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Abstract: Shape memory alloys belong to a group of smart, functional materials
with a unique ability to "remember" the shape that they had before the pseudo-elastic
deformation. Cu-Al-Ni shape memory alloys are today the only available high-temperature
SMA, showing good resistance to functional load, however their biomedical application is
still limited. Using melt spinning technique, thin Cu-Al-Ni ribbons can be produced directly
from the melt. The aim of our study was to evaluate the biocompatibility of Cu-Al-Ni

alloys in vitro.

Thin Cu-Al-Ni ribbons were produced by the technique of melt spinning and used
for the tests. The base alloy for casting of the same composition, but without shape memory

effect, was used as control.

The results of MTT test showed that Cu-Al-Ni base alloys (alloys control) almost
completely reduced metabolic activity of peripheral blood mononuclear cells (PBC), while
none of Cu-Al-Ni ribbons types showed a statistically significant effect on the metabolic
activity of cells compared with control (cells cultivated only in the medium). Rapid solidi-
fied ribbons with memory effect stimulate the production of proinflammatory cytokines,
but not Thl and Th2 cytokines by activated PBC. However, in addition to IL-1p, their
stimulatory potential is significantly lower compared to the control Cu-Al-Ni alloy.

Keywords: alloys, shape memory effect, biocompatibility.

1. INTRODUCTION

Cu-Al-Ni alloys with the shape memory effect
(SMAs) are now the only available high-temperature
SMA, which show good resistance to functional
load. In polycrystalline state they are very brittle and
in general show only a small reversible deformation.
By using the melt spinning technique, thin Cu-Al-Ni
strips can be produced directly from the melt. The
corresponding parameters of the casting can provide
single-layer columnar structure with a fibrous
texture, which significantly increases the maximum
reversible voltage in longitudinal direction.

Technical significance of most engineering
materials is based on their mechanical, electrical or
magnetic properties that would normally supposed
to be independent from environmental influences.

* Corresponding author: anatod2004@yahoo.com

Apart from these conventional materials, there is
another group called functional materials. These
materials are not as interesting due to their properti-
es under certain conditions, but much more how to
react to changes in the conditions. Among others,
the shape memory alloys belong to this group [1—4].

1.1 Cu-Al-Ni shape memory alloys

The most commonly used SMAs based on Cu
are Cu-Zn-Al and Cu-Al-Ni alloys. The last have
higher cost than the first, but the SMA alloys based
on Cu are the most resistant to reduction of functio-
nal characteristics due to the undesirable effects of
aging. Many characteristics of Cu-Al-Ni are inferior
to Ni-Ti SMA and alloys based on Fe. The biggest
disadvantage of polycrystalline Cu-Al-Ni alloys is in
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small reversible deformation (one-way memorized
effect: up to 4%, two-way memorized effect: only
around 1.5%), which occurs thanks to intergranular
fracture already at low average stress levels [5,6].

On the other hand, Cu-Al-Ni alloys have a
significantly lower price than the Ni-Ti alloys, and
are also today the only choice if high-temperature
transformation is required.

Fast curing involves a cooling rate of 10 K/ s
or higher. At high speeds cooling during solidifica-
tion and further cooling is available for a very short
time for the diffusion and approaching to
thermodynamic equilibrium. Therefore, rapid solidi-
fication can lead to formation of extremely fine mic-
rostructure, high mutual solubility (and super satura-
tion) in the solid state, less segregation, more
homogeneity appearance of a small number of or
without the occurrence of secondary phases and
condition, large concentrations of defects in network
and the corresponding chemical composition, as well
as amorphous or partially amorphous solidification.

1.2. Melt spinning

The term means different melt spinning
techniques in which a fine stream of melt solidifies
using a cooling gas, liquid or solid substrate to pro-
duce thin strips, wire or fiber. Among the most
commonly used procedures for the production of
rapidly solidified thin strips today is Planar Flow
Casting - Casting a flat course (PFC does not belong
to the methods of melt spinning) and Free Jet Melt
Spinning - Melt spinning with a free jet (FIMS also
referred to as the chill block melt spinning — CBMS-
Melt spinning with a cold block) [7, 8].

Conventional production of thin strips and
wires is going through many stages of rolling,
drawing and annealing. For all these reasons this is a
time consuming and expensive process. For alloys,
consisting of brittle intermetallic B phases, such as
Cu-Al-Ni, Cu-Zn-Al, Ni-Ti and more recently Fe-
based SMA, melt spinning is a particularly intere-
sting alternative. The best known method for produ-
cing thin strips directly from the melt is the chil-
Iblock melt spinning (melt spinning with a cold
block). In general, cooling rates during melt spin-
ning of Cu-Al-Ni, Cu-Zn-Al and Ni-Ti alloys are
large enough to provide a homogeneous [ phase
alloys in the composition, which in other cases
would lead to the occurrence of additional phases.
This allows the adjustment of the transformation
temperature by selecting the chemical composition
in wider range. At the same time, cooling rates are
not so great to cause undesired amorphous solidifi-
cation.

Based on an assumption that the new Cu-Al-
Ni SMA alloy prepared by ,melt-spinning*
technology could be applied as a biomaterial and
thus come in contact with tissues or body fluids, it is
necessary to examine its biocompatibility. Therefo-
re, the aim of this study was to investigate the
response of human peripheral blood cells (PBC) in
contact with the alloy. The specific aim of the study
was to investigate the biocompatibility of Cu-Al-Ni
ribbons with shape memory effect and their corre-
sponding control alloy of the same composition but
with no memory effect on PBC in vitro (direct
effect).

2. MATERIALS AND METHODS
2.1. Preparation of SMA samples

The experiment involved the following SMA
alloys and their control:

1. Cu-Al-Ni alloy control (Plates Smm x Smm
x Ilmm).

2. Cu-Al-Ni rapidly solidified ribbons of
castled condition (Smm x Smm x 0.1lmm) that are
not heated

3. Cu-Al-Ni rapidly solidified ribbons (5mm x
Smm x 0.1mm), heated at 900 °C for 2 min, harde-
ned in water and then heated during 2 h at a tempe-
rature of 300 °C and then hardened in water.

Alloy samples were rinsed in distilled water
and then cleaned using an ultrasonic device (5x per 3
min in distilled water). After this, alloys were dried
for 1h and then held for 30 min in 96% alcohol solu-
tion for disinfection. After drying, alloys were kept
in sterile Petri dish, separately, until their use in
experiments in direct contact with PBMNC.

2.2. Isolation of PBMNC

PBMNC were isolated from heparinized
blood from volunteer donors (n = 10), after their
written consent. Blood was diluted in RPMI medium
+ EDTA (1:3) and inflicted by a piece above the
layer lymphoprep gradient and then centrifuged at
800G for 20 minutes at room temperature.

Cells from the interphase zone (mononuclear
cells) were collected and rinsed three times in RPMI
medium without serum. Cell viability, evaluated
Trypan blue staining was greater than 98%.

2.3. Cultivation of PBMNC with the alloys

Cu-Al-Ni alloys were placed in the center
panel of 24 pools. After that PBMNC that were
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resuspended in RPMI medium + 10% FCS
(1.5x106/bazen; 500 ul) were added to the pool. The
ratio of the alloy surface to volume of medium was
1.0 cm2/ml. Parallel cultures were set up with stimu-
lators (PMA + Ca ionophore or LPS). Cells were
incubated with alloys within 24 hours and then their
metabolic activity and apoptosis were determined.

2.4. Culture of the total peripheral blood cells

Heparinized peripheral blood was diluted in
RPMI 1640 medium supplemented with 0.1% FCS
and 50 U / ml heparin; the ratio of blood: medium =
1:5. Diluted peripheral blood (n = 12 donors) was
cultivated with different alloy samples or without
alloys (control) in plates with 24 pools (volume 100
pl I, 1 cm2/ml) within 24 hours.

The combination of PMA (20 ng / ml) + Ca
ionophore (A23187) (1 uM) or LPS (250 ng / ml)
was used for the stimulation. After 24 hours, super-
natants were collected and stored at -70 °C until
determination of cytokine levels.

2.5. MTT assay

Metabolic activity of PBMNC was estimated
using the direct method. By the end of the incuba-
tion period (24 hours) 100 ul of MTT solution (Sig-
ma) was added to each pool. Pools with 100 ul of
MTT solution with alloys but without cells were
used as blank controls. Incubation lasted for 4h in a
thermostat at 37 °C. After this incubation period,
100 pl 1 0.1N HCI in 10% SDS (Na-dodecyl sulfate)
was added to the cultures. Plates were left overnight
and the optical density (OPD) developed color at the
wavelength 570/650 nm (ELISA reader Behring II)
was read the next day. The tests were performed six
fold, after which the mean value and standard devia-
tion (SD) was calculated.

2.6. Apoptosis tests

PBMNC were cultured in the RPMI medium
with 10% FCS in plastic plates for cell cultures with
24 pools for 24 hours as previously described. Apop-
tosis was determined by three different methods.

For morphological evaluation of apoptosis 10
ul cell suspension was mixed with 30 pl Turk solu-
tion. The solution fixes and stains the nuclei, ena-
bling a clear distinction between the chromatin
structure in viable and apoptotic cells. Cells with
condensed chromatin or fragmented condensed nuc-
lei were considered apoptotic cells. At least 500 cells
were examined in each sample and the results are
expressed as percentages.

The second method is based on the staining of
cells with propidium iodide (PI). This method is
based on the detection of DNA fragmentation as
well as the end stage apoptotic cycle. Cells with
hypodiploidnim nuclei (sub-GO peak) represent
apoptotic cells [9]. After rinsing the cells in phosp-
hate buffer 500 pl PI (10 mg / ml) dissolved in
hypotonic solution (0.1% sodium citrate + 0.1% Tri-
ton-X solution in distilled water) is added in the cel-
lular residue After incubation for 4 hours at room
temperature in the dark, cells were analyzed by flow
cytofluorometry.

The detection of different stages of apoptosis
and necrosis was done using an Annexin—FITC/PI
kit (R&D).

2.7. Detection of cytokines

Levels of cytokines (IL-1p, IL-2, IL-4, IL-5,
IL-6, IL-8, IL-10, IL-12p70, TNF-0, TNF-B, IFN-y)
were determined by using Th1/Th2 cytomix based
immunospheres coated anti-cytokine antibodies and
flow cytometry.

The analysis was performed following the
manufacturer's instructions. The standard curve was
based on the known concentrations of cytokine that
were added to micro spheres which are an integral
part of cytomix sets.

2.8. Statistical analysis

All values are given as means £ SD. The
number of samples was 4-6. Student’s t-test and
ANOVA were used to evaluate the differences
between the experimental and corresponding control
samples. Values at P < 0.05 or less were considered
statistically significant.

3. RESULTS AND DISCUSSION

The results of MTT test showed that Cu-Al-
Ni-base alloy (alloy control) almost completely
reduced metabolic activity of PBMNC while none of
Cu-Al-Ni tape types displayed a statistically signifi-
cant effect on the metabolic activity of the cells
compared to the control (cells cultured only in the
medium) (Figure 1).

The spontaneous apoptosis of unstimulated
PBMNC was low, and this process was significantly
potentiated in the presence of control Cu-Al-Ni alloy
(p <0.005). In contrast, Cu-Al-Ni ribbons did not
show any significantly proapoptotic effect (Figure
2). PBMNC stimulation with PMA + Ca ionophore
resulted in a significant increase in spontaneous
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apoptosis of control cells and potentiating proapop-
totic effect of the control alloy. Again, the ribbons
did not modify the apoptosis (Figure 3). LPS did not
significantly modify the spontaneous apoptosis of
PBMNC, nor did examined Cu-Al-Ni alloys have a
different effect compared to unstimulated cultures
(Figure 4).
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Figure 1. The effect of Cu-AIl-Ni alloy on metabolic
activity of human PBMNC (direct contact) determined by
MTT test
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Figure 2. The effect of Cu-AI-Ni alloy on apoptosis of
human non-stimulated PBMNC (direct contact) examined
by morphological analysis of cells
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Figure 3. The effect of Cu-AIl-Ni alloy on apoptosis of
PMA+Ca ionophore stimulated human PBMNC (direct
contact),examined by morphological evaluation of cells
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Figure 4. The effect of Cu-AI-Ni alloy on apoptosis of LPS
stimulated human PBMNC (direct contact), examined by
morphological evaluation of cells

*#*=p<(.005 compared with control

Similar results were observed when apoptosis
was evaluated on the level of DNA fragmentation
(Figures 5, 6 and 7). When apoptosis and necrosis
was determined using Annexin - FITC / PI kit, the
percentage of double positive cells was increased
(cells in the late stages of apoptosis - secondary nec-

rosis), and only in cultures with control Cu-Al-Ni
alloy (Table 1).
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Table 1. Effect of Cu-AIl-Ni alloys on apoptosis/necrosis of human PBMNC (using direct contact) studied by staining
with Anexin V-FITC and Pl

Non-stimulated culture
Sample AP cells % AP cells % AP cells %
Control 159+6.2 4.45+0.65 0.3+0.1
Base alloy 11.2+1.8 24.55 £ 5.55%** 1.1+£0.8
Ribbons as cast 11.75+4.75 4.15+0.85 0.15+0.15
SMA ribbons 13.1+3.1 40+04 0.2+0.1
PMA-+Ca ionophore — stimulated culture
Sample AP cells % A'P" cells % AP cells %
Control 18.25 £2.55 154+34 09+0
Base alloy 13.75 £3.65 51.25 £ 16.85%** 8.1£7.1*%
Ribbons as cast 17.6 £7.5 17.55+2.35 1.35+£0.25
SMA ribbons 18.55+5.65 18.95+4.45 1.05+0.15
LPS - stimulated culture
Sample AP cells % AP cells % AP cells %
Control 139+34 3.25+0.65 0.1+£0.1
Base alloy 124 +4.6 16.85 £ 1.75%** 0.85+£0.65
Ribbons as cast 15.55+£5.45 3.85+0.05 0.1+0
SMA ribbons 13.95+5.45 48+13 0.3+0.2
A = Anexin V-FITC; PI = Propidium iodide
*p=p<0.05; *** =p < 0.005 compared with control
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Figure 6. The effect of Cu-AI-Ni base alloy on apoptosis
of PMA+Ca ionophore stimulated human PBMNC (direct
contact), tested by the method of marking permeabilized
cells with Pl
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Figure 5. The effect of Cu-AI-Ni alloy on apoptosis of
non-stimulated human PBMNC (direct contact), staining
permeabilized cells with PI
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Figure 7. The effect of Cu-AI-Ni alloy on apoptosis of LPS stimulated human PBMNC (direct contact) examined by sta-
ining permeabilized cells with Pl
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Our results obtained in human PBMNC were
generally in agreement with our previous results on
L929 cells and cells of rodents [10], except that
PBMNC were more resistant to the toxic effects of
Cu and Ni ions than rodent cells. Undetectable
cytotoxic effect of ribbons with the shape memory
phenomenon is very promising for potential clinical
application of these alloys [11]. However the effect
of these alloys on production of proinflamatorry
cytokines and other mediators relevant to the immu-
ne response and the effects of prolonged incubation
of PBMNC with alloys remain to be examined in
some future research.

3.1 Cytokine production by peripheral blood
cells

The levels of pro-inflammatory cytokines (IL-
1B, IL-6, IL-8, TNF-a, TNF-B), Thl cytokines (IL-2,
IFN-y, IL-12p70) and Th2 cytokine (IL-4, IL-5,
IL-10) were determined in the culture supernatants
of the total peripheral blood. This method maintains
the general response of blood cells on alloy samples
and a basic screening for cytokine production. This
approach is important for all biomaterials that can
potentially be in contact with blood. Results of
proinflammatory cytokine levels are shown in Figu-
res 8—12.

Production of IL-1P in the presence of the
control Cu-Al-Ni alloy and rapidly solidified Cu-Al-
Ni ribbon was significantly higher compared to cul-
tures stimulated by PMA + Ca ionophore, without
alloy. However, when LPS was used for stimulation
of cells, both types of ribbons (heated and unheated
in the molded shape) have more stimulated produc-
tion of IL-1B compared to control Cu-Al-Ni platelets
which showed no stimulatory effect (Figure 8).

Production of TNF-a in PBC cultures stimula-
ted with PMA + Ca ionophore in the presence of all
types of alloys was significantly higher compared to
cultures without alloys. The potential of stimulation
of TNF-a was next the range from the highest: the
control plates - heated ribbons - ribbons molded into
shape. With LPS Stimulated cultures, the
stimulatory potential of the control plate and the
heated strip (although statistically significant) was
lower compared to cultures stimulated with
PMA + Ca ionophore (Figure 9).

Production of TNF-f in PBC cultures stimula-
ted with PMA + Ca ionophore in the presence of the
control alloy, but not the SMA ribbon, was
significantly higher compared to cultures without

alloy. Although the control plates stimulated the
production of TNF-B by the PBC, due to the high
variability between cultures, differences were not
statistically significant (Figure 10).

The production of IL-6 in PBC cultures stimu-
lated with PMA + Ca ionophore in the presence of
both types of SMA ribbon, but not in the presence of
the control alloy was significantly higher than in the
control cultures. However, different results were
obtained when LPS was used as a stimulant. Altho-
ugh all three types of alloys samples stimulated pro-
duction of IL-6, the effect of the control plates was
the highest (Figure 11).

The production of IL-8 in PBC cultures stimu-
lated with PMA + Ca ionophore was significantly
increased in the presence of all types of alloys and
no significant difference between the sample types
was observed. Similar results were obtained when
cells were stimulated with LPS-player. However,
under these experimental conditions, the stimulatory
effect of the control plates on the production of IL-8
was the greatest and the ribbons had significantly
less stimulatory effect on the production of
cytokines compared to the control alloy (Figure 12).

IL-1B

b

PMA + A23187

[ ] control control Cu-Al-Ni alloy
I RS Cu-Al-Ni ribbons heated
[ RS Cu-Al-Ni ribbons as cast

Figure 8. The effect of the Cu-AIl-Ni alloy on IL-1f pro-
duction on stimulation of peripheral blood cells

* = p < 0.05 compared with the control culture without
alloy
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Figure 9. The effect of Cu-Al-Ni alloy on TNF-a produc-
tion upon stimulation of peripheral blood cells

*=p<0.05; **=p<0.01; *** =p <0.005 compared
with control culture without alloy

¢=p<0.05 compared with control alloy

o = p<0.05 compared with ribbons as cast

# = p<0.05 compared with control alloy
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Figure 10. The effect of Cu-AIl-Ni alloy on TNF-f produc-
tion upon stimulation of peripheral blood cells

LPS
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Figure 11. The effect of Cu-AI-Ni alloy on IL-6 produc-
tion upon stimulation of peripheral blood cells

* =p <0.05; **¥* = p <0.005 compared with control cul-
ture without alloy

¢ ¢ =p <0.01 compared with control alloy
e =p < 0.05 compared with ribbons as cast
#=p < 0.05 compared with control alloy
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Figure 12. Effect of Cu-AIl-Ni alloy on IL-8 production
upon stimulation of peripheral blood cells
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* =p <0.05; *** = p <0.005 compared with control cul-
ture without alloy

¢ ¢ =p <0.01 compared with control alloy

# ## = < 0.005 compared with control alloy
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As it can be seen, the use of total peripheral
blood culture is a good model for testing
proinflammatory cytokine production by blood cells.
This test also indicates the necessity of using diffe-
rent stimulator cells. It seems that the combination
of PMA + Ca ionophore is better because it reflects
cytokine production by all cells. In contrast, the use
of LPS may be better considering the production of
proinflammatory  cytokines by  monocytes,
granulocytes and B cells.

It is also necessary to underline that individual
variation in the production of proinflammatory
cytokines depends on the different composition of
blood cells. The purpose of our future studies will be
to compare the production of proinflammatory
cytokines in the blood, but overall standardized to a
specified number of individual cell subpopulations
and test responses of individual cells to the harmful
effects of Cu-Al-Ni alloys.

The production of Thl cytokines (IL-2 and
IFN-y) and its inductor (IL-12p70) was analyzed in
the culture supernatants of PBC. As shown in Figure
13, the produced IL-2 in the cultures stimulated with
PMA + Ca ionophore and in LPS-stimulated cultures
machine was below the detection limit.

However, the production of IL-2 was
significantly increased only in cultures stimulated
with PMA + Ca ionophore in the presence of the
control alloy. Similar results were obtained with the
level of IFN-y (Figure 14) and IL-12p70 (Figure 15)
as determined. These results indicate that control
Cu-Al-Ni alloy provokes a strong Thl immune
response in the presence of general cell stimulators.
Based on the difference in the production of these
cytokines when using different stimulators one can
assume that the control plates stimulate the produc-
tion of IL-2 and IFN-y by activated lymphocytes
while IL-12p70 is produced predominantly by
nonlymphoid cells. These results also suggest that
Thl cytokines are a very sensitive parameter for
testing the Cu-Al-Ni alloys.

The production of Th2 cytokines (IL-5 and
IL-10) by the PBC is shown in Figures 16 and 17.
Results for IL-4 are not graphically presented becau-
se its level was below the limit of detection in all
cultures.

The production of IL-5 by peripheral blood
cells stimulated with PMA + Ca ionophore or LPS in
the presence of the control plates was not
significantly different compared to control cultures
without alloy. The production of IL-5 by the PBC in

the presence of rapidly solidified ribbons showed a
decreasing trend compared to the cultures without
alloy but the differences were not statistically signi-
ficant.

The production of IL-10 by the PBC in the
presence of the control plates stimulated with
PMA + Ca ionophore or LPS was significantly hig-
her compared to PBC cultures without alloy. Altho-
ugh there was an increase in the production of IL-10
in the cultures with LPS and quickly hardened rib-
bons, differences were not statistically significant
due to a high variation in the production of IL-10
between different donors.

At this point it is not clear why the control
Cu-Al-Ni alloy stimulates the production of Thl
cytokines and IL-10 (Th2 cytokines representatives
of and immunomodulatory cytokine which inhibits
production of Thl cytokines). Such an effect after
the analysis of the production of cytokines and their
relationship by individual donors remains to be
determined.

IL-2
3000 -
kR Ek
2500 T
2000 -
E
= 1500
1000
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PMA + A23187 LPS

[] control [ ] control Cu-Al-Ni alloy
I RS Cu-Al-Ni ribbons heated

.. RS Cu-Al-Ni ribbons as cast

Figure 13. The effect of Cu-AI-Ni alloy on IL-2 produc-
tion upon stimulation of peripheral blood cells

*** = p < 0.005 compared with control culture without
alloy
¢ ¢ ¢ =p <0.005 compared with control alloy
## # =p < 0.005 compared with control alloy
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Figure 14. The effect of Cu-AI-Ni alloy on IFN-y produc-
tion upon stimulation of peripheral blood cells

*** = p < 0.005 compared with control culture without
alloy

¢ ¢ ¢ =p <0.005 compared with control alloy
## #=p <0.005 compared with control alloy
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Figure 15. The effect of Cu-AIl-Ni alloy on IL-12p70 pro-
duction upon stimulation of peripheral blood cells

* =p < 0.05 compared with control culture without alloy
¢=p <0.05 compared with control alloy
#=p < 0.05 compared with control alloy
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Figure 16. The effect of Cu-AI-Ni alloy on IL-5 produc-
tion upon stimulation of peripheral blood cells
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Figure 17. Effect of Cu-AI-Ni alloy on IL-10 production
upon stimulation of peripheral blood cells

* =p < 0.05 compared with control culture without alloy
¢=p < 0.05 compared with control alloy
#=p < 0.05 compared with control alloy
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4. CONCLUSIONS

Based on the performed tests we can draw the
following conclusions:

1. Control Cu-Al-Ni alloy is cytotoxic to
human PBMNC in culture.

2. Cytotoxicity of the control Cu-Al-Ni alloy
is predominantly a consequence of apoptosis and
secondary necrosis.

3. Cytotoxicity of the control Cu-Al-Ni alloy
is emphasized by PBMNC stimulation with
PMA + Ca ionophore.

4. Cu-Al-Ni ribbons do not cause significant
cytotoxicity of PBMNC on the basis of MTT and
apoptosis / necrosis tests.

5. Control Cu-Al-Ni alloy stimulates the pro-
duction of all tested proinflammatory cytokines
(IL-1B, TNF-0, TNF-B, IL-6 and IL-8),
Thlcytokines (IL-2, IFN-y and IL-12p70) and IL-10
by activated peripheral blood cells.

6. Rapidly solidified ribbons with memory
effect stimulate the production of proinflammatory
cytokines, but not Thl and Th2 cytokines by activa-
ted PBC. However, except for IL-1fB, their
stimulatory potential is significantly lower than in
the control Cu-Al-Ni alloy.
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FOR

BMOKOMITATUBMUIIHOCT Cu-Al-Ni JIETYPA CA MEMOPUCAHMM OBJINKOM

Casxkerak: Jlerype ca memopucanum obaurkom (CMA) npunajajy rpynu naMeTHHX,
(YHKIMOHAJIHUX MaTepHjaia ca jeIMHCTBEHOM OCOOMHOM Ja “namre’” 00JIHMK KOju Cy MMa-
ne npe nceynoenactuune aedopmarmje. Cu-Al-Ni jerype ca MEMOpHCAHHM OOJIUKOM CY
JlaHac jelrHe JAOCTyImHe BrcokoremiepaTrypae CMA, koje mokasyjy mo0py OTIOPHOCT Ha
¢yHkroHanHa ontepehema, ajii je BUX0Ba OMOMEAMIIMHCKA ITPUMEHa jOII YBEK OrpaHu-
yeHa. [lomohy TexHWKe MenT cnuHMHra Mory ce mnpousBectd TaHke Cu-Al-Ni Tpaxe

JAUPEKTHO U3 pacToIia.
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[wp Hamer mcrpaxuBama OMO je ma ce ucnura O6uokommatuOmaHocT Cu-Al-Ni
Jerype y in vitro ycioBuma.

TexunkoMm MmenT-cnvHuHTa n3nuBeHe cy Cu-Al-Ni taHke Tpake u kKopuiheHe 3a
TecTupame. KoHTponHa nerypa je Omna 0a3Ha Jierypa 3a H3ITUBamkbe UCTOT CacTaBa, and 0e3
epekra Memopucanor oomuka. Pesynratm MTT Tecra mokazamu cy ma Cu-Al-Ni 6azHa
nerypa (KOHTPOJHA JIETypa) CKOpPO Y TOTIYHOCTH peoyKyje MeTabONUYKy aKTHBHOCT
MoHOHYKJeapHux henuja nepudepue kpu (PBC) nok obe Bpcre Cu-Al-Ni tpaka Hucy
UCII0JbaBalle CTATUCTUYKHU 3Ha4ajaH edekat Ha MeTabonruKy akTuBHOCT henunja y nopehe-
By ca koHTponom (henuje KynTuBHCaHe camo y Menujymy). bp3o ouBpcHyTe Tpake ca
MEMOPH]CKUM e(eKTOM CTHUMYJIHMIY MPOAYKIHUjY MPOUH(IAMATOPHUX LIUTOKUHA, AJId HE U
Thl u Th2 purokuna on crpane aktuucanux PBC. Mehyrtum, ocum Ha IL-1fB, muxoB
CTHMYJIATOPHHU TIOTEHIM]jall 3HAa4ajHO je MamH y nopehemy ca konTposiHom Cu-Al-Ni sery-
poMm.

Kbyune peun: nerype, epexar MemopucaHor o0nmka, OMOKOMITATHOMITHOCT MaTe-
pujana.



