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Abstract Adding the natural antioxidant a-tocoph-
erol to ultra-high molecular weight polyethylene
(UHMW-PE) can remarkably delay the oxidation of
hip cups made thereof. However, a-tocopherol is
likely to undergo different chemical transformations
during manufacturing and sterilization of hip cups
than in human metabolism. Therefore, the biocom-
patibility of the putative transformation products has
to be investigated. In-vitro tests with L929 mice
fibroblast-cells gave no evidence for cytotoxicity. To
further ensure the biocompatibility, in-vitro tests with
human cells were carried out in this study. Two
different human cell lines, one adherent cell line, HF-
SAR, and one suspension culture, GSJO, were tested
on UHMW-PE-tablets (diameter: 15 mm; thickness:
2 mm; processed according to standard procedures for
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artificial hip-cups) with and without a-tocopherol with
respect to cell viability, proliferation and morphology
by means of cell counting, WSt-1 proliferation assay
and scanning electron microscopy. Similar prolifera-
tion rates were found with both polyethylene samples.
Further, we found intact morphology in light and
electron microscopy on each substrate. The morpho-
logic characteristics of skin fibroblasts were not
changed by any material. Normal adherence and
spreading of the fibroblasts was found on controls of
glass, as well as on polystyrene and on stabilized and
unstabilized polyethylene. The characteristic behav-
iour as suspension of the GSJO cells remained
unchanged. The mitochondrial activity, as studied by
WST-1 cell proliferation reagent, was identical on
each substrate during the whole observation period of
7 days.

Introduction

Numerous papers describing the in-vivo-oxidation of
ultra-high molecular weight polyethylene (UHMW-
PE) used for articulating surfaces of joint-endopros-
theses can be found in literature [1-18]. The oxidation
causes molecular degradation and re-crystallization
followed by an embrittlement and enhanced formation
of PE-debris. Abrasive wear is considered the primary
cause of failure in total hip endoprostheses, leading to
peri-prostetic osteolysis, often limiting the lifetime to
10-15 years.

This oxidative degradation can be markedly delayed
by adding the natural antioxidans a-tocopherol
(vitamin E) to the UHMW-PE [19-21]. In the human
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body, a-tocopherol acts as a scavenger of free radicals,
and protects LDLs (low density lipoproteins) from
being oxidized [22]. Although it could be shown that
a-tocopherol possesses an impressive stabilization
efficiency even compared to modern technical antiox-
idants, the vitamin is partially degraded during
sintering and sterilization by y-irradiation [19, 20,
23], the standard processing steps for artificial hip-
cups made of UHMW-PE. The amount of transfor-
mation products can reach up to 34% of the initial
mass of a-tocopherol [23]. It must be expected that o-
tocopherol undergoes chemical changes during the
sintering and sterilization process which are different
from what happens in vivo and therefore different
transformation products are to be expected. The
assumed final main oxidation product in-vivo is the
a-tocopherol quinone [24], while diastereoisomers of
dimers and trimers as well as aldehydes were found in
LDPE stabilized with «-tocopherol after several
extrusion steps [21]. Obviously, the biocompatibility
of these transformation products has to be ensured
before any stabilization may be applied to commercial
hip systems.

In a previous study [23] several screening tests
concerning the biocompatibility of the transformation
products of a-tocopherol were carried out in vitro with
L929 mouse fibroblasts according to EN ISO 10993-5.
The tests included a cell proliferation test (BrdU
labelling), a XTT-test for mitochondrial activity, a
membrane integrity test, a cell staining with hemalum
for the detection of cell adhesion and changes of cell
morphology and an Ames-test to investigate a possible
genotoxic activity.

The tests did not reveal any evidence of a cytotoxic
behaviour of stabilized UHMW-PE specimens. How-
ever, adhesion rate and cell spreading were slightly
diminished, which means that this material is biocom-
patible, but not bioactive. Cells probably will not be
able to adhere to build a strong contact between
implant and tissues. In orthopaedic surgery, this is not
relevant since the UHMW-PE has no direct contact to
the surrounding bone. It is either cemented or applied
as an inlay in a metal cup.

Nevertheless, we decided to carry out additional
cytotoxicity-tests with human cells in order to
further ensure the biocompatibility of UHMW-PE
stabilized with o-tocopherol. Two human cell lines
with different growth characteristics, HF-SAR, an
adherent cell line, and GSJO, a suspension culture,
were tested on UHMW-PE-tablets with and without
a-tocopherol as to cell viability, proliferation and
morphology.

@ Springer

Materials and methods

Preparation and processing of the UHMW-PE-
specimens

UHMW-PE was Hostalen GUR 1020 from TICONA
AG (Frankfurt/Main Germany), which fulfills the
requirements of ISO 5834 Part 1 and 2 (Implants for
surgery—UHMW-PE powder and moulded forms) and
was obtained as a gift sample from the manufacturer in
Oberhausen, Germany. DL-a-tocopherol was a gift
sample of Hoffmann-La Roche (Grenzach-Wyhlen,
Germany). a-Tocopherol is a brownish oil with a high
viscosity, therefore it was dissolved in ethanol (with a
concentration of 50 g/L) and mixed into the UHMW-
PE-powder drop by drop in a screw-cone mixer
(Nauta-Vrieco) to a concentration of 0.8% w/w. The
ethanol was then evaporated in a vacuum-dryer at
50°C for 6 h [19].

For the tests, specimens in tablet form fitting into
the culture wells with a diameter of 15 mm and a
thickness of 2 mm were needed. The first tablets were
milled out of disks, which were sintered from the
UHMW-PE-powder  (diameter = 600 mm,  thick-
ness = 60 mm) at 220°C and 35 bar for 7h in an
industrial facility. However, the cells accumulated in
the milling grooves making it impossible to count the
cells. Therefore, we directly sintered the powder in a
2mm thick mold with holes of 15 mm diameter for
105 min at 230°C under nitrogen atmosphere in a
Collin 200 PV hydraulic press (Dr. Collin GmbH,
Ebersberg, Germany). With this procedure we got
tablets of the desired size with a smooth surface. The
tablets were washed with ethanol and dried for 25 min
at 60°C in an air oven. Finally, all tablets were washed
and sterilized with y-rays at 25 kGy in inert atmo-
sphere by Centerpulse Ltd. (now Zimmer Inc., Win-
terthur, Switzerland) according to standard procedures
for artificial hip-cups. In order to prevent floating, the
tablets were fixed in the wells with silicone rings.

The biocompatibility of the different materials was
tested by using methods described in detail earlier |25,
26]. Briefly, the morphology, proliferation, viability
and cytotoxicity were analyzed in vitro. As in vitro
models, two human cell lines were chosen for their
differences in phenotype and proliferation, namely
HF-SAR and GSJO.

Cell culture

The HF-SAR cell line was established from normal
human skin of a 2 year old male (Personal communi-
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cation). The cells grow adherent and have fibroblastic
morphology. Cultivation was performed in Minimum
Essential Medium Eagle (MEM-E, Biowhittaker, Val-
lensbaek Strand, Denmark) containing 10% fetal
bovine serum (PAA Laboratories, Exton, PA, USA)
without antibiotics. An inoculum of 1.0 x 10° cells/ml
will multiply 2-3 fold in 7 days.

The GSJO cell line was established from a medullary
thyroid carcinoma of a 68 year old male, according to
detailed protocols [27]. The cells grew anchorage
independently, forming suspensions of single cells
and spheroid aggregates. Cultivation was performed
in nutrient mixture Ham’s F12 (Seromed, Gottingen,
Germany) containing 10% fetal bovine serum (PAA
Laboratories, Exton, PA, USA) without antibiotics.
An inoculum of 1.0 x 10° cells/ml will multiply 3 fold
after 3 days.

Both cell lines were mycoplasma-free, as tested by
DAPI-staining (Sigma, Vienna, Austria).

Polyethylene-tablets with or without a-tocopherol
were placed into microplates (24 wells, Sarstedt,
Wiener Neudorf, Austria) and mounted in the wells
with silicone rings. Control materials were round glass
cover slips (Roth, Karlsruhe, Germany) and polysty-
rene—the standard substrate for cell cultures (Sarstedt,
Wiener Neudorf, Austria). 0.5 ml suspensions of HF-
SAR or GSJO cells were pipetted into each well of the
microplates at a cell density of 2 x10° cells/ml
medium, and incubated at 37°C in a 5% CO, and
90% humidity incubator for 3, 4, 6 and 7 days.

Cell counting and determination of cell size

After incubation for 3, 4, 6, and 7 days, the cells from
each well were analyzed in a Casy®-1 Cell Counter &
Analyzer TTC (Schirfe System, Reutlingen, Germany).
The combination of resistance measuring principle with
pulse area analysis allows the quantitative and qualita-
tive analysis of cells. From each well, 50 pl of cell
suspension were taken and diluted 1:50 in counting fluid,
mixed and singly suspended. From each well, the samples
were measured 4 times. Five series of experiments were
performed. The measurement data were performed by
an integrated IBM-compativle computer in the Casy-1
TTC, graphical user interface Windows ™.
Cell numbers and cell size were determined.

Cytotoxicity evaluation by cell proliferation assay
WST-1

After incubation for 3, 4, 6, and 7 days, the Cell
Proliferation Reagent WST-1 (Roche Diagnostics,

Vienna, Austria) was added to each well and further
incubated. The number of viable cells was analyzed by
the cleavage of tetrazolium salt WST-1, added to the
culture medium. The amount of formazan dye formed
directly correlates to the number of metabolically
active cells analyzed, expressing the mitochondrial
activity of the cells. The formazan produced was
quantitated using a scanning multi-well spectropho-
tometer (ELISA plate reader) ( Molecular Devices,
Sunnyvale, CA, USA). The absorbance revealed
directly corelates to the cell number.

Scanning electron microscopy (SEM)

In order to study the microstructures of cell mem-
branes and the attachment to the substrate, the
adherently growing HF-SAR fibroblasts were incu-
bated on the different substrates for 3 days. After
incubation, the cells were fixed in situ in 3% glutaral-
dehyde in 0.1M cacodylate buffer, pH 7.2, +4°C,
washed , and postfixed on OsO4 1% in 0.1M cacodylate
buffer, critical point dried, and coated with Au-Pd. The
morphology of the cells was examined by Leitz
Scanning Microscope AMR 1600. Since GSJO cells
grow as a suspension culture, the attachment-behavior
was not examined.

Results
Cell counting and determination of cell size

The cell counts, comprising the viable and the dead
cells of HF-SAR and GSJO cells showed minimal
differences between stabilized and non-stabilized
materials. A minor reduction of cell proliferation was
caused by the silicone rings which were necessary to
hold the tablets in the wells to prevent floating of the
materials. The best proliferation was found in the
control group, in which polystyrene—the most com-
mon substrate for cell cultivation—was used. No
difference was found between the cell counts of
adherent and suspension cells. (see Fig. 1). No effect
was seen on the size of the cells (Fig. 2)

Cytotoxicity evaluation by cell proliferation assay
WST-1

The mitochondrial activity of HF-SAR fibroblasts and
of GSJO cells was determined after 3, 4, 6, and 7 days.
HF-SAR and GSJO cells, grown on different sub-
strates, showed the same growth characteristics. No
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Fig. 1 Cell proliferation of 2
GSJO cells on polystyrene,

polystyrene with silicone ring,
neat polyethylene and o-
tocopherol-stabilized
polyethylene after 3 days.
The proliferation rates on
polyethylene with or without
a-tocopherol were equal

10E6 counts / ml

HH

H

—H

control PS

PS + silicone ring neat UHMW-PE UHMW-PE + toc

Fig. 2 Size of cells on

polystyrene, polystyrene with
silicone ring, neat
polyethylene and o-
tocopherol-stabilized
polyethylene after 3 days. No
cytotoxic effect on the size of
the cells was found

o
s

cell diameter / microns
(4]

control PS

impairment of the mitochondrial function or sign of
cytotoxicity was found in either cell line (see Fig. 3).

Scanning electron microscopy (SEM)

The ultrastructure of cells was identical on each
substrate. The fibroblasts formed monolayers which
reached confluency after three days on each substrate.
The characteristic morphology of spindle shaped cells
was characteristic in all samples. In each group.
Membrane integrity was not impaired. The attachment
of the cells to the surface was normal and identical on
each sample. No sign of cytotoxicity was found (see
Fig. 4A, B).

PS + silicone ring non stabilized stabilized

Conclusion

In this study, the biocompatibility of w«-tocopherol-
stabilized polyethylene was compared with the known
biocompatibility of polyethylene without stabilizer. We
found similar proliferation rates with both samples.
Slightly better growth qualities were seen on the
control-substrates, i.e. on glass or especially on poly-
styrene, a substrate which is commonly used for cell
culture vessels, which is not surprising. Further, we
found intact morphology in light and electron micros-
copy on each substrate. The morphologic characteris-
tics of skin fibroblasts were not changed by any
material. Normal adherence and spreading of the

Fig. 3 WSt-1 assay of GSJO 0.3

cells after 3 days. The assay is |
based on the cleavage of the > |
tetrazolium salt WST-1 %

producing a soluble formazan S 024

salt. This conversion indicates g

the viable cells. The formazan 5

is quantitated using an §

ELIZA reader. No cytotoxic £ o1

effect was found

control PS
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Fig. 4 HF-SAR human
fibroblasts form confluent
monolayers after 3 days on:
neat polyethylene (A); o-
tocopherol-stabilized
polyethylene (B); Controls:
Glass (C); a-tocopherol
without cells (D). On each
material, the morphology of
the cells was normal, the cell
membranes were not
damaged. Scanning electron
micrographs

fibroblasts was found on controls of glass, on polysty-
rene and on stabilized and unstabilized polyethylene.
The characteristic formation of cell suspensions by the
GSJO cells remained unchanged. The mitochondrial
activity, as studied by WST-1 cell proliferation assay,
was identical for each substrate during the whole
observation period of 7 days.

Using selected methods for in vitro cytotoxicity
assessment, we studied polyethylene and a-tocopherol
stabilized polyethylene, and compared these materials
with glass or polyethylene. We conclude from the
present data that both materials, polyethylene and o-
tocopherolstabilized polyethylene do not show any toxic
effects to human cells, both adherent and non adherent.
However, the in vitro results should be confirmed by in
vivo testing to rule out possible interaction with other
tissues, before the stabilized material can be considered
for implants in orthopedic surgery.
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