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Molecular imaging:a tool for biotechnology
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MI is the visualisation/characterisation of biological proc-
esses in living organisms. MI techniques directly or indi-
rectly monitor and record the spatio-temporal distribu-
tion of molecular or cellular processes for biochemical, 
biological, diagnostic or therapeutic applications. MI is 
the non-invasive, quantitative and repetitive imaging of 
targeted macromolecules and biological processes in liv-
ing organisms [1,2]. MI is an interdisciplinary approach 
involving biologists, physicists, physicians, mathemati-
cians, conventional chemists, radio-chemists and other 
specialists who have joint forces for the better under-
standing and visualisation of the normal physiological 
processes and the molecular processes preceding the 
morphological manifestations of diseases in vivo. Bio-
technology combines disciplines like genetics, molecular 
biology, biochemistry, embryology and cell biology, that 
are in turn linked to practical disciplines like chemical en-
gineering, information technology and robotics [3]. The 
convergence of technology in recent years within differ-
ent fields of research has broadened the horizon for MI 
applications both in basic research and the clinical set-
ting. These include and are not limited to: the mapping of 
the entire human genome, tools to genetically manipulate 
cells or organisms, new treatment strategies, including 
molecular and cell based therapies, nanotechnology, and 
state-of-the-art imaging modalities with increased spatial 
and temporal resolutions. The aim of this presentation is 
to introduce some of the MI modalities that are used as 
tools in biotechnology research and development (e.g. 
mini-SPECT, mini-PET and mini-MR) and also to give ex-
amples of biotechnology products that are used in medi-
cal diagnosis and therapy, in an effort to answer the ques-
tion: Is Molecular Imaging a tool for Biotechnology or is 
Biotechnology a tool for Molecular Imaging?
References:
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One of the challenging problems in trauma and orthopae-
dic reconstructive surgery is healing of large, critical-size 
bone defects resulting from tumour, infections, trauma, 
congenital malformation and osteonecrosis. Such defects 
if left untreated do not heal in the patient’s lifetime. Au-
togenous cancellous bone is commonly used in the clinics 
to promote healing of critical-size segmental long bone 
defects and defects in the maxillofacial skeleton. Bone 
harvesting is traumatic, causes morbidity of the donor 
site, and often results in complications. In addition, heal-
ing of monocortical defects without a repositioned cor-
tex is difficult, while bicortical and tricortical defects in 
the ilium do not heal completely in the patient’s lifetime. 
Other clinical modalities used to promote the healing of 
critical-size bone defects include bone segment transport, 
vascularized bone graft, bone marrow aspirates, dem-
ineralized bone powder, allo- and heterografts and bone 
graft substitutes. As ceramic bone graft substitutes have 
well appreciated limitations, there is still a need for new 
biologically functional bone substitutes. Potentially, they 
can be produced from bioresorbable polymers such as 
polyhydroxyacids and polyurethanes.
Healing of severe full-thickness skin burns and non-heal-
ing wounds, such as diabetic foot ulcers, venous leg ul-
cers, postsurgical wounds and post-traumatic wounds 
is a problem. At present, these wounds are treated with 
autografting, tissue expansion and skin flaps. Insuffi-
cient skin available for autografting and resulting scars 
on both the donor site and the treated wound are among 
the drawbacks of this procedure. These problems might 
potentially be solved if suitable “off-the-shelf skin substi-
tutes” would be available for immediate use. Such func-
tional biomimetic skin substitutes with enhanced biologi-
cal functions could be used as cell-free implants and/or 
could be produced using tissue engineering approach in 
a form of constructs consisting of cells or combinations 
of different cells seeded on the membranous elastomeric 
polymer scaffold. Preferably, the scaffold would have a 
membranous bilayer structure with the upper micropo-
rous “epidermis” layer allowing for water transport and 
protecting against bacterial invasion, and the lower ma-
croporous “dermis” layer supporting attachment, growth 
and proliferation of cells. The candidate cells are embry-
onic stem cells, blood borne stem cells from the bone mar-
row and adult stem cells from hair roots.

Panel 3: Biomaterials
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Possible application of resorbable 
implants in Hand Surgery
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Resorbable implants have been used for Hand Fracture in 
the past decade in the form of plates, screws or pins. It has 
a role in Hand Surgery as the hand bones are not weight 
bearing bone so the demand on strength of the implants 
is not as high as in weight bearing bone in lower limb. 
The potential advantages of resorbable bone fixation de-
vice are not they do not require a second operation for 
removal and they have potential osteoinductive property 
and shape memory property. Bone fixation device can be 
fabricated in other possible form e.g. anchory of mem-
brane, prefabricated shape.
Resorbable implants may have a potential role in other 
tissue injuries in the Hand. Resorbable implants can be 
fabricated in the form of membrane, porous 3D scaffold, 
tubular implants with various elasticity. They repair, pre-
vention of adhesion, delivery of molecules, osteochondral 
repair and wound coverage.
Bony fixation device. Resorbable implants can be in the 
form of plates, screws, rods, intramedullary pre-shaped 
device, anchory of membrane as intramedullary device.
Bone filler to replace bone graft. Resorbable polymers in 
the form of porous chips or 3D scaffold is a good condi-
tion to fill up small defect in form of chips, or to fill up a 
sizable defect in form of 3D scaffold. 
Osteoinductive agent. Resorbable polymer itself has 
osteoinductive property. It can be used as platelet rich 
plasma to promote bone healing in difficult situation e.g. 
scaphoid nonunion, proximal pole of scaphoid fracture.
Nerve conduit Porous resorbable polymeric tube has a 
potential to serve a nerve conduct. The critical length that 
nerve can regenerate through a nerve conduit is still to be 
determined.
Tendon reconstruction. Tendon loss requires tendon 
grafting in conventional treatment. Artificial tendon that 
can stand repetitive loading is still pending. Resorbable 
polymer is a potential candidate for artificial tendon that 
can allow progressive incorporation into the parent ten-
don. 
Prevention of adhesion.  Adhesion is the greatest enemy 
of rehabilitation. Resorbable membrane can be used as a 
barrier between tendon and other structures like bone, 
ligament.
Wound coverage.  Resorbable polymeric membrane with 
good elasticity, good permeability is a good potential can-
didate for in vivo skin tissue engineering.
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The conditions prevailing in the human body, specially 
the constant temperature, favour the formation of crystals 
in tissues. The word of the human crystals can be divided 
into two spheres, i.e. the indispensable (good) and the su-
perfluous (bad) crystals. Considering the biochemistry of 
the biological processes, the minerals occurring in bones 
are of great importance. At the body growths old, a part 
of crystals present in bones get dissolved. This process is 
not only the reason of so-called osteoporosis but elements 
released by that process can go to “soft tissues” which 
undergo mineralization — calcification. Mentioned proc-
ess is leading to many dysfunctions of hart, brain, carti-
lage, lungs, blood vessels etc. being the reason of death. 
There are various crystals mineralizing human tissue but 
together with visible mineralization possible for exami-
nation using classic mineralogical method one ca observe 
developed secret (not visible) mineralization possible for 
examination using chemical methods – only. This type of 
mineralization represents elements substituted into bio-
logical structures of various tissues. This substitution (not 
seen under microscopes) leads to changes of physical and 
biological features for example of joint cartilage The se-
cret mineralization may evaluate into visible one. There 
are known processes of mineralization of: teeth, dental 
calculi, mineralization of cardiac valves, coronary and 
other blood vessels, lungs mineralization, mineralization 
of thyroid, renal calculi (various types), vesical stones, 
gall stones (various types), pancreatic calculi, mineraliza-
tion of salivary glands, neoplastic tumors mineralization 
etc. The understanding of mechanism of human tissues 
mineralization and demineralization is the base for scien-
tific works against these destructive processes. 
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Calcium phosphate (HAp-TCP) 
Bioceramics. State of the Art
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Calcium phosphate-based (CaP) bioceramics consist of hy-
droxyapatite (HAp), tricalcium phosphate(TCP), biphasic 
HAp-TCP (BCP) materials and composites with HAp or 
TCP matrices. These materials, mainly hydroxyapatite, 
have been widely used as bone substitutes in the form of 
granules, micro- and macroporous blocks, dense grafts, 
components of bone and dental cements and as coatings 
on metallic implants. BCP biomaterials are commercially 
available in Europe (also in Poland), USA, Australia, Ja-
pan and in other countries as bone substitute materials 
for orthopaedic, maxillofacial and dental applications. 
The concept of BCP implants is determined by an opti-
mum balance of the more stable phase of HAp and more 
soluble TCP. After implantation, the material gradually 
dissolves in the body, seeding new bone formation as it 
releases calcium and phosphate ions into the biological 
environment. The main attractive feature of biphasic cal-
cium phosphate ceramics is their ability to form a strong 
direct bond with the host bone resulting in a strong inter-
face compared to bioinert or biotolerant materials which 
form a fibrous interface. 
This work summarizes the world and our own results re-
garding the studies on HAp-TCP bioceramics. Methods 
of the initial powders synthesis and conditions of shap-
ing and sintering of final implants are presented. The 
advantages and disadvantages of BCP and the range of 
their medical applications are discussed. Perspectives 
and possibilities in calcium phosphate materials science 
regarding their usefulness in healing large bone defects 
and application in tissue engineering will be the subject 
of interest for future studies. 
Key words: hydroxyapatite, TCP, biphasic calcium phosphates, 
implants.
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Hydroxyapatite (HAp) is well known for its applications 
in orthopaedic surgery and in dentistry. It is particularly 
used in the form of porous blocks and granules for fill-
ing bone defects, for coating of joint prostheses and as a 
component of bone cements. Porous HAp implants show 
excellent biocompatibility and have interlinked pore 
structure which predestine using them in a drug deliv-
ery system. Hydroxyapatite carriers may be an effective 
way to treat localized bone diseases such as bone cancer, 
infection or chronic osteomyelities with a high therapeu-
tic level and minimum toxicity effects. Microporous im-
plants and bone cements based on calcium phosphates 
as a heterogeneous and homogeneous system after being 
the drug carrier become a scaffold on which natural bone 
is regenerated. This kind of multifunctional bioceramics 
have to meet a lot of requirements, particularly concern-
ing open and total porosity, size and shape of pores as 
well as mechanical properties.
The aim of our studies was to determine under in vitro 
conditions the amount and rate of pentoxifylline and 
doxycyclline release from the samples of hydroxyapa-
tite implants modified with hydrated magnesium ortho-
phosphate Mg3(PO4)2×8H2O or calcium metaphosphate 
Ca(PO3)2. The homogeneous system as a bone cement 
based on αTCP-αCa3(PO4)2 was also investigated. It was 
shown that the process of drug release from hydroxya-
patite bioceramics depends to a significant degree on the 
microstructure of the material, method of drug loading 
into the implant and physicochemical properties of the 
drug, particularly its solubility. Our studies make it pos-
sible to expect that calcium phosphate-based bone substi-
tutes can be used as multifunctional implants i.e., as fill-
ers of bone defects in non loaded places and as the drug 
carriers. 
Keywords: bioceramics, hydroxyapatite implants, bone cement, 
drug carriers.
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Artificial hydroxyapatite (HAP) biomaterials possesses 
many advantageous properties. However, HAP surface is 
a possible target for adhesion of bacteria and fungi. The 
risk of bacterial infection is quite low in case of hydroxya-
patite-based implants but its consequences are serious 
– leading even to necessity of the reimplantation or the 
limb amputation. An optimal therapy against the infec-
tion seems to be a local antibiotic treatment, allowing to 
avoid numerous side effects. Unfortunately, the drug from 
the most antibiotic-modified hydroxyapatites is being re-
leased very quickly; therefore, it does not prevent late 
bacterial infections after HAP biomaterial implantation. 
HAP modification with hardly degradable compound, 
capable to bind (covalently and ionically) antibiotics and 
release them slowly, seems to be a promising solution, 
leading to a prolongation of drug release. Human keratin 
protein, already tested in our pilot research [1] as HAP-
modifying factor for gentamicin binding, was reported to 
increase antibacterial activity of the biomaterial.
HAP microporous granules (0.3–0.5 mm in diameter; 
open porosity: 67%; micropores of 0.06–0.1 μm; aver-
age pore diameter of 0.09 μm; sintered at 800oC) were 
covalently coupled with human keratin (26 mg/g of 
HAP). Gelatin (24 mg/g of HAP), a popular compound 
of HAP-based composites, was also immobilized in an-
other granules modification. Keratin-and gelatin-modi-
fied HAP immobilized over twice more (12-13 mg/g of 
HAP) gentamicin than non-modified material (5.6 mg/g 
of HAP). The drug was immobilized in mixed-type mode 
(via interactions of diverse strength). Drug release pro-
file showed that the keratin-modified HAP released an-
tibiotic more slowly and also revealed the antibacterial 
protection twice longer (up to 121 days of in vitro experi-
ment) than in case of gelatin-modified and control carri-
ers. than analogous gelatin-modified and non-modified 
matrices. Gentamicin-keratin-coated-HAP granules were 
nontoxic to human osteoblasts and enabled their prolifer-
ation with a rate similar as non-coated HAP. Presence of 
keratin on HAP granules seemed to slightly enhance the 
osteoblast proliferation. The results indicate that newly 
created HAP hybrid with covalently immobilized keratin 
and gentamicin – nontoxic and osteoblast-friendly – is a 
promising biomaterial of significantly prolonged antibac-
terial activity.
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Calcium phosphates, such as biphasic or tricalcium cal-
cium phosphates and carbonated hydroxyapatite (CHA), 
are well known in regenerative medicine, as porous scaf-
folds widely accepted for acquiring tissue engineered 
products (TEPs) of bones. The implants are osteoinduc-
tive, but often not used due to brittleness. Owing to cell 
culture we obtain calcium phosphates=bone cells/extra-
cellular matrix (ECM) composites. Such TEPs are of shape 
resistance and cohesion more suitable than these offered 
by ceramics alone. The result satisfies a clinical demand. 
We use such composites as an osteoinductive part of tita-
nium/hydrogels construct for alveolar processes of man-
dible/maxilla for maxillofacial surgery reconstructions.
60%HA/40%βTCP (BCP) and CHA were used as highly 
porous scaffolds (11 mm.dia.×4 mm) in dynamic and stat-
ic culture. Titanium/hydrogels contructs were prepared 
with αTCP powder. Human bone derived cells (HBDC) 
were used. The scaffolds were assessed after culture in 
tests confirming their biocompatibility: fluorescent stain-
ings of cells (Hoechst, PI) showed their homogenous dis-
tribution, XTT test — well cell proliferation and viability, 
alkaline phosphatase activity assay (ALP) and by RT-PCR 
of bone characteristic proteins (collagen 1, osteocalcin, 
ALP) confirmed cell differentiation. The pores entirely 
filled with ECM (especially for BCP) were visualised by 
histological stainings and scanning electron microscope. 
The HBDC culture decreased the compressive strength of 
BCP, did not influenced the CHA scaffolds. However af-
ter the mechanical tests control scaffolds were completely 
disintegrated, while composites were still well shaped, 
cohesive and easy to handle. The features were appreci-
ated by maxillofacial surgeon. αTCP powder was used 
with cells and alginic gel as filler of titanium mesh and 
polyvinyloprolidon construct of size and shape of alveo-
lar process. ECM proteins produced by cells moulded the 
powder. αTCP biocompatibility was confirmed in XTT 
viability test, which significantly increased during the 
culture.
Culture of HBDCs on porous BCP and CHA scaffolds has 
a beneficial influence on graft’s shape, cohesion and make 
them more attractive as compared to ceramics alone. The 
results entitled us to prepare cells/αTCP/titanim/hydro-
gels construct for maxillofacial surgery reconstructions. 
Acknowledgements:
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Bone grafts are the basic material in bone deficit filling. 
Due to difficulties to obtain bone grafts often the bone 
substitutes are used. Biphasic calcium phosphate (BCP) 
consist of a mixture of hydroxyapatite and b TCP of vary-
ing HAp/b TCP ratio. Authors present physicochemical 
and biological properties of HAp(60%)-TCP(40%) porous 
bioceramics which is applied in bone surgery as filling 
material in knee and hip arthroplasty or in revision ar-
throplasty, bone cysts, bone fractures, wrist and ankle 
joint arthrodesis. Bone substitutes should be mix with 
bone grafts, in the cases where load bearing is needed, 
because of their weak mechanical strength. Further clini-
cal and experimental studies should be continued to get 
new generation of material on the calcium phoshorate 
base. This new material should present higher mechani-
cal strength with preserving osteocondactive and oste-
oinductive properties of hydroxyapatite. 
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We report on 24 patients undergoing revision hip and 
knee arthroplasty using impacted, morcellized, frozen, 
irradiated, allograft and HAp-TCP for reconstitution of 
bone deficiencies. Here were 16 acetabular and 8 knee 
reconstructions. The mean follow-up was 9.6 months. 
The overall survival rate was 96%. Radiographic evi-
dence of allograft incorporation was observed in 15 of 
16 acetabula and in all revision TKA. The one acetabular 
component showed significant migration with increased 
bone deficiency without sign of loosening. There were 
no any major complications such as fractures, infections 
or vascular-nervous damages. Impaction bone grafting 
with HAp-TCP has shown promising results in revision 
surgery. The results have been encouraging, and this 
technique remains our procedure of choice for managing 
large bone defects in revision hip and knee arthroplasty.
Keywords: revision, hip knee arthroplasty, bone deficiences, 
HAp-TCP
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Modern medicine requires high quality implants mate-
rial. Studies of implant materials directed at preparation 
of biocompatible materials caused an increased interest 
in the investigation methods that allow to analyze the 
behavior of the materials in natural and artificial body 
system. Traditionally, the applicability of implant materi-
als in medicine is determined by biological tests that ex-
amine cellular response to an implant material. In case of 
tissue substrates it is necessary to complement biological 
methods with physicochemical studies of tissue grown in 
the presence of an artificial material. They should give in-
formation on the phase composition as well as the kinet-
ics of the tissue growth. 
Vibrational spectroscopy allows to study the processes 
occurring during the preparation of biomaterials as well 
as to analyze the interaction between an implant and 
biological system. Vibrational spectroscopy methods 
have been extensively used for in vitro and in vivo inves-
tigations of degradation mechanism and kinetics of dif-
ferent biomedical devices as well as it has been used to 
characterize the crystalline and amorphous domains in 
bio-mineralization process. Infrared and Raman spec-
troscopy techniques are valuable tools in the biomaterials 
engineering allowing the study of the processes occurring 
during their preparation.
Fourier Transform Infrared (FTIR) and Raman micro-
spectroscopy makes it possible to determine the phase 
composition, to analyze the degree of crystallinity (bone 
tissue) and the rate of tissue regeneration. Fourier trans-
form infrared (FTIR) attenuated total internal reflection 
(ATR) techniques can be used for the study of biomate-
rial surfaces and events at biomaterial surfaces such as 
protein adsorption. 
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Alginates are an interesting family of polysaccharides that 
have been studied for a wide variety of biomedical appli-
cations [1,2]. They are abundant in nature and are found 
as structural components of marine brown algae and cap-
sular polysaccharides in some soil bacteria. The interest in 
alginates is primarily due to the relative ease with which 
they can undergo gelation with divalent cations under 
very mild conditions suitable for biomacromolecules and 
living cells, as well as their high biocompatibility and low 
toxicity [3]. These properties are attractive for composites 
and nanocomposites materials which can be use in bio-
medical engineering and tissue engineering. 
Application of the alginate based (nano)composites may 
lead to production of biocompatible, strong materials 
which can stimulate reaction of repairing tissue. 
In the work nanocomposite alginian fibres (Ca(Alg)2) 
were fabricated. A modifying phase consisted of ceramic 
nanoparticles such as amorphous silica (nSiO2) or natural 
hydroxyapatite (nHA). Reinforcement of polymer matri-
ces by incorporating fibres is a wellknown effective meth-
odology. Matrix of the composites consisted of resorbable 
P(L/DL)LA polymer. Dispersion of the nanofiler (fibres 
or/and particles) was confirmed by thermal analysis and 
mechanical tests. Presence of the fibres phases influenced 
hydrophility and surface topography of the nanocompos-
ites. The fabricated materials were bioactive. 
The manufactured alginate composite were biocompat-
ible with connective tissue cells. High viability of fibrob-
last (HS-5) and osteoblast (hFOB 1.19) and their morphol-
ogy (shape and spread) indicates that the composites can 
be applied as a bioactive fibrous phase which accelerates 
regeneration of damaged bone tissue.
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Ceramic phosphate as a bone regenerative materials are 
being used in reconstructive surgery. Biological proper-
ties of hydroxyapatite (HAp) allow to use these material 
as a bone substitute for filling bone defects. It can be use as 
well in reconstructive trauma surgery, as in physiological 
bone loss cases concerned with age. Within time particles 
of hydroxyapatite are resorbed and gradually replaced by 
the new bone. Time of ceramic phospate resorbtion de-
pend of the degree of its crystalisation. Exactly controled 
time of resorption allow to create material with the best 
osteoregenerative potential. Hydroxyapatite is a fragile 
biomaterial. To extend the indication for its use it has to 
be mixed for example with collagen or pressed in high 
temperature to obtain block of HAp. Another method for 
useing an osteoregenerative potential of HAp is to make 
the composite with lactide-glycolide copolymers. Copol-
ymers can degradate in to H20 and CO2. Time of copoly-
mer resorption can be regulate by changing the ratio of 
lactide to glycolide. Time of resorption depend also of the 
number of additives like for example HAp. In the Depart-
ment and Clinic of Craniomaxillofacial Surgery in Kato-
wice we plan to performed clinical studies of the com-
posites lactide-glycolide polymers with HAp. We have 
already performed experimental studies on the group 
of 30 New Zealand rabbits. Cylinder shape PGLA + 15% 
HAp implants with diameter of 3.2 mm were placed in 
the corpus of the mandible, in the dorsal muscles and un-
der the skin. The animal euthanasia was performed after 
7, 14, 21 days and 6, 12, 24, 48 weeks. Clinical, radiological 
and histopathological examination was performed. The 
results reveled that PGLA+HAp composite do not induce 
any inflammatory response. Its degradation began in 
about 6 weeks and after 48 weeks copolymer structure is 
totally resorbed leaving fragments of HAp and cells re-
sponsible for polymer degradation. 
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Biostable polymer materials are widely used in various 
clinical and medical application. This is mainly because 
they are available in a wide variety of compositions, 
properties and forms and can be fabricated readily into 
complex shape and structures. Moreover, we can modi-
fied their surface properties and mechanical properties 
using different kinds of active micro and nano additives 
such as a silica, wollastonite, hydroxyapatite, carbon fib-
ers and carbon nanotubes, and creating polymeric based 
composites. The human tissue are essentially composite 
materials with anisotropic properties which depend on 
the roles and structural arrangements of various compo-
nents of the tissue. Carbon nanotubes possess unique me-
chanical, chemical, electrical properties and can be used 
as nano-fillers in existing polymeric materials to both 
improve mechanical properties and create highly aniso-
tropic composites. They can also be used to create electri-
cal conductive polymer and tissue engineering constructs 
with the capacity to provide electrical stimulation. This 
kind materials could be biocompatible platforms for neu-
ronal growth and bone tissue regeneration. Moreover, the 
presence of carbon nanotubes in polymer matrix improve 
an interaction with proteins and subsequently with cells 
[1]. The aim of the work was to assessment of both adul 
human bone marrow-derived mesenchymal stem cells 
and human osteoblast like cells from line MG63 response 
to polysulfone (PSU) and poly(tetrafluoroethylene-co-di-
fluoroethylene-co-propylene) (PTFE-PVDE-PP) compos-
ites containing multi and single wall carbon nanotubes. 
The presence of carbon nanotubes inside polymer ma-
trices change the surface parameters such as wettability, 
roughness in micro and nano scale and the resulting cel-
lular response the obtained composites. Both PSU-based 
and PTFE-PVDE-PP-based composites containing dif-
ferent concentration of carbon nanotubes are character-
ized by better cellular proliferation and viability and they 
have better cells morphology and adhesion compare to 
pure polymers samples. The obtained results indicated 
that PSU-based and PTFE-PVDE-PP-based composites 
containing single and multi wall carbon nanotubes could 
be considered as potential material for bone tissue regen-
eration.
References:
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Cartilage disease like osteoarthritis, represents crucial 
clinical problem. It is necessary to investigate a transcrip-
tional activity of genes that are responsible for maturation 
and differentiation of chondrocytes in order to under-
stand processes that lead to the cartilage pathology. It is 
also significant for tissue engineering utilized in cartilage 
recovery. The most useful biomaterials are biodegradable 
synthetic polymers like aliphatic polyesters. However, 
traditional methods of their synthesis employ highly toxic 
tin compounds as initiators of polymerization. Complete 
elimination of these compounds from these polymers is 
practically impossible. The aim of our study was to ex-
amine application of porous three-dimensional scaffolds 
manufactured from copolymer of L-lactide and glycolide 
(PLG) synthesized with the use of non-toxic zirconium 
compound as an initiator. Evaluation of differentiation of 
human chondrocytes growing on polymer materials was 
done by estimating transcritptional activity of collagen I 
and aggrecan genes. We also used variety cell culture con-
ditions to determine influence of selected chemical factors 
like fetal bovine serum (FBS), TGFβ1, dexamethasone, so-
dium butyrate on the expression of selected genes. Colo-
nization of biodegradable scaffolds by cells was estimated 
using confocal microscopic analysis and 3D image con-
struction Real-time PCR based on SYBR GREEN method-
ology was applied to analyze quantitatively the transcript 
levels of aggrecan and collagen I genes. The transcription 
of GAPDH gene was used as endogenous control. The ef-
ficiency-corrected comparative quantitation method was 
used to analyze the relative changes in gene transcrip-
tion. Generally, chondrocytes adhered, proliferated and 
migrated in scaffolds manufactured from PLG. Real-time 
PCR analysis demonstrated that the expression of gene 
encoding aggrecan, increased in scafolld culture with 
medium containing serum. However, scafolld culture 
had lower expression of collagen I and aggrecan genes in 
serum free medium (with TGFβ1 and dexamethasone) in 
comparison with control. Chondrocytes have been shown 
to lose their phenotype in low-density culture, which ap-
peared in high expression of collagen I. High-density 
culture, and growth in scafolld culture promoted the ex-

pression of chondrocyte-specific aggrecan. Cells regained 
their differentiated phenotype. Sodium butyrate had a 
significant influence on chondrocyte phenotype, which 
was shown in decreased expression of extracellular ma-
trix proteins genes. 
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Hydrogels are cross-linked three-dimensional macromo-
lecular networks that contain a large fraction of water 
within their structure. One of the most important prop-
erties of alginate hydrogels, leading to their broad ver-
satility, is their ability for controlled uptake, release and 
retention of molecules. This ability, in turn, is due to spe-
cific interactions of the macromolecular network with the 
diffusing or retained molecule. 
Raman spectroscopy has been employed to characterize 
the diffusion properties of solutes in hydrogels. Besides 
their application in the food sector, they are used in many 
biomedical, pharmaceutical and technical areas; for ex-
ample, as a natural tissue or drug carriers. In the latter 
case, controlled release of drugs from a wound dressing 
is of particular interest – or ion exchange between the 
drug and the structure of the dressing.
Raman active vibrations were used to show the areas re-
sponsible for the penetration of the model azo-dyes (based 
on non-genotoxic benzidine analogs) within Ca-alginate/
carboxymethylcellulose Medisorb A wound dressing. In 
this case, the intensity of the stretching bands was used 
to obtain the concentration profiles of the model dye in 
alginate/carboxymethylcellulose gel (Medisorb A). 
The characteristic band at 1511 cm-1 indicates that new 
band positions were observed following dye adsorption 
on wound dressing. 
The Raman spectra of alginate immersed for different 
times in Ringer’s solution reveal peak shifts. Differences 
in peak shapes and the appearance of new bands are ob-
served as the sodium content increased. Raman spectra 
give direct information on the exchange process. There 
are also new peaks appearing at 1024 cm-1 in the spectra 
after the release studies. This could, therefore, correspond 
to a partial bonding between sodium and oxygen atoms 
(the guluronic units originate a band at approximately 
1025 cm-1).
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The aim of this study was preliminary biochemical char-
acterisation of butyrylchitin — an ester derivative ob-
tained from honey bee corp chitin. Chitin isolation and 
its chemical modification was done at the Technical Uni-
versity of Łódź, Poland. The investigations were carried 
out to examine the potential use of this compound for 
production of bioactive medical dressing materials. The 
experimental work was performed in two areas. First, it 
was important to verify any potential risk of allergenic 
properties of butyrylchitin as caused by protein and/or 
peptide occurrence. Quantitative and preliminary quali-
tative protein/peptide assessments were made employing 
several different, independent techniques: fast protein 
liquid chromatography (FPLC), gel electrophoresis (SDS/
PAGE), Lowry, Bradford, UV-absorption and fluorescence 
spectroscopies. The content of peptides and proteins was 
close to determination threshold; however, based on the 
above analyses the presence of traces of these compounds 
could not be excluded completely. A slight level of pos-
sible phenolic impurities was also detected, which ap-
parently resulted from the presence of residual melanin.
The second field of our interests was the determination 
of possible antioxidative activity of the examined com-
pound. The melanin fraction might be responsible for 
any free-radical scavenging activity of butyrylchinin 
solutions. The measurements were performed using an 
L-band electron paramagnetic resonance (EPR) spectros-
copy. The antioxidative activity was expressed as ampli-
tude reduction of DPPH (2,2-diphenyl-1-picrylhydrazyl) 
signal in a quenching reaction. Our studies unexpectedly 
revealed no significant activity as compared with the re-
actions involving the well-known antioxidants: green tea 
and ascorbic acid. Possibly, the loss of melanin antioxida-
tive potential was due to chemical modifications during 
technological purification and derivatization of honey bee 
chitin.Taken all the collected data together, it appears that 
a more thorough biochemical, immunological and clini-
cal testing is still required for evaluation of butyrylchitin 
applicability. Such detailed research is planned to enable 
the implementation of honey bee chitin-based biomateri-
als.



Vol. 55       83EuroBiotech 2008

P3.4

Applicability of trypsin, sodium 
dodecyl sulphate and tartaric acid in the 
processing of bovine pericardium

Artur Turek1, Beata Cwalina2, Andrzej 
Marcinkowski3, Barbara Trzebicka3

1Department of Biopharmacy, Sosnowiec, Medical University 
of Silesia, Poland; 2Environmental Biotechnology Department, 
Silesian University of Technology, Gliwice, Poland; 3Centre 
of Polymer and Carbon Materials, Polish Academy of Science, 
Zabrze, Poland
e-mail: Beata Cwalina <aturek@vip.interia.pl>

The use of tissue scaffolds as tissue-derived biomateri-
als is relatively a new area in regenerative medicine. 
This type of scaffolds is routinely obtained by treatment 
of collagenous tissues with trypsin in sodium versenate 
(EDTA) or sodium dodecyl sulphate (SDS) in natrium 
chloride (NaCl). In this work, tartaric acid (TRA) has 
also been used to obtain collagenous scaffolds.Extracel-
lular matrix without cells and immunogenic components 
are used as a base for the cells growth. One of the most 
important features of these biomaterials is their surface 
properties. Interactions between surface of tissue scaf-
folds and components of blood or host tissues influence 
clinical properties of tissue-derived biomaterials. In this 
work, the influence of trypsin, sodium dodecyl sulphate 
(SDS) and tartaric acid (TAR) on the tissue topography 
has been investigated.The pericardium samples were 
treated with solutions containing: 0.05% trypsin and 
0.02% EDTA; 0.3% SDS and 0.09% NaCl; or 0.5% TRA and 
0.09% NaCl. The tissue surfaces were studied using the 
atomic force microscope (AFM) MultiMode 3 (di-Veeco, 
CA) which works in the tipping-mode.It was shown that 
the native tissue was composed of collagen fibers indicat-
ing characteristic D-banding pattern. Regular D-spacing 
of collagen fibers with the distance of 68–78 nm was ob-
served. Individual bands of fibers run parallely to each 
other. Trypsin and EDTA treatment of tissues resulted in 
non significant changes in surface morphology indicat-
ing regular D-banding pattern of collagen fibers. Gener-
ally, surfaces of connective tissue samples were free of 
the extracellular matrix debris. However, a small amount 
of extracellular matrix was visible between fibers. Addi-
tionally, the collagen fibers structure was clearly visible.
Solution containing SDS and NaCl influence changes in 
D-banding pattern. Stripes periodicity in the SDS-treated 
tissues was about 96 nm. TRA-treatment of bovine peri-
cardium caused separation of collagen fibers and other 
components of the extracellular matrix. Extracellular 
debris was not visible on the collagen fibers surface. Be-
sides, TRA did not result in the D-banding pattern and 
other morphological changes.
Obtained results suggest that the pericardium tissues 
treatment with trypsin, SDS or TAR leads to obtaining 
biomaterials usable for the cell cultures growth.
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Anthocyanins (ANT) are powerful biomaterial of defense 
against the reactive oxygen species, free radicals and are 
critical for maintaining health, benefit in prevention of 
several diseases.
The relationship between amount, composition of ANT 
in biomaterials and their antioxidative activity remains to 
be elucidate.
Black currant (Ribes nigrum L.) berries are rich sources of 
ANT [1].
The aim of this study was to evaluate the antioxidative 
activity of different cultivars (cvs.) black currant berries 
as dietary products in accordance to their time-span and 
ripening phases. Berries of cvs.: ‘Joniniai’ – a very early 
local, ‘Ben Lomond’ and ‘Ben Tirran’ – late introduced, at 
beginning of ripening, 50% of ripen, technical maturity 
and overripen phases were analyzed. Amount of ANT 
was determined by pH-differential method and calculat-
ed as Cy-3-Gl; the radical scavenging activities (%) – us-
ing 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay [3]. 
Direct measurement of scavenging free radical by antioxi-
dants presented in the samples of ANT from tested cvs. 
berries revealed: all of them have high antioxidant capac-
ity in the pink phase. It reaches 76% of 6.5×10-5 M DPPH 
at ANT conc. 9–10 mg/l in ‘Joniniai’, and about 64–72% in 
later ripening. The antioxidative activity of ANT outfaces 
the analogous concentrations of synthetic antioxidant — 
butylated hydroxytoluene, natural — ascorbic acid and 
Cy-chl. 
During the two next ripening phases the conc. and 
amount of ANT in berries increases. At least twice — in 
technical maturity phase. Comparative study of the ANT 
relative unit (100 μg) activity leads to the supposition 
that not always there is direct correlation between total 
amount of ANT and their antioxidative activity. Possibly, 
it depends on chemical composition of separate ANT, 
their proportion and may be influenced by other natural 
antioxidants [1] existing in these berries. In overripe ber-
ries the antioxidative activity may be decreased and this 
feature maybe related with degradation of one from four 
major components of ANT. 
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Graded implants are new group of materials. Their struc-
ture and properties have very similar features to natural 
tissue. Because of the degradation time, possibility of 
porosity control, and also mechanical properties graded 
materials seem to be promising biomaterials for bone 
implants [1,2]. High biological and mechanical require-
ments are difficult to fulfill by typical biomaterials (ce-
ramics, metals, polymers). However, some composites 
based on resorbable polymers guarantee high biocompat-
ibility, easy postoperative diagnosis (RTG) and suitable 
mechanical properties [3]. The preliminary study about 
resorbable graded materials with controlled porosity 
showed that introduction of modifying phase (alginate 
with changing of volume fraction) into polymeric matrix 
changes some different properties (mainly the gradient of 
porosity). Such behavior is caused by various resorption 
time of modifying phase (shorter) and matrix (longer). 
Formation of the porosity structure in in vivo condition 
can lead to a tissue regeneration. Composites were ob-
tained by addition of different volume fraction of sodium 
alginate powder into PGLA matrix in a hot press mould-
ing process. The mechanical properties of cubical shape 
samples were measured. Velocity of ultrasonic wave was 
determined for each layer of graded composite. Materi-
al’s durability in in vitro condition was estimated (water 
and Ringer solution /37°C/2 months). The results from 
the earlier research [4] showed that in the consequence 
of controlling different volume fraction of biopolymer 
(NaAlg) it is possible to regulate some properties (e.g. 
microstructure, time degradation, mechanical properties 
and porosity in situ). The mechanical test of graded sam-
ples demonstrated that for each investigated sample the 
strain increased with constant strength. The strain value 
depends on the layer setting of the modifying phase in the 
graded composite. The durability examination showed 
that the little volume fraction of alginate was added the 
faster degradation process was observed. Moreover, even 
after two months’ in vitro incubation the porosity gradi-
ent stayed at the same initial level.
References: 
1. Wen B et al (2004) Polymer 45: 3359–3365.
2. van Tienen TG et al (2002) Biomaterials 23: 1731–1738.
3. Teneketzis Tenek L et al (2001) Composite Struct 53: 189–197.
4. Ziabka M et al (2008) 8th World Biomaterials Congress.

Acknowledgement: 
This work was supported by research project: 0408/R/2/
T02/06/01. 

P3.7

The role of sulphur-oxidizing bacteria in 
transformation of phosphorus compounds

Małgorzata Pacholewska1, Beata Cwalina1, Jerzy 
Cabała2, Maria Sozańska1, Grażyna Bzowska2

1Faculty of Materials Engineering and Metallurgy, Silesian 
University of Technology, Poland; 2Faculty of Earth Sciences, 
University of Silesia, Poland
e-mail: Malgorzata Pacholewska <malgorzata.
pacholewska@polsl.pl>

The metabolic activity of autochthonous microflora set-
tled on the surface of flotation tailings ponds seems to play 
an important role in the migration of metal ions as well 
as transformation of the secondary mineral phases. For 
a better understanding of both processes, our researches 
focused on the influence of the sulphur-oxidizing bacteria 
of species Acidithiobacillus thiooxidans strains C1 and B1 
on the transformation of the mineralogical composition 
of residues precipitated from the Waksman/Joffe (W/J) 
liquid nutrient medium used in cultivation process of 
bacteria. 
Scanning electron microscopy (SEM), energy disper-
sive spectrometry (EDS), X-ray diffraction (XRD) were 
employed to characterize the structure and mineralogi-
cal composition of deposits obtained from liquid nutri-
ent medium. The functional groups were detected by a 
Fourier transformed infrared spectroscopy (FTIR). SEM 
observations demonstrated that crystals containing S, P, 
K, Fe in the solid products of biochemical reactions were 
formed. The elemental sulphur was abundant on the 
external and internal surface of products. XRD results 
revealed that crystals after elimination of sulphur were 
containing phosphorus compounds (FePO4, KFeP2O7), 
whereas another phosphorus compound (KPO3) by ster-
ile conditions was observed. 
The product of biochemical reaction exhibited by FTIR 
spectra in range of 500 to 1350 cm-1 showed the presence 
of phosphates groups, however the control experiments 
did not reveal any phosphates compounds formation. 
Our experimental results suggested that sulphur-oxidiz-
ing bacteria Acidithiobacillus thiooxidans can have an in-
fluence on the composition of solid deposits formed as 
a result of bacterial metabolism products from the liquid 
nutrient medium W/J and they can induce the formation 
of crystalline phosphorus compounds as compared with 
the sterile system.
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Active packaging is one of the innovative food packag-
ing concepts that goes forward to consumer expecta-
tions regarding high quality of food products. Such food 
packaging can provide several functions that do not exist 
in conventional packaging system. The active functions 
may include e.g. antimicrobial activity. Active packaging 
materials contain within their mass or on their surface, 
preservatives which can migrate partly or completely 
into food and in this way extend their shelf-life. The ob-
jective of these investigations was to obtain gelatin films 
with silver or chitosan, and to determinate their antimi-
crobial properties. It was shown that bactericidal effect 
of fish gelatin films containing silver increased with an 
increasing concentration of silver. Both unplasticized and 
plasticized films with glycerol and with addition of 0.2% 
silver caused reduction of cells numbers of Escherichia coli 
and Staphylococcus aureus by about 90% under surface of 
disc films. Inhibition zone of bacterial growth around 
disc films was not observed. In case of chitosan and fish 
gelatin-chitosan films, their antimicrobial effect depend-
ed on deacetylation degree (DD) of chitosan. The growth 
of E. coli and S. aureus cells was completely inhibited un-
der surface of disc films prepared with chitosan or gela-
tin-chitosan with DD of 96%. Lesser effect against E. coli 
cells was shown when one- or two-component films with 
chitosan of 73% DD were applied. There were 50% less of 
living cells of this strain under surface of chitosan films 
as compared to control sample. Gelatin films with addi-
tion of this chitosan did not inhibit E. coli cells growth. 
Gelatin-chitosan (DD 96%) films cross-linked with trans-
glutaminase inhibited growth of E. coli and S. aureus only 
partially. The number of cells decreased by about 90 and 
50%, respectively.
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The effect of cross-linking of fish-skin gelatin and soy 
protein, casein, albumen protein or pectin with trans-
glutaminase (TGase) on solubility, mechanical and bar-
rier properties of prepared films was determinated. To 
compare, the parallel experiments were made with films 
chemically modified with 1-ethyl-3-(3-dimethylamino-
propyl) carbodiimide (EDC). Addition of TGase or EDC 
into two-component film-forming solutions caused gela-
tion observed as a sharp increase of the viscosity, up to 
800 mPa*s. Gelling time depended on composition of 
film-forming solutions and presence of reducing agents 
(cysteine or dithiotreitol). The shortest time for enzymatic 
cross-linking was observed for gelatin-albumen protein 
mixture with addition of cysteine — about 3 min, while 
chemical modification was the most effective in case of 
gelatin-pectin composites, just few seconds. The solubil-
ity of unmodified gelatin-protein films in buffer, at pH 
3 and 6, at room temperature, after 24 h incubation was 
90%, while gelatin-pectin films were dissolved in 70 and 
80% at pH 3 and 6, respectively. The treatment of the com-
ponents of gelatin-protein films with TGase resulted in 
limiting of the solubility down to 20–30%. The presence 
of the reducing agents in the reaction environment caused 
further decrease of the solubility, to 5–15%. Cross-linking 
of gelatin-pectin films in such conditions was less effec-
tive and reduced their solubility to 50–60%. Two-compo-
nent films modified with EDC were soluble in 15.5–27% 
at pH 3 and 13–18.5% at pH 6. Addition of studied natu-
ral polymers had no considerable effect on water vapour 
permeability (WVP) of fish-skin gelatin films. The water 
barrier properties of two-component films were not im-
proved by cross-linking of composites neither with TGase 
nor with EDC. Gelatin-pectin films modified with TGase 
and gelatin-soy proteins films modified with EDC had 
even 20% higher WVP as compared with unmodified ma-
terials. Tensile strength (TS) of the two-component films, 
unmodified and modified with TGase or EDC depend-
ed on polymer composition, while all of them had low 
elongation, of about 1%. The highest TS was observed for 
gelatin-soy protein films, about 21 MPa, whereas the low-
est TS was measured for gelatin-albumen protein films, 
about 4 MPa.
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Instead of glutaraldehyde (GA), tannic acid (TA) was pro-
posed to modify extracellular matrix in order to stabilize 
the structure in collagen-rich tissues. TA and GA indicate 
similar range of action. Moreover, the TA-usage for the 
tissues stabilization reduces biomaterials calcification. 
Besides, TA is less toxic in comparison with GA.Porcine 
pericardium was stabilized with the TA 2% water solu-
tion, for 4, 24 and 48 h, at the temperature of 4oC. Struc-
tural changes after TA-modification were investigated 
using SDS/PAGE electrophoresis. Gel was stained with 
silver. Morphological features were investigated using 
light microscope at 400× magnification. Tissue sections 
were stained with Harris hematoxylin and erythrosine 
(H&E) or aldehyde fuchsine (AF).Microbiological studies 
were carried out to evaluate contaminants in tissues. Tis-
sue suspension was placed in universal liquid medium, 
Signal Blood Culture System (Oxoid, England). Simul-
taneously, the same tissue suspension in 0.01 ml volume 
was placed in the media: Columbia Agar with 5% sheep 
blood, Mac Conkey Agar, Mannitol Salt Agar, Sabour-
aud Agar (bioMèrieux), and incubated under aerobic or 
anaerobic conditions at the temperature 37°C, for 48 h. 
Stress changes in the pericardium were investigated dur-
ing TA-modification process using specially constructed 
system with tensiometer. It was shown that the TA-stabi-
lization did not result in significant qualitative changes in 
electrophoretic profiles of peptides released from modi-
fied tissues as compared with native tissue. However, 
time dependent decrease in the electrophoretic patterns 
of extracted peptides was denoted. Morphological ele-
ments were correctly preserved. However, changes in an 
arrangement of connective fibres were observed. H&E 
staining revealed parallel arrangement of connective tis-
sue fibres in the TA-treated samples. Furthermore, these 
fibres were ordered and slightly separated. However, the 
tissues modification resulted in the elastic fibres elonga-
tion and disappearance of their undulation. Microbio-
logical studies revealed sterilizing effect of the TA-action 
on a tissue after 4 h. Measurement of stress changes dur-
ing the pericardium treatment with TA showed that it is 
a three-stage process; the first stage was significant and 
connected with dynamic cross-linking processes.
Generally, the pericardium treatment with TA results in 
the increased tissue stability.
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The new generation of biomaterial designed for intra-
corneal ophthalmological implant was invented. This 
biomaterial was applied for glaucoma treatment by the 
nonpenetrating deep sclerectomy method (NPDS). The 
biomaterial was prepared in a form of polymeric mem-
brane with open capillaries pore system. Due to that, 
intereyeball fluid flow can occur according to pressure 
gradient and physiological intereyeball pressure is kept. 
Preclinical investigation with the rabbit as the clinical 
model for validation and confirmation of the results ob-
tained in vitro was performed. The original surgery mod-
el was worked up for this aim — PDS with intracorneal 
terpolymer implant.
The right or left eye was randomly assigned for non-
penetrating deep sclerectomy with terpolymer implant, 
the other eye was used as a control (the same operation 
without implant). The deep anaesthesia was induced 
with intramuscular injection of ketamine and xylazine 
(30 mg/kg and 5 mg/kg, respectively). The anesthesia was 
prolonged with intravenous ketamine and butorphanol 
(30–35 mg/kg and 0.5 mg/kg, respectively). The 0.5% 
proxymetacaine solution (3drops/eye) was used as addi-
tional local anaesthesia. Two bridle sutures (8–0) were put 
in the cornea. The conjunctiva was incised at 12 hour at 
the distance of 10 mm from the border of conjunctiva. The 
superficial lobe of cornea (size 5×5 mm and the thickness 
of 1mm) was prepared. The deep lobe of cornea with par-
tial uncovering of ciliary body was dissected (the change 
of traditional NPDS). The triangle terpolymer (4×4×4mm) 
was implanted with three single sutures (9–0). Two single 
sutures were put on the superficial lobe of cornea. The 
conjunctiva was sutured with continuous stitch. Bridle 
sutures were removed. The analgesics (tramadol 1.0–2.0 
mg/kg) and antibiotics (amikacin 10.0 mg/kg and ce-
furoxim 25.0–50.0 mg/kg) were administered to heal the 
wound (min. 7days).
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The application of NPDS in ophthalmological surgery al-
lows for decreasing the number of complications and in-
creasing the safety of the patients operated on glaucoma. 
Synthetic terpolymer implant for the use in intracorneal 
NPDS was invented. For the long-term-use, the material 
applied as cornea implants have to withstand the static 
and dynamic pressure changes and also to be stable in 
biological environment. We present the description of 
the first rabbit that underwent the NPDS operation with 
and without use of terpolymer implant. One male New 
Zealand rabbit, was treated with the originally developed 
surgical model for NPDS with the use of terpolymer im-
plant. The right eye was assigned for implant (NPDS + 
implant), the left one for a control (NPDS without im-
plant). The animal was anaesthetized with ketamine and 
xylazine. The triangle terpolymer was implanted deep 
intracorneal. The analgesic (tramadol 1.0–2.0 mg/kg) and 
antibiotics (amikacin 10.0mg/kg and cefuroxim 25.0–50.0 
g/kg) were administered to heal of the wound (5 days). 
Additionally 0.3% tobramycin and 0.1% dexamethason 
were administered as the eye drops (2–3 drops, 2-times/
day) up to 14 days after surgery. The wound healing, re-
sponse of the tissues to the implant and the difference 
between the right and the left eye were evaluated. Any 
complication after NPDS+implant did not take place, the 
wound healing took a course physiologically, as in the 
case of NPDS without implant. The obtained results al-
low to carry out second phase of investigation terpolymer 
implant-preclinical phase with rabbit. 
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Titanium is more frequently applied for medical implants 
because of the good mechanical properties, low density 
and the best biocompatibility of all metallic materials [1]. 
Porous titanium, thanks to a microstructure and lower 
Young modulus can better join and interact with bone 
tissue. When porosity of material mimics bones micro-
structure it may initiate progressive tissue overgrowing 
process. Additionally titanium modification by bioactive 
phases can improve biological properties of metal and al-
lows obtaining the stronger bone-implant interface [2]. 
Porous titanium modified with hydroxyapatite were in-
vestigated. Materials were produced using the powder 
metallurgy. The mixture of starting powders titanium 
and ammonium bicarbonate were isostatically pressed 
and then thermally treated in vacuum up to 1200oC. The 
amount of porogen allowed to obtain porous titanium 
samples with different porosity. In the next stage samples 
were modified with bioactive phases by means of two 
methods: biomimetic hydroxyapatite growth from con-
centrated SBF and electrophoretic deposition of hydroxya-
patite. Third type of samples modification was obtained 
by introducing hydroxyapatite in initial technological 
stage. Both titanium and hydroxyapatite powders were 
mechanically alloyed in an inert atmosphere, pressed and 
then thermally treated [3]. After the thermal treatment, 
the samples modified with HAp in volume had very brit-
tle and deflating outer shell and were fairly sensitive to 
handling. Their mechanical properties were not sufficient 
for medical implants which fulfil biomechanical function. 
Surface modified titanium had much better mechanical 
properties. Electrophoretic deposition allowed to obtain 
thin but homogenous apatite layer on the titanium while 
apatite deposited from concentrated SBF was not evenly 
distributed and formed insulated growths on the surface. 
In vitro tests carried out in SBF confirm biological activity 
of obtained porous titanium modified with hydroxyapa-
tite and show faster growing of apataite in comparison 
with pure titanium. Such materials can be used as bone 
defect filling which can transfer stresses. 
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Black currant (Ribes nigrum L.) berries are the source of 
bioactive components. Anthocyanins and antioxidative 
enzymes produce a positive effect upon human healt-de-
toxify reactive oxygen species. 
Berries of 10 black currant cultivars were investigated re-
garding the activity of antioxidative SOD enzyme in poly-
acrilamide gel according to Beauchamp and Fridovich [1]. 
Total content of anthocyanins in specimens extracted from 
various berries by acidified to 0.1 N HCl methanol has 
been determined spectrophotometrically using pH-dif-
ferential method and calculated as Cy-3-Glu. The oxida-
tive activity of prepared anthocyanins specimens and its 
retention possibility in re-extracts has been specified bio-
chemically using 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
model system assay. Action of anthocyanins from black 
current berries on proliferation activity of Allium cepa 
cells was investigated according to the method of Glin-
ska et al. [2]. Four SOD isoforms have been determined in 
berry skin of Lithuanian origin cultivars ‘Pilėnai’ ‘Vyčiai’, 
‘Kriviai’; they enrich berries of these cultivars with higher 
antioxidative activity. The cultivar ‘Kriviai’ differs from 
the ten investigated species in particularly high antioxi-
dative activity of isoenzymes SOD-1 and SOD-2 present 
in berry skins. Our investigations with anthocyanins 
showed significant differences among black current cul-
tivars of the Lithuanian origin. The most positive results 
are obtained by anthocyanin fraction from the cultivars 
‘Kriviai’ and ‘Joniniai’. It shows unequal protective qual-
ity of berry production from different cultivars and ne-
cessity of general investigations of antioxidant activity of 
berry production from different cultivars. 
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Nanocomposites are the class of hybrid materials com-
posed of organic polymer matrix imbedded with inor-
ganic materials with have at least one dimension in the 
nanometer range.Nanocomposites made of resorbable 
polymers may become good alternative materials for 
scaffolds growing bone cells, seen their mechanical and 
bioactive properties superior to conventional materials. 
It is already known that such materials containing nano-
scale components, show very good osteointegration and 
stimulate the osteoblasts adhesion.
Bone tissue itself is a typical nanocomposite seen both its 
structure and composition, as it is based on collagen, con-
taining hydroxyapatite nanocrystals. Since the discovery 
of this nanocomposite structure of the bone tissue, the de-
sign of bone implants and scaffolds concentrates on this 
specific group of materials. 
Polymer nanocomposites containing hydroxyapatite 
(HAp) constitute a particularly large and interesting 
group, including, among others: PLA/collagen/HAp, 
alginates/collagen/HAp, chitozan/Hap, gelatine/HAp, 
PCL/HAp, PLA/HAp. Bone implant scaffolds made of 
these materials contain pores of the size allowing oste-
oblasts to penetrate inside the implant and their growth. 
During the next stage, the ingrowth of blood vessels oc-
curs inside the defect filled by the implant. After fulfilling 
the role of a scaffold, polymer resorbable matrix under-
goes a self-decay process, and the implant is replaced by 
patient’s own bone tissue.Wollastonite is biocompatible 
material which may become an interesting alternative to 
hydroxyapatite, in particular due to high velocity of apa-
tite formation on its surface after incubation in SBF liquid, 
higher than in the case of other materials such as glasses 
and glass-ceramics. 
The aim of this work was to obtain a new resorbable poly-
mer/ceramic nanocomposite for medical use in the field 
of regeneration of bone tissue. Wollastonite nano-powder 
was used as a modifier of poly-(ε-caprolactone). Wollas-
tonite may be prepared by controlled pyrolysis of silicon 
organic precursors with active fillers (silica,calcium hy-
droxide).Obtained materials are characterized by physi-
cochemical, mechanical and bioactive features. The PCL/
nanowollastonite composite may constitute a suitable 
candidate material for 3D porous scaffold for application 
in regenerative medicine and bone tissue engineering. 
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The work demonstrates preliminary results on manu-
facture and assessment of mechanical properties of the 
composite consisted of polyurethane as a matrix and 2D 
carbon fabric as a reinforcement (TPU/carbon fabric).
Due to good mechanical properties and thromboresistant 
properties polyurethanes are used e.g. in vascular sur-
gery. In this work an elaboration of composite material 
with use of biocompatible polyurethane and 2D carbon 
fabric was carried out. Such a composite can be used for 
manufacture of load bearing implants. To prepare the 
composite samples method of compression moulding 
was used. Two kinds of composites were obtained that 
varied depending to reinforcement texture design: bidi-
rectional texture composite and multidirectional texture 
composite.
Three series of composites were obtained, varying ac-
cording to moulding temperature, at a constant pressure 
of 1.5 MPa. Mechanical properties of the composites were 
determined with the use of testing machine (static meth-
od) and with use of ultrasonic device (non-destructive 
method). In the case of 0/90 type of the samples the de-
termined bending strength ranged from 129 MPa to 285 
MPa, whereas for type 0/90/±45 composites from 107 MPa 
to 205 MPa. The static Young’s modulus for the composite 
samples ranged from 16 GPa to 36 GPa for type 0/90 com-
posites and from 12 GPa to 24 GPa in case of type 0/90/±45 
composites. Bending strength and static Young’s modulus 
show strong influence of the forming temperature. The 
optimal temperature was determined to be in the range 
from 240–260°C. Decrease of the temperature moulding 
leads to a significant decrease of mechanical properties, 
especially when the temperature is about 220°C. The 
composites demonstrated comparable dynamic Young’s 
modulus measured horizontally to sample surface. Dy-
namic Young’s modulus measured horizontally to the 
sample surface shows slight differences between the sam-
ples, which indicates on weak dependence between lon-
gitudinal elasticity and the composite structure as well as 
processing conditions. On the contrary, dynamic Young’s 
modulus measured perpendicularly to sample surface 
show strong relationship between transversal elasticity 
and processing conditions, especially temperature.
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In the article novel rapid prototyping technique — Robo-
casting — as a method for controlled porosity bioceramic 
structures manufacturing is presented. The research was 
focused on elaboration and implementation of hydroxya-
patite (HAp) porous structures fabrication process. HAp 
was chosen because of its bioactivity so in the future such 
material might be used as an implant. Preparation proc-
ess, thermal treatment, physical characterization (geom-
etry, macrostructure) and mechanical description (3pts 
bending) of manufactured samples is attached. Prelimi-
nary tests have proven that Robocasting allows to fabri-
cate three-dimensional structures with controlled poros-
ity and arbitrary shapes made of HAp. This technique not 
only shortens the time of an implant preparation but also 
gives higher quality and precision than other commonly 
used methods. What is more, having computer tomogra-
phy data it is possible to prepare one-and-only so called 
“personalized implant” designed and manufactured in-
dividually for a particular case (patient), absolutely fitted 
in shape and functions. 
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A wide range of applications of bacterial cellulose synthe-
sized by Gluconacetobacter xylinus is the main reason why 
many researches focuses on finding out the mechanism 
and regulation of this polimer synthesis. Under agitated 
culture conditions G. xylinus loses its ability to synthesize 
cellulose and begins to form non-cellulose producing cells 
Cel-. This phenomenon is associated with the regulation 
of gene expression on transcriptional and translational 
level. The study of the functions of proteins responsible 
for bacterial cellulose synthesis could be very helpful in 
the understanding of this issue. In our study of the above 
mentioned proteins first we isolated the membrane pro-
tein fraction (obtained both from cells Cel+ and Cel-), and 
separated them by the 2-D electrophoresis in the range 
pH 3–10. These proteins which in the electrophoretic 
picture differed from the proteins profiles were isolated 
and analyzed by mass spectrometry. The obtained results 
suggest the presence of the PhoP-PhoQ two-component 
regulatory system in G. xylinus cells. The studies of for 
example Escherichia coli have revealed that this system of 
regulation controls the transcription of alternative sigma 
factor rpoS. The existence of PhoP-PhoQ in G. xylinus in-
directly indicates the presence of this alternative sigma 
factor in these bacteria. In other bacteria synthesizing cel-
lulose (for example in Salmonella) it was shown that the 
alternative sigma factor rpoS was playing an important 
role in the process of cellulose biosynthesis. On the ba-
sis of these information we made an attempt to identify 
alternative sigma factor rpoS in G. xylinus cells. Nucle-
otide sequence analysis of the PCR product revealed high 
homology with ATP-dependent Clp protease proteolytic 
subunit. Nevertheless this sequence does not match the 
sequence of alternative sigma factor. However, the pres-
ence of this subunit is also an indirect evidence of alterna-
tive sigma factor presence in the bacterial cells because 
this protease is necessary for its degradation.
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