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Individual study of chromium in the stainless steel implants degradation:
An experimental study in mice
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Abstract

To study the accumulation and the histological effects in mice organs caused by hexavalent chromium, one of the
corrosion products released from AISI 316L stainless steel implants, mice groups were subcutaneously injected

with a metallic solution of chromium during a certain period of time. Similar injections were made with HBSS
(Hank’s Balanced Salt Solution) in other groups to be used as controls. The levels of chromium found in the liver,

kidney and spleen of the control and the treated animals were obtained by atomic absorption spectrometry (AAS)
and were compared to those obtained by AdSV (adsorptive stripping voltammetry) to test the accuracy of the
results. During the experimental period, the liver and spleen showed a progressive and significant accumulation

of chromium whereas in the kidney the significant accumulation found after the first week practically remained

unchanged during the four weeks. Apparently, the histological analysis of these tissues did not evidence any

relevant morphological alteration induced by the chromium accumulations during the four weeks of treatment.

Introduction has been reported in the literature that the chromium
released during corrosion of implants is in the hexava-
Chromium is considered one of the essential metals lent form (Merritt et al. 1984; Merrittet al. 1992;
to the human organism due to a complex of trivalent Merritt & Brown 1995) which attaches to albumin
chromium that has been found to participate in the (Merritt et al. 1984; Merritt & Brown 1985) easily
glucose metabolism (Katz & Salem 1994). However, permuting with body fluids and enter in the circula-
it is well known that hexavalent chromium causes der- tion. There are evidences that hexavalent chromium is
mal inflamation and allergy (Young & Houwing 1987) reduced to the trivalent form before or during binding
and it is suspected to be a chemical carcinogen (Martin to hemoglobin, after which is uptake by cells, i.e., this
et al. 1988; Brienet al. 1990; Katz & Salem 1993). metal is reduced intracellularly (Bartolozzi & Black
Chromium has been used as an alloying elementin 1985).
joint replacement prostheses for many years (Langard  Most of the metallic materials used in implan-
& Hensten-Petter 1981). Several studies showed thattology contain significant quantities of at least three
chromium and the other alloying metals are released elements and each one has distinct biological proper-
from the implants in high concentrations and are found ties. When stainless steel or other alloys are used, it
in blood, urine and also in tissues of patients carrying is extremely difficult to correlate the specific histolog-
cobalt-chromium alloys and stainless steel implanted ical features with the characteristics of each specific
devices (Dobbs & Minski 1980; Blackt al. 1983; metal ion. With this in mind, the objective of this
Bartolozzi & Black 1985; Sundermaeat al. 1989). It work was to investigate the accumulation and histo-
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logical effects with time in mice liver, kidney and Small fragments of the organs were used for histologi-
spleen induced by this metallic specimen after several cal studies and the remaining part was stored in PTFE
injections of an hexavalent chromium solution which bottles and kept in a freeze chamber-&20 °C for

was produced during the anodic dissolution of the pure posterior quantitative analysis. During the dissection
metal. These three organs were chosen because of theiand in posterior treatment, the organs were not touched
excretory functions (Ross & Rowrell 1985). Similar with any metallic instrument to insure no chromium
studies were done for nickel and iron with the same contamination. All glassware and polyethylene bottles
purpose (Pereirat al. 1998a, b) and both metals in- used were soaked in solutions of H§@0% for sev-
duced with time several morphological alterations in eral hours and then rinsed with an excess of water and
the mentioned organs. Pure metals were used with theleft to dry.

intention to differentiate among the individual effects

of chromium, nickel and iron in the stainless steel Mineralisation procedure

alloy.
y Approximately 1.0 g of each organ studied was placed
into previously weighed vessels and then dried in a
Materials and methods microwave oven model MDS 2000 CEM. Inside the
vessels 1.50 mL of HN®Suprapur from Merck was
Chromium dissolution added per 100 mg of dry weight (Pere@tal. 1997).

The microwave digestion proceeded during 30 min.
Discs of chromium Patinal (Merck) were anodically After that, the resulting solutions were evaporated
dissolved in Hank’s Balanced Salt Solution (HBSS) with the addition of 1.0 mL of HCIQ (Merck) per
by imposition of a constant current. The chromium 0.50 g dry mass until perchloric acid fumes were no
content was determined by flame atomic absorption Jonger observed. The residue was then diluted with
spectrometry (AAS) and a solution of 140 mglwas ultra pure water to an appropriate volume.
prepared. The color of the solution was yellow/orange
indicating that the valence state of chromium in the Analytical procedure
physiological solution was hexavalent.

Solutions prepared in this way were analyzed by
Animals graphite furnace atomic absorption spectrometry. The

spectrometer used was from Perkin Elmer Model
Male Charles River mice nearly 60 days old weigh- 4100ZL in conjunction with pyrolytic THGA (trans-
ing 27-34 g supplied from ‘Instituto Gulbenkian de verse heated graphite atomizer) tubes and autosam-
Ciéncias’, Portugal, were selected as the laboratory pler. Mg(NQs), was used as the matrix modifier. The
animal model to administer the chromium solution. standard addition method was used to quantify the
They were housed in groups of four per cage and food chromium concentration in this type of matrix. All the
and water were givead libitum During one weekthe = measurements were performed in triplicate with four
animals were allowed to equilibrate relatively to their standard additions.
new environment and diet.

Histological analysis
Chromium injections and mice sacrifice

Small fragments of each organ were fixed in Bouin's
0.50 mL of the chromium solution was subcutaneously splution, embedded in paraffin and sections with ap-
injected in the back dorsal surface at days: 0-group |; 0 proximately 3-5m were made in a microtome.
and 7—group II; 0, 7 and 14—group llland 0, 7, 14 and  After staining with Hematoxylin-eosin, sections were
21—group IV. Each group was composed of eight ani- then dehydrated in an ethanol series and mounted in

mals. A similar design was used for the control mice Canada Balsam. Observations and photographs were
which Only received HBSS. The bOdy Welght of the made using a Nikon optica| microscope.

animals was registered at the day of the first injection

with chromiumand at the day of sacrifice. The animals  statistical analysis

were sacrificed after a week of the last injection, under

ether anesthesia. By surgical incision in the abdomi- Statistical analysis of the significance of the differ-
nal cavity the liver, kidney and spleen were removed. ences between all groups injected by chromium and



the control ones were carried out by the Student’s
method. The acceptable level of significance was at
P<0.01.

Results

Morphological observations

Cr(pg/g dry tissue)

The mean values of body weight for each group ex-
pressed in grams plus the standard deviations were
respectively: Group 1-299 + 3.60 and 24.943.72;
Group 11-3098+ 2.96 and 3311+ 2.57; Group Ill—-
33.03+£2.60 and 3000+ 1.73; Group IV-3386+4.22

and 3345+ 0.37. The differences between the body
weights at the day of sacrifice and the initial weight
were not statistically significanp(> 0.05) and they
are very similar with the control animals.

No mortality was observed during the animal
treatment neither signs of toxicity associated with 2
chromium administration. The macroscopic appear- &
ance of the removed organs in all groups seemed to %
be apparently similar to the control ones. 5

tissue)

gd

Chromium analysis

The concentration of chromium found in the stud-
ied organs is presented in Table I. The values were
expressed inug g~! dry tissue. To check the accu-
racy of these results some solutions were analyzed by
AdSV (Pereiraet al. 1997). The differences found
by both methods were not statistically significant,
the values differed only by 1.2 to 6.1% indicating a
good accuracy of the results. Comparing the means
of the chromium levels in the control orgamsrsus
the treated animals, there was a significant elevation
(p < 0.01) of chromium concentration in the three
organs studied during the experimental assay. The lev-
els of chromium in the control mice organs remained
essentially unchanged.

Cr/(ug/g dry tissue)

Figure 1. Concentration of chromium found in mice at the days of
sacrifice after injection of a chromium solution: (a) liver; (b) kidney;
(c) spleen. The animals were sacrificed at days 7, 14, 21 and 28.

Chromium accumulation in the liver, kidney and
spleen

Figure 1a shows a progressive and significant increase

was approximately forty times higher compared to the
control group, i.e., twofold compared with day 7.
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It is possible to see a significant increage &
(p < 0.01) of chromium concentration with time  ,01) of chromium concentration in the kidney of an-
when compared to the normal values found in con- jmg|s injected with this metal and the control ones
trol animals. At day 7 the chromium levels were \ith time (Figure 1b). The rise was about fifteen
already approximately twenty times higher than the times the normal values found in this organ and the
control group. At day 28 the chromium accumulation  chromium quantity accumulated by the kidneys during
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Table 1. Results obtained in mice organs by AAS following injections of chromium
The values are expressedug g‘l of dry weight

Liver Kidney Spleen
7 days
Control 0.119+0.003 0.1270.004 0.3570.007
Injection 2.67 £0.10 1.95 +0.08 5.07 +£0.15
14 days
Control 0.106£ 0.003 0.153t 0.006 0.444+0.009
Injection 3.33+0.10 1.52 +£0.05 5.94 +0.12
21 days
Control 0.159t 0.005 0.10A0.004 0.423t 0.006
Injection 4.20 £0.08 2.05+0.04 6.70 £0.19
28 days
Control 0.125+ 0.004 0.124+0.003 0.4010.005
Injection 5.37 £0.13 2.08 £0.04 8.75+0.25

Mean for at least three separate determinations and their standard deviation.
Each control and injected group was composed of 8 animals.
The differences in results with both methods are not significapt-at0.01.

the first week practically remained unchanged during the quantity initially injected was 7g. The Group

the posterior treatment time.

Figure 1c shows a progressive augment of
chromium concentration in the spleen of animals in-
jected with this metal compared with the control an-
imals, demonstrating a significant accumulation of
chromium in this organ < 0.01). At day 7 the

chromium concentration was fourteen times more ele-
vated than the control organs. At day 28 the accumula-

IV suffered four injections corresponding to 288 of
chromium and retained approximately 2.85. Thus,
only nearly 1% of the total injected chromium was
accumulated in these organs. From the literature, it
seems that one part of this metal tends to remain at
the impregnation site once chromium is cell binding
(Brown et al. 1993) and from the same study 67.3%
of the injected chromium was recovered in urine and

tion increased approximately twenty times compared 8.7% in organs. However, the major part of the in-

to the control organs.

The histological sections of liver, spleen and kid-
ney from all groups that were injected with chromium
were similar to the control groups. In most of tissues

jected chromium appeared to be excreted mainly by
the kidneys: approximately 80% of an injected dose
have been recovered in urine (Burrows 1983).

As was referred, only ca. 1% of the chromium ini-

analyzed the morphological aspects do not presenttially injected remained in the organs and provoked

degenerative features.

Discussion

The quantity of chromium initially administered in

mice was based in previous published results of analy-

a significant rise in the levels when compared to
the organs of the control animals. Thus, chromium
guantity accumulated by the kidneys during the first
week practically remained unchanged during the pos-
terior treatment time. This suggests an impregnation
of the kidney cells with chromium producing a slow,
long-term release and apparently this organ was inca-

ses of human tissues adjacent to stainless steel im-pable of a rapid elimination by urine. From a study
plants, the chromium concentration ranged between of Bartolozziet al. (1985) in patients that received

210 and 2700 mgt! (Pohler 1983). In this study
each injection contained 140 mgk of chromium

conventional polymethilmethacrylate cement cobalt-
chromium alloy, a post-operative increase excretion

and corresponded to a simulated corrosion rate of of chromium by urine was observed in conjunction

330ug kg 1 day L.

After one week from the first injection, the quantity
of chromium accumulated in the liver, spleen and kid-
ney organs was approximately 1u4 per animal and

with serum rise suggesting that there is a saturation
of the urinary excretory pathway. A progressive ac-
cumulation of this metal was observed in the spleen
and liver indicating a certain storage capacity of these



organs and this ability was confirmed by the inexis-
tence of histological alterations in these organs. Smith
and Black in 1985 implanted 316L stainless steel in
male New Zealand white rabbits and found that at the
end of the seven months of implantation the chromium
concentration in the liver was 85% more elevated
compared to the control animals.
The higher accumulation of chromium observed in
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Burrows D. 1983Chromium: Metabolism and Toxicit RC Press,
Boca Raton, Florida.

Dobbs HS, Minski MJ. 1980 Metal ion release after total hip
replacementBiomaterialsl, 193-198.

Kargacin B, Squibb KS, Cosentino S, Zhitkovich A, Costa M. 1993
Comparison of the uptake and distribution of chromate in rats
and miceBiol Trace Element Re36, 307-318.

Katz SA, Salem H. 1993 The toxicology of chromium with respect
to its chemical speciation: a revieAppl Toxicol13, 217-224.

Katz SA, Salem H. 1997 he Biological and Environmental Chem-

the studied organs appeared to be associated with a istry of ChromiumVCH Publishers.

greater binding of chromium by the red blood cells as
suggested by several studies (Merritt & Brown 1985;
Kargacinet al. 1993). It is accepted that corrosion im-
plants lead to release of biologically active hexavalent
chromium (Yanget al. 1994; Kargaciret al. 1993).
These results are in agreement with other study in
Syrian hamsters (Merritet al. 1989) that received
four doses of 117:.g of chromium, 90ug nickel and

94 g cobalt at monthly intervals. Chromium levels
were elevated in all organs (liver, lung, spleen, kid-
ney) compared to control. Chromium was found in the
red blood cell and it was eliminated in the urine very
slowly (Brownet al. 1988).

Apparently, it is possible to deduce that chromium
is not the metal of concern for short term stainless
steel implants as it did not induce morphological alter-
ations in the mice organs mentioned. However, further
studies must be carried out for longer periods of treat-
ment, to observe whether or not it causes histological
alterations.
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