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Abstract
The potential use of oxidative stress products as disease markers and progression is an important aspect of biomedical
research. In the present study, the quantification of urine 8-oxo-7,8-dihydro-20-deoxyguanosine (8-oxo-dG) concentration
has been used to express the oxidation status of hypertensive subjects.

8-oxo-dG has been simultaneously isolated and assayed in nuclear (nDNA) and mitochondrial DNA (mtDNA). In
addition, oxidative stress of mononuclear cells has been estimated by means of GSH and GSSG levels and GSSG/GSH ratio
in hypertensive subjects before and after antihypertensive treatment. It is shown that oxidative stress decreases significantly in
hypertensive patients after treatment the effect being accompanied by reduction of their blood pressure.

A significant correlation is observed comparing the yield of urine 8-oxo-dG and that isolated from mitochondria DNA.
Moreover, urinary excretion of 8-oxo-dG also correlates with the GSSG/GSH ratio of cells. Conclusion: urine 8-oxo-dG assay
is a good marker for monitoring oxidative stress changes in hypertensives.
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Introduction

Oxidative stress, an excessive production of reactive

oxygen species (ROS) that outstrips antioxidant

defence mechanisms, has been implicated in con-

ditions that have an impact on the cardiovascular

system; e.g. cigarette smoking, hypercholesterolemia,

diabetes and hypertension [1,2]. The growing

evidence for the importance of ROS creates the need

for reliable and reproducible markers of oxidative

stress, the assessment of which can be used to monitor

treatment-induced changes. During the past two

decades, the number of oxidative markers discovered

has been growing [3]. Methods for the quantification

of different types of oxidative stress indicators have

been developed to reflect the oxidation products of the

most important cell molecules including lipids,

proteins, carbohydrates and nucleic acids [3–7].

This line of research still deserves attention in order

to find accurate metabolites for clinical applications.
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One of the most characteristic ROS-induced

byproducts is the oxidation of both nuclear (nDNA)

and mitochondrial DNA (mtDNA). The most

oxidation-prone among all the purine and pyrimidine

bases is guanine [8]. Upon oxidation, a hydroxyl

group is added to position C8 of the guanine

molecule, resulting in the oxidative byproduct 8-oxo-

7,8-dihydro-20-deoxyguanosine (8-oxo-dG), which is

considered to be an important biomarker of general-

ized cellular oxidative stress and repair product [9]. In

addition, due to its mutagenic potential, 8-oxo-dG

creates marked genetic instability within the DNA

structure [10]. Therefore, in the investigation of

oxidative stress-related diseases, the assay of the

oxidized moiety of guanine is a useful aspect. The

8-oxo-dG can be measured in cells and body fluids

[11–13], although the significance of each of the

measurements remains to be understood.

The present study was designed to assess the

feasibility of using urinary 8-oxo-dG levels to express

the degree of oxidative stress in hypertensive subjects.

Simultaneously, these levels and those of 8-oxo-dG in

mononuclear cells were assessed along with other

oxidative stress parameters.

Material and methods

Subjects and methods

Patients included in the study were selected from an

outpatient hypertension clinic. Those who fulfilled the

inclusion criteria were invited to participate and

informed written consent was requested. The follow-

ing were the inclusion criteria: (a) essential hyperten-

sion defined according to the criteria of the VII Joint

National Committee [14]; (b) aged 25–50 years; (c)

WHO grade I–II; (d) glomerular filtration rate

.60 ml/min; (e) never previously treated for hyper-

tension or off medication for at least one month prior

to the beginning of the study. Patients with diabetes

mellitus, a fasting glucose in serum .120 mg/dl, with

total cholesterol levels .240 mg/dl or cigarette

consumption .10 per day were excluded. Control

subjects were selected by age and weight, together

with other clinical criteria. They were nonsmokers and

free of disease and pathological antecedents. The

Ethics Committee of the Hospital approved the study.

A subgroup of patients underwent antihypertensive

treatment with atenolol 50–100 mg during three

months.

Blood pressure was measured using a mercury

sphygmomanometer with the patient in the sitting

position after 5 min of rest in a quiet environment,

following the recommendations of the British Hyper-

tension Society [15]. About 24 h ambulatory blood

pressure monitoring was performed using an oscillo-

metric monitor (Spacelabs 90202 or 90207) on a

regular work day, following a standard protocol [16].

Mononuclear cell isolation and oxidative stress

measurement

EDTA anticoagulated blood samples were obtained in

the morning after a minimum of 8 h fasting. Whole

blood (14 ml) was diluted with saline medium and

mononuclear cells were isolated by Ficoll-Hypaque

centrifugation [17] followed by three washes with the

saline solution. The percentage of mononuclear cell

suspension was 80–90%. Part of the isolated

mononuclear cells was used for immediate analysis

and the remainder was pelleted and preserved at

2808C to await DNA isolation.

Reduced glutathione (GSH) content of cells was

determined using a previously described assay [18].

For the analysis of oxidized glutathione (GSSG),

samples were treated with N-ethylmaleimide and

bathophenanthroline disulfonic acid, derivatized and

analyzed by high performance liquid columns

(HPLC) as previously described [19]. The protein

content was measured using the Bradford method.

Nuclear DNA isolation and digestion

nDNA was isolated following the Gupta method with

the modification described by Muñiz et al. [18], in

which chloroform isoamyl alcohol (24:1) is used

instead of phenol for the removal of proteins. Isolated

DNA was washed twice with 70% ethanol, dried and

dissolved in 200ml of 10 mM Tris/HCl, 0.1 mM

EDTA, 100 mM NaCl, (pH 7.0) for its enzymatic

digestion, as previously described [20]. In brief, 5mg

DNA/ml (total DNA 200mg) was incubated with 100

units of DNase I in 40ml Tris/HCl 10 mM and 10ml of

0.5 M MgCl2 (the final concentration of 20 mM) at

378C for 1 h.

The pH of the reaction mixture was then lowered

with 15ml of sodium acetate 0.5 M (pH 5.1); 10ml of

nuclease P1 (5 units) and 30ml of 10 mM ZnSO4 were

added (to give a final concentration of 1 mM) and the

mixture was incubated for 1 h. After readjusting the

pH with 100ml of 0.4 M Tris/HCl (pH 7.8) followed

by the addition of 20ml alkaline phosphate (3 units),

the samples were incubated for 30 min. Enzymes were

precipitated with acetone (5 vol), removed by

centrifugation and the supernatant evaporated to

dryness.

Mitochondrial DNA isolation

Extraction of mtDNA was according to the method of

Latorre et al. [21], with the modifications described

below. Mononuclear cells isolated from an additional

14 ml whole blood sample, were resuspended in

300ml PBS pH 7.4 and mixed with 300ml of 10 mM

Tris/60 mM NaCl/5% (wt/vol) sucrose, 10 mM

EDTA, pH 7.8. About 400 ml of 1.25%

NaDodSO4/300 mM Tris/5% sucrose, 10 mM
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EDTA (freshly mixed), pH 9.0, was then added. DNA

extraction was performed using chloroform/isoamy-

lalcohol 49:1 (v/v). After 10 min centrifugation at

13,000 rpm, the resulting supernatant was incubated

for 30 min at 658C and then 120ml of 3 M potassium

acetate buffer pH 4.8 was added. The mixture was

then kept at 2208C for 20 min and followed by 10 min

centrifugation at 13,000 rpm. Supernatant was trans-

ferred to an Eppendorf tube to which one volume of 2-

propanol was added. The mixture was centrifuged as

above and the obtained pellet resuspended in 150ml

Tris–EDTA 10 mM pH 7.8 and incubated for 30 min

at 378C. Then, 300ml of 0.1% SDS, pH 12.5 were

added and incubated at 658C for 6 min, after which

300ml of 3 M sodium acetate, pH 4.8 was added and

the mixture was kept in 2208C for 20 min. The

sample was further centrifuged and treated with 2-

propanol as above. After a final centrifugation, the

supernatant was discarded and the pellet was dried

and resuspended in 35ml of Tris–EDTA 10 mM, pH

7.8 and incubated for 60 min at 378C previously to

digestion.

The purity of the nDNA and mtDNA isolated using

Latorre’s method was determined by amplification of

specific mtDNA and nDNA genes following the

method described in [12]. We use the lipoprotein

lipase gene, which is coded by nDNA, and the ATPase

8 gene, which is coded by mtDNA, to detect amplified

fragments in the DNA preparations. All primers used

in this study were designed using the Primer Express

software (Applied Biosystems). Primer pairs specific

for human ATPase 8 were (sense: 50- GGCCCACC-

ATAATTACCCCC-30, antisense: 50-TATGGGCTT-

TGGTGAGGGAGG-30. Amplification of the LPL

gene (sense: 50-TGGTCAGACTGGTGGAGCAG-

30, antisense: 50-TGAGCGATTCAGGGCTTATGT-

30) served to check for nuclear genomic DNA

contamination. PCR reactions were performed in a

total volume of 10ml containing 100 ng of either

mtDNA or nDNA, 5 pmol sense and 5 pmol antisense

primer, 0.2 mM of each dNTP, 1 U AmpliTaq Gold

DNA polymerase (Applied Biosystems) using a 9800

Fast Thermal Cycler (Applied Biosystems). Amplifi-

cation was performed as follows: 7 min at 988C

followed by 42 cycles at 948C for 30 s, 608C for 30 s,

728C for 1 min followed by a final extension step at

728C for 5 min. PCR products (5ml out of 10ml) were

analyzed by agarose gel electrophoresis (2%) followed

by ethidium bromide staining.

Assay of 8-oxo-7,8-dihydro-20-deoxyguanosine

DNA hydrolysates were dissolved in high performance

liquid chromatography (HPLC) grade water and

filtered through a 0.2mm syringe filter before applying

the samples to a Waters ODS HPLC column

(2.5 £ 0.46 i.d; 5mm particle size). The amount of

8-oxo-dG and dG in the DNA digest was measured by

electrochemical and UV absorbance detection,

respectively [22].

Chromatography

For the separation of 8-oxo-dG, a Waters 515 HPLC

pump model was used. This separation was carried

out using 5 mm Spherisorb ODS2 column

(4.6 £ 250 mm) with a flow rate of 1 ml/min. The

running buffer for 8-oxo-dG from nDNA and

mtDNA was 50 mmol/l potassium phosphate pH 5.1

in 5% of acetonitrile and the retention time was

7.5 min. Electrochemical detection of the urine

samples was achieved with a ESA Coulochem II

detector equipped with a 5011 high sensitivity

analytical cell (sensibility of 1mA). This is equipped

with coloumetric (electrode 1) and amperometric

(electrode 2) electrodes linked in series. For the

purpose of this assay, the potentials set for the two

electrodes were 0.2 and 0.4 V, respectively. The

amount of 8-oxo-dG and deoxyguanosine (dG) in

the DNA digest was measured by electrochemical and

UV absorbance detection.

Urinary 8-oxo-7,8-dihydro-20-deoxyguanosine assay

The first urine in the morning was collected in

polyethylene bottles. The volume of the sample was

measured and after agitation, aliquots (2 £ 1 ml) of

the homogenized urine were kept at 2808C until

further analysis.

The method of detection of 8-oxo-dG was based on

that of Brown, RK et al. [23]. To 1 ml of urine, 100ml

of 3 mol/l Tris–EDTA solution pH 8.6 were added

and vortex mixed for 30 s. The solution was then

applied to a Bond Elute C18(OH)SPE (3 ml) column

that had been prepared with 3 ml methanol and 3 ml

water. The column was washed with 3 ml water

followed by 3 ml 2.5% acetonitrile and 1.5% methanol

in 10 mmol/l borate pH 7.9. The sample was eluted

with 3 ml of the same buffer and applied to a Bond

Elute strong cation exchange column (3 ml) prepared

with 3 ml methanol and 3 ml borate buffer pH 7.9.

The 8-oxo-dG was eluted with 2 ml of acetonitrile/-

methanol buffer in borate and then adjusted to pH 6.0

with 1 mol/l HCl. About 4 ml of 50:50 dichloro-

methane: propane-2-ol was added to the 2 ml of eluent

and vortex mixed for 30 s. The sample was then

centrifuged for 10 min at 3500 rpm, the upper

aqueous layer aspirated off and 3 ml of organic layer

evaporated to dryness under nitrogen at 508C. Finally,

the sample was reconstituted in 1 ml HPLC running

buffer without acetonitrile and 50ml injected into

HPLC column. The 8-oxo-dG values were expressed

as the ratio to creatinine urine concentration given in

mmol/ml.
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Chromatography

For urinary 8-oxo-dG, the running conditions were

those described above, with the exceptions that the

buffer used was 50 mmol/l potassium phosphate pH

5.1 in 5% of acetonitrile and the retention time was

7.5 min.

Statistical analysis

Values are presented as average and standard

deviation or standard error. Comparisons between

values at baseline or under antihypertensive treatment

were sought by student t for paired. Pearson’s

correlation coefficients were used to assess relation-

ships among variables. Multiple regression analysis

was used to assess determinants of urinary 8-oxo-dG.

Results

To assess the optimization and accuracy of the HPLC-

EC assay for the isolation and detection of 8-oxo-dG,

appropriate chromatograms of both samples and

standards were recorded at the beginning of each

working day. Representative results are shown in

Figures 1–3 where the chromatograms and retention

times of 8-oxo-dG from urine, nDNA and mtDNA are

compared with those of commercial standards.

Figure 1 represents the yields of 8-oxo-dG in the

urine from a control (5.92 pmol) and a hypertensive

subject (28.85 pmol) respectively.

As shown in Figure 2, the retention time of mtDNA

8-oxo-dG (0.30 pmol) corresponding to a hyperten-

sive subject coincides with that of the standard

(0.25 pmol). A total of 2800mg/ml of mtDNA with a

purity of 1.91 (260/280 nm) was obtained. After DNA

enzymatic digestion, 40mg were injected giving a final

yield of 0.30 pmol.

In Figure 3, the retention times of nDNA 8-oxo-dG

from a hypertensive subject is compared with that of a

standard sample. Final concentration of nDNA was

4450mg/ml with 1.8 (260/280 nm) of purity. As above,

after its digestion, 40mg were injected into HPLC and

the resulting yield of 8-oxo-dG was 0.43 pmol.

The purity of the mtDNA was determined by

measuring the presence of the lipoprotein lipase

gene, which is coded by nDNA and the ATPase

eight gene, which is coded by the mtDNA, in the

DNA preparations. As show in Figure 4, a

313 bp segment of the lipoprotein lipase gene product

was detected only in the nDNA from human

mononuclear cells. The amplified segment of the

ATPase 8 gene product (100 bp) was present in

mtDNA from these cells.

The study was performed in 77 hypertensive

subjects in absence of antihypertensive treatment. In

26 patients, the measurements were repeated after 3

months during antihypertensive treatment. Thus, a

total of 103 paired samples of mononuclear cells and

urine were collected for the analyses. The character-

istics of the patients are shown in Table I. In

mononuclear cells oxidative stress status, assessed by

the levels of GSH and GSSG and DNA byproducts,

Figure 1. HPLC-EC chromatograms of 8-oxo-dG that separated from urine. Electrochemical responses of a standard 8-oxo-dG sample

(40 pmol) and those isolated from urines with their retention times in minutes are shown. (A) standard samples 8-oxo-dG, (B) control subject

(5.92 pmol), (C) hypertensive subject (28.85 pmol). About 50ml of urine was used for 8-oxo-dG separation. The chromatographic conditions

are given under Material and Methods.
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assessed by the proportion of 8-oxo-dG/dG from

nDNA and mtDNA are shown in Table I. Simul-

taneously measured urinary levels of 8-oxo-dG

expressed as a ratio of creatinine excretion are also

shown in Table I.

In the 26 patients in whom the examination was

performed, first in the absence of and later during

antihypertensive treatment, a significant reduction

for office (153.2 þ 22.5 mmHg/96.4 þ 18.1–

133.4 þ 19.0 mmHg/84.2 þ 15.1 mmHg, p , 0.001,

respectively) and for 24-hour ambulatory BP

(136.2 þ 18.2 mmHg/86.2 þ 10.9–128.4 þ 12.1

mmHg/78.2 þ 9.2 mmHg, p , 0.001, respectively)

was observed. Likewise, the reduction in oxidative

stress status and byproducts in mononuclear cells were

followed by a significant reduction in urinary 8-oxo-dG

(Table II).

Urinary 8-oxo-dG was significantly correlated with

oxidative stress status, GSH, GSSG, GSSG/GSH

ratio, as well as with the 8-oxo-dG in mononuclear

Figure 2. HPLC-EC detection of 8-oxo-dG isolated from mtDNA. A standard sample (0.25 pmol) of 8-oxo-dG in (A) is compared with that

isolated from hypertensive mtDNA in (B). A representative result is shown and retention times of both samples are given. A total of 40mg

mtDNA were injected giving a yield of 0.3 pmol of 8-oxo-dG. Rest of the conditions as in Figure 1.

Figure 3. HPLC-EC detection of nDNA 8-oxo-dG. A standard sample (0.25 pmol) of 8-oxo-dG in (A) is compared with that isolated from

hypertensive nDNA in (B). A total of 40mg nDNA were injected giving a yield of 0.43 pmol of 8-oxo-dG. Other details as in Figure 2.
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nDNA and mtDNA (Table III). The highest

correlation coefficient between urine 8-oxo-dG release

and glutathione metabolites was obtained with the

GSSG/GSH ratio (0.63).

Finally, we analyzed whether the urinary 8-oxo-dG

was more or less dependent on nuclear or mitochon-

drial sources by using a multiple regression analysis.

Urinary 8-oxo-dG was significantly related to mito-

chondrial 8-oxo-dG ( p , 0.001), but not to nuclear

( p ¼ 0.886). Mitochondrial 8-oxo-dG alone accounts

for 28% of the variation of the urinary excretion.

Discussion

Essential hypertension is a heterogeneous disease with

great variability on the individual risk for cardiovas-

cular and renal damage. Treatment improves risk but

the impact of treatment differs widely among

individuals. Markers of risk help clinicians to decide

about the individual risk of a given patient as well as

the success or not of the therapy beyond the blood

pressure reduction.

Although human hypertension is considered a state

of oxidative stress that can contribute to the

development of atherosclerosis and other hyperten-

sion—induced organ damage [2,24], the underlying

mechanism remains to be fully clarified. It has been

shown that superoxide radicals in and around vascular

endothelial cells play a critical role in the pathogenesis

of hypertension [25].

In addition to the role of endothelium, as a possible

origin of ROS, circulating blood cells of differing

nature have been implicated in hypertension-induced

oxidative stress. These include activated T cells,

macrophages, platelets and other superoxide produ-

cing cells. These cells contain substantial amounts of

superoxide producing enzymes, mainly NADP(H)

oxidase and xanthine oxidase whose expression and

activities are significantly increased in hypertension.

In addition, using different experimental models a

close relationship between angiotensin II-induced

Table I. General characteristics of the study population.

Variables Values

Number 61

Age (year) 43.7 ^ 10.4

Sex (M/F) 40/21

Body mass index (kg/m2) 27.3 ^ 4.1

Office SBP (mmHg) 151.3 ^ 20.4

Office DBP (mmHg) 95.7 ^ 15.5

24-hour SBP (mmHg) 135.4 ^ 17.2

24-hour DBP (mmHg) 85.3 ^ 10.5

Baseline glucose (mg/dl) 99.3 ^ 7.8

Total-cholesterol (mg/dl) 208.3 ^ 30.1

HDL-cholesterol (mg/dl) 46.5 ^ 9.1

Triglycerides (mg/dl) 129.0 ^ 43.2

Oxidative stress parameters

Mononuclear cells*

GSH (nmol/mg prot.) 17.1 ^ 0.54

GSSG (nmol/mg prot.) 0.93 ^ 0.05

GSSG/GSH £ 100 6.34 ^ 0.46

8-oxo-dG nDNA 6.17 ^ 0.15

8-oxo-dG mtDNA 6.69 ^ 0.15

Urine*

8-oxo-dG 3.09 ^ 0.06

Values are mean ^ standard deviation. 8-oxo-deoxyguanosine

nuclear (8-oxo-dG nDNA) and mitochondrial (8-oxo-dG

mtDNA) are expressed as the number of oxidized bases/106 dG.

Urinary 8-oxo-dG is expressed as a ratio with creatinine (nmol 8-

oxo-dG/mmol creatinine). GSH, reduced glutathione; GSSG,

oxidized glutathione; * Values are mean ^ standard error.

Table II. Oxidative stress byproducts in 16 control subjects and 26 hypertensives in absence and during antihypertensive treatment.

Hypertension

Controls p Untreated p* Under Rx

Mononuclear cells

GSH (nmol/mg prot.) 26.2 ^ 0.24 ,0.001 17.2 ^ 1.33 ,0.05 20.4 ^ 2.28

GSSG (nmol/mg prot.) 0.16 ^ 0.02 ,0.001 0.67 ^ 0.05 ,0.05 0.53 ^ 0.06

GSSG/GSH £ 100 0.60 ^ 0.07 ,0.001 5.80 ^ 0.64 ,0.001 1.70 ^ 0.10

8-oxo-dG nDNA 3.97 ^ 0.65 ,0.001 5.94 ^ 0.24 ,0.05 5.40 ^ 0.26

8-oxo-dG mtDNA 5.40 ^ 0.05 ,0.001 6.65 ^ 0.28 ,0.05 6.20 ^ 0.28

Urine

8-oxo-dG 1.97 ^ 0.05 ,0.001 3.42 ^ 0.10 ,0.001 2.86 ^ 0.09

Values are mean ^ standard error. P values denote differences between control subjects and untreated hypertensives. P* values denote

differences between untreated and under antihypertensive treatment. 8-oxo-deoxyguanosine nuclear (8-oxo-dG nDNA) and mitochondrial

(8-oxo-dG mtDNA) are expressed as the number of oxidized bases/106 dG. Urinary 8-oxo-dG is expressed as a ratio with creatinine (nmol 8-

oxo-dG/mmol creatinine). GSH, reduced glutathione; GSSG, oxidized glutathione.

Figure 4. Characterization of nDNA and mtDNA isolated from

human mononuclear cells. Amplification of ATPase 8 and

lipoprotein lipase gene segments are shown. MWM: molecular

weight markers. Lines 1, 2 and 3: amplification products from

different mtDNA samples. NTC: no template negative control.

nDNA: amplification product from nuclear DNA.
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hypertension and the activation of NADP(H) sub-

units, p47-phox, p22-phox and nox-2, has been

established [26,27].

Endothelium is considered the target and mediator

of both hypertension and oxidative stress which is, in

turn, responsible for the hemodynamic and biochemi-

cal disturbances leading to atherosclerosis. Different

oxygen-related metabolites and oxidation products

have been proposed not only as useful biomarkers of

oxidative stress in cardiovascular processes but also of

tissue damage [4,24–29]. Oxidative stress status is

also increased in the mononuclear cells of hyperten-

sive patients where additionally, a significant corre-

lation has been observed between the degrees of lipid

peroxidation and DNA oxidation [28,30]. In previous

studies, a good correlation of oxidative stress

byproducts and tissue damage indicators has been

observed. Thus, in microalbuminuric subjects the

amount of GSH was significantly lower and the ratio

GSSG/GSH was significantly higher that in the

normoalbuminuric subjects [31].

In the present study, nuclear and mitochondrial 8-

oxo-dG in mononuclear cells and urinary excretion of

the damaged nucleoside, were measured simultaneously

in hypertensive patients in the absence of and during,

antihypertensive treatment. In these subjects, urinary

excretion rates of 8-oxo-dG highly correlate not only

with the 8-oxo-dG levels of mononuclear cells, but also

with other estimates of oxidative stress such as GSH and

GSSG. The correlation between urinary 8-oxo-dG and

GSH, GSSG or GSSG/GSH was better than that

obtained with genomic 8-oxo-dG and mitochondrial 8-

oxo-dG with correlations coefficients of 20.59, 0.60,

0.63, 0.51 and 0.54, respectively. Nevertheless, a good

correlation still exists between the yield of 8-oxo-dG in

urine and the amount of both, nDNA and mtDNA,

damaged bases in mononuclear cells of hypertensive

subjects.

The biphasic distribution curve shown in Figure 5

represents the significant correlation coefficient

obtained between GSSG/GSH values and urine of

8-oxodG. The release of 8-oxodG seems to stabilize

arriving to a plateau. This effect could be probably

attributed to the saturation of nucleoside transport

systems.

The study was performed on hypertensive subjects

with a normal glomerular filtration rate. In this

population, a significant increment in oxidative stress

and its reduction by antihypertensive treatment, has

been described by our group and others [28,29,32].

Moreover, urinary 8-oxo-dG reflects the changes in

oxidative stress induced by the antihypertensive

treatment. Thus, in the present population of

uncomplicated hypertensives, we were able to detect

changes that may help us to monitor the potential

beneficial effects of treatment by using a non-invasive

sampling method.

Controversial results concerning whether or not

urinary 8-oxo-dG represent the oxidative stress status

of the body have been reported [33–35]. 8-oxo-dG is

basically removed from DNA by base excision repair

(BER) and is expected to be found in the urine as the

base 8-oxo-7,8-dihydroguanine. Although nucleotide

excision repair (NER) may lead to the production of

8-oxoGua-containing oligonucleotides and these frag-

ments may be further hydrolysed to release 8-oxo-dG,

this pathway has never been demonstrated. Olinski’s

group [34] suggests that 8-oxo-dG found in urine as

the base rather than the nucleoside reflect DNA

damage. At present, although the action of NER and

subsequent digestion of oligonucleotide products

could theoretically account for a portion of urinary

Table III. Pearson’s correlation coefficients among 8-oxo-dG levels and glutathione metabolites in 103 paired samples.

8-oxo-dG urine 8-oxo-dG nuclear 8-oxo-dG mitochondrial GSH GSSG GSSG/GSH £ 100

8-oxo-dG urine – 0.51* 0.54* 2 0.59* 0.60* 0.63*

8-oxo-dG nuclear – 0.67* 2 0.65* 0.57* 0.72*

8-oxo-dG mitochondrial – 2 0.63* 0.62* 0.60*

GSH – 20.75* 20.83*

GSSG – 0.98*

GSSG/GSH £ 100 –

Values are Pearson’s correlation coefficients; * Values denotes significant correlation coefficient ,0.01.

Figure 5. Relationship between GSSG/GSH in mononuclear cells

and urinary 8-oxo-dG excretion.
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8-oxodG, the pyrophosphohydrolase action of

hMTH1 on 8-oxoGTP in cellular nucleotide pools

would appear to be one of the most likely candidates

for the generation of 8-oxodG as a repair product and

its presence in urine [36,37].

Because oxidized nDNA in general undergoes

repair, the repair products of the oxidative DNA

lesions are fairly water-soluble and will be excreted

into the urine without being further metabolized.

These urinary oxidized products include free bases,

ribonucleosides from RNA and deoxynucleosides and

nucleotides from DNA. It should be emphasized that

the excretion of the removed products into urine

represents the average rate of damage and repair in the

total body, whereas the level of oxidized base in nDNA

is a measure of their concentration in the specific

tissue/cells at the moment of sampling [38]. The

values of 8-oxo-dG obtained are similar to those

reported by other groups considering the differences

of the methodology used [39–41].

Hypertension is a generalized process affecting a

large number of cellular systems not only those located

in the vascular walls but also to the large mass of blood

circulating cells. Thus, it is expected that the whole

body oxidative stress burden in hypertension is higher

than in other more localized diseases. Furthermore,

the data from the present study demonstrated a

dependent relationship between urinary 8-oxo-dG

and mtDNA 8-oxo-dG and less with nDNA. This can

be explained considering that DNA in mitochondria

are likely to be more susceptible to ROS-induced

oxidative damage as oxygen metabolism is high and

then the repairing mechanisms of mtDNA are much

more active [8]. 8-oxo-dG will not be a diagnostic tool

for hypertension but may give information about the

level of risk mainly during antihypertensive treatment.

Although initially proposed as a possible sources of

urinary DNA lesions, recent research work with rats

and human volunteers demonstrates that diet nor

cell death appear to contribute to urinary levels of

8-oxodG [37].

In conclusion, urinary 8-oxo-dG emerges as a

marker of oxidative stress in patients with essential

hypertension in which a generalized oxidative stress is

observed not only along the vascular walls, but also

in circulating blood cells. Both the easy collection,

which permits repeated measurements, as well as the

discriminative power of the values, creates the

opportunity for monitoring oxidative stress changes

by measuring 8-oxo-dG in the urine samples of

hypertensive patients.
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