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Abstract: In this paper instrumental methods of carbon idiex(CQ) detection in
biological material were compared. Usitg-[Cr(C,0,)(pm)(OH),]" cation as a specific
molecular biosensor and the stopped-flow technitinge concentrations of CQeleased
from the cell culture medium as one of final praguaf pyruvate decomposition caused by
hydrogen peroxide were determined. To prove thdulrsesss of our method of GO
assessment in the case of biological samples wesiigated protective properties of
exogenous pyruvate in culturemteosarcoma 143B cells exposed to 1 mM hydrogen
peroxide (HO,) added directly to culture medium. Pyruvic acidmsll known scavenger
of H,O, and, moreovea molecule which is recognized as one of the majediator of
oxidative stress detected in many diseases andlpgtbal situations like ischemia-
reperfusion states. The pyruvate's antioxidanviggtis described as its rapid reaction with
H,0,, whichcauses nonenzymatic decarboxylation of pyruvateralehses of C£ water
and acetate as final products. In this work for finst time we have correlated the
concentration of C@dissolved in culture mediumwith pyruvate's oxidant-scavenging
abilities. Moreover, the kinetics of the reactioatween aqueous solution of g@nd
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coordinate ion,cis-[Cr(C,04)(pm)(OHy),]" was analysedThe results obtained enabled
determination of the number of steps of the reacttudied. Based on the kinetic
equations, rate constants were determined for stagh

Keywords: carbon dioxide; molecular biosensor; oxidativesstréiydrogen peroxide

1. Introduction

Oxygen-derived free radical anion formed by mowo-or trivalent reduction of molecular oxygen
have been involved in many disease such as digbeygertension, ischemia-reperfusion injury,
neurodegenerative disorders, atherosclerosis draatof1-4]. The presence of reactive oxygen species
(ROS) including: superoxide anion{Q, hydrogen peroxide (#D,) and more potent oxidant hydroxyl
radical (HO) can lead to irreversible damages of cell's corapts1- proteins, lipids and DNA [5-7].
Since mammalian cells even in physiological sta¢ecanstantly exposed to free radicals, they requir
a functional system of antioxidants to protect teelves from the toxic actions of ROS [8]. The most
characteristic elements of this system are supeéeogismutase (SOD), catalase, peroxiredoxins,
tocopherol, glutathione and ascorbic acid [9]. Agharthers also pyruvic acid belongs to this battery
of anti-oxidants and it seems to be useful and pimvecavenger of hydrogen peroxide and other
peroxides.

H,0.is considered as a one of the most important mnadiaf oxidative stress. It can be produced
intracellularly, especially by respiratory chaimecdon and by extracellular oxidative burst mechkani
used by activated inflammatory cells. In the presenf reduced transition metals,®4 can be
transformed to more aggressive hydroxyl radicalictviat least partially contributes to the cytotgxit
of H,O, [10]. Moreover, the ability of kD, to penetrate biological membranes allows to affextt
only cells in which it was produced but also neiginting cells [9]. The excessive production gi04
was noted in aging brain, in ischemia-reperfusidnaons and the increase the level O,
probably participates in the neuronal damage olesem Parkinson’s disease [11-13]. Taking into
consideration all those facts it seems that ardemi properties of pyruvic acid (GEOCOOH),
which is also recognised as compound involved ergyproduction can play an important protective
role against the toxity of hydrogen peroxide [14-Furthermore, the pyruvate can be considered as
an endogenous, as well as a specific exogenousexal@ant since many types of cells including
neurons release into plasma and serum where ipaatect them against the acting osQd [17].
According to Mallet RT et. all for the antioxidaptoperties of pyruvic acid are responsible its
chemical structure and the patterns of its cellat@tabolism [18]. Thei-ketocarboxylate structure
enables pyruvate to detoxify.8,in a direct, nonenzymatic reaction in whichQdis reduced to kD
and pyruvic acid undergoes transformation to, @ad acetate [19].

pyruvatet H,O, — acetate-CO, +H,0 (1)

Despite the fact that the above presented reactias described in 1904 by Holleman the
mechanism of the antioxidant action of the pyruMads not been fully elucidated to date. In the
present study, using a novel specific molecular sémsor - coordinate ion,
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Cis-[Cr(C204)(pm)(OH)2]*, where pm denotes pyridoxamine and stopped-floetrephotometry
method we were able to correlate the amount ofdileel CQas one of final products of the chemical
reaction between exogenous pyruvate and exogeno@s With the cytoprotective activity of
pyruvate. We also analyzed kinetics of this reactising both biological and chemical models.
Moreover, it was proved that reactive oxygen specaild modulate activity of mitochondrial enzyme
pyruvate dehydrogenase (PDH) [20]. It has beerpagh found that no change in PDH activity in the
brain occurred following ischemia but as much a%@Bhibition following 24h of reperfusion and
H,0O, generation was detected [21]. This is why we detitb measure the protection of pyruvate, as
well as CQlevel after 24 hours of ¥, treatment. Thus it seems highly probable that npyreatic
activity between pyruvate and:@, can substitute deficiency of PDH activity.

The structure of the synthesised complex of chramiiih) is shown in Figure 1 (A). It can be seen
that the metal ion is coordinated by two oxygemratdrom oxalato anion, two oxygen atoms from two
aqua ligands and one oxygen and one nitrogen atofrem pyridoxamine in
Cis[Cr(C,04)(pm)(OH),] " ion.

Figure 1. (A) Structure of the synthesized coordination compoohdCr(lll); (B)
Tautomers of pyridoxamine.
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The pyridoxamine acts as a bidentate ligand coatiig through the deprotonated phenolic-
oxygen and the nitrogen donor atom from the amno&i@ Pyridinium nitrogen is protonated and it
does not participate in binding of coordinationteenFor pyridoxamine, two types of tautomer forms
are possible, as shown in Figure 1 (B). The streotd the ligand in pyridoxamineorresponds to type
b. This structure was proposed also on the badlsedadiready published solution studies [22-25].

The selection of chromium(lll) as the coordinatioanter allows to obtain inert complexes
undergoing slow transformations at ambient tempegatthus enabling investigation of the kinetics
and mechanism of the processes under favorrablditams. Furthermore, studies on the kinetics
and mechanism of CQuptake by the coordination compounds consistindh@finert Cr(lll) ion and a
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ligand molecule of pyridoxamine are aimed at elat@h of the mechanism of action of one of the
metabolic steps. Carbon dioxide is caught by corgdeof transition metal ions from biological
material stoichiometrically as carbonate anion.sTdmion can be removed in the presence of acid as
carbon dioxide (hydrolysis - reverse reaction ttakp) stoichiometrically too. The course of thegse t
reactions can be presented as follows:

uptake

COZ + [Mtrang H [Mans(ozco)]n

hydrolysis 2)

2. Results and Disscusion

The coordination compound of Cr(lll) with as bidetel ligand - pyridoxamine turned out to be
successfully applied in the case of the deteatio@O, generated in the reaction of decarboxylation
of pyruvate caused by 1 mM,8,. The reaction between thas-[Cr(C,0,4)(pm)(OH),]" ion and
carbon dioxide in aqueous solutions was observéddam 340 — 700 nm by using stopped-flow
method. In the first step of our studies the chammcodel for this reaction was adopted, which had
been already described in earlier paper [26]. Whderying out the measurements of Laptake
reaction by thecis-[Cr(C,04)(pm)(OH);]" cation it was noted that for all probes studie@ th
approximated curve decayed bi-exponentially. Itudthdoe stressed that the reaction studied proceeded
in two steps. Observable rate constantssfor the carbon dioxide uptake anghkfor the ring closure
for this compound were obtained by fitting the rd#g¢a to the pseudo-first order kinetic equatian fo
consecutive reaction model {AB—C). The results showing the dependencé] firtbom observable
constant rates (k) are demonstrated in Figures 2 and 3, respectively

The results of calculations for reaction studiedveed that at increasing [Hand T=const the
observable rate constant increased for carbon dtoumptake (kns[s]) and the ring closure stages
(kZObS[S_l]) .

These results could be also treated as a confomati bistage reaction type. In the first step, an
intermediate compound B is formed and subsequentiyerted to a final product C, characteristic for
the second step. The results of global analysis, feaction of C@ uptake by the
cis-[Cr(C204)(pm)(OH)] " ion within the consecutive reaction model are @nésd in Figure 4.
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Figure 2. Dependence rate constants,¢§ from [H'] for the carbon dioxide uptake by
the cis-[Cr(C204)(pm)(OHy)z] " ion in the T=15C.
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Figure 3. Dependence rate constants,gR from [H'] for the ring closure by the
CiS-[Cr(C,0,)(pm)(OHy);] * ion in the T=158C.
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Figure 4. The comparison of kinetic and spectral charadtesi©f reactants in simple
inorganic CQ generating system.
(A) (I) Curves of concentration decay and buildup of substrate A (which is the

CiS[Cr(C>04)(pm)(OH)2] " ion), product C asis[Cr(C,04)(pm)(Q,CO)J ion,

and

intermediate product B. (Il) Absorption spectraté reactants A, B and C in pH =
7.13, [CQ] = 0.01M, T=26C.
(B) (I) Curves of concentration changes for reactibi€®, uptake observed for

the
substrate A (which is thecis-[Cr(C,04)(pm)(OH),]" ion), product C ascis-

[Cr(C04)(pm)(G,CO)J ion, and intermediate product B. (II) Absorptigrestra of the
reactants A, Band CinpH = 6.5, [g& 8.23M T=20C.
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The chemical and biological models of the react@nCO, uptake have been suggested for
Cis-[Cr(C204)(pm)(OH)5] " complex ion based on absorption spectra whiclslaogvn in Figure 4 (A).
During the carbon dioxide uptake (where both,@@s generated in chemical reaction; as well as) by
Cis-[Cr(C,04)(pm)(OH),]" complex ion the most significant changes of abmock could be seen at
A = 560 nm. Furthermore, in the reaction betweemnyate and KO, in culture medium)t can be
treated as a confirmation that the proposed chémiodel fits to the biological system. This testi
about very. At the first step (carbon dioxide ugdakinetics data were fitted by simple- reaction
model (where B denotes moving-product). At the sdcstep (the closure of the ring of carbonate ion),
the reaction was monitored at maximum differencesnplar absorptivities between the moving-
products and products {BC reaction model). It should be pointed that usmg methods; namely the
singular value decomposition (SVD) analysis andbgloanalysis (GA), the same results were
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obtained. Next the mathematical model for d@take bycis-[Cr(C,04)(pm)(OH),]" was proposed.
Based on the determined acidity constantsaikd K, and the observable rate constantg,skhe final
equation was obtained:
K1opaH 112 +K [H 11 +K K
K 1[CO 2]

2 =kq[H T+k oK 5 3)

Then, based on the linear relationship betweef]{{HKi[H*] + K1K2)k1opdK1[CO,] and [HT], rate
constants ¥s*M™] and k[s*M™] were determined for each concentration of,GD=15C) in the
whole pH range between the measured and calcyiétednd pk values. Plots of ([H? + Ki[H'] +
K1K2)k1opdK1[CO5] vs. [H'] vield straight lines with slopes; kand intercepts of K, as shown in
Figure 5.

As it is evident from Figure 5, the intercepts akcle temperature are negligibly small. This
phenomenon is certainly not due to the inactivitythee cis-[Cr(C,O4)(pm)(OH)] ion species, but
rather to the large uncertainty ofok at higher pH owing to the slow concurrent hydrysf CO, at
high pH [27-28]. The rate constants[&'M™] and k [s*M™] at various concentrations of carbon
dioxide forcis-[Cr(C,04)(pm)(OH)] ion are listed in Table 1.

The results, which are collected in Table 1, shioat tate constant ks*M™] (involves the reaction
of CO, with the monohydroxo complex) is larger tharfsM™] (involves the reaction of CQOwith
the bishydroxo species) at all concentrations di@a dioxide.

It has been found that during the second step @ fanoduct, cis-[Cr(C,04)(pm)(G.CO), is
formed from the intermediatejs-[Cr(C,04)(pm)(OQ,COH)(OH,)]°. Since at increasing [GDand pH
the rate constants(Figure 3) decreases, it can be concluded, thangrthe three protolytic forms
existing in solution, the ring closure occurs meeadily in thecis-[Cr(C,04)(pm)(OCGH)(OH,)]°
compound. For the second step only the observaldeconstant k,swas determined whereas both
the kinetic equations and the acidity constant weredetermined. This was due to the fact that the
second step was disturbed by the hydrolysis raactidthe productgis-[Cr(C,O4)(pm)(OG.CO)] anion.

Proposed mechanism assumes that the reaction georeewvo steps. In the first rapid step, 48
captured tais-[Cr(C,04)(pm)(OH),] " ion and forms an intermediate product, in whick ¢darbonate
ion is linked to chromium(lll) through one oxygetom. In the second step new bond is formed
between the hydrogen atom of &l group (donor) and the oxygen atom of g@&cceptor).

Described method of Cetection allowed us to correlate the amount cdastd C@to culture
medium with cytoprotective properties of pyruvddesagheet al. proved that extracellular pyruvate,
as well as some other - ketoacids were able to protect neurons agaiogh lexogenous and
endogenous produced,®h. They also confirmed that in scavenging activifypgruvic acid direct
reaction with oxidant — pD, played crucial role and it was completely independaf pyruvate's
influence on energy state of cells [29]. In our exments we also confirmed that the addition of
sodium pyruvate to the culture medium protectsteosarcoma 143B cells in a dose-dependent
manner. Moreover, we proved that the relation betwne level of C@and cell survival could be
useful method for the assessment of the antioxidetntities of purivic acid.
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Figure 5. Plots of rate expression (eq. 3) for differenta@amtration carbon dioxide uptake
by cis-[Cr(C204)(pm)(H0)2] .

control sample

=) ] =) [] [+ [] [ ]

CO; generation upon addition of 1 mM®, to the culture medium
CO, generation upon addition of 0.5 mM sodium pyruuatthe culture medium
CO; generation upoaddition of 1 mM sodium pyruvate to the culture mead
CO, generation upon addition of 5 mM sodium pyruvatée culture medium
CO, generation upon addition of 0.5 mM pyruvate amdM H,0,
CO, was generation upon addition of 1 mM pyruvate AmadV H,O,
CO, was generation upon addition of 5 mM pyruvate AmadV H,O,

0.18]
e T [1] | B [2]
3 ° =187y = ° =1.
?_{ 010 | 4 [COj=2.13pM S 0.14{| & [cO]=2.88,M
< v [COJ=333M T o42]| v [col=343m
:0.08{ |  [Col=4.12uM 50
2 < 0.10]
¥ 0.06] <
¥ 5 008
< 0.04] . 0.06
i ¥ 0.04]
I 0.0 £ 0.0
0.004 —————————— _ 0.00 N —
00 05 10 15 20 25 3.0 00 05 10 15 20 25 30 35
H710 H110°
0.10,
_ = [COJ=265/M 0.08{| = [CQl=2.99M E
d0.08| | ® [COI=277M 5 2 [oal-2se
5} A [COJ=3.09;M g [C 2]:4.12L::/|/I
¥ v [CQ]=338M Z0.08{| ¥ [CQJ = 4.12)
Jo0.06| | ¢ [COI=365M < ¢ [COJ=434M
% 0.04] g &%
3 T
£ 0.02]  0.024
= T
0.004 . — Sooo .
00 05 10 15 20 25 3.0 3.5 00 05 10 15 20 25 30 35
[H110 [H710
= [COJ=9.98:M
02011 o [COI=923M [5] 0.20{| = [cOJ=807M [s]
—, 018 [COJ = 8.23,M e [COJ=8.39M
S oqe]| 7 [CA=T12M I A [CO]=860
: 3 [CO] = 8.60,M
g & [CO1=0.94uM o v [CO]=112,M
< 0.14] < [COJ=6.66)M o 0.15 + [c6]- 13—_2}‘M
; 0.12] » [CO] = 6.09.M ;}3
< 0.10] < 0.10]
* 0.08] ¥
L. 0.06] T
£ 0.04] ¥ 005
Z. 0.02] T
0.00. < 0.00 S —
00 05 10 15 20 25 3.0 3.5 00 05 10 15 20 25 30 35
H110 H710
0.10,
N 0.06] Z
= [CQJ=323M 7 = [CO]=846/M
—o0.08]| ® [cal=336m —~ 008l & [cQI=gBoM
g A [CO]=443M 5 0. A [COJ=89.1;M
o v [CO]=523M S v [COl=91.2/M
= 0.06 ¥ 0.04{| ¢ [cOl=982M
¥ < 0.03
¥ 0.04{ o
= +
T 00
< S
¥ 0.02] % o0
0.00 r . : : . : . 0.0 . . . : . . .
00 05 10 15 20 25 30 35 00 05 10 15 20 25 30 35

[H110°

H7107



Sensors 2008 8 4496

Table 1. Rate parameters for the carbon dioxide uptake tiomacby cis
[Cr(C,04)(pm)(OHy),]* lon in T=20C.

CO, [M] k {ms*mM] k[s™™M™] CO, [M] k {ms'mM™] ko[ms'mM™

CO, was generated upon addition of 5 mM sodium
pyruvate to the culture medium

CO, was generated control sample

1.08 5.61E-1 7.88E-1 6.09 6.07E-1 8.18E-1
1.87 5.68E-1 7.89E-1 6.66 6.12E-1 8.21E-1
2.13 5.7E-1 7.91E-1 6.94 6.14E-1 8.23E-1
3.33 5.94E-1 8.07E-1 7.12 6.17E-1 8.25E-1
4.12 6.03E-1 8.13E-1 8.23 6.28E-1 8.29E-1

CO, was generated upon addition of 1 myCH

. 9.23 6.35E-1 8.55E-1
to the culture medium

1.02 5.61E-1 7.82E-1 9.98 6.41E-1 8.63E-1
CO, was generated upon addition of 0.5 mM

1.87 5.68E-1 7.89E-1 oyruvate and 1 mM 40,
2.88 5.88E-1 8.03E-1 8.07 6.23E-1 8.27E-1
3.43 5.95E-1 8.08E-1 8.39 6.29E-1 8.32E-1
CO, was generated upon addition of 0.5 mM

Oszodiumgpyruvate topthe culture medium 8.60 6.31E-1 8.47E-1
2.65 5.81E-1 7.95E-1 11.2 6.53E-1 8.91E-1
2.77 5.87E-1 7.98E-1 13.2 7.22E-1 9.31E-1
3.09 5 92E-1 8.06E-1 CO, was generated upon addition of 1 mM

pyruvate and 1 mM }D,

3.38 5.94E-1 8.07E-1 32.3 8.73E-1 1.09
3.65 5.96E-1 8.09E-1 33.6 9.02E-1 1.11

CO, was generated upon addition of 1 mM

. . 44.3 1.01 1.26
sodium pyruvate to the culture medium

2.99 5.91E-1 8.05E-1 52.3 1.09 1.31
CO, was generated upon addition of 5 mM

3.84 5.98E-1 8.10E-1
pyruvate and 1 mM $D,
3.98 6.01E-1 8.11E-1 84.6 141 1.67
4,12 6.03E-1 8.13E-1 88.9 1.43 1.68
4.34 6.05E-1 8.15E-1 89.1 1.44 1.71
The error in Kms'mM™] and k[ms'mM™] oscillates 91.2 1.48 1.74

from 0.8% to 2.8%. 98.2 1.54 1.81
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In our experiments we examined the capacity ofitsaddf pyruvate (we used three concentrations
of 0.5 mM, 1 mM and 5 mM) to protect culturedeosarcoma 143B cells exposed to 1 mM.,E,.
The significant protection against,® induced toxity was noted only for 1 mM and 5 mM
concentrations of pyruvate what is in agreement vaublished data [30, 31]. When cells were
preincubated with 0.5 mM sodium pyruvate (95% aberfice intervals [CI], median 9.9%, range 9.51-
12.54 of viable cells in compare to control) we ated slightly differences in cells survival in
comparison to cells treated with,® alone(95% CI, median 8.87%, range 8.13-9.77 of control)
[Figure 6 (A)]. The level of C®increased only 4-times in comparison to controfyife 6 (B)].
Among concentration used in our experiments the M sodium pyruvate was the closest to
physiological concentration of endogenous pyruwakech is between 0.1 and 0.2 mM in arterial
plasma [32, 33]. 1 mM sodium pyruvate was muchareifective but it was still unable to protect
completelyosteosarcoma cells form injury caused by ., (95% CI, median 74.99%, range 60.37-
85.02 of control) [Figure 6 (A)]. It is well knowthat pyruvate in the milimolar concentrations react
with H,O, in a 1:1 stoichiometry. However, the observed fewiveness in protection can be
explained by the reactivity of 4@, which may react with exogenous pyruvate, as welvah crucial
elements of the cells in the same time [34]. Theelleof CQO, generated when both reactants were
added at 1 mM concentration increased 16-timesmparison to control [Figure 6 (B)]. The highest
concentration of C@was detected for 5 mM sodium pyruvate, which wiae ¢ghe most effective
protectant against cell injury caused by:(95% CI, median 106,61% of control, range 100.59 —
117.98) [Figure 6 (A)] After incubation with 5 mM sodium pyruvate the £€€bncentration in the
medium was about 36-times higher than in contrayfe 6 (B)]. This result is in a good agreement
with observation that 5 mM sodium pyruvate not arynpletely protected cells but even induced cell
proliferation [Figure 6 (A)]. The statistic analgsdid not reveal significant differences between, CO
generation in the medium with or without cells. Hawgr, it is possible that for the slight increase i
CO, concentration observeish the presence of cells the metabolic transforomatby pyruvate
dehydrogenase is responsible. The pyruvic acichasvik as an energy substrate and excess of it could
have probably caused improvement in cellular mdistinoand thus stimulation of cells growth [35].
The comparison of control media with and withoutscendicated that for the initially 1,16 uM (95%
Cl, range 1,11-1,19) concentration of £@ the control medium isesponsible not only cellular
respiration and activity of pyruvate dehydrogenaseenzyme which transforms pyruvate to Acetyl-
CoA and CQ [36] but also the presence of @@hich comes from the 5% GOn the culture air.
CO; is in the equilibrium with the HCO (NaHCQ was a component of media) in the medium to
ensure a pH value close to 7.2 necessary to poglergrowth. Furthermore, our experiments showed
that after addition of pyruvate into cell cultureedium one might observe evolution of £@m
reactivity of pyruvate with endogenous produce@®@HFigure 6 (C)] Thus it is very important to note
that pyruvate supplementation not only protect$scexposed to oxidative stress but also prevents
artefactual response of cell culture system fromxpected stress generation from cell culture medium
components [37].
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Figure 6. (A) Comparison of antioxidant protective effects afeth concentration of
pyruvate (0.5 mM, 1 mM and 5 mM) on viability Gsteosarcoma 143B cells exposed
to 1 mM HO,. The strongest protection was observed after 30 ehipreincubation
cells with 5 mM sodium pyruvate. The cytoproteetieffect of 1 mM concentration
was only partial. The lowest 0.5 mM sodium pyruvates unable to protect against cell
injury caused by kD,. The results were analyzed by the Wilcoxon sigraedk test.
The results are presented as median, 5th perd8btite percentile.-§ P<0.05 were
considered statistically significant when compat@dhe cell viability upon addition 1
mM H,0O; alone;

(B) CO, assessment in cell culture media upon additiqeyaivate and kD-

The concentration was measured using novel stofjpedmethod and specific GO
detector -cis-[Cr(C,04)(pm)(OHy),]". The results were analyzed by the Wilcoxon
signed-rank test. The data are presented as méstiampercentile/95th percentile.) (
P<0.05 were considered statistically significanewltcompared with respective control;
(C) Pyruvate scavenging of endogenously producgd; i cell media. The effect of
catalase addition. The results of £€ncentration upon addition pyruvate to the
medium were compared with respective data obtaafied preincubation with 1U/ml of
catalase. The results were analyzed by the Wilktasigned-rank test. The data are
presented as median, 5th percentile/95th percentije P<0.05 were considered
statistically significant.
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3. Materials and Methods
3.1. Reagents

Dihydrochloride pyridoxamine was purchased fromn&g The cis form of diaguapyroxamino-
oxalatochromate(lll) was prepared according todsaah literature procedures [25]. The final products
Cis-[Cr(Cy04)(L-L)(O,CO)] (where L-L denotes bidentate ligand — pyridoxamifmm)) was
synthesised by a modification of the method descrip [38]. An aqueous solution ot&r,0O7 (4.0 g,

8 mL) was gradually added to,€:0,2H,0 solution (12 g, 17 mL). The precipitated cryst#israns-
K[Cr(C204)2(0OHy)2] 3HO were filtered off and flushed with ice-cold watmd ethanol. Next, the
solution of trans-K[Cr(C,04)2(OH,)2]'3H,O (1.96 g, 40 mL) was heated for 15 minutes°C76-
75°C), after which its pH was adjusted to around 9stéichiometric quantity of pyridoxamine (5
mmol, 10 mL, pH= 9) was added to this solution and then the mixtuas stirred for 15 minutes,
cooled and acidified with 0.5 M HCl® pH~ 2. The complex anion was separated by ion-exchange
column chromatography (DOWEX 1 x 8 anionite). FegN@0.2 M, 25 mL) and HN@(2 M, 15 mL)
were added to thes[Cr(C,04)2(pm)] ion solution (180 mL). After being heated for 2@hotes (318

K) the solution was left to cool. The post-reactiixture was gradient-eluted in a chromatographic
column. Next, the pH of the solution afs-[Cr(C,04)(pm)(OH)2]" (1 g, 10 mL) was adjusted to 8.5
by the portion-wise addition of aq..80; (32 mg, 10 mL). The solution was stirred for 1(haies,
then was cooled to 0°C. The composition of the peddblue crystals afis-K[Cr(C,04)(pm)(G.CO)],
was determined by elemental analysis. The restilsalytical calculations for KGH;,CrN,Og: C,
32.43; H, 2.95; N, 6.88 were in good agreement withee obtained from the elemental analysis: C,
32.44.; H, 3.00; N, 6.8Wsing analytical techniques the molar ratios fomponents of the complex
Cis-[Cr(C204)(pm)(O:CO)J ion were obtained: Cr(lll) : £, : pm : CQ* =1 :1:1: 1. The
complex ioncis-[Cr(C,04)(pm)(O,CO)], was decomposed into its components in the presenthe
Cr(ll)aq ion in an argon atmosphere [39]. Chromium(lll) apgridoxamine were quantitatively
characterised spectrophotometrically [40]. To idfgr€Os> anion the potentiometry titration method
was used. A standard solution of HCI (0.102 Mjha presence of 1% aqg. methyl orange [41] was
used in each titration.

3.2. Cdll culture

The osteosarcoma 143B cell line (ATCC-8303) was cultured at °87in a humidified atmosphere
with 5% CQin Dulbecco’s Modified Eagle’s Medium supplementeith 10% heat-inactivated fetal
bovine serum and penicillin (100 pg/ml) / strept@my(100 pg/ml) without sodium pyruvate (Sigma
Chemicals Co., St. Louis, MO, U.S.A).

3.3. Cdll treatment

The cells passed by standard methods of trypsiaizaising 0.25% trypsin and 0.02% EDTA
solution, cultured under conditions described ablmve24 hours before replacing with experimental
medium containing different concentrations of sadipyruvate (0.5 mM, 1 mM and 5 mM). After 30
minutes of preincubation 1 mMB-, (Sigma Chemicals, U.S.A) was added. Cells werehbated
for next 24 hours before the level of €@ the medium, as well as cell viability were maasl.
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3.4. Preincubation of mediumwith catalase

To exclude possible involvement of culture medias a source of #, which may cause
decarboxylation of pyruvate 1 unit/ml of catalaSeg(ma Chemicals, U.S.A) was added to the medium
for 30 minutes before addition of sodium puryvatben, after 24 hours of incubation the Ofas
measured.

3.5. Cdll viability: MTT assay

The cytoprotective properties of pyruvate were whetieed using MTT assay. Briefly, the
osteosarcoma 143B cells were seeded onto 96-well plates atdeesity of 4 x 19 per well and
cultured for 24 hours, then cells were treated wadium pyruvate andJ@,. After 24 h 0,5 mg/ml of
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazofiu bromide (MTT) was added. The plates were
incubated for 4 h and supernatant was removed edtarifugation (700 xg for 10 min). Finally, 100
puL of DMSO (Sigma Chemicals, U.S.A) was added. @hsorbance was recorded using an Jupiter
ELISA reader (ASYS Hitech) at 550 nm wavelengthhweiferences at wavelength of 630 nm and the
cells survival was calculated. Percentage viabilias defined as a 100% times the ratio of absoghanc
in the samples to the average absorbance in tieot@mtreated cells).

3.6. Kinetic measurements and simulation

Two buffer solutions were used: 0.2 M MES [2-(4-ptwlino)ethanesulfonic acid] and 0.2 M
TRIS [tris(hydroxymethyl)-aminomethane], both preggthby dissolving appropriate samples in MiliQ
water. pH was measured by using a CX 731 pH-me&ad{ng accuracy of 0.01 pH unit) and a
combined electrode manufactured by Hanna. Solutmfnthe studied complex were prepared by
mixing 0.5 mL of thecis-[Cr(C,04)(L-L)(OH2),]* (C = 10*M) with 2 mL of 0.2 M MES or TRIS and
2 mLof 2 M NaClQ;solutions. The reaction studied was investigatest ¢lve pH range 6.50 < pH <
9.12 and at T = 8. The cells were seeded onto 100-mm culture pktése density of ‘10° per
plate and incubated and treated as described béfane the culture medium was collected and used
for CO, concentration analysis by using stopped-flow spetiotometry method.

3.7. Instrumentation

Spectral measurements were recorded in the UV-&@gon using a Perkin-Elmer Lambda 18
Instrument with the scan accuracy of 1 nm and Istinwidth at a scanning rate of 120.00 nm thin
The pk; and pk values in the ground state were computed by uGngin 6.0 program, based on
absorbance variations at a selected wavelengttynding non-linear least squares method according
to the equation described in [42]. Kinetic measwets were carried out using a stopped-flow
technique and an Applied Photophysics SX-17MV spgtiotometer. The observable rate constants
were computed using a “Glint” program based on glamalysis [43-46].



Sensors 2008 8 4501

3.8. Satistical Analysis

Data were computed using Statistica 7.1 progratg8it, Poland). Parametric and non-parametric
distribution was assessed by Shapiro-Wilk test. @halysis was based on non-parametric statistic
Wilcoxon test signed-rank as indicated by dataithistion.

4. Conclusion

In this paper we described a new method of carkoride detection in the physiological cell
culture medium. Moreover, we have presented usefslrof our method, which is based on the
interaction of CQ with the coordination compound afs-[Cr(C.O.)(pm)(OH.),]" ion for the CQ
detection in biological samples. Furthermore, theetkc studies of carbon dioxide uptake by
Cis-[Cr(C204)(pm)(OH)] " ion using the stopped-flow method enabled us talcole that the reaction
studied proceeded in two steps, nhamely carbon digowptake (first step) and the closure of the ahg
carbonate ion (the second step). The presentedothetihove seems also to be handy tool to analyse
scavenging reaction of J, by pyruvate in biological samples. The measuremehtCO;
concentration can be used not only to analyse asmeaction but it can be also a marker of
pyruvate's protection efficiency against oxidastess.

Our results provided arguments for usefulness aiiyate application for cell culture studies where
culture media could produce artefectually significkevels of HO, before treatment of cells. On the
other hand endogenous and exogenous source@f being implicated in cytotoxity in variety of
human diseases can be safety prevented by pyrullage efficiency of this scavenger was clearly
demonstrated by novel application of £@olecular biosensor.
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