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Abstract

Upon inflammation, activated neutrophils secrete myeloperoxidase, an enzyme able to generate hypochlorous acid (HOCI) from hydroge
peroxide and chloride ions. An analytical method, involving HPLC coupled to electrospray tandem mass spectrometry, has been set-up t
detect low levels of HOCI-induced nucleic acids lesions, including both ribo &deédxyribonucleoside derivatives of 8-chloroguanine,
8-chloroadenine and 5-chlorocytosine. Validation of the developed method was achieved using isolated cells treated with HOCI. The metho
was found to be sensitive enough to allow the measurement of background levels of 5-¢ldemazytidine in the DNA of human white
blood cells isolated from 7 mL of blood.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction studied biomolecules due to its key role in cell evolution. Re-
action of HOCI with isolated DNA and RNA has been found
Following infection and inflammation, various cells of the to generate several chlorinated base modificatiérg. The
immune systems are activated with subsequent induction ofmechanism of formation of such DNA and RNA damage has
several enzymes, including inducible nitric oxide synthase, been proposed to involve the transient formation of base rad-
NAD(P)H oxidase and myeloperoxidase (MPO). A conse- icals[6].
quence of this activation is the production of several reactive  Oxidized DNA lesions, and among them mostly 8-oxo-
oxygen and nitrogen species such as superoxide anion7,8-dihydro-2-deoxyguanosine (8-oxodGuo) have been ex-
(O2°*7), nitric oxide, peroxynitrite and hypohalous acids tensively used as in vivo biomarkers of oxidative strigds
(HOCI and HOBr)[1]. The resultant oxidant species can For this purpose, several physico-chemical and biological ap-
oxidize, nitrate, chlorinate or brominate several cellular con- proaches have been developed to allow the determination
stituents including lipids, proteins and nucleic adils Such of the cellular level of 8-oxodGuf8]. During the last two
processes are recognized as risk factors for human cancerdgecades, the difficulty of measuring oxidized DNA lesions,
since the bactericidal agents could also damage host tissuegnostly 8-oxodGuo, has been highlightEd10]. The back-
Among the different activated species, it has been shown ground level of 8-oxodGuo in different untreated cell lines
that HOCI is able to chlorinate several biological molecules was found to vary by, at least, three orders of magnitude,
[3] and among them, nucleic acids represent one of the mostdepending on the method used. The main goals of the Euro-
pean network European Standards Committee on Oxidative
* Corresponding author. Tel.: +33 4 38 78 47 97; fax: +33 4 38 78 50 90. DNA Damage (ESCODD) that was recently set-up, were to
E-mail address: jravanat@cea.fr (J.-L. Ravanat). determine the origins of the discrepancies and to propose
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optimized protocols of measurement. It seems now well es- maintained at 28C. The proportion of acetonitrile in 5mM
tablished that the main drawback was the artifactual DNA ammonium formate (pH 6.5), starting from 0%, reached ei-
oxidation that may occur during sample preparation, which ther 25% (conditions A) or 20% (conditions B) within 30 min
mainly implies DNA extractiorf11-14] However, there is  for the measurement of chlorinateddeoxyribonucleosides
still an incomplete agreement between the results obtainedand ribonucleosides, respectively. After the completion of
using methods requiring DNA extraction and indirect ap- the HPLC analysis (30 min), the column was washed with
proaches such as the comet asgB]. Therefore, the use  50% acetonitrile for 5min and an additional 15 min period
of oxidized DNA lesions as biomarkers of oxidative stress was required to equilibrate the HPLC column between two
still remains a challenging issii#6]. The use of chlorinated  injections. At the output of the column, the eluent was di-
DNA bases as indicators of inflammation could represent a rected first to a UV detector set at 260 nm for monitoring the
suitable alternative since artifactual formation of chlorinated overwhelming normal nucleosides. Then, after addition of
DNA bases is not expected to occur, at least significantly, dur- MeOH (0.1 mL/min), the eluent was directed onto a API3000
ing sample preparation. However, the cellular background tandem mass spectrometer (Applied Biosystems) through a
level of such DNA modifications in human leukocytes has “Turbospray” electrospray source (Sciex Thornil Canada) as
not been yet determined. In addition, it has not been clearly described in details elsewhe/—19] The system was en-
shown that significant amounts of chlorinated DNA lesions tirely controlled by Analyst software 1.2. To improve the sen-
could be produced in cells incubated in the presence of HOCI. sitivity of detection a low resolutiorff1.2 amu) was used. In
In this work, a HPLC coupled to electrospray tan- addition, for each of the ribo- and-Beoxyribonucleosides,
dem mass spectrometry (HPLC-MS/MS) based method the different parameters of ionization and fragmentation were
has been developed for the measurement of both chlo-optimized by infusing a 2Q.M solution of the nucleoside di-
rinated DNA lesions including 5-chlord-2leoxycytidine rectly onto the mass spectrometer, as previously described
(5-CldCyd), 8-chloro-2deoxyguanosine (8-CldGuo), 8- [17,18] For all the studied DNA lesions, a higher sensitivity
chloro-2-deoxyadenosine (8-CldAdo) and chlorinated RNA was obtained in the positive ionization mode for an ion spray
nucleosides including 5-chlorocytidine (5-CICyd), 8- voltage of 5500V and a temperature of 48Dfor the turbo
chloroguanosine (8-ClGuo) and 8-chloroadenosine (8- gas (nitrogen), the acquisition dwell time of each transition
ClIAdo). Such a method has been used to measure the levebeing 750 ms.
of chlorinated DNA and RNA lesions in cells incubated with A sensitive MRM method was applied to measure the dif-
HOCI. Thereafter, the assay has been applied for monitoring ferent chlorinated nucleosides. The different transitions used
the extent of the different chlorinated nucleosides inthe DNA for the detection of the chlorinated nucleosides, together with
of freshly isolated human white blood cells. their retention time and the collision energy for fragmenta-
tion are given inTable 1 The most abundant daughter ion
was found to correspond, for all the chlorinated nucleosides

2. Material and methods studied, to the loss of the (2-deoxy)ribose moiety. To im-
prove the specificity of detection, a second transition, corre-
2.1. HPLC-MS/MS measurements sponding to the loss of the (2-deoxy)ribose moiety for the

molecule containing th&Cl isotope, was also monitored for
The chlorinated nucleosides were obtained as previouslyall chlorinated DNA and RNA lesions. The limit of quan-
described4]. On-line HPLC-MS/MS measurements were tification, determined for a S/N = 10, for the detection of the
carried out using a Agilent (Massy, France) 1100 HPLC studied chlorinated nucleosides varies between 2 and 25 fmol
system, equipped with a thermostated autosampler, a bi-injected [able J). Quantification of the amount of the differ-
nary HPLC pumping system, an oven and a UV detec- ent DNA lesions was performed by external calibration. For
tor. Separations were performed using a reversed phasdhat purpose prior and after each series of samples, three dif-
Uptisphere-ODB (3um, 0.2 cmx 15 cm) column from Inter-  ferent standards containing either the three chlorinated nucle-
chim (Montlugn, France). The elution was achieved ataflow osides or 2deoxyribonucleosides were injected. Similarly,
rate of 0.2 mL/min in the gradient mode, the column being an external quantification was used to quantify the amount

Table 1
Mass spectrometric and HPLC features of the different chlorinated ribo’asebXyribonucleosides detected by HPLC—MS/MS under HPLC conditions A or
B used for optimal separation of-deoxyribonucleosides and ribonucleosides, respectively (conditions detailed in material and methods)

Product Molecular weight Retention time (min) Main transition Collision energy (eV) Limit of quantification (fmol)
5-CldCyd 261 145 (A) 262> 146 13 5
8-CldGuo 301 19.1 (A) 302> 186 16 25
8-CldAdo 285 22.5(A) 286> 170 19 2
5-CICyd 277 11.7 (B) 278> 146 15 5
8-CIGuo 317 17.8 (B) 318> 186 21 15

8-ClAdo 301 22.0 (B) 302> 170 31 2
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of hydrolyzed DNA[18] or RNA samples, using the area of 0.5 pmoles HOCI 300 uM

the peak of a standard of dGuo or Guo, respectively. Results,

given as the number of lesions per million normal nucleo- 5-CldCyd
. X o 8-CldAdo

sides, represent, if not specified, the average and standar:

deviation of four independent determinations.

X 10

2.2. Cell treatment with HOCI 5-CldCyd

A SKM-1 cell line was used. Cells in growth phase were §-CldAdo

collected by centrifugation before to be washed. Then, 10 mil-
lion of cells were suspended in 10 mL of HBSS buffer and an
adequate volume of HOCI (prepared as previously described
[4]) was added to the buffer solution to give a 304 final 8-CldGuo
concentration. Then, the cells were incubated &t@7or L

10 min. After incubationN-acetylcysteine was added to stop _J LL { L
the reactiorj4]. Then, cells were washed and in a subsequent 140 180 220 140 180 220

step DNA and RNA were isolated using Qiagen extraction kit Time (min) Time (min)

fOI!OWII’lg the recommendatlons (,)f the manufaqturer. Nuglelc Fig. 1. Typical chromatograms obtained for the determination of chlorinated
acids were d'geSted to nucleosides as described prewous'}ﬁucleosides in DNA samples. Left panel represents the chromatogram ob-
[20]. The results reported fFig. 3, represent the average and  tained by injection of 0.5 pmol each of 5-CldCyd, 8-CldGuo and 8-CldAdo.

standard deviation of four independent determinations. Right panel represents the HPLC-MS/MS chromatogram obtained by anal-
ysis of a DNA sample extracted from cells treated with B80HOCI. For
clarity, signals for 8-CldGuo and 8-CldAdo have been enhanced by a factor
of 10. For each lesion, the two monitored transitions correspond to the loss
of the 2-deoxyribose moiety (loss of 116) from the molecule containing the
Leukocytes obtained from 10 human volunteers were 35¢ (full line) or 37Cl (dashed line) isotope.

rapidly isolated from 7 mL of blood using citrate CPT va-

cutainers obtained from Beckton Dickinson (Pont de Claix, than that of the major transition (natural abundancé6i
France) and a single centrifugation step according to manu-and3’Cl are 75% and 25%, respectively). However, a high
facturer’'s recommendations. Cells were then washed twice inbackground is observed for the second transition-28D48
PBS buffer and stored frozen until DNA extraction. The DNA  selected for 5-CICydKig. 2). The background level of the dif-
was extracted and digested using the recently optimized pro-ferent chlorinated DNA and RNA lesions in untreated SKM-
tocol (chaotropic method) that minimizes adventitious DNA

Relative Intensity (cps)
Relative Intensity (cps)

2.3. Isolation of human leukocytes

oxidation to occur during the work-uj20]. Practically, the 0.5 pmoles ¢ ClAdo HOC1 300 uM

so-called “chaotropic method” consists in the transient iso-

lation of nuclei followed by precipitation of DNA using Nal 5-CICyd o
X

subsequently to protease and RNases treatments, as describi

in detailed elsewherd 8,20] Z2| scicyd 2 8-CIGuo
3. Results °:; g "

The newly designed HPLC-MS/MS method was foundto = = ’
be sensitive with a limit of quantification for different chlori- % & 8-ClAdo
nated ribo- and’2deoxyribonucleosides within a few fmole 8-CiGuo :
range {Table ). In addition, for all the measured nucleo- R | SR ’J L‘:ﬂkﬂw
sides, including 5-CldCyd, 8-CldGuo, 8-CldAdo, 5-CICyd, 4\ A L ’

8-CIGuo and 8-ClAdo, the intensity of detection was found 1.0 160 210 10 160 210
to increase linearlyR? >0.98) with the amount of nucleo- Time (min) Time (min)

sides mJeCted over, at least, three orders of magthde' Start'Fig. 2. Typical chromatograms obtained for the determination of chlorinated

ing from 5 fmoles up to 5 pmol injected (not shown). UsiNg  pasesin RNA samples. Left panel represents the chromatogram obtained by
the relatively high abundance $fCl isotope, a second tran- injection of 0.5 pmol each of 5-CICyd, 8-CiGuo and 8-CIAdo. Right panel
sition corresponding to the loss of either the 2-deoxyribose represents the HPLC-MS/MS chromatogram obtained by the analysis of a
or ribose moieties was used to improve the specificity of de- RNA samples extracted from cells treated with 308 HOCI. For clarity,

tecti f the 2d ib | id d rib | id signals for 8-CldGuo and 8-CldAdo have been enhanced by a factor 10. For
ection of the 2aeoxyribonucieosIdes and ribonucieosIdes, q,q, lesion, the two monitored transitions correspond to the loss of the ribose

r?.SpeCtiveW- As shown ilh_-ig_S. 1 a.nd 2the Second tran-  moiety (loss of 132) from the molecule containing #el (full line) or 37CI
sition, as expected, has an intensity only three times lower (dashed line) isotope.
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Fig. 3. Formation of chlorinated DNA and RNA bases, as determined by
HPLC-MS/MS, in the DNA and RNA of cells treated for 10 min in the
presence of 30AM HOCI. Results, expressed as the number of modification
per million nucleosides represent the averaggandard deviation of four
independent experiments.

1 cells was found to be close to, or even below, the limit
of quantification of the HPLC-MS/MS assay. On the other
hand, a significant amount of the six studied DNA and RNA
lesions was detected in HOCI treated celsg( 3). Inter-
estingly, HOCI induces mainly the formation of 5-CldCyd
in DNA and, under our experimental conditions, a concen-
tration of 300uM HOCI was found to give rise to 982.3
5-CldCyd per 18 nucleosidesKig. 3. In the mean time,
the induced levels of 8-chloropurines were found to be much
lower since 2.6t 0.4 8-CldGuo and 1.% 0.4 8-CldAdo per

10° nucleosides were generated. A somewhat different quan-

titative formation of chlorinated lesions was observed in RNA
(Fig. 3). Thus, high amounts of both 5-CICyd and 8-CIGuo
were found to be generated in the RNA of treated cells, with
values of 15.8- 0.5 and 16.2- 1.8 lesions per 10nucleo-

sides, respectively. As observed in DNA, chlorination of the

adenine moiety in RNA appears to be a minor process, lead-

ing to the formation of 0.5 0.4 lesion per 19nucleosides.
Interestingly, chlorination of the bases was found to occur
three-fold more efficiently in RNA than in DNA.

About 70ug of DNA was obtained using our DNA ex-
traction protocol after isolation of human white blood cells
utilizing CPT vacutainers starting from 7 mL of human blood.
Among the three different chlorinated DNA lesions that may

be expected, only 5-CldCyd was found to be present in sig-

nificant amounts as determined by HPLC-MS/MS analysis
of the enzymatic DNA hydrolysate. No detectable amounts
of 8-ClGuo were observed indicating that the level of the
latter chlorinated nucleoside is below the limit of detection
of the assay, namely 0.2 lesion pefIicleosides. A small

peak of 8-CldAdo with a signal to noise ratio around 3 was
detected (not shown) in the DNA hydrolysate. However, the

29

5-CldCyd

Relative Intensity, cps

s

Time, min

Fig. 4. Typical chromatograms obtained for the determination of 5-CldCyd
in three different DNA samples extracted from human white blood cells. The
HPLC-MS/MS detected peaks (transition 262146) have a signal-to-noise
ratio ranging from 42 (left chromatogram) to 20 (middle chromatograms)
representing levels of detected 5-CldCyd as low as 12 fmol (middle chro-
matogram), obtained following the injection of jL§ hydrolyzed DNA.

sion per 16 nucleosides. The background level of 5-CldCyd
was determined to be around 0.15 lesions pér rileo-
sides, a level much higher than our limit of quantification as
shown inFig. 4. Unfortunately, the second transition used to
improve the specificity of detection of 5-CldCyd was found
to be useless, since a large contaminating peak was found
to elute just after 5-CldCyd in the samples (not shown). In-
terestingly, significant variations were observed between the
different healthy volunteers with levels ranging between 0.06
and 0.4 5-CldCyd per fhucleosidesi(= 10).

4. Discussion

DNA lesions, and among them mainly 8-oxodGuo, have
been extensively used as in vivo biomarkers of oxidative
stress. However, an overview of the literature indicates that
some of the methodologies used to measure 8-oxodGuo were
not accurate and in numerous cases have significantly overes-
timated the cellular level of the latter oxidized purine nucle-
oside. The difficulties of assessing low amounts of the DNA
lesion are not due to the sole necessity to have a sensitive and

levels of the lesion were not high enough to enable a precisespecific assay that should allow an accurate determination of

quantification (S/N >10). According to the limit of sensitiv-
ity of our assay we could estimate the level of 8-CldAdo
in the DNA of human white blood cells at around 0.02 le-

levels around 1 lesion per $Gucleosides. In fact, one of
the main limitations is due to the possible occurrence of ad-
ventitious DNA oxidation during samples preparat[@d].
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During the last few years, mainly in Europe through the ES- was detected in the DNA and RNA of untreated cells, with a
CODD research network, significant efforts have been madesignal to noise ratio of about 3 (not shown). Thus, the level
to overcome the above mentioned difficultj@S]. However, of the latter chlorinated pyrimidine nucleoside was estimated
nowadays the background levels of 8-oxodGuo measured byto be around 0.05 lesion per @ 8ucleosides. Incubation of
either HPLC-EC or HPLC-MS/MS in DNA extracted with  the cells with a concentration of 3pdv HOCI for 10 min
an optimized protocol that minimizes the occurrence of spu- was found to induce a significant increase in the amounts of
rious DNA oxidation during the work-uf20] are still three the chlorinated DNA and RNA nucleosiddsd. 3). Interest-
to five times higher than those determined by the comet as-ingly, it was found that 5-CldCyd is the main lesion produced
say or alkaline elution associated with DNA repair enzymes. in DNA, whereas 8-CIGuo and 5-CICyd were shown to be
Additional efforts have to be made in order to determine the more efficiently generated in the RNA of treated cells. It may
origin of the gap between the two different approaches. be pointed out that chlorination of adenine was found to be
Another alternative to be considered is the measurement ofa minor process, both in RNA and DNA. Another point of
DNA lesions that could not be produced artifactually during major interest deals with the fact that RNA is a much better
sample preparation. In this respect, DNA adducts resulting substrate for chlorination than DNA. Altogether, under the
from the reaction of reactive aldehydes derived from lipid per- present experimental conditions, about 14 chlorinated DNA
oxidation, such as malondialdehyde or 4-hydroxy-2-nonenal bases per T0nucleosides are generated in the cells treated
represent interesting biomarkg2®,23] Inthe presentwork,  with 300uM HOCI, while about 34 lesions per $Mucle-
we have evaluated if chlorinated DNA or RNA bases could osides are detected in RNA. This could be explained by the
be of interest as well. For this purpose, we have designedimportant cytoplasmic localization of RNA that is more ac-
a HPLC-MS/MS based method, as previously described for cessible than DNA. Another possibility deals with the fact
8-oxodGuo[17] and other oxidized DNA basd§8]. After that RNA is mostly single-stranded and unpacked compared
optimization of the parameters of electrospray ionization and to the double-stranded DNA which is highly condensed in
fragmentation, it appears that the method exhibits a limit of the nucleus. Since it is well known that RNA is not, or at
sensitivity of a few fmoles. This should allow an accurate de- the best, partly repaired, it could be hypothesized that RNA
termination with a level of detection of about 0.1 lesion per lesions could represent better biomarkers in comparison with
10° nucleosides in 50.g DNA. Concerning the fragmenta- DNA lesions, even if the rapid turnover of RNA is expected
tion, itis interesting to note that, in the most sensitive positive to limit accumulation of lesions.
ionization mode, the loss of either the 2-deoxyribose orribose  As demonstrated with the experiments involving HOCI
moiety is the predominant daughter ions for thel@oxyribo- treated cells, the HPLC-MS/MS method possesses the re-
and ribonucleosides, respectively. This feature that has beermuired sensitivity to measure low levels of chlorinated le-
already observed for several normal and modified nucleo- sions. In addition, the already excellent specificity of tandem
sides[24] has been used for the search of unknown DNA mass spectrometry could be increased for the detection of
lesions[25]. In addition, in order to improve the specificity chlorinated DNA nucleosides since a second transition cor-
of detection we have taken advantage of the relatively high responding to the detection of the molecules containing the

natural abundance 8fClisotope (33% compared #Cl) to 37Cl isotope could be monitored. As shownfigs. 1 and 2
apply a second transition for the monitoring of the different the presence of the chlorinated DNA lesions is further con-
chlorinated derivatives. firmed by the detection of the two transitions in the same

The appropriate HPLC behavior of the different chlori- HPLC peak at the expected retention time of the different
nated DNA or RNA nucleosides allows an efficient separation nucleosides. This is observed for both DNA and RNA le-
of the lesions on the C18 reversed phase uB&s$(1 and 2 sions.

Therefore, the three chlorinated nucleosides could be de- Attempts were then made to determine the background
tected simultaneously both in DNA or RNA hydrolysates, and levels of chlorinated nucleosides in the DNA isolated from
in the mean time the normal overwhelming nucleosides could human white blood cells. For this purpose, white blood cells
be quantified using an on-line UV detector set-up at 260 nm. were first separated using CPT vacutainers and the DNA was
To check the efficacy of the HPLC-MS/MS method and the subsequently extracted using an optimized protocol devel-
efficiency of HOCI to halogenate nucleic acids, isolated cells oped for the measurement of 8-oxodG2@], in order to
were treated with 30QM of HOCI. Thereafter, both DNA  be able, in the near future, to simultaneously quantify both
and RNA were isolated from the cells using a commercially chlorinated and oxidized DNA lesions. One limitation of such
available kit. Hydrolysis of RNA was performed under con- an approach is that the latter protocol does not enable isola-
ditions initially developed for DNA since the enzymes used tion of RNA; however work is in progress to resolve this
are also able to digest RNA into ribonucleosides. Then, the limitation and to allow the detection of both oxidized and
levels of chlorinated DNA and RNA nucleosides were as- chlorinated RNA lesions in human lymphocytes. It should
sessed by HPLC-MS/MS using an external calibration. The be noted that the Qiagen DNA extraction method used in the
level of chlorinated purine nucleosides in the nucleic acids experiment performed with isolated cells (vide supra) has
of untreated cells was found to be below the limit of sen- been shown to induce significant DNA oxidation during its
sitivity. In contrast, the presence of 5-CldCyd and 5-CICyd isolation[20]. Unfortunately, the sensitivity of the present
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assay was not good enough to allow the determination of thetential biomarkers of oxidative stress and inflammation. For
8-chloropurine nucleosides, even if small peaks, correspond-that purpose, efforts are currently made to improve protocols
ing to the limit of sensitivity of the assay (S/N = 3), were de- for RNA isolation.

tected for 8-CldAdo. Therefore, the levels of 8-CldGuo and

8-CldAdo could be estimated below 0.2 and close to 0.02

lesions per 1®nucleosides, respectively, whereas, the level References

of 5-CldCyd is about 0.15 lesions per®l0ucleosides. The B

detected level of 5-CIdCyd is significantly higher than that of ™! ?'g'(ﬁggg;gbpou' C.L. Ramos, M S. Cohen, B.E. Britigan, FASEB
chlorinated purine nucleosides, and above the limit of quan- 5 ¢.g. cochrane, Am. J. Med. 91 (1991) 23s.

tification of the assayHig. 4). The higher level of 5-CldCyd [3] P.A. Kulcharyk, J.W. Heinecke, Biochemistry 40 (2001) 3648.
could be correlated to the fact that the chlorinated pyrimidine [4] M. Masuda, T. Suzuki, M.D. Friesen, J.-L. Ravanat, J. Cadet, B. Pig-
is more efficiently generated in cells treated with HOCI (vide natelli, H. Nishino, H. Ohshima, J. Biol. Chem. 276 .(2001) 40486.
supra). It may be noted that notable variations in the level ! ';632 Chen, S.W. Row, C.L. Hong, Chem. Res. Toxicol. 15 (2002)
of 5-CldCyd are observed between the different volunteers, (g1 ¢ | Hawkins, M.J. Davies, Chem. Res. Toxicol. 15 (2002) 83.
with levels ranging from 0.06 up to 0.4 lesions pef ti- [7] M.K. Shigenaga, B.N. Ames, Free Radic. Biol. Med. 10 (1991) 211.
cleosides (not shown). However, the second transition used [8] J. Cadet, M. Weinfeld, Anal. Chem. 65 (1993) 675.

for the detection of 5-CldCyd (264 148) shows the pres- [9] J. Cadet, T. Douki, J.-L. Ravanat, Environ. Health Perspect. 105
ence of an intense peak detected eluti_n.gjust afterSTCIdCyd.[m] S%Q?:Qdifgfi. D'Ham, T. Douki, J.-P. Pouget, J.-L. Ravanat, S.
This prevents the use of the latter transition to unambiguously ™~ savaigo, Free Radic. Res. 29 (1998) 541.

confirm the presence of 5-CldCyd (not shown). Efforts will [11] ESCODD, Free Radic. Res. 32 (2000) 333.

be made to overcome this limitation by improving the DNA [12] ESCODD, Free Radic. Res. 36 (2002) 239.

extraction protocol. Such an improvement is also required in [13] ESCODD, Free Radic. Biol. Med. 34 (2003) 1089.

order to enable the simultaneous isolation of both RNA and [14] ESCODD, Carcinogenesis 23 (2002) 2129,

o . - [15] C.M. Gedik, A. Collins, FASEB J. 19 (2005) 82.
DNA for the quantification of chlorinated and oxidized bases [16] AR. Collins, J. Cadet, L. Moller, H.E. Poulsen, J.fdi Arch.

in human lymphocytes. Biochem. Biophys. 423 (2004) 57.
Inconclusion, avery sensitive and specific HPLC—MS/MS [17] J.-L. Ravanat, B. Duretz, A. Guiller, T. Douki, J. Cadet, J. Chro-

assay has been set-up for the measurement of chlorinated matogr. B 715 (1998) 349.

DNA and RNA nucleosides. The developed method allowed €] gagéte'?he; D;:Sk"Ti;i'(‘:‘o lR?‘éa?;ébg)"fboF;ouget' C. Tomabene, J.

us to show that incubation of cells in presence of HOCI in- [19] J-L. F’{avanat" G. F'{emaud"l Cadet, Arch. Biochem. Biophys. 374

duced chlorination of both DNA and RNA. 5-CldCyd was the (2000) 118.

main generated DNA lesion, whereas, chlorination of both [20] J.-L. Ravanat, T. Douki, P. Duez, E. Gremaud, K. Herbert, T. Hofer,

Guo and Cyd occurs notably in RNA. Finally, the level of Léolbazs)sfgrfi C. Saint-Pierre, A. Favier, J. Cadet, Carcinogenesis 23

5-CldCyd could be accu.rately determined in the DNA_eX_ [21] SL Ravana.t, R.J. Turesky, E. Gremaud, L.J. Trudel, R.H. Stadler,

tracted from human white blood cells that were obtained Chem. Res. Toxicol. 8 (1995) 1039

from only 7 mL of blood. In the near future, attempts will [22] T. Douki, F. Odin, S. Caillat, A. Favier, J. Cadet, Free Radic. Biol.

be made to check whether the different chlorinated DNA and Med. 37 (2004) 62.

RNA lesions could be used as biomarkers of inflammation. [23] L.J. Mamett, Toxicology 181-182 (2002) 219. =

The main objective of the work will be to simultaneously 24 ;'ha":]”a‘ JSL'BéO\Il;/;']”hF?LéS'VZ'n é?ggh:ﬁ S;?ﬁq Y'S (i(c'o&%szsxé’c'tr'zm

determine several nucleic acids lesions, including oxidized, 12 (2%01') 80 T P ’

chlorinated and lipid peroxidation adducts both in RNA and [25] p. Regulus, S. Spessotto, M. Gateau, J. Cadet, A. Favier, J.-L. Ra-

DNA and to use them, in human biomonitoring studies as po- ~ vanat, Rapid Commun. Mass Spectrom. 18 (2004) 2223.



	Detection of chlorinated DNA and RNA nucleosides by HPLC coupled to tandem mass spectrometry as potential biomarkers of inflammation
	Introduction
	Material and methods
	HPLC-MS/MS measurements
	Cell treatment with HOCl
	Isolation of human leukocytes

	Results
	Discussion
	References


