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A New Automated M ethod to Analyze Urinary 8-Hydr oxydeoxyguanosine
by a High-performance Liquid Chromatogr aphy—Electr ochemical
Detector Sysem

HIROSHI KASAI*

Urine/8-hydr oxydeoxyguanosine/HPL C-ECD/Oxidative DNA damage.

A new method was developed to analyze urinary 8-hydroxydeoxyguanosine (8-OH-dG) by high-perfor-
mance liquid chromatography (HPLC) coupled to an electrochemica detector (ECD). This method is unique
because (i) urineis first fractionated by anion exchange chromatography (polystyrene-type resin with quater-
nary ammonium group, sulfate form) before analysis by reverse phase chromatography; and (ii) the 8-OH-
dG fraction in the first HPLC is precisely and automatically collected based on the added ribonucleoside 8-
hydroxyguanosine marker peak, which elutes 4-5 min earlier. Up to 1,000 human urine samples can be con-
tinuoudy analyzed with high accuracy within a few months. This method will be useful for studies in radio-
therapy, molecular epidemiology, risk assessment, and health promotion.

INTRODUCTION

Since 1983, my colleaguesand | have been studying oxidative
DNA damage in vitro and in vivo'? . A particularly important
lesion is 8-hydroxydeoxyguanosine (8-OH-dG, 7,8-dihydro-8-
oxodeoxyguanosine, 8-oxodG), produced by the oxidation of
deoxyguanosine, because it isformed in cellular DNA by ioniz-
ing radiation and many chemical carcinogens?, and it hashbiolog-
ica dgnificance, since it induces mutations and its repair
enzymes are ubiquitoudy present in bacteria and mammalian
cells™9. Recently, the effects of reactive oxygen species (ROS)
on the pathogeness of various diseases, including cancer, have
been widdly studied. However, because ROS themsalves have
short half-lives, it is difficult to establish a cause-and-effect rela
tionship between ROS and disease. The analysis of urinary 8-
OH-dG, ardiable marker of cdlular oxidative stress, will pro-
videingight into this problem.

Ames and his collaborators first reported the presence of 8
OH-dG in human, rat, and mouse uring”. Since then severd
groups have reported its analysis by different methods. Urinary
8-OH-dG has been analyzed by at least nine methods, namely,
(2) high-performance liquid chromatography (HPLC), using a
reverse phase column coupled to an eectrochemica detector
(ECD) dfter enrichment on an 8-OH-dG antibody affinity
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column®; (2) the HPLC-ECD method &fter purification on a
reverse phase column?; (3) the HPLC-ECD method after purifi-
cation on reverse phase and cation exchange columns'?; (4) the
HPLC-ECD method after purification on reverse phase and two
carbon columns'?; (5) the HPL C-ECD method after purification
on two different cation exchange columns'?; (6) the HPLC-ECD
method after purification on a multi-function column, with the
functions of gel filtration, reverse phase, and cation exchange
columns'¥; (7) the gas-chromatography mass spectrometry (GC-
MS) method™; (8) the HPLC electrospray tandem mass spec-
trometry (LC-MS-MS) method™; and (9) the enzyme-linked
immunosorbent assay (ELISA) method'®. However, none of
these methods is widely employed for the following reasons.
Method 1 uses acommercialy unavailable affinity column with
an 8-OH-dG antibody, and the recovery is not consistent. In
methods 26, the determination of the 8-OH-dG fraction collec-
tion timing is difficult, because it changes day by day and dso
depends on the sample injected. In methods 7 and 8, an isotope-
labded internd standard that is not commercialy available must
be added to the urine for an exact measurement, because of the
low recovery. Particularly in the LC-MS-MS method, repeated
injections of urine samples reduce the sengitivity. The urinary 8-
OH-dG levelsmeasured by the ELISA method were at least two
times higher than those obtained by the HPLC-ECD method?,
possibly because the commercid monoclonal antibody may
cross-react with other components in urine, and aso the repro-
ducibility of the analyses was very low'd.

Inthispaper | describe anew automated method for urinary 8-
OH-dG analysis, using an anion exchange column at the first
step followed by separation with a reverse phase column, which
alows the detection of 8-OH-dG as a single pesk by an EC
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pump 1
solvent A

detector. Furthermore, in this system the 8-OH-dG fraction is
accurately collected and injected into the second column by
monitoring the position of the added ribonucleoside 8-hydrox-
yguanosine (8-OH-G) marker peak.

MATERIALSAND METHODS

Material

Theanion exchangeresin, MCI GEL CAQ8F (7 um, CI- form)
was purchased from Mitsubishi Chemica Corp., Japan. A 5 g
portion of it was washed with 100 ml of 1 N NaOH, then with
deionized water until a neutral pH was achieved. The resin was
then washed with 100 ml of 1 N H,SO,, followed by washing
with deionized water to a neutrd pH. The resin was manudly
packed within guard (1.5 x 50 mm) and main (1.5 x 150 mm)
columnsfor HPLC-1. Theribonucleoside 8-OH-G was prepared
according to themethod of Ikeharaet al.?, and was further puri-
fied by preparative HPLC with the use of a reverse-phase col-
umn with solvent B (see below). The antiseptic, Reagent MB,
was purchased from MC Medica Inc., Japan. HPLC grades of
methanol and acetonitrile were purchased from Wako Pure
Chemicd Industries, Ltd., and Kanto Chemicd Co., Inc., Japan,

respectively.

Urine samples

Frozen urine samples were defrosted and mixed completely to
form homogeneous suspensions; 50 ul of each was then mixed
with the same volume of adilution solution containing the ribo-
nucleoside marker 8-hydroxyguanosine (120 ug/ml) and 4%
acetonitrile in a solution of 130 MM NaOAc (pH 4.5) and 0.6
MM H,SO.. The pH of the diluted urine solution should be
below 7 to obtain good separation. The urine solutions were
stored in arefrigerator a 5°C for 2-3 hours, then centrifuged at
13,000 rpm for 5 min. A 70 ul diquot of each supernaant was
transferred to avia tube for anaysisin the apparatus.

Apparatus and 8-OH-dG analysis

Theurinary 8-OH-dG level wasdetermined by using the appa
ratus shownin Fig. 1, in which pump 1 (Shiseido Nanospace SI-
2), the sampling injector (Gilson 231XL), the guard column for
HPLC-1(vave 1, pump 3), the HPLC-1 column, the UV detec-
tor (Toso UV-8020, micro cdl), (valve 2, loop, pump 2), the
HPL C-2 column, and the EC detector (ESA Coulochem I1) were
connected. The guard and main columnsfor HPLC-1 were setin
acolumn oven at 65°C, and theHPLC-2 column was set inacol-
umn oven at 40°C. A 20 ul adiquat of the diluted urine sample
was injected into HPLC-1 (MCI GEL CAQ8F, 7 um, 1.5 x 150
mm, solvent A, 37 ul/min) from the sampling injector, via the
guard column (the same as above, except that the column length
is 50 mm), and the chromatogram was recorded by aUV detec-
tor (254 nm). Inthismethod, the 8-OH-dG fraction was unequiv-
ocally and precisely collected, depending on the relative elution
pasition from the peak of the added marker, 8-OH-G, and auto-
maticaly injected into the HPLC-2 column (Shiseido, Capcell
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Fig. 1. Outline of the apparatus for urinary 8-OH-dG analysis.

Pak C18, 5 um, 4.6 x 250 mm, solvent B, 1 ml/min). For this
purpose, new program software was used for the Gilson 231XL
sampling injector. Namely, after waiting for adefined time (T1),
thesampling injector started to monitor adefined level of the UV
absorbance signa, which enabled the recognition of the 8-OH-G
marker peek (Fig. 2). After adefined timeinterva (T2), the col-
lection of the 8-OH-dG-containing fraction started in the loop
connected to valve 2, and after adefined interva (T3), the 8-OH-
dG fraction in the loop was injected into the HPL C-2 column by
vave switching. The 8-OH-dG was detected by a Coulochem 1
EC detector with aguard cell (5020) and an analytical cdll (5011)
(applied voltage: guard cell, 400 mV; E1, 280 mV; E2, 350 mV).
The applied voltages (E1, E2) for the maximum sensitivity and
selectivity for 8-OH-dG detection were different, depending on
each andytica cdl (5011). About 13 min after each urine injec-
tion, the guard column back flash (solvent C, 37 pl/min) was
started and continued for 32 min; the solution was then changed
to the starting buffer (solvent A) by valve switching. The sol-
vents used were: solvent A, 2% acetonitrile in 0.3 mM sulfuric
acid; solvent B, 10 mM sodium phosphate buffer (pH 6.7), 5%
methanol, plus an antiseptic Reagent MB (100 p/liter); and sol-
vent C, 0.5 M ammonium sulfate: acetonitrile (7:3, viv). Solvent
B (1 liter) could be recycled from the ECD to pump 2 for one
week during the analysis of 80-100 urine samples. Under these
standard conditions, one sample was analyzed per hour. Usualy
1620 urine samples and four randomly inserted 8-OH-dG stan-
dard samples were anayzed per day.

When a thicker column (2-4.6 mm diameter) was used for
HPLC-1, the Gilson 233XL sampling injector was used instead
of the 231XL model. It hasthe functions of injection of the urine
sample, collection of the 8-OH-dG fraction, mixing, and injec-
tion into HPLC-2. In this system, the 8-OH-dG fraction was
automaticaly collected based on the relative dution position
from the 8-OH-G peak. For this purpose, new program software
was used with the Gilson 233XL sampling injector. Namely,
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Fig. 2. HPLC-1 chromatograms of (8) 8-OH-G and 8-OH-dG stan-
dards and (b) human urine sample (male nonsmoker, age
56) containing the 8-OH-G marker; (c) HPLC-2 chromato-
gram of the 8-OH-dG fraction obtained by HPLC-1. Uri-
nary 8-OH-dG concentration, 4.79 ng/ml. The huge pesk
around 13 min is the ribonucleoside 8-OH-G contaminating

the 8-OH-dG fraction.

after waiting for a defined time (T1), the sampling injector
started to monitor a defined level of the UV absorbance signd,
which enabled the recognition of the 8-OH-G marker pesk. After
a defined time interva (T2), the 8-OH-dG-containing fraction
began to be collected in avia tube in the sampling injector, and
after adefined interva (T3) the collection was terminated, the 8-
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Fig. 3. (@ HPLC-1 and (b) HPLC-2 chromatograms of human

urine sample (male smoker, age 43). Urinary 8-OH-dG con-
centration, 8.55 ng/ml.

OH-dG fraction (200250 pl) in the via tube was mixed com-
pletely, and 100 pl of it wasinjected into the HPL C-2 column.

RESULTS

Inthisnew method, the urinewasfirgt fractionated on an anion
exchange column (polystyrene-type resin with quaternary
ammonium group, sulfate form). The 8-OH-dG molecule hasan
electricaly negative character®, and it may easily changeto an
anionic form?? in the anion exchange column and strongly bind
to it, though most of the other urinary components elute earlier,
particularly at high temperature (65°C). For an accurate collec-
tion of the 8-OH-dG fraction, the ribonucl eoside 8-OH-G, which
eutes 4-5 min earlier than 8-OH-dG does, was added to the
urine. To determine the waiting times, T1 and T2, the collection
time T3, and the back-flash timing, as well asthe 8-OH-G pesk
recognition level, the 8-OH-dG marker plus the ribonucleosde
marker 8-OH-G wereinjected into HPLC-1 (Fig. 2a). When the
urine sample with the 8-OH-G marker was analyzed under the
same conditions, most of the urinary UV -absorbing components
were eluted from the column during about 35 min (T1) of wait-
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Fig. 4. (& HPLC-1 and (b) HPLC-2 chromatograms of human
urine sample (male nonsmoker, age 22). Urinary 8-OH-dG
concentration, 3.07 ng/ml.

ing time (Fig. 2b). Then the 8-OH-G peak was recognized, and
after the T2 waiting period, the 8-OH-dG fraction was collected
for the T3 time and injected into HPLC-2. The examples of
HPLC-1and -2 profilesin theandyses of three urine samplesare
shownin Figs. 2b, 2c, 3a, 3b, 43, and 4b. The 8-OH-dG eluted as
a dgngle peak in HPLC-2. Under monitoring with two ECD
channels, E1 and E2, with different applied voltages, the 8-OH-
dG appeared as a specific ratio of peak heights (see Figs. 2c, 3b,
and 4b). Therefore it is easily digtinguished from other com-
poundswith the sameretentiontime. The analysis of about 1,500
different human urine samples reveded that only afew showed
apartid overlapping of acollateral peak with the 8-OH-dG peak.

DISCUSS ON

The source of urinary 8-OH-dG may be the hydrolysis of 8-
OH-dGTP by the nuclectide sanitization enzyme MTHL1, the
nucleotide excision repair of DNA, and the apoptosis of oxida
tively damaged cells. Although the mechanisms of 8-OH-dG
releaseinto urineare not clear, it could be auseful marker of oxi-
dative stress in vivo. For example, after whole body irradiation
of leukemia patients with a dose of 12 Gy, the 8-OH-dG level
increased to 8-25 times over norma levels, though one patient

showed no increase®. Urinary 8-OH-dG measurements will be
useful for studying the effects of radiotherapy at the molecular
levd. Urinary 8-OH-dG may reflect the action of ionizing radia-
tion on radiosensitive tissues. In regard to lifestyle, cigarette
smoking increases urinary 8-OH-dG levels'®®, and moderate
exercise reduces its levels'd. More than 100 papers have been
published on urinary 8-OH-dG, but a stlandard methodol ogy has
not been established. The analyses are complicated and not
aways reproducible. Particularly with the previous HPLC-ECD
methods, the determination of the 8-OH-dG collection timing
during the firt HPLC is difficult, because the eution position
changes dightly day by day, as aresult of minor changesin the
solvent composition, the temperature, and the column- and
pump- conditions. Even the urine pH and sdt concentration
affect the elution position. In the present method, | added the
ribonucleoside 8-OH-G standard to each urine sample, and
depending on its eution position, 8-OH-dG fraction was pre-
cisaly collected in the loop for further andysis by HPLC-2.
Therefore once the exact conditions are set up by theinjection of
8-OH-G and 8-OH-dG (Fig. 2a), one can safely continue to ana-
lyze up to 1,000 samples during afew months. Furthermore, the
addition of 8-OH-G to the urine may enhance the recovery of 8-
OH-dG, particularly when new HPLC-1 and -2 columns are
used, by inhibiting theirreversible adsorption of 8-OH-dG tothe
columns. | hope that this method will be used widdly in the
future for sudiesin radiotherapy, molecular epidemiology, risk
assessment, and health promotion.
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