypetnien niewielkich ubytkow
kostnych po usunietych torbielach i guzach lub powstatych
na skutek urazéw. Granule pokrywane byty polimerem. W
tym celu odpowiednig ilos¢ poli(D,L-laktydu) rozpuszczono
w rozpuszczalniku i dodano granule. Cato$¢ mieszano na
mieszadle magnetycznym na wysokich obrotach przez kilka
minut. Nastepnie granule suszono na polimerowym podtozu
w atmosferze powietrza.

Analiza otrzymanych granul za pomocg metody mikro-
skopii elektronowej (SEM) wykazata, ze ich rozmiar waha
sie w przedziale od okoto 200 do 900 ym. Taki rozmiar
granul powinien gwarantowac¢ zaréwno mozliwos¢ ich
zastosowania do uzupetniania nawet niewielkich ubytkow
kostnych, jak i dobrg porecznosc¢ chirurgiczng (mozliwosé
aplikacji przez strzykawke). Granule byty porowate aby
umozliwi¢ kosci przerastanie implantu [2,3,4] oraz utatwi¢
uwalnianie sie klindamycyny. Otrzymano trzy serie granul o
zaprojektowanej porowatosci: pierwsza seria miata zosta¢
zaimpregnowana lekiem zas dwie nastepne miaty by¢ jedng
z faz kompozytu. Porowato$¢ wszystkich granul zbadano
metodg hydrostatyczng i wynosita ona odpowiednio: okoto
25% oraz 25% i 40%.

Aby zaimpregnowac¢ porowate granule klindamycyng
przygotowano porcje granul o okreslonej objetosci. Nastep-
nie umieszczono je we wczesniej przygotowanym wodnym
roztworze klindamycyny, intensywnie wymieszano i pozo-
stawiono do wyschniecia w atmosferze powietrza.

W celu wytworzenia kompozytu granule pokrywano war-
stwg poli(D,L-laktydu)-amorficznego polimeru o niewielkiej
masie czgsteczkowej, a co za tym idzie o niewysokiej wy-
trzymatosci mechanicznej oraz stosunkowo krotkim czasie
degradacji. Warstwa stanowita odpowiednio 20% i 40%
wagowych granul. Przy uzyciu metody mikroanalizy rentge-
nowskiej potwierdzono obecnos$¢ pokrycia polimerowego.
Zbadano degradacje polimeru w PBS w temperaturze okoto
37-40°C po 10 dniach. Ubytek masy odpowiednio dla danej
serii granul wynosit okoto 15% i 18% wagowych polimeru.

Waznym atutem implantu polilaktydowo-hydroksy-
apatytowego w postaci niewielkich granul jest mozliwosé
mieszania go z klejem kostnym lub krwig i aplikacji przez
strzykawke, co dodatkowo zwieksza jego adhezje do $cian
ubytku oraz poprawia porecznos¢ chirurgiczna.

W przypadku granul hydroksyapatytowych, ktére byty
impregnowane klindamycyng (bez dodatku polimeru)
przeprowadzono badania majgce na celu charakterystyke
uktadu. Ustalono, ze klindamycyna nie jest zwigzkiem, kté-
rego wodne rozwory mozna efektywnie bada¢ za pomoca

hydroxyapatite powder was added to aqueous solution of
gelatin. Vegetable oil was cooled and a hydroxyapatite-ge-
latin suspension was dropped in. Mixture of this immiscible
liquids was stirred on magnetic stirrer. Granules were formed
due to the surface tension forces. Obtained granules were
washed and dried. Afterwards, dry granules were heated due
to burn of gelatine and sintered. Granules were designed
to healing periodontal pockets, alveoral bone, to fill bone
defects after: hemisection, radectomy, amputation the root of
a tooth or root cyst and tumor surgery and also the defects
formed after injuries.

Granules were covered with polymer. Poly(D,L-lactide)
was dissolved and granules were added. It was stirred on
magnetic stirrer for few minutes. Afterwards granules were
dried on polimer base in air atmosphere.

The SEM analysis of granules showed that their dimen-
sions range from 200 to 900 um. Granules of such dimen-
sions should be appropriate to fill in even small bone defects
and they should be surgically convenient (the possibility of
injection by syringe).

To enable bone growth into implant the porous granules
were designed [2,3,4]. Pores also facilitate the release of
clindamycin. Three series of granules with designed poros-
ity were produced: first one impregnated with clindamycin
and two others that would be used as one of the phases
of composite. Porosity of all series were examined using
hydrostatic method and it was about 25%, 25% and 40%,
respectively.

A portion of porous granules was prepared to impregnate
it with clindamycin. Afterwards, the aqueous solution of
clindamycin was prepared and the portion of granules was
placed into it. Everything was mixed vigorously and left to
dry in the air atmosphere.

Two other series of granules (25% and 40% porosity)
were covered with poly(D,L-lactide). Poly(D,L-lactide) is
an amorphous polymer with low molecular weight and low
mechanical properties as well as relatively short time of de-
gradation. The mass of the polymer layer in both mentioned
series was about 20% and 40% of the total granules weight,
respectively. The presence of polymer layer was confirmed
by X-ray microanalysis. The degradation of polylactide was
investigated in PBS at 37-40°C after 10 days of immersion.
The mass loss for each granules series was 15% and 18%
, respectively.

The important advantage of polylactide-hydroxyapatite
implant in the form of small granules is the possibility of
mixing it with bone glue or blood and injection by syringe
which additionally improve adhesion and surgical conve-
nience.

In the case of hydroxyapatite granules, which were
impregnated with clindamycin (without polymer layer), the
investigation of the system was carried out. It was shown that
clindamycin is the compound the aqueous solutions of which
can not be effectively investigated by UV-VIS spectroscopy
[5]. Further investigations were focused on finding an ex-
perimental method to examine hydroxyapatite-clindamycin
system. Raman spectroscopy methods were performed.
Unfortunately, the Raman scattering cross-section of hy-
droxyapatite was much higher than that of clindamycin. The
system was also characterised by IR spectroscopy method.
However, the results were ambiguous.

In conclusion, the system: hydoxyapatite granules-clin-
damycin was difficult to describe and investigate, so the
further examination is required.

In the case of polymer-hydroxyapatite composite - a
potential bone implant, it was established that it is possible
to obtain this material in form of porous hydroxyapatite gra-
nules covered with polylactide. The great advantage of these
system is the possibility of modification the granule size,
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spektroskopii UV-VIS [5]. Dalsze badania ograniczyty sie
do znalezienia metody doswiadczalnej zbadania uktadu
hydroksyapatyt-klindamycyna. Sprawdzono uzytecznos¢
metod spektroskopii ramanowskiej, niestety niekorzystny
stosunek przekrojow czynnych na rozpraszanie Ramana
klindamycyny w stosunku do hydrokosyapatytu uniemozliwit
wykorzystanie tej metody. Uktad probowano charakteryzo-
wac rowniez metodg spektroskopii w podczerwieni, niestety
otrzymane wyniki byty niejednoznaczne.

Podsumowujgc wyniki tej pracy mozna stwierdzi¢, ze
charakterystyka uktadu: porowate granule hydroksyapa-
tytowe - klindamycyna nie daje jednoznacznych wynikow
i uktad powinien by¢ doktadniej zbadany. W przypadku
kompozytu ceramiczno — polimerowego, majgcego stuzy¢
jako implant kostny, okazato sig, ze mozliwe jest otrzymanie
takiego materiatu w formie porowatych granul hydroksyapa-
tytowych pokrywanych polilaktydem. Zaletg takiego uktadu
jest mozliwos¢ modyfikacji wielkosci granul, ich porowatosci
oraz grubosci pokrycia polimerowego. Kompozyt ten, po
inkorporacji klindamycyny do polimeru, mogtby stuzy¢ jako
nosnik leku.
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Abstract

Biomaterials basing on natural polysaccharides,
i.e. hiauronic acid, alginate, chitosane are an alter-
native for already applied bioresorbable synthetic
materials basing on synthetic polyhydroxyacids. Their
main advantages are good accessibility, low cost,
easy forming and high biocompatibility. Additionally,
they are a perfect matrix for bioactive nanoparticles
i.e. hydroxyapatite (HAp), tricalcium phosphate (TCP)
and silica (SiO,).

The work presents results of research on na-
nocomposite consisting of chitosane matrix (CS)
modified with a nanofiller, which was natural mont-
morillonite (MMT). Nanocomposite foils were produ-
ced by the casting method. In order to induce better
biocompatibility, the surface of the CS/MMT compo-
site was neutralized (bath in NaOH solution). The
nanocomposite foils were subjected to a bioactivity
test by incubation in SBF at 37°C for 7 days. It was
observed that the CS/MMT material surface showed
a local supersaturation, which was a result of apa-
tite nucleation. The CS/MMT nanocomposites were
investigated using FT-IR (Fourier Transform Infrared
Spectroscopy) and Fourier Raman Spectroscopy.

FTIR measurements of the samples were car-
ried out on the transmission and reflection modes.
The FTIR microscopy spectra were collected using
Bio-Rad Excalibur with ATR attachment as well as
microscope UMA500 equipped with MCT detector.
Spectra were measured at 4 cm resolution in the
region from 4000 cm" to 600 cm’. FT-Raman spectra
were obtained using a FTS6000 Bio-Rad spectrome-
ter with Ge detector. The samples were excited with
a Nd-YAG laser (1064nm). Additional all materials in
all steps experiments were observed under Scanning
Electron Microscopy (Nova NanoSEM,).

Vibrational spectroscopy methods (FT Raman and
FTIR) can be used for investigation of nanocomposite
foils basing on biopolymers. High sensitivity the ap-
plied spectroscopy techniques show that in the result
of the neutralization of CS/MMT foil (via incubation
in NaOH solution) the biopolymer chain breaks. This
phenomena is visible by intensity ratio between COC/
COH bands. Increase of reactivity of chitosane chain
lead to entrapment of PO43-, which is the origin of
the apatite forms nucleation process.

Chemical treatment of the nanocomposite foils, i.e.
NaOH washes influences their chemical structure and
microstructure. Neutralisation of the foils is the first
processing stage which precedes the potential use of
CS/MMT foils in biomedical applications. The mate-
rials show a tendency to apatite crystallisation which
may support regeneration of damaged bone tissue.

The applied spectroscopic methods allowed to obser-
ve changes in the whole volume of the sample.
Individual ATR measurements taken at various
spectral ranges and penetration depths allow to ob-
serve subtle changes in the polymer matrix caused
by chemical treatment (NaOH and SBF incubation).
Results of the investigations indicate that in the CS/
MMT systems new chemical bonds and related to
them vibrations appear. Quantity and quality of the
interactions is related to characteristics of the nanopar-
ticle and the presence of forming apatite structures.

[Engineering of Biomaterials, 99-101, (2010), 128]
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