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Arthritis develops in DBA/1xB10A(4R) mice and Wistar rats upon intraplantar injection of potassium
eroxochromate (KiCrQOs), and is here quantified by whole blood chemiluminescence (CL) and
pertechnetate-imaging " TcO4” ), and related to overt disease symptoms (the arthritis index). During the
aqueous decay of KiCrOs to chromate (VI), the chromium(V)-bound oxygen is released as superoxide,
hydroxylradicals, singlet oxygen and hydrogen peroxide, the same reactants, which are produced by activated
phagocytes during inflammation. Reactive oxygen species (ROS) trigger the breakdown of the sulfhydryl-
dependent antioxidant defence system and induce the nuclear factor kappa B-dependent expression of
pro-inflammatory cytokines, which prime phagocytic NADPH oxidases to the enhanced production of ROS.
During both the acute inflammatory response and the onset of the secondary response in non-injected paws,
the phorbolester-stimulated ROS production of phagocytes was significantly enhanced (p < 0.001) and
correlated well to the arthritis index (r=0.797) and the uptake of *™TcO4” into inflamed joints. Chromate(VI),
formed during the decay of KsCrOs, contributes to the progression of arthritis by inhibition of glutathione
reductase, thereby increasing intracellular H,O. concentrations. In addition, Cr(VI) reduced to Cr(V) by
ascorbate, catalyzes hydroxyl radical production in the presence of hydrogen peroxide. A stable ioop forms,
in which ROS, continuously produced by Cr(VI)/Cr(V) redox-cycling, drive the primary response into
chronic self-perpetuating inflammation. We see the main application of K3CrOg-induced arthritis and its
assessment by both ®™TcO, imaging and chemiluminescent immunosensoring of phagocytic activity in
unseparated blood as for the rapid screening of novel anti-rheumatic drugs and treatments.
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INTRODUCTION

Rheumatic diseases are a major problem in aging societies. It is estimated that the costs
of health care for persons with rheumatic diseases and of their lost time from work will
approach 1% of the gross national product of USA by the year 2000.'

Experimental research on arthritis is hampered by clearly defined animal models.
Quite often, the molecular mechanisms of disease etiology are obscured and do not
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allow precise conclusions on the mode of action of potential anti-rheumatic drugs
tested in those models. Thus, one of the most valuable models of arthritis, collagen type
11 induced arthritis (CIA) in mice and rats, suffers from poorly defined cause-effect
analyses.” CIA can only be induced in animals bearing one of two independent
haplotypes, H-2°and H-2".? This restricted genetic susceptibility is favorable for studies
on the genetics of resistance to the disease, but the unpredictable incidence of develop-
ing arthritis, which varies from 40—95%, makes the assessment of anti-rheumatic drugs
virtually impossible in this model.* In addition, conclusions on the importance of
cellular and humoral immunity towards the incidence and severity of disease (CIA can
be passively transfered with serum concentrate or lymphocytes from arthritic donors
into irradiated mice of the same strain) are obscured by the fact that anti~collagen(ll)
antibodies are found equally distributed in CII-lmmumzed and non-immunized mice
and correlate only poorly to the disease activity. It is also reported that the cellular
and humoral reactivity to collagen in human patients suffermg from rheumatoid
arthritis is not specific for a partlcular type of collagen.® In addition, depletion of
complement with cobra venom m rats prevents the onset of disease, while not changing
the IgG titer to type II collagen.® These findings suggest strongly that CIA is in part
mediated by immunocomplexes.

Immunocomplexes bind avidly to Fc receptors on phagocytes and induce the
oxidative burst-dependent generatxon of reactive oxygen species by the membrane-
bound enzyme NADPH oxidase.” Recently, we were able to show the 10fold enhanced
phagocytic release of ROS in patients suffering from various rheumatic diseases.
Elevated levels of ROS in those patients caused the partlal collapse of the suifhydryl-
dependent antioxidant and antioxidase defence system.*” The NADPH oxidase-
dependent, acquired dysfunction of phagocytes in rheumatic patients correlated well
to the plasmatic levels of tumor necrosis factor alpha (TNF-a ). TNF-a primes NADPH
oxidase via the accelerated translocation of cytosolic oxidase subunits to the membrane
and induces genes coding for the enzyme. The phagocytic hyperreactivity seen in rheumatic
patients was also confirmed in experimental models of arthritis and the application of
micromolar concentrations of selective inhibitors of NADPH oxidase or low molecular
weight antioxidases Cu(PuPy),, an active center analo%ue of CuzZnzsuperoxide dis-
mutase) abrogated the onset and progression of disease. ' The acquired imbalance in
pro-and antioxidant levels plays a crucial role in maintaining the underlying chronic
inflammatory process in rheumatic diseases. A stable loop may form, in which acti-
vated phagocytes release oxygen radicals, and these go on to further stimulate lympho-
cytes, eventually driving the disease into auto-immunization. The dependence on the
continuing inflammatory process and its effective modulation by antioxidants and
antioxidases prompted us to develop a simple, overlookable model of chronic inflam-
mation. The aqueous decay of the inorganic compound potassium peroxochromate to
superoxide, hydroxy! radicals, singlet oxygen and hydrogen peroxide seemed most
appropriate for this purpose as the molecular modes of action of its reactants are clearly
defined and reﬂect sufficiently the in vivo oxidative activity of phagocytes during
inflammation." In addition, the present study reports the use of whole blood chemilu-
minescence and ™ TcOq-imaging for the assessment of disease activity.'®"
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MATERIAL AND METHODS

Animals and housing

Both male DBA/1xB10A(4R) mice, weighing 25-30 g, and Wistar rats, weighing
220-250 g, were kept on a standard laboratory diet ad libitum. The animals were housed
in groups of ten in wire-topped polycarbonate cages with a layer of sawdust as bedding.
The cages were located in a room routinely checked for specific pathogen-free (SPF)
conditions. The facility had controlled lighting (light: 0700-1900 h), temperature
(22°C) and relative humidity (50%).

Chemicals

Unless otherwise indicated all chemicals were purchased from Sigma-Aldrich,
Deisenhofen, Germany.

Potassium peroxochromate (K3CrOs) was synthesized from H;0,, CrO; and KOH
following standard procedures, with minor modifications."” 100 ml of deionized water
was mixed with 100 m] of KOH 25% (w/v) and 25 ml of a 50% solution of CrO; in water
(wiv). The solution was cooled to-4°C (ice/salt) and 30 ml of H,0, (30%) added dropwise
under vigorous stirring, avoiding the increase of reaction temperature above 0°C. One
hour later, the formed crystals are filtered and washed with ice-cold ethanol (90%; v/v),
air-dried and kept in an evacuated exsiccator at room temperature. Yield: 50% of [H,05)].

Induction of K3CrQs-Arthritis

K;CrO;s was dissolved in 0.01 N NaOH. At alkaline pH the aqueous solution of K3CrOg
is stable for a minimum of 2 hours but decays rapidly to superoxide (O>"), hydroxyl
rad:cals (‘OH), singlet oxygen ('4g0,), hydrogen peroxide (H,0,), and chromate(VI)
(CrO) at physiological pH. The K;CrOy/NaOH solution was diluted with an equal
volume of phosphate-buffered saline (PBS) pH 7.4 within a syringe and 25 xl adminis-
tered immediately by intraplantar application into the left hindpaws of mice an-
aesthetized with diethyl ether to a final concentration of 3 umol/kg of K;CrQs. The same
volume of solvent (PBS/0.01 N NaOH 1:2) was injected into the paws of control animals.
For convenience and easier handling the K;Cr0s/0.01 N NaOH solution can be used
without prior dilution with PBS. In injected paws, NaOH (0.01 N) causes oedema
formation of rather short duration, which does not influence the chronic course of the
disease.

Determination of Arthritis Index

The physical symptoms of arthritis were judged by a standard grading system routinely
used to assess arthritis:'®

0 normal paws; 1 erythema of toes; 2 erythema and swelling of paws; 3 swelling of
ankles; 4 complete swelling of the whole leg and incapacity to bend it. The maximum
achievable score is thus 16.

Light Microscopy

On day 21 after the induction of arthritis the animals were killed by ether anaesthesia.
The hind legs were removed in toto and fixed in 8% formaldehyde. After dissection of
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both paws and knee joints and decalcification in 5% formic acid, the tissues were
processed and embedded in paraffin wax..Sections.of 2-3 um were cut with a Reichert
microtome (Reichert, Vienna, Austria) and stained with haematoxyllin/eosin.

Assessment of Arthritis by Whole Blood Chemiluminescence (CL)

Blood was collected from the median tail artery into polystyrene tubes coated with
10 mM EDTA (Greiner, Frickenhausen, Germany) from five animals per group at
alternate days. Alternatively, blood was collected in the same way from the retro-orbital
blood sinus. The formation of superoxide was determined by chemiluminescence in a
Berthold LB 953 (Wildbad, Germany) luminometer in the presence of lucigenin, within
two hours of collection, on duplicate samples. Each 1 ml sample contained 100 ul
EDTA-anti-coagulated blood, 100 zM lucigenin, 100 uM diethyldithiocarbamate in
RPMI 1640 pH 7.4 (Gibco, Paisley, Scotland) without phenol red. The mixture was
equilibrated for 10 minutes at 37°C and the reaction started by the automated injection
of 0.5 uM 12-O-tetradecanoylphorbol-13-acetate (TPA) in deionized water. The result-
ing chemiluminescence was recorded for 60” at 37°C and integrated.

Induction of KyCrOs-Arthritis in Rats and its Assessment by ™ re0s-Imaging

Male Wistar rats were anaesthetized with diethyl ether and 3 umol/kg K3CrOs admin-
istered by intraplantar application into the left hind-paws. Forty-eight hours later and
on day 12, the animals were narcotized by ip apg)llcatnon of 40 mg/kg pentobarbxtal-
sodium prior to the iv application of 500 /th Na”™TcO, in PBS into the tail vein and
the inflammatory response quantified scintigra ghlcally using a Elscint Apex 409
gamma camera (Elsint, Wiesbaden, Germany).'® Solvent treated animals served as
controls. Both arthritis index and whole blood CL were determined as described above.

Statistical Analysis

All data were 4na1yzed with Friedman’s nonparametric test and adjusted by Dunn’s
multiple comparison test using the Instat 2.01 statistics program (GraphPad, San
Diego, CA) for Apple/Macintosh and are presented as means + standard deviations
(SD). P <0.05 was considered significant. Pearson’s correlation coefficient (r) was used
for the linear correlation of data.

RESULTS

Groups of DBA/1xB10A(4R) hybrid male mice (which were part of a larger study on
the genetics of resistance to arthritis) and male Wistar rats were intraplantarily injected
with 3umol/kg of KsCrOs by the method described above, and were then scored daily
for visible signs of arthritis over a period of 3 weeks. Samples of blood were examined
for their ability to generate chemiluminescence upon stxmulatlon with TPA. In addi-
tion, the KsCrOs-induced swelling of paws was monitored by *™TcO4 -imaging.

Arthritis Index

The disease course shown in figure 1 is representative of five other experiments, which
gave similar results, with only minor variations of disease severity.
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One hundred % of the animals developed an acute inflammation, with an average
peak score of about four.

Within 24 hours the inflammatory lesion was massively infiltrated by polymorphonu-
clear leukocytes followed by the invasion of monocytes after 48 hours. While the oedema
formation at the site of injection peaked at days 2-3 in miceand at day 4 in rats and started
slowly to decline, a secondary swelling developed in non-injected hindpaws, which
peaked at day 8 in mice and at day 13 in rats. The forepaws were usually less involved
(slight erythema in some animals). In 40% of KiCrOs-treated animals, ankylosis of the
knee joints led to the complete incapacity to bend the leg. Skin lesions and subcutaneous
nodules developed in less than 10% of animals and hair loss was observed in approxi-
mately 2% of mice. Quite common was the whitening of the tail tip without necrosis,
which typically started at day 8. After 14 days the arthritisindex began to wane, but stayed
at high levels for more than 40 days, though to a somewhat varying degree. While
approximately 20% of both rats and mice recovered completely, the remainder showed
the typical histopathological picture of synovial hypertrophy, pannus formation, joint
subluxation and deformation of articulating surfaces. ' The original site of injection was
filled with fibrin deposits. Section of livers, spleens and hearts did not reveal any
morphological alterations. The disease course in mice did not differ significantly, when
the parental strains DBA/1 or BIODA(4R) were used, although DBA/I mice showed a
slight tendency to develop a more severe secondary swelling in non-injected paws than
the B10A(4R) or hybrid DBA/1xB10A(4R) strains (data not shown).

Whole Blood CL

For the chemiluminescence assay, a in the methods section, duplicate samples
were read within 2 hours of colle€tion, with an integration time over the oxidative burst
from 0’ to 60” . This procedure was established on the basis of the following informa-
tion. Duplicates differed by <10%. Holding blood on ice for an additional 2 hours
reduced the burst by an average of 12%. Lucigenin was chosen for use as amplifier
because it reacts exclusively with superoxide and thus more selectively reflects the
NADPH oxidase activity than the alternative amplifier luminol."® Unlike lucigenin,
luminol penetrates readily cell membranes and measures both the intra-and extracel-
tular levels of hydrogen peroxide as well as the myeloperoxidase-associated oxygen
radical production and is therefore affected by the activit;/ of the hydrogen peroxide
degrading enzymes glutathione peroxidase and catalase.” The exclusive reaction of
lucigenin with superoxide and the virtual absence of extracellular superoxide dis-
mutases minimizes interference with the assay.”

The choice of activators of the oxidative burst is also critical and depends on what one
wants to measure, While complement C3b, iC3b and immunoglobulin opsonized
Zymosan particles from yeast cell walls as well as the chemotactic peptide FLMP rely
upon ligation of complement and binding to cell surface receptors to trigger CL via both
diacylglycerol generation and calcium influx, the non-receptor mediated stimulation by
the phorbolester TPA proceeds through the protein kinase C-dependent phosphoryla-
tion of NADPH oxidase subunits.” Surface receptors, i.e Fc receptors on neutrophils,
have been shown to be upregulated very quickly duringcell separation or even by contact
of whole blood to the CL tubes, what may give erratic results. Our lab prefers the use of
non-receptor mediated activation by TPA. The detailed molecular mechanisms of TPA-
induced assembly of NADPH oxidase to the active enzyme are sufficiently understood.?

Thus, 100 u1 samples of whole, EDTA-stabilized murine blood, were checked for
the generation of chemiluminescence upon stimulation with TPA (figure 2).
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When compared to healthy mice, 6fold elevated levels of phagocytic superoxide
production were detected in mice suffering from K3CrOg-induced arthritis. The CL
measurements of the disease group differed significantly from healthy animals
(p < 0.001). Leukocytes of both groups were quantified in a coulter counter after lysis
of erythrocytes. A slight though insignificant increase in the numbers of leukocytes was
monitored in arthritis mice and rats (p > 0.05), which had no detectable influence on
the CL. measurements. The CL curves showed biphasic kmet:cs At day 3 the acute
inflammatory response peaked with an average of 1.4 x 10° counts per hour (cph),
which coincided with the swarming of neutrophils and monocytes into the inflamed
area. The acute CL response declined then progressively until day 6. A secondary
response followed, which peaked on day 12. The CL curve began then to wane slowly.
The secondary CL response correlated to the development of arthritis in non-mjected
paws. The CL curves of healthy animals stayed at low levels of about 0.2 x 10° cph and
did not vary significantly over the observed period.

Unlike the strong resemblance of arthritis indices in the mouse and rat models
described above, the TPA-induced CL responses in K;CrOs-treated Wistar rats differed
from those obtained in DBA/1xB10A(4R) mice. In general, the CL responses were 4-5
fold higher than in mice, but the bimodality of CL kinetics remamed the same. The
primary CL response of rats peaked at day 2 with 4 x 10° cph and preceded the
manifestations of overt symptoms by 48 hours (ﬁgure 1). The secondary response,
which peaked at days 12-13 with an average of 6 x 10° cph, was markedly enhanced,
when compared to that of mice and correlated well to the development of arthritis in
non-injected paws.

Correlating CL and Arthritis Index

The arthritis index and whole blood CL of K;CrOs-treated mice correlated positively
with an overall correlation coefficient of r = 0.863 (figure 3).

The arthritis index and CL correlated best to the primary acute inflammatory phase
(days 1-3) and to the onset of the secondary immunological response (days 7-12).

A correlation coefficient of r = 0.797 was obtained for K,CrOs-treated Wistar rats.

%™ Pertechnetate-Imaging

Rats suffering from peroxochromate arthritis were narcotized with 40 mg/kg
pentobarbital- sodlum (ip) prior to the intravenous injection of 500 #Ci Na®™TcOs".
The dlstrlbutlon of ®TcO,” was followed by y-scmtlgraphy (figures 4a—).

While ®™TcO, was taken up to a neghglble extent into the paws of healthy animals
(figure 4a), high activities were monitored in K;CrOs-mJected paws after 48 hours
(figure 4b). At day 12, when the secondary response is at its height (figures 1 and 2),
significant amounts of *™TcO,” were also scanned in non-injected paws (figure 4c),
which reflected the development of arthritis in non-injected paws at that time (figure 1)
and correlated sufficiently to the increase of CL (figure 2).

DISCUSSION
The present study reports the induction of arthritis by potassxum peroxochromate in

male DBA/1xB10A(4R) hybrld mice and Wistar rats and its assessment by both whole
blood chemiluminescence and *™TcO, -imaging. The onset, progression and remission
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of arthritis correlated sufficiently to TPA-stimulated phagocytic responses in unsepa-
rated blood and to the uptake of ®"TcO,” into inflamed paws. Our findings indicate
that chemiluminescence assays of the oxidative burst from granulocytes and monocytes
can be used in immunosensoring phagocytlc hyperreactity in arthritis in mice and rats.
Whole blood CL offers a rapid, convenient, minimal-invasive and quantitative method,
which relates well to overt symptoms of arthritis. In addition, it can be applied
repeatedly on the same individual and may serve as a surrogate marker for the
long-term monitoring of disease activity. The long period observation of arthritis has
hitherto been something of a deterrent in most experimental models of arthritis. There
is a strong need for rapid quantitative methods for the assessment of disease activity,
which could supplement the lengthy process of histological evaluation or the determi-
nation of enzyme activities such as myeloperoxidase or N-acetyl-g-D-glucosamidase
in homogenized paws or amy101d P in serum, which correlate only poorly to the
physical symptoms of arthritis. The assay here described offers a promising answer to
this need. During inflammation the NADPH oxidase of granulocytes and monocytes
becomes primed so as to attain an activated state, which upon a second stimulus (e.g.
by proteinkinase activators such as TPA) releases 6fold the amount of reactive oxygen
species than do unprimed phagocytes. The ability of phagocytes to generate an

A) Solvent Control

FIGURE 4 *™Pertechnetate-imaging and K;CrOs-arthritis in male Wistar rats. A) Solvent Control (48
hours after injection),
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B) 48 hours after C) Day 12: Development of
arthritis induction arthritis in non-injected
(right) paw

FIGURE 4 continued B)48 hours after the intraplantar injection of 3 umol/kg K3CrOs into the left hindpaw
(maximal acute inflammatory response); C) development of arthritis in non-injected (right) paw 12 days after
K;CrQs-treatment (maximal secondary response). The presented y-scintigraphic scans of individual rats were
typical for the status of arthritis in a group of ten. For experimental details see Materials and Methods.

oxidative burst is under cytokine control.”> While pro-inflammatory cytokines includ-
ing TNF-q, IL-1 and IL-3, but also GM-CSF and IFN-y are powerful enhancers of
NADPH oxidase activity, its ROS production is down-regulated by anti-inflammatory
cytokines like TGF-§ and IL-4. TNF-a has come to the fore as pivotal agent in this
interactive cytokme network and plays a crucial role in the etiopathogenesis of rheu-
matic diseases.” The significance of TNF-a in the development and mamtenance of
arthritis is evidenced by transgenic mice overexpressing this cytokine.” These mice
develop arthritis at about 4 weeks of age, which can be totally abrogated by injection
of a monoclonal anti-TNF-a antibody. The binding of TNF-a to its receptor on
phagocytes initiates various intracellular pathways including major cellular kinases like
protein kmase C (PKC), protein kinase A (PKA), a serine protein kinase and phos-
pholipase A,.%® At the same time, TNF-a and IFN-y induce the expression of genes
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encoding for the gp91-phox and p47-phox subunits of the NADPH oxidase system.”
The PKC-dependent phosphorylation of the p47 subunit modulates the priming state
of phagocytes and initiates the assembly process of NADPH oxidase to the active
enzyme.” The amount of priming of NADPH oxidase can be sensitively quantified by
TPA-stimulated chemiluminescence. Whole blood CL is here used as immunosensor
of inflammatory arthritis.

Recently, we demonstrated the collapse of the sulfhydryl-dependent antioxidant and
antioxidase system in rheumatic patients.” In the absence of sufficient antioxidant
protection the cytosolic transcrlptlon factor NF-xB gets activated by oxidative attack
onits 1nh1bltmg subunit I-<B.” NF-«B travels then into the nucleus, where it mediates
the expression of TNF-a, which in turn enhances the phagocytic production of ROS.*
ROS-dependent oxidation of mtracellular sulfhydryls are also intrinsically linked to
the proliferation of lymphocytes.”’ This suggests that a stable loop forms between
phagocytic ROS production, NF-xB-activation and cytokine expression, which links
unspecific defenses of phagocytes to the activities of T and B cells. Imbalances in the
pro-and anti-oxidant levels caused by acquired or induced dysfunctions of phagocytes
in rheumatic diseases may cause chronic inflammation and eventually convert the
disease to autoimmunization, most likely by the breakdown of self-tolerance. To test
the hypothesis of ROS-induced arthritis, we used the simple, overlookable model of
K;CrOg arthritis. The central chromlum(V) atom in KiCrQ; is tetrahedrally
surrounded by four equivalent O, groupings, while the binding length of chromium
to oxygen differs by 0.096 A (1.848 A and 1.944 A, respectively)."” This causes an
intramolecular tension. During the aqueous decay at physiological pH the Cr(V)-
bound oxygen is released as superoxide, hydroxyl radicals, singlet oxygen and hydro-
gen peroxide, the same reactants which are produced by activated neutrophils and
monocytes. ROS, derived from decaying K1CrQOs degrade rapidly biopolymers includ-
ing hyaluronic acid and collagen, cause lipid peroxidation, deplete the sulfhydryl-
dependent antloxldant system in plasma and attract phagocytes to the primary inflam-
matory lesion.”’ Our study demonstrates that a single pulse of ROS, derived from the
intraplantar application of micromolar concentrations of K3CrOjs suffices to induce a
long-lasting, self-perpetuating inflammatory process in mice and rats. Unlike most
other models of chronic inflammation and arthritis the K;CrOs-induced arthritis
represents a simple, reliable model with clearly defined reactants.

However we can not exclude that Cr(VI)O formed dunng the aqueous decay of
Cr(V)Os* participates in the mﬂammatory process. Chromate is well known to cause
chromosome abberations, mutations and transformations.*? Cr(VI) causes DNA single
strand breaks, alkali labile sites as well as DNA-protein crosslinks and renal damage,
phenomena which are also observed in patients sufferin %4f om systemic lupus erythema-
tosus and in congenital arthritis in MRL/lpr mice.”™ In addition, protein-protein
crosslinking occurs and is the major principle of chromate tanning of leather, where
nelghbourmg collagen fibers are bridged by chromlum(III) bound to the carboxyl groups
of the chain.”® More importantly, chromate is a powerful and selective inhibitor of
glutathione reductase, an ubnq3 uitous enzyme responsible for keeping the intraceltular
GSH pools in a reduced state.”® The inhibition of this enzyme by chromate causes the
breakdown of the mtracellular antioxidant barrier, which is a necessary prerequ1s1te for
proliferating lymphocytes.” In addition, the fall of GSH/GSSG ratios induced by
chromate-inhibition of GSH reductase causes the subsequent inhibition of glutathione
peroxidase,a further antioxidase involved in the decontamination of intracellular hydro-
gen peroxnde Moreover, elevated levels of H,0; inactivate superoxide dismutase and
catalase.” Subsequently, the breakdown of protection by major antioxidases and the
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collapse of the GSH system causes the activation of NF-xkB and the expression of
pro-inflammatory cytokines, which prime phagocytic NADPH oxidases to theenhanced
production of ROS.” Chromate toxicity has also been linked to the generation of
hydroxy! radicals.® Cr(VI), which is easily taken up by cells can be reduced to Cr(V) by
ascorbate and GSH, but also by the microsomal cytochrome P450 system.** The K., for
the microsomal reduction is 1.04 uM and the reaction proceeds with vp, of
5.03 nmol/min/mg protein."0 Similar to the Fe(I1)/Fe(IlI)-driven Fenton reaction, Cr(V)
catalyzes -OH radical production in the presence of HO-. This suggests that the aqueous
decay of K;CrOs to ROS and chromate initiates a cascade of events, which eventually
drives the acute inflammatory response (initially induced by ROS- injury and concomi-
tant attraction of phagocytes into the inflammatory lesion) into a chronic process by
chromate-dependent inhibition of major antioxidases and breakdown of the sulfhydryl-
dependent antioxidant system. At the same time, the ascorbate-, GSH-and/or cyto-
chrome P450-dependent redox-cycling of Cr(VI)/Cr(V) forms a stable loop, which
further enhances the intracellular stress by generating hydroxyl radicals. Further work is
ongoing in our laboratory to investigate the arthritic reactivity of chromate in mice
chronically exposed to this metal. Considering the ubiquitous environmental presence of
chromium compounds and their widespread industrial use, further research seems
warranted that thoroughly addresses the multitude of biochemical events that modulate
chromium-dependent inflammation, arthritis and autoimmunity.
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B) 48 hours after arthritis induction C) Day 12: Development of arthritis in non-
injected (right) paw

FIGURE 4 Na® TcQ,-Imaging of male Wistar Rats suffering from K;CrOs-Arthritis.
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