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ABSTRACT KEYWORDS
A single dose of ruthenium red induces serious functional and structural Nephrotoxicity;
changes in the liver. However, few data exist with respect to its effects Ruthenium red;
on kidney functionality and oxidative stress status. The time-course of Oxidative stress;
a single intraperitoneal administration of ruthenium red on systemic Ureg;
oxido-reductive status and kidney functionality was assesed in rats. Creatinine;
Ruthenium red in aqueous solution was administered intraperitoneally Rat.

in the dose of 20 mg/kg. Control group was treated with saline solution
only. Oxidative stress was assessed by measuring lipid peroxidation
products and nitric oxide catabolites. Serum urea and creatinine were
measured for determination of renal function. A significant increase in
serum ruthenium red was observed at 30 minutes after the administration
of ruthenium red and the peak response was detected at 60 minutes and
serum ruthenium red decreased slowly afterwards. Creatinine and urea
showed significant increases after ruthenium red administration. Lipid
peroxidation products in serum and kidney tissue showed significant
time-dependent increases after ruthenium red injection. Nitric oxide
catabolites al so exhibited time-dependent increases after ruthenium red
injection. A singleintraperitoneal injection of ruthenium red caused renal
and systemic oxidative stress, and induces nephrotoxicity in rats.
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INTRODUCTION

Ruthenium red [(NH,)_Ru-O-Ru (NH,) -O-Ru
(NH,)]*Cl.-4H,0, isawater-soluble synthetic crys-
tallineandinorganic polycationic dyethat hasbeen used
in histology and €l ectron microscopy to stain certain
complex polysaccharides. For instance, rutheniumred
has been used in optic microscopy to stain pectines of
plant cell wallsand staining in electron microscopy to
locate acidic polysaccharidelikematerid. Thisusewas
describedinitialy in detail by Luft*3. Additiondly ru-
theniumredisauseful ligandfor binding osmium tetrox-
idefor examining uncoated soft biological materia un-
der the scanning el ectron microscope?.

Ruthenium red hasbeenlinked to specific biochemi-
ca events, such asinhibition of microtubule polymer-
ization™, inhibition of Ca?* uptakeand releasein cells
and subcdllular fractions®". Atisregard rutheniumred
inhibits the mitochondrial calcium uniporter, the
ryanodinereceptor-mediated Ca?* channel ontheen-
doplasmic reticulum®and inhibitsmultipletransent re-
ceptor potential channel§9. In addition, it possesses
immunosuppressivel!d, anti-tumoral™®, and
antiapoptoticl*? activities at micromolar or
submicromolar concentrations. Additionaly ruthenium
red has been shown to be neurotoxic in vivo when
injectedintracerebraly at micromolar concentrations™.

A singleintraperitoneal injection hasbeenused to
investigate possibleacutetoxic effectsof rutheniumred
in maeratsand other mammals. At high dye concen-
tration (10— 20 mg/kg body weight) as a single dose,
can producefrom atypica motor activity to flaccid pa-
ralysis and seizured?+%¥, and serious functional and
structural changesintheliver aswell asclotting alter-
ationg*s1". Asreported previoudy, thereareinconsis-
tent dataabout theroleof ruthenium red with regard to
itsprotectiveor toxic effects. It hasbeen reported that
ruthenium red induces neuronal deathinvivoandin
primary cultures, duetointracd ular Ce* dishomeostasis
and disruption of mitochondria oxidativefunction(*®.
Conversaly, protective effects of ruthenium red have
been described using animmortalized mouse hippoc-
ampal cell line (HT22) that lacksionotropic glutamate
receptors. HT22 cellsexposed to 5 mM glutamate be-
comerounded and form apoptotic bodiesuntil after 7h
of glutamateexposure. Interestingly, rutheniumred pro-
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tectsthecellswhen added upto 6 h after glutamate, ie,
thisdyepreventsthecellular increasesin reactive oxy-
gen speci es production elicited by glutamate™. Addi-
tionally ruthenium red delaysthe onset of cell death
during oxidative stress of rat hepatocytes®. Therefore
ruthenium red has acquired many applicationsin the
study of oxidativestress.

Althoughthereare severa studiesshowingtheneu-
rotoxic and hepatotoxic effects of rutheniumred, sys-
temicinvestigationson the oxidative stress status and
kidney functionality under thetreatment of thisdyeare
dtill lacking. Onthe other hand, thekidneyisthemain
route of the dye excretion. Hence, inthe present study,
an attempt has been made to assess the serum alter-
aionsinoxidativestressand rena dysfunction markers
that accompany asingle dosetreatment of ruthenium
red on Wistar rats.

EXPERIMENTAL

Adult Wistar rats (250-300 grs) were housed in
groups of four animalsper cagein an air-conditioned
roomat 22+ 1 °C, and feed with standard diet and tap
water ad libitumthroughout theinvestigation. Ratswere
maintained ona12/12 h dark/light cycle. Theanimal
experiments conformed to local regulationsand with
the Principlesof Laboratory Animal Care(NIH no. 85-
23, revised 1985). Rats were randomly assigned to
control and experimental groups. Eight ratsreceiving
intraperitoneal salineinjectionswere used for control
purposes. The experimental group (n=32) received a
singledose (20 mg/kg intraperitonedly) of ruthenium
red (PolisciencesInc.) in 3% aqueous solution. Rats
were euthanized at 30, 60, 120, and 480 minutes after
theinjection and blood samplesweredrawn fromthe
left ventricle. Serum was separated by centrifugation at
3000 xg for 10 min. Serum sampleswereimmediately
subj ected to estimation of ruthenium red concentrations,
ureg, cregtinine, nitric oxidecatabolic products, andlipid
peroxidation products. In someexperiments, kidney tis-
sues were homogenized in ice-cold 20 mM tris
(hydroxymethyl) aminomethane buffer (pH 7,4) witha
polytron-like stirrer to produce 1:10 homogenates.
Homogenates were centrifuged at 3000 xg for 30 min
at 4 °C. The supernatant was collected and immedi-
ately assayed for productsof lipid peroxidation.
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Serum ruthenium red concentration was measured
spectrophotometrically at 533 nm by the method of
Luft™. A calibration curvewith standard rutheniumrred
showed that, within the range of concentration used,
thereisalinear relationship between concentration and
absorbance (not shown). Creatininewas measured by
using akinetic alkalinepicrateassay?. Ureanitrogen
was measured by us ng the urease method asreported
elsawhere?,

Thelevd of end productsof lipid peroxidation was
measured as the sum of malondialdehyde and 4-
hydroxydkendsusing theLipid Peroxidation Assay Kit
(Oxford Biomedica Research, Oxford MI, USA), by
spectrophotometry at 586 nm after incubating the
sampleswith N-methyl-2-phenylindoleat 45°C.

Thenitrite/nitrate concentration in serumwasused
asanindicator of nitric oxidesynthesis. Inorder to quan-
tify nitric oxidemetabolites, samplesweredeproteinized
as established by Ghasemi et al?®, and then we used
the Nitric OxideAssay kit (Merck, Darmstadt, Ger-
many) according to the manufacturer’s instructions.

Daaweredatisticdly andyzed by one-way analy-
gsof variance, followed by Dunnett’s test for multiple
comparisonsor by Student’s t test for comparisons be-
tween two groups. Statistical significancewasdefined
asaPvaueof A0,05. All values in text and Figures are
expressed asmeans+ SD of determinations for all rats
inthegroup (N =8).

RESULTS

Serumruthenium red concentrations

AsshowninFigurel, 30 minutesafter asinglein-
jection of ruthenium red, asignificantincreaseinthe
serum ruthenium red concentration wasobserved (1,9
+ 0,76 mg/dl). The peak response was observed at 60
minutes (4,3+ 1,0 mg/dl) and serum ruthenium red de-
creased dowly afterwards.

Renal functionality

Figure 2 displays concentrations of creatinineand
ureain the seraof experimental animals during the
course of the study. Low concentrationin serum urea
and creatininewere detected in controls. A significant
increasein serum creatinine was detected as early as
30 minutes. It began to decrease by 60 minutes and
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Figure 1 : Time course of serum ruthenium red
concentrations after a single intraperitoneal injection of
rutheniumred. Thehighest valueoccurred at 60 min. Error
bar sindicatethemean with s.d.
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Figure2: Timecourseof serum ureaand creatininelevels
after asingleintraperitoneal injection of ruthenium red.
The serum concentrations of urea and creatinine were
increased at 480 and 30 minutes, respectively. * P<0.05
comparison of valuesat different timeswith r espect to control
group, beforerutheniumred treatment. Error barsindicate
themean with s.d.

rose again at 480 minutes (p<0,001). Serum ureacon-
centrationsincreased significantly at 30 minutesand
reached itsmaximum at 480 minutes.

Oxidativestressparameters

AsshowninFigure3and Figure4, basal levelsof
lipid peroxidation products (malondia dehyde and 4-
hydroxya kenals) and nitric oxide catabolites (nitrates/
nitrites), respectively were detected in serumfrom con-
trol rats. In addition intraperitoneal injection of ruthe-
nium red produced time-dependent increasesinthelipid
peroxidation products and nitric oxide catabolites.
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Theseincreaseswerestatistically significant (p<0,001).

Thebasdinelevd of lipid oxidation productsinkid-
ney homogenatewas 0,42+ 0,08 nmol/mg protein. After
asingleintraperitoneal injection of rutheniumred, the
end productsof lipid peroxidationin kidney homoge-
nateroseto 0,92 + 0,09 nmol/mg protein at 30 min-
utes, and steadily time-dependent increasessimilar to
increased serum lipid peroxidation productswere ob-
served (not shown).

Lipoperoxides
{(nmolimg proteln)
|

0 200 400
Time (minutes)

Figure3: Timecourseof serumlipid peroxidation products
after asingleintraperitoneal injection of ruthenium red.
Thehighest concentration was detected at 480 minutes. *
P<0.05 comparison of valuesat different timeswith respect
tocontrol group, beforeruthenium redtreatment. Error bars
indicatethemean with s.d.
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Figure 4 : Time course of serum nitric oxide metabolites
after asingleintraperitoneal injection of ruthenium red.
M aximal concentr ation wasdetected at 480 minutes. * P<0.05
comparison of valuesat different timeswith respect to control
group, beforerutheniumred treatment. Error barsindicate
themean with sd.
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DISCUSSION

Theresult of the present study indicated that ruthe-
nium red administrationin asingle dose of 20 mg/kg
body wei ght caused an enhanced rena injury and sys-
temic oxidative stress status as evidenced by elevated
levelscregtinine, urea, lipid peroxidation productsand
nitric oxide catabolites. In consonancewith thesedata
isthe observation that plasmamal onyldial dehydeval-
ues are accompanied by increases in renal
malonyldid dehydelevesinratswith rend massreduc-
tion, suggesting thet plasmareactive oxygen specieslev-
elscouldreflect loca reactive oxygen speciesproduc-
tioninkidney!?¥. In addition high levelsof nitricoxide
catabolites have al so been observed in several renal
dysfunction model§%!. The del eterious effect of in-
creased nitricoxidein kidney might begreetly enhanced
by asimultaneousincreasein superoxideradicals. In
the presence of superoxide, nitric oxideinteractswith
superoxidetoform peroxynitriteradicals, animportant
agent that can cause oxidative damage.

Ontheother hand serum cregtinineleve iswidey
used asaparameter to evaluate both glomerular filtra-
tion and tubular reabsorption??. Our results show that
ruthenium red trestment Sgnificantly reduced rend func-
tion asdemonstrated by anincreasein serumcredtinine
and ureacompared with thecontrol group. In addition,
serum ureawas highly associated with the serum ruthe-
nium red concentrations, asindicated linear coefficient
correlation of -0,94. It has been reported that oxida
tive stress can promote the formation of avariety of
vasoactive mediatorsthat can cause kidney dysfunc-
tion and morphological damage?”. Interestingly, our
resultsindicate that disturbances of redox balanceare
associated to disturbancein rend function.

Although no clear time-dependent correlationsbe-
tween oxidative stressand renal damagewerefound,
theresults suggest that the sustained increases of lipid
oxidation productsand nitric oxide metabolites could
lead to renal injury. Although, we cannot rule out that
these two phenomenaareindependent outcomeby ru-
theniumred. Thereforewe are deve oping experiments
toclarify thesedata.

We hypothesized that theinitid increasein serum
ruthenium red eicitsthe changesin thebiochemica pa
rameters detected in this study. The mechanisms by
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which ruthenium red treatment i nduces nephrotoxicity
arenot yet fully understood. However, previoudly it has
been reported that ruthenium red exerted inhibition of
themitochondria calcium uniporter, theryanodinere-
ceptor—channel on the endoplasmic reticulum® andin-
hibitsanewly-described group of membrane proteins
that perform both asreceptors andion channels (the
trang ent receptor potential family) involvedincacium
homeodtass, especidly innon-dectricaly activecd g%,
These effects could exert adisruption of Ca?* homeo-
stasisand mitochondrid oxidativefunction*®, Consis-
tent with thissuggestionisthat micromolar concentra-
tion of ruthenium red dightly reduced ATPcontent in
tubulesfromrats?.

However, itisa so possibleto speculate on many
other mechanisms, such aschangesintheleve of other
substancesthat can increase oxidative stressbut are
yet to bedetected inthisrole. At thisregard, ruthenium
red obtai ned from commercia sources containsimpu-
rities, mostly ruthenium brown (an oxidation product of
ruthenium red) and ruthenium viol et. Although Luft™
described amethod to purify ruthenium red, no attempt
wasmadeto do soinour study. Therefore, theseimpu-
rities could enhancetherend injury.

Ruthenium red hasbeen extensively used asamodd
of epilepsy™3Y, However, caution should beexercised
with the useof higher dose of i.p. ruthenium red cur-
rently being used in neurologica studies. Our findings
pointed out the risk of increased systemic lipid
peroxidation and renal damage due rutheniumred use.
Inaddition, it hasbeen shown that rutheniumred hasan
agglutinating effect onthe adult rat blood cellsandin-
ducesseriousfunctiond and sructurd changesintheliver;
such asincreased activity of plasmaaminotransferases
and degeneration, respectivelyi*”,

Insummary, our datasuggeststhat asingleintraperi-
toned injection of rutheniumredinducessystemic oxida:
tive stressand kidney injury, as assessed by increased
lipid peroxidation products, nitric oxidemetabolites, crear
tinineand urea. Such effectsmust betakeninto consid-
eration, particularly with regard to neurologicd studies.
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