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In vitro cytotoxicity of biodegradable Zn-Mg surgical wires
in tumor and healthy cells
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In this work, we examined the in vitro cytotoxicity of new biodegradable surgical wires. The wires made of zinc with the addition of
a small amount of magnesium (pure zinc, ZnMg 0.0026, ZnMg 0.0068, and ZnMg 0.08) have been investigated. The wires were pro-
duced using a technology based on extrusion and subsequent drawing. The resulting wires with a diameter of 0.8–1.0 mm are designed to
be used in surgical operations related to bone joints. For cytotoxicity studies, we have selected human dental pulp stem cells (hDPSC) as
the cell population representing normal osteoprogenitor cells. Considering that, after bone surgeries, the chance of osteosarcoma in-
creases, we have compared the results obtained in hDPSC to those obtained with Saos-2 human osteosarcoma cell line. Cultured cells
were exposed to the extracts obtained from the materials incubated in culture medium for 24 h with and without preincubation. Extracts
of different ratios were examined. The results showed that the extracts obtained from wires made of ZnMg 0.0026 alloy exhibit high
toxicity to Saos-2 osteosarcoma cells and low toxicity to hDPSC cells. This was in contrast to all reference materials, i.e., commercial
surgical sutures made of steel and polymers, that did not display cytotoxicity toward osteosarcoma cells. Thus, the detected phenomenon
for the ZnMg 0.0026 alloy can become the basis for creating biodegradable Zn-Mg surgical wires with antitumor activity.
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1. Introduction

The biodegradable metal surgical wires can serve
as a substitute for steel sutures in the case of operations
that require significant loads to tighten the wound such
as bone surgeries. Three metals are currently consid-
ered as promising base materials for such threads: Mg,
Fe, and Zn [18].

Magnesium has the highest recommended daily
intake of 375 to 500 mg in humans [19], but magne-
sium alloys have too high corrosion rates and insuffi-
cient ductility for this application [14]. There is also
a significant, up to 50% decrease in the strength of
the wire made of magnesium alloy when tying a sur-
gical knot [13]. Also, when magnesium corrodes,

hydrogen is released, which poses a risk of local cy-
totoxicity [5].

Iron has sufficient mechanical properties, but the
biocompatibility of its biocorrosion products is low [17].
The disadvantage relies also in its ferromagnetic be-
havior and insufficient rate of biocorrosion [23].

Zinc has fairly good biocompatibility in vivo, but
its strength for this type of application is insufficient
[22]. As shown in [9], by alloying zinc with magne-
sium it is possible to eliminate this disadvantage. In
addition to increasing the strength of the material to
350–400 MPa, work [9] provides data on its good
biocompatibility in vivo. After a 12-week test period,
no inflammatory response was observed in living
tissue [9]. On the other hand, it was shown in [8] that
biocompatibility in vivo depends on the magnesium
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content in zinc. Although magnesium itself has better
biocompatibility than zinc, increasing the magnesium
content in zinc worsens the biocompatibility of the
Zn-Mg alloy in vivo. For this reason, alloys containing
small magnesium additions (up to wt. of 0.1%) were
studied in [8]. It was shown that in this case, suffi-
ciently high strength properties could be achieved.

Many researchers note that zinc and zinc-based al-
loys display good biocompatibility in vivo [22]. At the
same time, the results of the in vitro cytotoxicity tests
following the ISO 10993-12: 2012 (E) standard ap-
pear to depend on the type of cells used and other
factors [9]. It is believed that the reason for the high
toxicity of zinc and its alloys to some types of cells is
the excessive concentration of zinc ions. On the other
hand, lower concentrations of zinc ions lead to low
toxicity and good cell survival [10].

It is also known that zinc ions have a negative ef-
fect on cancer cells [4]. Also, a decrease in the zinc
content in healthy cells is one of the signs of a precan-
cerous condition [3]. Most of the published data refer
to prostate cancer; however, in [4], it is concluded that
a similar phenomenon can be manifested for other
types of cells, which requires, however, additional evi-
dence and research.

An additional practical problem is that with high
toxicity to cancer cells it is necessary to achieve low
toxicity to normal, healthy cells. Provided that this
problem is solved, it could be possible to create threads
with an anti-cancer effect. In principle, a similar idea
was expressed, for example, in [1], for implants made
of magnesium alloys. However, the question of selec-
tive cytotoxicity of alloys based on Zn and Mg has not
been answered. With high toxicity to cancer cells, low
toxicity to healthy cells is not guaranteed. Besides, the
choice of types of healthy and cancer cells depends on
the potential application of the developed implants.

Several researchers have shown in the experiments
in vitro that zinc is more cytotoxic in cancer cells than
in healthy cells [7], [21]. In [4], some hypotheses are
given explaining this phenomenon. Without going
into the essence of the hypotheses, we have sought to
examine high-strength Zn-Mg surgical threads for
potential anti-cancer activity.

It is important to note the complexity of such task,
giving that the material of the thread interacts in vivo
with several cell types. In this work, we limited our-
selves to the study of two clinically relevant cell lines
related to bone surgery, namely, human dental pulp
stem cells (hDPSC) that display high osteogenic po-
tential [2] and osteosarcoma cell line (Saos-2), the
appearance of which can be triggered by bone injury
or as a result of cancer recurrence and metastasis [20].

We chose the magnesium content in the Zn-Mg
alloy as a factor potentially affecting the cytotoxicity
of the material of the thread. Thus, the primary goal of
this work was to develop a soluble surgical wire based
on Zn-Mg alloys, displaying the maximum cytotoxicity
to cancer cells and good biocompatibility with healthy
osteoprogenitor cells. In addition, we have examined
the effect of the extract ratio and the preincubation
time on the cytotoxicity of the thread for both healthy
and malignant cells.

2. Materials and methods

2.1. Materials

The original purpose of adding magnesium to
zinc was to increase the strength of the wire material
compared to pure zinc. At the same time, an increase
in the magnesium content worsens the biocompati-
bility of Zn-Mg alloys [8]. We hypothesized that this
change in biocompatibility does not apply equally
to different cell types. If this is true, then by regu-
lating the magnesium content in zinc, one can try to
achieve high toxicity to cancer cells with low toxic-
ity to healthy cells. Based on this hypothesis, threads
were produced from 4 materials with an increasing
magnesium content: commercial pure zinc, and al-
loys:

ZnMg0.0026 (0.0026 wt. % Mg; Sn < 0.0005;
Al < 0.0005; Cd < 0.0005; Cu < 0.0005; Pb 0.0015;
Fe < 0.0005; Zn – balance); ZnMg0.0068 (0.0068 wt. %
Mg; Sn < 0.0005; Al < 0.0005; Cd < 0.0005; Cu <
0.0005; Pb 0.0019; Fe < 0.0005; Zn – balance);
ZnMg0.08 (0.081 wt. % Mg; Sn < 0.0005; Al <
0.0005; Cd < 0.0005; Cu < 0.0005; Pb 0.0014; Fe <
0.0005; Zn – balance).

As a workpiece of commercial pure zinc, a wire
with a diameter of 1.6 mm obtained by the Properzi
method with standards DIN EN ISO 14919 and EN 1179
was used. Pure zinc was used as a reference material
because its strength is insufficient for this class of fila-
ments. Drawing pure zinc to diameters of 0.8–1 mm was
carried out at room temperature.

Zinc–magnesium alloys were made by adding mag-
nesium to molten zinc in an induction furnace. After
that, the alloys were cast into ingots with a diameter
of 100 mm. After casting, the ingots were cut into billets
with a height of 160 mm. The control of the chemical
composition was performed using the atomic ab-
sorption spectroscopy (AAS) method. The next step
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was extruding the ingot through a die with 30 chan-
nels. The diameter of each channel was 1.8 mm. The
extrusion temperature was 280 °C, the extrusion
speed was 0.15 mm/s. Further, the material was
drawn to diameters of 0.8–1 mm with the use of the
installation shown in Fig. 1. This installation allows
both hot drawing and cold drawing. Drawing to
a diameter of 1.34 mm was carried out at a tempera-
ture of 250 °C to improve the workability of the ma-
terial. In this case, a graphite-based lubricant was
used. The further process of drawing to diameters of
0.8–1 mm was carried out at room temperature. In
this case, a liquid soap-based lubricant was used. The
elongation in each drawing pass was 10%.

The achieved ultimate strength of the wire with
a diameter of 1 mm was Zn: 113.3 ± 8.4 MPa; ZnMg
0.0026: 251.5 ± 0.78 MPa; ZnMg 0.0068: 252.3 ± 0.93
MPa; ZnMg 0.08: 316.1 ± 3.13 MPa. The relative elon-
gation A200 was Zn: 36.3 ± 3.1%; ZnMg 0.0026: 3.67
± 0.65%; ZnMg 0.0068: 8.95 ± 1.5%; ZnMg 0.08: 4.55
± 1.4%.

The measurements of the listed parameters were
carried out on a Zwick250 machine with a triple
repetition of experiments for each material. The
tests were carried out at a strain rate of 0.005 s–1. At
a specimen length of 200 mm this corresponds to
a stretching rate of 1 mm/s and it is close to the me-
chanical conditions upon the formation of a surgical
knot. The ultimate strength values obtained for the
ZnMg 0.0026 alloy exceeded the values obtained in
[8] for a material with a similar chemical composi-
tion (ZnMg 0.002). There are couple explanations for
this finding.
1. In the study [8], the strain rate was 0.001 s–1, which

is 5 times less than in the present study. Zinc al-
loys are strain rate sensitive due to the low melting
point of zinc (692.5 K). Room temperature (293 K)
for these alloys corresponds to a homologous tem-
perature of 0.42, which is higher than the recrys-
tallization temperature [12].

2. Even a small increase in the magnesium content
enhances the hardening of alloys of the Zn-Mg
system. An approval of this can be found in papers
[8], [15], where, in particular, the strength of a wire
made of Zn-Mg alloys with different magnesium
content was investigated.

3. Mechanical properties also depend on the way the
material is processed. Thus, in our experiments,
the ZnMg0.0026 alloy, after extrusion, is charac-
terized by an ultimate strength of 126.7 ± 4.0 MPa,
and after the drawing scheme described above,
this value increased almost twofold. This effect is
known, and it is due to the formation of different

texture of deformation in different metal forming
processes. Similar effects were described for ex-
ample by [16] (effect of extrusion on properties)
or [11] (effect of rolling). As applied to the wire
drawing process of Zn-Mg alloys, this issue was
investigated in [15], where the effect of material
texture on mechanical properties  and biocorro-
sion was confirmed.
A very important indicator of usability and ductil-

ity of surgical wire is the number of kinks to failure.
The number of bending to failure of the wire with
a diameter of 1 mm according to ISO 7801 was: ZnMg
0.0026: 59.67 ± 10.6; ZnMg 0.0068: 46.17 ± 5.37;
ZnMg 0.08: 47.57 ± 5.06.

After the hot drawing, the wire was cleaned in an
ultrasonic bath with soapy water for 15 min. After the
last two passes, cleaning took place in 70% alcohol in
an ultrasonic bath for 15 minutes.

Steel surgical 0.8 mm wire (negative test), cop-
per 1.0 mm wire (positive test), commercial soluble
poly and monofilament threads Monosyn© 2/0,
POLYDIOXANONE 2/0, USP-1 were used as refer-
ence materials.

Fig. 1. Installation for hot and cold drawing processes:
1 – wire; 2 – drawing die; 3 – heating device; 4 – engine;

drawing direction – from right to left

2.2. Biocorrosion

The cytotoxicity of zinc-based alloys is associated
with a high concentration of zinc ions in the extract
during biocorrosion [10]. On the other hand, biocorro-
sion forms a protective layer of corrosion products,
which reduces the corrosion rate, concentration of zinc
ions [6] and improves cytotoxicity indicators. This issue
has been well studied for zinc-based alloys, including
Zn-Mg alloys. However, there are no such studies in
the literature for the materials used in this work. The
aim of our study of biocorrosion was to assess the
change in the rate of corrosion over time, which, in
turn, may allow us to use the preliminary incubation
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of samples to reduce the cytotoxicity of the developed
threads.

The biocorrosion research technique described
by us [14] was used. A mixture of bovine serum
supplied by Biowest (catalog no. S0250) and heated
to 37 °C was used as a corrosion medium. After
each test period, the samples were removed from
the corrosive medium and the change in the samples
weight was determined using a laboratory analytical
balance (accuracy of 0.00001 g). One of the three
methods proposed in the ASTM_G1_03_E standard
(Standard Practice for Preparing, Cleaning, and
Evaluating Corrosion Test Specimens) was selected
for cleaning conditions of corrosion products. In the
tests applied in this work, mechanical cleaning of
the surface of the tested material was used. Imme-
diately before the test and before each weighing,
samples were thoroughly cleaned first with the dis-
tilled water and then ultrasonically in ethanol and
finally dried out at room temperature according
ASTM G1-03-E standard. By this way efforts were
made to reproduce conditions similar to in vivo
conditions as much as possible. The weighing was
carried out after 3, 7, and 14 days of immersion in
the corrosion medium. Each test was repeated 3 times
for each alloy. Mono-filament wires with a diameter
of 1 mm, a length of 36 mm, and an initial weight
of 0.2 g each were used. The corrosion rate was
calculated using the equation:

,365 0

A
mmCR corr



where m is the mass [g] of the sample [g] before (m0)
and after (mcorr) corrosion for given time (τ days). A is
the surface [mm2] of the sample exposed to the corro-
sion, determined at each stage of the corrosion test,
and  is the alloy density (i.e., 7.14 g/cm3 in this
study).

Fig. 2. Change of corrosion rate in time for three Zn-Mg alloys

The results are shown in Fig. 2. The calculations
were carried out for adjacent time intervals; therefore,
the obtained values represent the average corrosion rate
at time intervals of 1–3 days, 3–7 days, and 7–14 days.
A typical image of a corroded wire surface with uni-
formly distributed corrosion products is shown in Fig. 3.

Corrosion results confirmed the formation of a pro-
tective layer of corrosion products on the surface and
a decrease in the corrosion rate over time.

Deepenings in the surface visible in Fig. 3a are the
result of the original surface irregularity of the work-
piece, partially smoothed out during the wire drawing
process. Similar defects also exist for pure zinc [14].
As shown in [14], biocorrosion leads to their rapid
disappearance.

2.3. Material sterilization

The investigated wires were cut into pieces of ap-
prox. 1-cm long. Ethanol sterilization was applied. SEM
images of the representative Zn-Mg wire surface after

Fig. 3. SEM images of the surface of the wire made of ZnMg0.0026 alloy:
A – after drawing; B – after 14 days biocorrosion (Hitachi S-3500N microscope)
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ethanol sterilization and 24 h incubation in the incu-
bation media (section 4.2) are shown in Fig. 4. As seen
in the SEM image, ethanol sterilization did not sig-
nificantly alter the surface. However, during the test,
corrosion products were observed on the wire surface
(Fig. 4b).

2.4. Preparation of extracts

To study the cytotoxicity of threads, an indirect
method based on obtaining a material extract was

used. The ratio of surface area to extract volume fol-
lowing ISO 10993-12: 2012 (E) is often used to de-
termine the extraction ratio. For a material with a di-
ameter of about 1 mm, the required ratio is 3 cm2/ml.
However, it is not a straightforward task to determine
the surface area that contacts surgical threads with the
extract. Both mono- and multi-filament threads can be
made of the same material. Examples of such threads
are shown in Fig. 5. The accurate determination of the
surface area on contact with the extract would be pos-
sible only for a mono-filament thread (Figs. 5b, 5f).
Moreover, when a mono-filament thread is tied into

Fig. 4. SEM images of the wire made from ZnMg0.0026 alloy after sterilization (A)
and after 24 h incubation in a culture medium (B) (obtained on a Hitachi S-3500N microscope)

Fig. 5. Different types of surgical bio-degradable threads: A – PolysorbTM 3-0;
B – MonosynR 2-0 (Hitachi S-3500N microscope); C, D – two-filament Zn-Mg threads; E – four-filament Zn-Mg thread;

F – mono-filament Zn–Mg thread; G – mono-filament Zn-Mg surgical thread in a surgical knot (the light microscope)
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a surgical knot, it takes on a complex shape and then it
is difficult to determine the real area of the material
surface that contacts the extract (Figs. 5b, 5g). Given
that the surface area could not be determined due to
the configuration of the sample, and because we wished
to use a uniform approach to study all types of experi-
mental threads, we used the base ratio of 0.2 g/ml, ac-
cording to recommended 10993-12.:2012 (E) norm
for “Irregularly shaped solid devices, non-absorbent
moulded item” (Table 1 of ISO 10993-12: 2012 (E)).
For those cases, where it was possible to determine
the contact area, we additionally indicated the ratio of
the contact area to the volume of the extract. In our
experiments we used two-filament threads (Fig. 5d),
for which the total surface area of the filaments could
be calculated. This gave us an upper estimate for the
surface-to-volume ratio of the extract. For all investi-
gated Zn-Mg alloys weighing 0.2 g, it was 1.12 cm2/ml
for a filament diameter of 1 mm and 1.4 cm2/ml for
a filament diameter of 0.8 mm. Since part of the fila-
ment surface does not contact the extract, the above
ratios are overestimated. Following ISO 10993-12:2012
(E), all tested threads were cut into pieces of approxi-
mately 10 mm length.

Fig. 6. Cells viability after 24 h exposure of cells
to the extracts obtained after 72 h materials preincubation,

extract ratio 0.2 g/ml, wires 1 mm.
* p < 0.05 within the group; please note that all studied extracts

significantly affected cell viability vs. respective TCP controls

Thus, in this work, we used an extract ratio of
0.2 g/ml following ISO 10993-12: 2012 (E) or an extract
ratio of 0.04 g/ml, which corresponded to 1.12 cm2/ml
and 0.224 cm2/ml for filament with diameter 1 mm
and 1.4 cm2/ml and 0.28 cm2/ml for filament with di-
ameter 0.8 mm. After cutting and sterilizing the mate-
rials, they were soaked in a culture medium contain-
ing Minimum Essential Medium  (MEM , Thermo
Fisher Scientific) and 10% fetal bovine serum (FBS,
Thermo Fisher Scientific) for either 24 h (group 1) or
preincubated in the above-mentioned medium for 72 h,
then washed in phosphate buffered saline (PBS) and
incubated in a fresh medium for additional 24 h

(group 2). The extracts were collected from both
groups.

2.5. Cell cultures

Both hDPSC and Saos-2 cells were seeded at the
density of 2104 cells/well in 24-well plates in the
culture medium composed of MEM , 10% FBS, and
1% antibiotics. After 24 h culture, the culture media
were removed, cells were washed with PBS, and the
extracts from studied materials divided to 3 culture
wells/each extract type. The cells cultured in tissue
culture plates (TCP) without the extracts were used as
controls. Following the 24 h culture with the extracts,
cells were washed 3 with PBS and next covered with
200 µl MTS reagent (CellTiter96Aqueous One Solu-
tion Cell Proliferation Assay; Promega) diluted 10
in a phenol-free MEM . For the colorimetric reac-
tion development, cells were incubated in the culture
incubator until obvious color change of the MTS
solution from yellow to brownish. The solution was
then transferred to 96-well plates and the absorbance
at 492 nm was read using a plate reader. The results
were expressed as % cell viability vs. respective TCP
control.

2.6. Statistical analysis

All biological data were collected in triplicates and
expressed as mean ± SD. Statistical analyses were per-
formed using one-way ANOVA and Bonferroni mul-
tiple comparisons test to calculate statistically signifi-
cant differences at p < 0.05.

3. Results

We first used the extract ratio of 0.2 g material/ml
incubation medium for the wires made of Zn-Mg al-
loys with a diameter of 1 mm. The cytocompatibility
test was performed with the extracts obtained after 72-
-hour preincubation of the materials, as described in
the previous section. The results showed that, within
the experimental groups (i.e., Zn, ZnMg 0.08, ZnMg
0.0026 and ZnMg 0.0068), only the extract from the
wire made of alloy ZnMg 0.0026 showed the satis-
factory cell viability of normal hDPSC according to
ISO standard (i.e., above 70%, Fig. 6). Notably, for
this material only, the viability of hDPSC was signifi-
cantly higher than that of Saos-2 osteosarcoma cell
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line. Moreover, all used material controls, i.e., com-
mercially available and clinically applicable steel, USP
and polydioxanone significantly increased viability of
both studied cell types vs. TCP control, but the effect
was much stronger for the osteosarcoma cell line.

To explore further the biological properties of
ZnMg 0.0026 alloy we used a wire made of ZnMg
0.0026 with a diameter of 0.8 mm (instead of 1 mm)
and prepared material extracts with and without mate-
rials preincubation. As with initial experiment, these
experiments were performed using an extract ratio of
0.2 g material/ml incubation medium. Cu and steel
were used as material controls and TCP as cell culture
control. As presented in Fig. 7, with and without ma-
terial preincubation, the extracts obtained from ZnMg
0.0026 were more cytotoxic for osteosarcoma cells.
Moreover, whereas steel extracts obtained without
material preincubation showed some cytotoxicity to
osteosarcoma cells, preincubation of steel provided
extracts that led to a significant increase in viability of
both hDPSC and the osteosarcoma cells and this effect
was stronger for Saos-2 cells. The latter was consis-
tent with the results presented in Fig. 6.

To examine the effect of the extract ratio on the
cytotoxicity, the experiment was repeated with the
extracts obtained without materials preincubation for
0.8 mm ZnMg 0.0026 wire, but with a reduced extract
ratio, i.e., 0.04 g material/ml incubation medium. As
presented in Fig. 8, reducing the extract ratio increases
the difference in the viability of cancer and healthy
cells for ZnMg 0.0026 in favor of healthy ones (com-
pared to Fig. 7a). Interestingly, whereas with extract
ratio 0.2 g material/ml incubation medium Cu extracts
had obvious cytotoxic effect on both cell types, re-
ducing the Cu extract ratio to 0.04 g material/ml incu-
bation medium enabled normal hDPSC cells to sur-
vive at the level closed to required ISO norm. Also,
compared to TCP control, extracts obtained from
steel did not affect the growth/survival of both cell
types, whereas Monosyn© slightly decreased viability

Fig. 7. Cells viability after 24 h exposure of cells to the extracts
obtained without material preincubation (a) and with 72 h
material preincubation (b), extract ratio 0.2 g material/ml

incubation medium, wires 0.8 mm. * p < 0.05 within the group;
# marks the significant difference in viability of cells

exposed to steel samples vs. cells cultured on TCP

of Saos-2 cells. For the Monosyn©, there was signifi-
cant difference in the growth of normal vs. cancer
cells. Most importantly, the extracts from ZnMg 0.0026
alloys were not cytotoxic for normal hDPSC cells, but
highly toxic for osteosarcoma cells.

4. Discussion

Our results indicate a relationship between the
magnesium content in Zn-Mg alloys and the cytotox-
icity of such materials for normal human DPSC cells
(Fig. 6). These results agree with the in vivo studies
presented in [10], where the increase of the magne-
sium content in the zinc led to a deterioration in the
biocompatibility of wires in a rat model. This was
explained by an increase in the number of Zn2Mg11
particles, which suppress corrosion, but worsen bio-
compatibility by higher presence of inflammatory cell
infiltrates around the wires in vivo. Our results show
decreasing cell viability with increasing magnesium
content in alloys of the Zn-Mg system for both normal
and cancer cells, confirming further that too high
magnesium content in the wires may be cytotoxic.

In general, though, magnesium is considered more
biocompatible than zinc [18] and thus this study, along
with previous reports of others, should be considered
when designing Zn-Mg alloys for clinical purposes, to
avoid potential chronic inflammatory reaction and local
tissue cytotoxicity. This study enabled us to choose
the magnesium content in zinc that compromises be-
tween mechanical and biological properties of the
materials which may be eventually used for the manu-
facture of a new generation of bio-soluble surgical
wires.

In addition, our study showed that the surgical
wires made of the ZnMg 0.0026 alloy demonstrate
low toxicity for normal cells (i.e., human DPSC) and
high for cancer cells (i.e., Saos-2). Such effect was
independent of material extract ratio used in this study
(Figs. 7 and 8). Moreover, this effect was more pro-
found with the lower extract ratio (Fig. 8). This sug-
gests that the wires dissolution products may have
different effects on normal and cancer cells survival
rate. The latter may be especially important in the
clinical surgeries associated with the tumor resection.
The use of such wires could potentially inhibit the
growth of any remaining cancer cells without affect-
ing much normal cells rebuilding the tissue.

Currently used surgical wires made of steel or
polymeric threads were used in this study as control
materials and they all showed the tendency to increase
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the survival of cancer cells (Fig. 6). Thus, the materi-
als currently used in clinics may not inhibit the growth
of cancer cells and, in some cases, they may facilitate
cancer cell proliferation (Fig. 6). In contrast, experi-
mental surgical wires made of ZnMg 0.0026 alloy seem
to display cancer-preventive properties.

Fig. 8. Cells viability after 24 h exposure of cells to the extracts
obtained without material preincubation; extract ratio 0.04 g
material/ml incubation medium; wires 0.8 mm. * p < 0.05

within the group; # marks the significant difference in viability
of cells exposed to Monosyn© samples vs. cells cultured on TCP

The anticancer effects can be assessed by the ratio
of the cell viability of normal to cancer cells. In this
study, for the ZnMg0.0026 alloys, this parameter var-
ies in the range of 1.40–4.40, while for stainless steel
it is 0.67–1.08. The calculation is based on the data
presented in Figs. 6–8. Values less than 1.0 mean that
cancer cells are more likely to survive than healthy
cells. Such parallel evaluation of experimental materi-
als in selected normal vs. cancer cell lines may set a new
standard to distinguish materials that may display anti-
cancer properties.

Dissecting the mechanism by which these and po-
tentially other materials display anticancer properties
is a separate issue that is not a subject of this work,
but certainly it is going to be continued by us and
others. Nevertheless, we have already found that the
rate of biocorrosion of the studied ZnMg alloys is
somewhat different, which may be associated with the
observed biological effects.

The clinical application of the present findings
are important, since osteosarcoma often appears at
the sites of bone fractures [19], and surgical wires
are intended to connect the bone not only after the
mechanical fracture but also upon bone wound cre-
ated due to resection of tumors. Thus, it is plausible
to expect that the results obtained in this work
prompt the materials engineers to create surgical
wires being selectively toxic to cancer cells without

affecting normal cells growth and bone tissue regen-
eration.

5. Conclusions

We have analyzed the cytocompatibility of the
Zng alloys in cultures of human osteosarcoma cell line
Saos-2 and normal human dental pulp stem cells
(hDPSC). The effects of magnesium content in Zng
alloys and the extract ratio was examined. We have
shown that Mg content of 0.0026 wt. % in the Zn-
based wire provides extracts that are toxic to cancer
cells and non-toxic to healthy cells. Thus, the devel-
oped threads may display an additional function, i.e.,
zinc delivery for anti-tumor activity. Our studies also
showed that 72 h material preincubation before extract
preparation does not change the results for the mate-
rial ZnMg 0.0026. However, for all other reference
materials, materials preincubation results in the ex-
tracts stimulating cancer cell viability. Decreasing the
extract ratio improves the cytocompatibility of studied
materials with healthy cells, but for ZnMg 0.0026
alloys, the opposite effects on healthy and cancer cells
become most apparent. We believe the ZnMg 0.0026
alloys may prove useful in several anti-cancer thera-
pies, but further studies are needed to examine the
biological mechanism of their action as well as their
specific clinical applications.
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