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The cytocompatibility of the degradation products of a Co-Cr orthopaedic alloy was
investigated with particular focus on the dose-effect of an electrochemically dissolved alloy
extract and of the corresponding separate metal ions on human osteogenic bone

marrow derived cells. The extract solution contained 15 ppm of Co and 8 ppm of Cr as
analysed by atomic absorption spectroscopy. Stock salt solutions of CoCl,6H,0, CrCl3-6H,0
and Na,CrO, at corresponding concentrations were also prepared. Several dilutions of
the above metallic solutions were tested for a period of 21 days on cells (third subculture)
cultured in a-minimal essential medium containing foetal bovine serum and supplemented
with antibiotics, dexamethasone ascorbic acid and B-glycerophosphate. The osteoblast
response to the presence of metal ions was evaluated by several biochemical parameters:
cell viability (MTT reduction by intracellular enzymes), alkaline phosphatase activity (an
osteoblast marker) and protein production (both intracellular and extracellular). Co-Cr
corrosion products showed opposite effects to their respective metal salts only on day 1.
With time the different metal solutions presented a similar pattern of inhibition. These
results suggest that impaired bone formation in vitro can occur in the presence of Co-Cr

corrosion products.

1. Introduction

Despite the good corrosion resistance of cobalt—
chromium alloys which are currently used in ortho-
paedics, the accumulation of metal ions at the implant
site and their distribution throughout the body, via
systemic circulation, has been cited as a cause of
health concern [1-9]. Corrosion has been associated
to the formation of the fibrous capsule that frequently
involves Co—Cr implants keeping osteogenesis at
a considerably long distance [10]. Osteolysis, which is
a phenomenon of bone loss, has also been reported to
occur around Co-Cr components used in total hip
arthroplasty [9]. Among other factors, metallic debris
resulting from corrosion and wear have been con-
sidered as a cause of bone loss [11,12].

The cellular events taking place at the bone/
material interface can be determinant for the success
of an implant. These aspects can be better studied
through in vitro models using well-characterized osteo-
blasts [13, 14]. as they are ideal systems for dose—effect
quantification of biomaterial degradation products [15].

The objective of the present work was to study the
dose- and time-effect of Co—Cr corrosion products
and the corresponding metal ions, Co** and Cr** or
Cr®*, on human osteoblast-like cells from bone mar-
row origin, by analysing several biochemical para-
meters: MTT reduction by intracellular enzymes, al-
kaline phosphatase (ALP) activity and protein pro-
duction.

2. Materials and methods

2.1. Metallic solutions

A suitable electrochemical technique [16] was used to
dissolve (in NaCl 0.15 m) a sample of a Co-Cr-Mo
orthopaedic alloy with composition (percentage by
weight): Co(balance), Cr(28), Mo(5.5), Ni(1), Si(0.95},
Fe(0.7), Mn(0.65) and C(0.25). An extract solution
containing 15 ppm Co and 8 ppm Cr was obtained as
determined by atomic absorption spectrophotometry
(in a Pye Unicam SP9 spectrophotometer with an
air-acetylene flame).
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TABLE 1 Culture time and metallic concentrations (ppm) tested

Solution Culture Extract Co?* Ccrit Crtt
number days [Co] [Cr] [Co] [Cr] [Cr]

1 1,14 Tx 107 4x107* 7x107* 4x107* 4x 1074
2 1,7,14,21 3x1073 2x 1073 3x1073 2x 1073 2x107°
3 1,14 Ix1072 6x1073 1x1072 6x1073 6x1073
4 1,7.14,21 5x10772 Ix1072 5x1072 3x1072 3x107?2
5 1,14 2x 1071 Ix107! 2x 107! 1x107! 1x107!
6 1,7,14,21 g§x107! 4x107" §x107! 4x107" 4x107!
7 1,14 3 1.6 3 1.6 1.6

CoCl,-6H,0, CrCl;6H,0 and Na,CrO, stock
solutions were also prepared in NaCl 0.15 m at extract
equivalent concentrations.

After pH adjustment (to 7.4) and sterilization in an
autoclave, further solutions were obtained by success-
ive dilutions (1:4).

2.2. Cell culture

Human bone marrow cells (third subculture) were
seeded at an initial density of 10* cells/cm®. The con-
trol (NaCl 0.15 m) and all the above metallic solutions
were diluted (1:5) in a-MEM (o-minimal essential
medium, Sigma) with 10% foetal bovine serum
(Sigma), 2.5 pg/ml fungizone (Gibco), 50 pg/ml gen-
tamicin (Gibco), 10”8 m dexamethasone (Sigma),
10 mm B-glycerophosphate (Sigma) and 50 pg/ml as-
corbic acid (Sigma). These media were initially added
to cells and then renewed twice a week. Cells were
cultured at 37°C in a humidified atmosphere with 5%
CO, and were carefully watched throughout the ex-
periments using an Olympus CK2 phase contrast in-
verted optical microscope.

2.3. Biochemical assays

Biochemical assays were carried out at days 1 and 14
for all tested solutions and also at days 7 and 21 for
selected metallic concentrations. Table 1 shows the
final Co and Cr concentrations in the culture (num-
bered from 1 to 7) and the testing days for each case.

2.3.1. MTT assay

The cellular reduction of MTT (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) to pro-
duce a purple formazan product was used to estimate
cell viability and proliferation. At the end of the cul-
ture time, osteoblasts (cultured in 96-well plates) were
incubated with MTT (0.5 mg/ml in culture medium)
for 4 h at the culture conditions. The culture medium
was then decanted, the formazan salts were dissolved
with DMSO (dimethylsulphoxide) and the optical
density (OD) was measured at 600 nm. Results are the
mean of eight replicates.

2.3.2. Alkaline phosphatase

activity and protein contents
At the end of culture time, osteoblasts cultured in
24-well plates were rinsed twice with PBS (phosphate
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buffered solution) and stored at — 20°C. Later, PBS
with Triton X-100 was added to each well, the cells were
scraped from the plastic surface and the suspension was
sonified. The sample was then stored again at — 20°C.

The total protein contents were evaluated accord-
ing to the Lowry method [17]. The quantities of all
involved reagents were adapted to 40 pl protein- con-
taining samples and direct absorbance measurement
(600 nm) in 96-well plates. Bovine serum albumin was
used for standards preparation.

ALP activity was determined by incubating, at
37°C, 100 pl of the sample with 100 pl of 20 mm p-
nitrophenylphosphate prepared in a pH = 10.3 buffer
solution (1 M diethanolamine and 1 mm MgCl,). The
reaction was stopped after 15 min by addition of
0.5 ml of NaOH 0.2 M and the p-nitrophenol (yellow
product) content was measured by comparing the
absorbance at 405 nm with a series of standards.

For both ALP activity and protein content, the
results are the mean of three replicates.

2.4. Histochemical characterization

Cultures were fixed with 1.5% glutaraldehyde (pre-
pared in 0.14 M sodium cacodylate buffer, pH = 7.4)
and rinsed with distilled water.

ALP staining: a solution prepared in Tris buffer
(pH = 10} and containing a mixture of Na-a-naphtyl
phosphate (2 mg/ml) and fast blue RR salt (2 mg/ml)
was added to fixed cells. After 1 h in the dark, cells
were rinsed in tap water and observed in an Olympus
BH-2 optical microscope. ALP positive cells were
stained brown.

Phosphates: fixed cultures were covered with a 1%
silver nitrate solution and kept for 1 h under UV light.
After rinsing, a 5% sodium thiosulphate solution was
added for 2 min and cultures were washed again.
Phosphate deposits gave a black reaction.

Calcium: fixed cultures were covered with a 1% S
alizarin sodium sulfonate solution (0.028% v/v in
NH,OH), pH = 6.4, for 2 min and then rinsed with
water and ethanol (0.01% v/v in HCI). Calcium de-
posits were red stained.

2.5. Statistical analysis

The percentage alteration of MTT reduction relative
to the control values was caiculated according to the
formula:

% alteration = (ODlest.()OO nm/ODcontrol. 600 nm)

x 100 — 100



Student’s t-test was applied to determine the statist-
ical significance of the differences between groups of
results: p values lower than 0.05 were considered sig-
nificant.

3. Results and discussion

The osteogenic nature of the primary culture and of
the first and second subcultures of bone marrow de-
rived cells was confirmed histochemically by showing
a strong intracellular ALP reaction and extracellular
matrix mineralization.

In the present work, the third subculture was used
to study the cytocompatibility of Co—Cr alloy cor-
rosion products and the corresponding metal ions,
Co™" and Cr** or Cr®". Both chromium valences
were tested due to the doubts concerning the oxida-
tion state of chromium release from such Co—Cr im-
plants. This third subculture also showed strong his-
tochemical reaction for intracellular ALP in the con-
trol and metal exposed cultures, confirming the os-
teoblast phenotype of the cells (data not shown). On
day 14, a few nodules of mineralization were observed
only in the control culture, indicating the onset of such
a process [ 18]. However, the aim of this paper was to
evaluate metal ions cytocompatibility by studying sev-
eral biochemical parameters. Thus, cell viability/
cytotoxicity was estimated using the MTT assay, and
specific cytocompatibility, associated to osteoblast
phenotypic expression, was evaluated by protein pro-
duction and ALP activity.

3.1. Cell viability/cytotoxicity

Despite the controversy and the lack of knowledge
related to the enzyme systems which reduce MTT, and
to the localization of this reaction inside cells [19],
the MTT assay has been widely used to measure cells
viability/proliferation and to estimate the toxicity of
several agents [20,21]. Reduction of the MTT
by human osteoblasts was then studied in cells
either exposed to several concentrations of metal
ions and cultured for 1 and 14 days (Fig. 1), or
exposed to seclected concentrations (Nos2,4 and
6—see Table I) and cultured for 1,7, 14 and 21 days
(Fig. 2).

The effects of metal ions on human osteoblast-like
cells were shown to be dose- and time-dependent. In
fact. at the beginning of cell culture, day 1, only the
highest extract concentration (No. 7) caused significant
inhibition of the MTT assay (Fig. ta). In contrast,
Co?* (Fig. 1a), Cr** and Cr®* (Fig. 1b) caused stimu-
lation of the MTT assay, particularly significant at
lower concentrations. These opposite effects of Co-Cr
corrosion products, as compared to the corresponding
metal ions on osteoblast cell cultures, are in agreement
with previous studies in which MTT and other enzy-
matic activities of human fibroblasts are inhibited by
stainless steel corrosion products but stimulated by
metal salts [22].

On the day 7 of culture the MTT assay was lower
than on day 1, and similar in all cultures (Fig. 2)
suggesting that during this first week the cells were
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Figure | Percentage alteration in the MTT assay relative to the
control. Effects on days 1 and 14 of several concentrations of the
Co—Cr extract and Co** (a). Cr** and Cr®* (b) salts are shown
(MTT results standard deviations were in general lower than 20%).
*Significant differences (p < 0.05) between groups of metal exposed
cells and control cells. Day 1: ext —- ; Co -B3-; Cr’% —&—; - -
Cr®*. Day 14: ext —M—; Co -£--: Cr'* & 1 Cr°" -o¢-.

adapting (lag phase) to the culture conditions and that
some cells probably died. After day 7 the viable cells
entered an exponential growth phase (Fig. 2). The
highest concentrations {(Nos 6 and 7) of all metallic
solutions caused significant decrease in the MTT as-
say at day 14 (Figs 1 and 2), which was even more
evident at day 21 (Fig. 2). Significant differences were
found in the inhibitory effects caused by the highest
concentrations (No.6) of the metallic solutions
(Fig. 2).

3.2. Specific cytocompatibility

The total protein content detected in cultures is both
intracellular and extracellular (the latter mainly
collagen, according to [23]). Total protein was esti-
mated in the control and in cultures exposed to the

293



0.5 0.5
H H
o 041 S 04
[=] [}
© w0
® ®
5 0.3 1 5 0.3 .
B * B
£ £
§ 021 g 0.21 #
> * >
o ] »
& 0.1 2 011
E E
= =
0 T T T 0 T T T
0 10 15 20 25 0 10 15 20 25
(a) Time (days) (c) Time (days)
0.5 0.5
g t
c
8 0.4 1 s 0.4 4
@ 8
® ©
c 0.3 c 0.3
S * o
= 2 *
E 0.2 1 E 0.2 -
z * 2
[2 [}
& 0.1 g 0.1
E E
s =
0 T T T 0 T T T
0 10 15 20 25 0 10 15 20 25
{b) Time (days) (d) Time (days)

Figure 2 Cell viability estimated by the MTT assay. Effects over 21 days of selected concentrations (Nos 2, 4 and 6) of the Co—Cr extract (a),
Co?* (b), Cr3* (c) and Cr®* (d) salts are shown (MTT results standard deviations were in general lower than 20%). *Significant differences
{(p < 0.05) between groups of metal-exposed cells and control cells. Control —M—; extract 2/Co 2/Cr3* 2/Cr®* 2 ——; extract 4/Co 4/Cr3*

4/Cr®* 4 % extract 6/Co 6/Cr3* 6/Cr®* 6 -
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Figure 3 Total protein contents. Effects over 21 days of selected concentrations (Nos 2, 4 and 6) of the Co-Cr extract (a) and Co** (b), Cr**
(c), and Cr®* (d) salts are shown (standard deviations were in general lower than 35%).*Significant differences (p < 0.05) between groups of
metal-exposed cells and control cells. Control —M—; extract 2/Co 2/Cr®* 2/Cr®* 2 —— extract 4/Co 4/Cr3* #/Cr®* 4 = extract 6/Co

6/Cr3* 6/Cr®* 6 1.

selected concentrations of metal solutions (Nos 2, 4, 6)
as shown in Fig. 3. Statistically significant differences
in protein production were observed only at day 21 for
the Co—Cr extract with Co?* and Cr*” at the highest
concentrations (Fig. 3). Interesting is the fact that
a lower protein content was observed on day 7 com-
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pared to day 1 (Fig. 3), in accordance with the above
data on MTT (Fig. 2). Similarly, the ALP activity on
day 7 was lower than that observed on day 1 (Fig. 4).
At day 21 the Co—Cr extract, Cr®* and Cr®*, caused
inhibition of the ALP activity of the cultured osteo-
blasts (Fig. 4).
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Figure 4 ALP activity. Effects over 21 days of selected concentrations {Nos 2, 4 and 6) of the Co-Cr extract (a) and Co?* (b), Cr” (c), and
Cr®* (d) salts are shown (standard deviations were in general lower than 30%).*Significant differences {p < 0.05) between groups of
metal-exposed cells and control cells. Control —B—; extract 2/Co 2/Cr3* 2/Cr®* 2 —: extract 4/Co 4/Cr3* 4/Cr®* 4 % extract 6/Co

6/Cr3* 6/Cro* 6 7 .

4. Conclusions

At the experimental conditions described in this pa-
per, Co-Cr corrosion products showed opposite ef-
fects to their respective metal salts only on day 1. With
time, all the different metal solutions presented a sim-
ilar pattern of inhibition as estimated by cell viability

(MTT reduction by intracellular enzymes), ALP activ-
ity (a specific marker of osteoblasts) and protein pro-
duction (both intracellular and extracellular). Since
ALP plays a crucial role in the mitiation of mineraliz-
ation [24], the findings presented in this work indicate
that defective bone formation occurs above a certain
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level of Co-Cr corrosion products concentration.

Thu

s, these in vitro results are in agreement with the

finding of bone loss around Co—Cr components used
in total hip arthroplasty [9].
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