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Abstract
8-Hydroxy-2′-deoxyguanosine (8-OHdG) is one of the major forms of oxidative deoxyribonucleic
acid (DNA) damage, and is commonly analyzed as an excellent marker of DNA lesions. The
purpose of this study was to develop a sensitive method to accurately and rapidly quantify the 8-
OHdG by using capillary electrophoresis with laser-induced fluorescence detection (CE-LIF). The
method involved the use of specific antibody to detect DNA lesions (8-OHdG) and consecutive
fluorescence labeling. Next, the urine sample with 8-OHdG fluorescently labeled along with other
constituents was resolved by capillary electrophoretic system and the lesion of interest was
detected using fluorescence detector. The limit of detection was 0.18 fmol, which is sufficient
sensitivity for detection and quantification of 8-OHdG in untreated urine samples. The relative
standard deviation (RSD) was found to be 11.32 % for migration time, and 5.52 % for peak area.
To demonstrate the utility of this method, the urinary concentration of 8-OHdG in an Alzheimer’s
transgenic mouse model was determined. Collectively, our results indicate that this methodology
offers great advantages such as high separation efficiency, good selectivity, low limit of detection
(LOD), simplicity and low cost of analysis.
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Introduction
Both nuclear and mitochondrial deoxyribonucleic acid (DNA) from various tissues and
white blood cells are subjected to oxidative damage [1]. They interact with reactive oxygen
species (ROS), such as superoxide anion radical (O2

−), hydrogen peroxide (H2O2), hydroxyl
radicals (•OH), and further produce more than 20 oxidized DNA adducts. Among them, 8-
hydroxy-2′-deoxyguanosine (8-OHdG) is considered the major type of DNA damage (Fig.
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1) and is the most commonly used biomarker for evaluation of cellular oxidative stress. 8-
OHdG is implicated in aging and the development of neurodegenerative disease, such as
Alzheimer’s disease (AD) [2]. 8-OHdG is probably the best studied biomarker of oxidative
stress due to its implication in nucleobase mutations (e.g. CG to AT transversions) [3].
Because guanine has the lowest oxidation potential compared with the other DNA bases, it
is easily oxidized and forms one of the most abundant marker of oxidative stress. The
mechanism of formation of 8-OHdG involves the attack of carbon 8 (C8) in guanine by
hydroxyl radicals, followed by the formation of 8-hydroxyguanine (C8-OH-Gua) adduct
radical that may undergo two separate pathways: (1) 2,6-diamino-4-hydroxy-5-
formamidopyrimidine (FapyGua) formation or (2) subsequent oxidation and formation of 8-
oxoguanine [4].

Oxidative DNA damage accumulates in the brain, which has been hypothesized to be a
major component of aging and a contributing factor for development of AD. Age-dependent
increases of 8-OHdG have been reported in various tissues, such as human pituitary gland
[5], the liver and kidney of rats [6, 7], human cerebral cortex and cerebellum brain [8].
Because the brain is associated with a high percentage of oxygen consumption and relatively
insufficient antioxidant capacity, AD brains are most likely vulnerable and susceptible to
oxidative damage [9, 10]. The evidence indicates that oxidative DNA damage is the feature
of AD in the brain and ventricular cerebrospinal fluid (CSF) [11, 12]. Using gas
chromatography-mass spectrometry (GC-MS), studies of temporal and parietal lobes from
the brains of AD patients revealed statistical significant increases of 8-OHdG in AD patients
when compared to non-demented control subjects [12]. Studies have also reported that levels
of 8-OHdG are increased in the mitochondrial DNA of patients with late AD compared to
nuclear DNA [12–14]. Elevated 8-OHdG levels have been detected in mitochondrial DNA
in the cortex of AD patients compared with non-demented controls [15]. Another study
found higher levels of 8-OHdG in the nuclear DNA of lymphocytes of AD patients [16]. A
recent study by Lovell’s group found a significant increase of 8-OHdG in multiple brain
regions, including frontal, temporal and parietal lobes in subjects with mild cognitive
impairment (MCI) [12]. These findings suggest oxidative DNA damage can be detected
from the subjects with MCI, which may serve as a prescreening tool for AD and play a
critical role in investigating the AD pathogenesis.

Evidence of oxidative DNA damage can be detected in the urine. After 8-hydroxy-2′-
deoxyguanosine 5′-triphosphate (8-OH-dGTP) is formed in the nucleotide pool, the
pyrophosphate can be removed by the enzyme MutT Homolog-1 (MTH1) to yield 8-
hydroxy-2′-deoxyguanosine 5′-monophosphate (8-OH-dGMP). Afterwards, it is digested by
5′ (3′)-nucleotidase to produce 8-OHdG. Without further metabolism, 8-OHdG is excreted
in the urine [17, 18]. The amount of 8-OHdG excreted into the urine can be used as an index
of the average rate of oxidative damage in the whole body and as a result, it can be
potentially used as a clinical test in the early screening for different diseases. It is notable
that measurement of excreted repair products in urine indicates the average rate of the
damage in the total body, while the abundance of oxidized bases in nuclear or mitochondrial
DNA represents the concentration in the specific local tissues/cells [2]. Compared to DNA
samples, urine is a better matrix for analyzing 8-OHdG, since DNA isolation and digestion
techniques can be a source of the artificial formation of 8-OHdG [19]. In addition, because
8-OHdG is excreted in the urine, it can be used as a non-invasive assay for determining the
levels of in vivo oxidative lesions in the early progression of various diseases, such as
cancer, diabetes, atherosclerosis and neurological disorders [20]. Here, we focus on the
development of a sensitive assay to monitor 8-OHdG levels in AD urine samples. This
method has a great potential to serve as a platform to identify patients at risk for AD and/or
the effect of therapies.
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To fully understand the extent to which 8-OHdG are involved in disease, different analytical
techniques have been used to study 8-OHdG lesions in different matrices most common in
the tissue and urine. Enzyme-linked immunosorbent assay (ELISA) is widely used to detect
8-OHdG in urine or other biological samples with limit of detection (LOD) of one 8-OHdG/
per 105 deoxyguanosine (dG). Urinary 8-OHdG measurement using ELISA rather than
others, such as high performance liquid chromatography (HPLC), saves analytical time,
running costs, and sample volume. The disadvantage of this method is that the antibodies
may cross react with guanine and other compounds. Cook’s group speculates that high
molecular weight compounds, such as proteins and carbohydrates, tend to interfere in the
competitive format of the ELISA, which resulted in high 8-OHdG reading [21]. To
overcome this problem, immunoaffinity columns have been used to isolate 8-OHdG from
DNA hydrolysis followed by ELISA quantification [22].

Aside from immunoassays, chromatographic techniques, such as GC-MS, were widely
developed to study oxidative DNA damage. However, it was reported that the background
level of 8-OHdG was overestimated. This was suggested to be caused by artificial
oxidization of guanine to 8-OH-Gua during the derivatization step [23]. Hence, a
purification step to remove intact bases from acid-hydrolysate of DNA is mandated using
HPLC prior to the analysis [24]. Another methodology for 8-OHdG detection is to use
HPLC with electrochemical column switching system (HPLC-EC) that utilizes the
selectivity of different carbon columns. This system can be used to analyze this oxidized
DNA adduct in variety of matrices. The reported LOD of this technology was in the range of
25–74 pM [25]. Nevertheless, a significant disadvantage lies in the requirement for column
switching to purify the urine sufficiently [26].

Recently, MS-based detection techniques have been increasingly applied to study 8-OHdG.
HPLC-tandem mass spectroscopy achieved LOD of 0.5 nM, which requires a minimal
amount of sample (12.5 fmol) [27] and does not require pre-treatment and purification steps.
8-OHdG can also be detected using solid phase extraction and HPLC with triple stage
quadruple mass detection. The reported LOD for this method is 0.7 nM [28], and allows for
inclusion and highly specific determination for relatively large sample volume. With
simultaneous measurement of several products and providing structure evidence for
analytes, these techniques provide accurate quantification and avoid misleading readings
which might be resulted from a single product. Although HPLC-MS and GC-MS are
sensitive and accurate, these are not convenient procedures for 8-OHdG detection in clinical
settings, because of its elaborate extraction and separation steps, high cost, technical
involvement and low throughput.

8-OHdG was also detected using capillary electrophoresis with various detectors, such as
UV, electrochemical or amperometric detectors. Capillary electrophoresis method with UV
detection was used to quantify 8-OHdG in untreated urine samples. The LOD was reported
as 17 uM, where this technology suffers from the low sensitivity [29]. To improve the
sensitivity, the pre-concentrated urine analyzed by capillary electrophoresis with
electrochemical detection or end-column amperometric detection reached LOD of 20–50
nM [30–32]. Although the detection sensitivity has been improved, these methods require
solid phase extraction (SPE) to concentrate samples before the analysis [30, 31]. Therefore,
the urine pretreatment could become complicated and time-consuming. Moreover, it has
limited application to analyze samples with enhanced levels of 8-OHdG.

A common component of all the above mentioned methods, whether reliant on
chromatography techniques (primarily, HPLC or GC or CE coupled ECD or MS or UV
detector) or immunoassay (ELISA), few current methods possess sufficient specificity, high
throughput, or exclusion of urine pretreatment, without any need for highly trained specialist
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or expensive equipment. The aim of this study is to develop a simple and sensitive method
using capillary electrophoresis with laser induced fluorescence (CE-LIF) detection for
detecting 8-OHdG using a primary antibody (Ab) specific for 8-OHdG, followed by binding
of a fluorescently labeled secondary antibody to the antibody-8-OHdG complex. The routine
measurement of 8-OHdG in urine samples using ELISA is problematic due to the low
amount of the analyte as well as interference from other compounds. To address this
concern, separation of the analytes based on the charge to size ratio offers great separation
efficiency. Furthermore, the LIF detection offers great detection sensitivity by combining
both chromatographic separation and immunoassay labeling. This method achieves high
specificity and doesn’t require any pre-treatment and pre-concentration of urine samples. In
addition, it allows rapid throughput and better accuracy in the detection of this analyte, so
this is a simple, fast and sensitive method for detection of 8-OHdG. Our results demonstrate
a unique approach of detecting 8-OHdG levels in urine to monitor oxidative stress levels in
an AD transgenic (Tg) mouse model.

Materials and Methods
Chemicals and reagents

Aqueous solution of the reagents was prepared using 18 megaohm water from Milli-Q water
purification system (Millipore, Bedford, MA). All chemicals were analytical grade quality.
8-OHdG was purchased from Sigma-Aldrich (St. Louis, MO). N45.1 anti 8-OHdG
monoclonal antibody was obtained from Genox Corporation (Baltimore, MD). IgG Alexa
fluor 488 goat secondary antibody was obtained from Invitrogen (Ontario, Canada). Sodium
tetraborate, dimethyl sulfoxide (DMSO), methanol, sodium hydroxide, and hydrochloric
acid were obtained from VWR International (Suwanee, GA). Commercially flexible fused
silica capillary was obtained from Polymicro Technologies (Phoenix, AZ). The separation
buffer consisted of 20 mM sodium tetraborate, pH 9.5.

CE instrument
Beckman Coulter P/ACE MDQ system (Fullerton, CA), a commercial capillary
electrophoresis instrument was used for the detection of 8-OHdG. Argon-ion laser was used
for excitation (488 nm line, 3 mW). After excitation, the emitted light was filtered with
530DF20 bandpass filter (510–530 nm) before reaching photomultiplier tube (PMT). The
PMT output signal was sampled at 4 Hz. Separation were performed on an uncoated 50 μm
i.d. fused silica capillary with a 42 cm in total length and 30 cm in effective length.

Labeling of test model: 8-OHdG
A DNA oxidative stress model, 8-OHdG was used to test the labeling scheme and validate
the LIF detector response. 8-OHdG (1 mg) was suspended in 50 μL DMSO and 9950 μL of
water to reach a final concentration of 100 ng·μL−1 (or 353 μM). Anti-8-OHdG and the
secondary Alexa 488 antibody were diluted in water. To generate the calibration curve, five
8-OHdG standards with final concentrations of 10, 8, 6, 4, and 2 ng·μL−1 were prepared. 20
μL 8-OHdG standard, 20 μL primary antibody (40 ng·μL−1), and 10 μL secondary antibody
(40 ng·μL−1) complex were mixed. 8-OHdG was incubated on orbital shaker with anti-8-
OHdG antibody at room temperature at 500 rpm for 1h. The secondary antibody was added
to the mix and the sample was incubated for another hour on orbital shaker at 500 rpm. Five
8-OHdG standard complexes were injected in the CE-LIF instrument to generate the
standard curve and further estimate the LOD.
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Transgenic mice and genotyping
AD-Tg mice [B6.Cg-Tg, stock no. 005864, Bar Harbor, ME] were purchased from Jackson
Laboratory. This model has both amyloid precursor protein (APP) and presenilin (PSEN)
mutations (cite original paper describing model). Real time polymerase chain reaction
(qPCR) and melting curve analysis (HRM) were used for the genotyping of the AD-Tg mice
(data not shown) [33]. The primer sets for APP transgenic gene are (forward 5′-GAC TGA
CCA CTC GAC CAG GTT CTG-3′, reverse 5′-CTT GTA AGT TGG ATT CTC ATA TCC
G-3′) [34]. DNA was extracted by immersing mouse tail snip in 25 mM NaOH/0.2 mM
EDTA at 98 °C for 1 hour [35]. The sequence of APP gene was amplified by quantitative
PCR and then analyzed by melting curve analysis using LC 32 Scanner (Idaho Technology,
Utah). The melting temperature of App gene is 86 ± 0.6 °C [36].

Urine collection and labeling
Urinary samples were collected from male, 11-months-old, AD-Tg mice. After collection,
the samples were centrifuged for 10 min at 4000 rpm and the supernatant was collected and
stored at −20°C for further analysis. In order to detect 8-OHdG in the AD mice urine
samples, 20 μL urine sample was incubated with 20 μL mix of the primary (40 ng·μL−1) and
10 μL secondary antibody (40 ng·μL−1) for 1h on orbital shaker, 500 rpm, at room
temperature.

Separation Condition
Sodium tetraborate buffer (pH 9.5) was used as the carrier electrolyte for all determinations.
Samples were injected into the capillary containing the separation buffer using
hydrodynamic injection mode at pressure of 3.4 kPa with 5 sec injection time. The
separations were performed at 17 kV (400 V/cm) [37]. Measurements were carried out at
constant temperature 25°C. The capillaries were preconditioned using methanol for 5 min,
followed by 1M NaOH for 10 min, 1M HCl for 10 min, water for 10 min, and 20 mM
sodium tetraborate buffer for 10 min. After each run the capillaries were washed with 1M
NaOH for 5 min, followed by water for 2 min and sodium tetraborate buffer for 3 min.

Data analysis
Igor Pro Software (Lakemetrics, Lake Oswego, OR), was used to analyze the
electropherograms. This program provides intensity values at each migration time point. The
fluorescence intensity values detected in the Alexa 488 channel were used to calculate the
area associated with the 8-OHdG concentration using the in house written Igor procedure,
wide peak analysis [38].

Results and Discussion
We used a procedure for the analysis of 8-OHdG comprising immunoaffinity and indirect
fluorescence labeling of 8-OHdG, their separation by CE, and on-line detection by LIF. To
monitor the damage to the DNA base, guanine, in transgenic AD mice, we developed an
assay that utilizes the very low sensitivity of the capillary electrophoresis coupled with laser
induced fluorescence detection. In addition, this assay takes advantage of the specificity
provided by the monoclonal antibody N45.1 to 8-OHdG [39]. Preparation of urine was
limited to centrifugation, incubation with the antibody, and capillary electrophoresis
separation.

Calibration curve using 8-OHdG
To test the feasibility of the assay, we used N45.1 mouse monoclonal antibody that is
specific to 8-OHdG [39, 40]. First of all, capillary electrophoresis validated no presence of
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impurities in primary antibody (Fig. 2 trace 5). Next, it separated the unbound secondary
antibody at 135 s and 278 s (Fig. 2 trace 4), and a complex of the secondary antibody along
with primary antibody (Fig. 2 trace 3). In addition, a complex of 35 μM 8-OHdG with
primary and the secondary antibodies was analyzed for generating a calibration curve (Fig. 2
trace 2). Furthermore, the 3530 μM 8-OHdG complex peak was determined in this study by
comparison of the migration time and spiking at 162 s. (Fig. 2 trace 1).

To estimate the LOD, a calibration curve was constructed by plotting the measurement of
the average peak area (y) versus the amount of 8-OHdG (x) in Figure 3. Five standards of
the complex of 8-OHdG, primary antibody and secondary antibody were used to generate
the standard curve. The five-point calibration from 7 μM to 35 μM showed the linear
detection of 8-OHdG with correlation coefficient of 0.96. The injection volume was
calculated based on the Hagen-Poiseuille equation, where the values used in this method
were the pressure difference (3.4 kPa), the capillary radius (25 μm), the solution viscosity
(0.00089 Pa·s), the capillary length (42 cm) and the injection time (5 s), which gives 7.07 nL
of the volume of injection. In addition, the LOD and limit of quantitation (LOQ) were
estimated as the concentration that gives the signal to noise ratio of 3 and 10, which gives
the LOD and LOQ of 8-OHdG are 0.18 and 0.6 fmol. The equation for the regression line is:

(1)

3.2 Analysis of 8-OHdG in AD mice urine sample
To illustrate the potential of this novel analytical method, we analyzed levels of 8-OHdG in
AD-Tg mice urine. We performed experiments using urinary samples from 11-month-old,
male, transgenic mice. The electropherogarms of the 8-OHdG in urine and standard is
shown in Figure 4. This is a very fast and sensitive method with overall analytical run time
for 10 min. The peaks at 164 s indicated the identification of 8-OHdG in urine sample. A
good separation was obtained for 8-OHdG complex from secondary antibody and complex
of primary and secondary antibody. Based on the Eq. (1), and the measured peak area for the
8-OHdG peak, the total 8-OHdG content in the injection volume for AD-Tg mice urine was
calculated as (12.8 ± 0.18) fmole. For the CE analysis, only 7.07 nL volumes of samples
were hydrodynamically injected, which leads to urinary concentration of 8-OHdG of (1.82 ±
0.02) μM.

The critical issue in detecting 8-OHdG in urinary sample is to avoid interference from other
compounds. This is achieved by using antibody that has high selectivity for 8-OHdG
compound. Among 500 papers published on urinary 8-OHdG detection, ELISA method has
been used primarily. There is ongoing debate whether the kit is specific to recognize other
urinary components than 8-OHdG. Toyokuni’s group stated that the antibody N45.1 is
highly specific to 8-OHdG, showing weak or no cross reactivity with urine component such
as uric acid, urea, creatine and creatinine [39]. Although it can recognize both the modified
base (8-oxoguanine) as well as the deoxyribose structure, the modified base has to be at least
two orders of magnitude higher in concentration to be a competitor for the monoclonal
antibody [39].

The urinary excretion of damaged nucleotides, 8-OHdG from both mtDNA and nDNA
serves as an essential biomarker of oxidative stress reflecting the rate of damage in steady
state. We have demonstrated this sensitive method combining both CE-LIF separation and
immuno-affinity characteristics is capable to study low abundant 8-OHdG in small amount
of urine sample. Because 8-OHdG is considered as a biomarker of oxidative DNA damage,
we cannot exclusively conclude that the results are only related to AD. However, it allows
us to determine oxidative status. Moreover, our results clearly show the screening capability
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of 8-OHdG using this new developed method from extracellular matrix (urine). The
potential of using this method as a diagnostic biomarker in AD progression in a larger set of
subjects deserves further study. Additionally, this method can serve as a tool to monitor the
oxidative stress response of AD subjects as a function of antioxidant and other treatments.

3.3. Assay repeatability and accuracy
The reproducibility of this method was evaluated with both injection and analytical
reproducibility. To assess injection consistency, five replicate injections of labeled 8-OHdG
were examined, while five different labeled 8-OHdG samples prepared by the same
procedure were studied for analytical repeatability. In the measurement of analysis
repeatability, the relative standard deviation (RSD) values for migration time and peak area
were 11.32 % and 5.52 %, respectively. In addition, day-to-day assays by replicate injection
of the 8-OHdG solution during five consecutive days, were examined to study precision of
the method. The RSD values of migration time and peak area were 19.3 % and 24.3 %,
respectively.

The accuracy was determined by performing a standard spiking method, where known
amounts of labeled 8-OHdG standard was mixed with previous analyzed 8-OHdG and
further detected by CE-LIF method in triplicate. The 8-OHdG LOD of 0.18 fmol was
subsequently determined by the calibration curve. The percentage of the spiked 8-OHdG
recovered by the assay indicates the accuracy of the method was 93.14 %.

3.4 Optimization of separation conditions
For our developed method, even if similar compounds in the urine cross reacted with the
antibody, CE with high resolution and high sensitivity offers great promise to separate these
interferences. Borate buffer has been widely used to analyze 8-OHdG due to the pH
sensitivity and flexibility so that 8-OHdG ionization can be affected in basic or acidic
solution. Particularly, mobility of 8-OHdG has been improved in basic separation condition
[29]. Weiss et al. demonstrated that 20 mM borate buffer had better 8-OHdG resolution with
pH levels of 5.5–9.5, compared to Zwitterionic buffers [41]. Because optimizing pH values
affects analyte ionization and enhances sample peak shape and area, the resolution can be
improved by a stable pH level of running buffer [42]. It was reported that the resolution of
8-OHdG was poor when pH value was below 8.4. However, the resolution was enhanced
while pH was above 9.0 [43]. For the capillary zone electrophoresis, the borate buffer (a
mixture of sodium tetraborate and boric acid) at pH 9.5 was employed. Because at this pH
level, the boric acid proton dissociation occurs, which further leads to an increase in
coupling sugar moiety of 8-OHdG with boric acid [29]. However, both urea and creatinine
are uncharged species, the transport of which is controlled by the electroosmotic flow [29].
Therefore, the 8-OHdG and other possible interference can be separated by charge to size
ratio. The buffer pH can adjust separation by changing the charge of the analytes. In
addition, the concentration of the running buffer has an impact on the electo-osmotic flow
(EOF), for instance, decreasing buffer concentration can increase the EOF, which leads to
faster migration time, lower electrophoretic current and Joule heat. It was found that the 20
mM borate buffer minimize the effect of Joule heat [44].

Therefore, to achieve the optimal separation efficiency, 20 mM sodium tetraborate was
tested by detecting the 8-OHdG standard complex (7 uM 8-OHdG) and urinary 8-OHdG
complex in a range of pH 9.0, 9.5, and 10.5. The separation was improved when pH
increased to 9.5. However, 8-OHdG could not be separated from the urinary complex when
pH reached to 10.5 shown in Figure 5. We found that 20 mM sodium tetraborate of pH 9.5
was the optimal separation condition under optimal separation voltage (17 kV).
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Conclusions
We developed a CE-LIF system for detection of urinary 8-OHdG. This method demonstrates
the detection and screening of 8-OHdG using immuno-affinity labeling coupled with CE-
LIF. Our method is unique in that, (1) it reaches high specificity with using CE separation
method; also (2) it keeps the ease of use provides by immunoaffinity concept. The sample
preparation can be completely excluded, because it requires no solid phase extraction for
urine. The ultrasensitive assay described here is not limited to detection of 8-OHdG and can
be expanded to other oxidative lesion when appropriate affinity probes are available.
Likewise, it has an enormous potential for high throughput clinical applications as well as
direct monitoring for the early diagnosis and monitoring DNA oxidative stress progression.
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Figure 1.
Formation of 8-OHdG by oxidative stress.

Zhang et al. Page 11

Electrophoresis. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Electropherograms of validation tests in positive and negative controls. (1) positive control
#1-- a complex with 3530 uM 8-OHdG standard; (2) Positive control #2 -- a complex with
35 uM 8-OHdG standard; (3) Negative control #1-- a complex with primary and secondary
antibody; (4) Negative control #2 -- secondary antibody alone; (5) Negative control #3 --
primary antibody alone. Hydrodynamic injection at pH 9.5 and 3.4 kPa for 5 s; separation in
20 mM sodium tetraborate buffer at 17 kV. Arrowhead: secondary antibody; Arrow: 8-
OHdG. Top trace is offset in the y-axis for the clarity.
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Figure 3.
Electropherograms of calibration curve of 8-OHdG standard with different concentrations.
Arrowhead: secondary antibody; Arrow: 8-OHdG. All the experimental conditions are the
same as in Figure 2. Top trace is offset in the y-axis for the clarity.
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Figure 4.
Electropherograms of urine sample and 8-OHdG standard. Arrowhead: secondary antibody;
Arrow: 8-OHdG. All the experimental conditions are the same as in Figure 2. Top trace is
offset in the y-axis for the clarity.
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Figure 5.
Electropherograms of the separation efficiency of 8-OHdG standard and urinary 8-OHdG
complexes with 20 mM sodium tetraborate buffer at pH 9.0 (top panel); pH 9.5 (middle
panel); and pH 10.5 (bottom panel). Arrowhead: secondary antibody; Arrow: 8-OHdG. All
the experimental conditions are the same as in Figure 2. Top trace is offset in the y-axis for
the clarity.
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