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Determination of Urinary 
%Hydroxydeoxyguanosine by Automated 

Coupled-column High Performance Liquid 
Chromatography: A Powerful Technique for 
Assaying In Viva Oxidative DNA Damage in 

Cancer Patients 
C. Tagesson, M. Kgllberg, C. Klintenberg and H. Starkhammar 

An automated analytical method has been developed for determination of the oxidative DNA adduct, B- 
hydroxydeoxyguanosine (80HdG) in human urine, based on coupled-column high performance liquid chromato- 
graphy with electrochemical detection. Urine is concentrated on Bondelut CH by means of an automated sample 
processor, and the enriched sample injected on to a polymeric reversed phase column coupled in line with an 
electrochemical detector and a C,, reversed phase column. By use of the electrochemical detector, a suitable 
retention time interval is set for collection of the fraction containing 80HdG from the chromatography on the first 
column; this fraction is collected in a 2 mL loop and injected onto the Cls column. The system is operated by an 
automatic valve station controlled by an integrator. The method has a large sample capacity and measures 31.1, 
15.7, and 7.43 nmol BOHdG/L urine with variation coefficients of 8, 8 and 24% within series and 8, 11 and 
23% between series. Normal healthy individuals were found to excrete 14.9 ? 7.8 nmol 80HdG/24 h, or 
1.11 -+ 0.62 pmol80HdG per mol creatinine, in their urine, whereas increased levels of 80HdG were found in 
24 h collections from a variety of cancer patients, both in samples taken before onset of oncological therapy 
(1.84 + 1.12 pmohmol creatinine, P < 0.01 versus healthy individuals) and after therapy onset 
(2.18 -C 1.44 pmol/mol creatinine, P < 0.001 versus healthy individuals). Moreover, mean values of 80HdG in 
random urinary samples from cancer patients were significantly higher than from healthy individuals (2.42 2 2.28 
versus 1.19 2 0.48 pmohmol creatinine, P < O.OOl), both in samples taken before therapy onset (1.91 2 0.96, 
P < 0.001 versus healthy individuals) and after (2.57 * 2.46, P < 0.001 versus healthy individuals). High levels 
of urinary 80HdG were found in patients subjected to whole body irradiation, and in patients receiving 
chemotherapy with various cytostatic agents. The potential use of the method for detecting increased urinary 
80HdG excretion and conditions associated with increased oxidative DNA damage in humans is discussed. 
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INTRODUCTION 
OXIDATIVE DAMAGE to DNA has been suggested to contribute to 
a number of diseases including cancer and chronic inflammation 
[l-6]. In order to study the relationship between oxidative 
damage to DNA and diseases, it is desirable to develop tech- 
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niques which can be used for the analysis of DNA damage 
products in individuals. Analytical approaches, such as gas 
chromatography-mass spectrometry (GGMS) and immunoch- 
emical techniques, have been shown to be effective methods for 
detecting a number of specific lesions caused by oxidative 
damage, including the modified bases S-hydroxyguanine, S- 
hydroxyadenine and thymine glycol [7-91. In general, these 
methods are useful for detecting high levels of oxidative DNA 
damage but have, as yet, not been used for measuring the lower 
levels of damage that may occur in humans. Previous efforts 
aimed at quantitating endogenously produced oxidative DNA 
damage have involved measuring the urine levels of thymine 
glycol and thymidine glycol by HPLC combined with UV 
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detection [lo]. However, this method has certain limitations, 
principally the poor sensitivity and long time required to perform 
the assay. 

The problem associated with detecting low levels of oxidat- 
ively damaged DNA bases has recently been resolved by the 
identification of another oxidised DNA-adduct, %hydroxydeox- 
yguanosine (80HdG) [ 111. This adduct can be quantitated with 
a high degree of sensitivity and selectivity by electrochemical 
detection following separation of enzymatic hydrolysates of 
DNA by reversed phase HPLC [ 121. The electrochemical detec- 
tion of 80HdG is about 1000 times more sensitive than the 
detection by UV absorbance, and with this sensitive and selective 
technique, 80HdG has been identified and quantitated in DNA 
isolated from various sources including mouse liver [ 131, HeLa 
cells [13], rat kidney [6, 141, rat urine [6], and rat liver [15]. 
Recently, Ames and collaborators have usea HPLC with electro- 
chemical detection to assay 80HdG in human urine [16, 171. 
Their assay employed a series of solid phase extraction steps 
which separate 80HdG from other urinary constituents, fol- 
lowed by analysis by gradient reversed phase HPLC coupled to a 
dual electrode high efficiency electrochemical detection system. 
Alternatively, we developed a sensitive assay for determination 
of 8OHdG in human urine based on coupled-column HPLC 
with electrochemical detection [ 181. This assay utilises only one 
extraction step, which makes the entire system more easily 
automated, and thus enables the processing and analysis of a 
large number of samples within a limited amount of time. Here, 
we describe such an automated assay system for urinary 80HdG 
with large sample capacity and illustrate how it can be applied 
for assessing in viva oxidative DNA damage in cancer patients. 

MATERIALS AND METHODS 
Urine collection 

Collections of urine every 24 h were obtained from 7 healthy 
individuals, 4 men (aged 40-45 years) and 3 women (aged 2452 
years), and from 30 cancer patients, 20 men (aged 19-74 years) 
and 10 women (aged 31-68 years). The diagnoses were breast 
cancer (n = S), malignant teratoma (n = S), gastric cancer 
(n = 4), head and neck cancer (n = 4), sarcoma (n = 3), malig- 
nant lymphoma (n = 3), brain tumour (n = 3), lung cancer 
(n = l), pancreatic cancer (n = l), and colorectal cancer 
(n = 1). Altogether, 27 urinary collections were obtained from 
the healthy individuals (15 from the men and 12 from the 
women) and 136 from the cancer patients. The urine was 
collected in ordinary plastic bottles without any additives and 
stored at -20°C until analysed. 

Random urinary samples (2 x 10 ml) were obtained from 144 
normal healthy subjects (74 men and 70 women) with ages 
ranging from 14 to 87 years, and from 141 patients suffering 
from malignant diseases: 89 with breast cancer, 14 with lung 
cancer, 13 with colonic cancer, 17 with malignant lymphoma, 
and 8 with malignant teratoma. The urine samples were collected 
and 2 x 10 mL aliquots from each sample were stored at -20°C 
until analysed. 

Urinary samples were also obtained from 7 patients undergo- 
ing whole body irradiation therapy in conjunction with autolog- 
ous bone marrow transplantation. The diagnoses in these cases 
were acute myeloid leukaemia (n = 3), acute lymphatic leu- 
kaemia (n = 3), and Hodgkin’s disease (n = 1). The patients 
were given cyclophosphamide (60 mg/kg body weight) on the 
sixth and seventh days before transplantation, and received 
whole body irradiation (total dose 12 Gy) on four consecutive 
days before transplantation. Urine was collected at different 

time points during the treatment: before, during and after the 
irradiation. 

The influence of certain specific cytostatic combinations on the 
urinary 80HdG excretion was studied in 4 patients undergoing 
chemotherapy for different malignant diseases. 1 patient (male, 
73 years old) received carboplatin and 5-fluorouracil(5-FU) for 
laryngeal carcinoma which had spread to the regional lymph 
nodes and the lungs. The second patient (female, 46 years old) 
received adjuvant therapy with doxorubicin and cisplatin after 
excision of mandibular osteosarcoma. The third patient (male, 
68 years old) received etoposide, S-fluorouracil and leucovorin 
for palliation of disseminated gastric cancer, and the fourth 
patient (male, 41 years old) was treated with cisplatin and 5-FU 
against a locally spread oral cancer. In all 4 cases, urine was 
collected from the onset of the therapy and during the first 2-6 
days of treatment. 

Chemicals and reagents 
The 80HdG was synthesised and handled and its concen- 

tration determined as described earlier [ 191. All chemicals were 
of reagent grade quality and methanol was of HPLC quality. 
BondElut Cyclohexyl columns (Bondelut CH, 500 mg, 3 mL) 
were from Varian (Harbor City, California, U.S.A.). 

Sample preparation 
The pH of urine was adjusted to 67 by the addition of HCI 

or NaOH, 1 mol/L. The urine was then centrifuged and the 
clear supernatant used for analysis. 

Urine samples were processed by a Gilson ASPEC sample 
processor (Gilson Medical Electronics, Middleton, Wisconsin, 
U.S.A.). The ASPEC was equipped with a 500 mg column kit 
and a Rheodyne injection valve. Sixty samples were loaded in 
one working session, which lasted for about 80 h. The samples 
were processed and then injected on line, one after the other. 
Injection was performed by overfilling the 100 p,L Rheodyne 
loop with 600 PL of the sample. The working cycle for one 
sample is as follows: the Bondelut CH column was activated 
with 3 mL of methanol, followed by 3 mL of Tris buffer, 
50 mmol/L, pH 7.0. Urine, 2.5 mL, was then applied and the 
column washed with 5 mL of Tris buffer, 50 mmol/L, pH 7.0. 
8-Hydroxydeoxyguanosine was then eluted in a collection tube 
with 2.5 mL of Tris buffer containing 20% methanol (v/v). The 
eluate was mixed and 100 FL injected on line in the HPLC 
system. 

HPLC equipment 
The HPLC system configuration was essentially as described 

earlier [ 191 with the following exceptions: the manual injector 
was replaced by the Gilson sample processor described above. 
The column in dimension I was a 150 x 4.1 mm PRP-1 
(Hamilton, Bonaduz, Switzerland), particle size 5 km, operated 
at 4O.O”C, and the column in dimension II, a 250 x 4.6 mm 
Apex ODS II (Jones Chromatography, Hengoed, Mid-Glamor- 
gan, U.K.), particle size 5 pm, operated at 24.0%. In dimension 
I, a PRP-1 precolumn (25 x 2.3 mm) from Hamilton was used. 
The eluate from dimension I was passed through a 2 mL loop 
immersed in water to bring the eluate back to room temperature. 
Pulse dampening was considered not necessary. The WAVS 
valve station was controlled by a ChromJet integrator (Spectra- 
Physics, San Jose, California, U.S.A.). Detection in dimension 
I was achieved with a TL-5A glassy carbon cell (Bioanalytical 
Systems, West Lafayette, Indiana, U.S.A.) operated at 
+600 mV versus a AglAgCli3 M NaCl reference electrode. A 
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ZPta LC-4B (Zata-Elektronik, Eslov, Sweden) was used to 
operate the glassy carbon cell. Detection in dimension II was 
achieved with a Waters 460 electrochemical detector (Millipore, 
Milford, Massachusetts, U.S.A.) equipped with a glassy carbon 
cell operated at +600 mV versus the AglAgCli3 M KC1 refer- 
ence electrode. 

Analysis 

The mobile phase in dimension I was phosphoric acid, 
20 mmol/L, EDTA, 0.2 mmol/L, and heptanesulphonic acid 
sodium salt, 5 mmol/L, adjusted to pH 4.0 by the addition of 
sodium hydroxide, 5 mol/L. In dimension II, the mobile phase 
was a mixture of phosphate, 50 mmol/L, EDTA, 0.2 mmol/L, 
pH 7.0 and methanol 19 : 1 (v/v). The solutions were prepared 
in 5 L batches and used within 14 days. The flow was 0.75 mL/ 
min in dimension I and 1 mL/min in dimension II. Washing 
solutions for the columns were prepared by addition of methanol 
to the solutions above to make a concentration of methanol of 
50% (v/v). All these four solutions were filtered by vacuum 
through a 0.45 nm cellulose acetate filter. 

At the beginning of every working session, a 1000 nmol/L 
standard was injected at least twice to check the retention time 
of the 80HdG on the dimension I column. The valve after the 
column was therefore set to direct the flow through the TL-SA 
glassy carbon electrode. When the retention time had been 
determined, the valve was set to direct the flow from the 
dimension I column to the valve station. The valve station was 
then programmed to inject the 2 mL fraction from column I 
appearing up to 1 min after the retention time of 80HdG on the 
dimension I column. To avoid the appearance of “ghost” peaks, 
it was found necessary to wash both columns after each run with 
the solutions with 50% methanol as mentioned above. 

Standard curves were linear up to at least 500 nmol/L and 
calibration was carried out using a 32 nmol/L standard. A 
quality control programme was made up of three control samples 
(high, medium and low levels) analysed at the start, middle, and 
end of each series. These control samples were prepared by 
addition of 8OHdG to a 24 h urine collection from a healthy 
individual. Based on this quality control programme, no correc- 
tion for drift in the method was found to be necessary. 

Statistical determinations 
Statistical testing of differences between means of different 

patient groups was made with the two-tailed Student’s t-test. 

RESULTS 
Analysis of urinary 80HdG 

Under the conditions described, 80HdG eluted as a single 
peak after 30 min and was separated from other peaks in the 
chromatogram (Figure 1). The lowest detectable concentration 
of 80HdG was 0.6 nmol/L urine, calculated as twice the stan- 
dard deviation of 40 duplicate samples containing less than 6 nmol/ 
L. The coefficient of variation within the series (calculated from 
control samples run at each working session) was S-24%, and 
between series 8-23% (Table l), depending on the concentration 
level. The coefficient of variation within series calculated from 
analyses of duplicate samples was 4.9-6.8%. 

Urinay 80HdG excretion 
The automated HPLC system was used to measure the urinary 

80HdG excretion in healthy individuals and different groups of 
cancer patients. Table 2 shows the excretion in 24 h collections 
from different subjects. Healthy individuals excreted 

14.9 ? 7.8 nmoles 80HdG per 24 h (mean i standard 
deviation), which corresponded to 9.1 + 3.7 nmol 80HdG/L 
urine and 1.11 * 0.62 nmol 80HdGimol creatinine (80HdG 
excretion was given as nmolimol creatinine so as to adjust for 
degree of urine dilution). There were no significant differences 
between men and women with regard to 80HdG excretion 
(assessed as nmo1124 h or j_tmol/mol creatinine). 

Table 2 also shows 80HdG excretion in 24 h collections from 
a variety of cancer patients. Compared with healthy individuals, 
the excretion (in p.molimol creatinine) was significantly higher 
in the whole group of cancer patients (2.13 ? 1.40 versus 
1.11 -t 0.62, P < 0.001) as well as in several subgroups (e.g. 
breast cancer, malignant lymphoma, and head and neck cancer). 
In accordance, the excretion of 80HdG in nmol per 24 h was 
significantly higher in patients with breast cancer and malignant 
lymphoma than in healthy individuals, and this was also the case 
when 80HdG excretion was assessed as nmol80HdGIL 24 hour 
urine without adjustment for creatinine (Table 2). In other 
subgroups of patients, the 80HdG excretion per 24 h was 
slightly higher than in healthy individuals, but the differences 
were not statistically significant. 

Since many, but not all, cancer patients were undergoing (or 
had recently been subject to) radiotherapy and/or chemotherapy 
at the time of urinary sampling, we were able to compare samples 
taken before (n = 20) and after (n = 116) onset of oncological 
therapy. It then appeared that the highest levels were found in 
samples taken after therapy (2.18 2 1.44 u,mol/mol creatinine, 
I’ < 0.001 versus healthy individuals), but increased levels were 
also found in samples collected before onset of oncological 
therapy (1.84 -t 1.12 ~molimol creatinine, I’ < 0.01 versus 
healthy individuals). 

80HdG in random urinary samples 

Table 3 shows 80HdG levels in random urinary samples 
from healthy individuals and cancer patients. There were no 
significant differences between healthy men and women with 
regard to 80HdG levels, neither in nmol/L nor in nmoVmo1 
creatinine. By contrast, the mean 8OHdG concentration in 
samples from cancer patients was significantly higher than in 
samples from healthy individuals. Thus, mean values of krnol 
SOHdGlmol creatinine in samples from patients with breast 
cancer, lung cancer, colonic cancer, malignant lymphoma and 
malignant teratoma were all significantly higher than in samples 
from healthy individuals (1 < 0.001). Significant differences 
were also found between cancer patients and healthy individuals 
in terms of nmol SOHdG/L urine (P < 0.05). This difference 
was particularly clear for patients with malignant lymphoma and 
malignant teratoma (P < 0.001 in both cases), but was also 
significant for patients with breast cancer (P < 0.05). The 
differences between the groups are also illustrated in Figure 2, 
which shows the 80HdG concentration (in nmol/L and p.mol/ 
mol creatinine) in each sample analysed. 

Since many, but not all, random urinary samples were taken 
after the onset of oncological therapy, the 80HdG levels in 
samples taken before and after therapy were compared. As 
shown in Table 4, the highest levels were found in samples taken 
after therapy (P < 0.001 versus healthy individuals regardless 
of whether 80HdG concentration is in nmol/L or ~molimol 
creatinine). However, significantly increased levels of 80HdG 
(as kmol/mol creatinine) were also found in samples taken before 
onset of therapy (1.91 ? 0.96 nmol/mol creatinine in cancer 
patients versus 1.19 2 0.48 in healthy individuals, P < O.OOl), 
and such increased levels were found in several subgroups: 
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Figure 1. Coupled-column liquid chromatography of 8OHdG in normal human urine. Left: tirst dimension (620 nmoVL); middle: coupled 
system (32 nmol/L); right: coupled system (normal human urine). 80HdG is indicated by arrow. 

Table 1. Analytical precision for the automated analysis of urinary 
8OHdG. Three different samples (containing ‘Llow”, “medium” and 
“high” concentration of 80HdG) were analysed at 15 different 

working sessions 

Low 

Urinary 80HdG level 

Medium High 

Number of observations 45 44 43 

Mean value* 7.43 15.7 31.1 

Total variance 6.10 4.80 11.7 

Within series variance 3.13 1.76 6.10 

Within series CV (%) 24 8.4 7.9 

Between series variance 2.97 3.04 5.6 

Between series CV (%) 23 11 7.6 

*nmol/L. 

breast cancer (P < 0.001 versus healthy women), lung cancer 
(P < 0.001 versus healthy individuals), colonic cancer 
(P < 0.05 versus healthy individuals) and malignant lym- 
phomas (P < 0.001 versus healthy individuals). Alternatively, 
levels of 8OHdG in nmoVL (i.e. without adjustment for urine 
dilution) were not significantly increased in samples taken before 
therapy (Table 4, first column). The differences between the 
groups of samples (i.e. from healthy individuals, cancer patients 
before therapy, and cancer patients after onset of therapy) are 
illustrated in Figure 3, which shows cumulative frequency 
distributions (%) of the 80HdG concentrations in the different 
groups. 

Influence of irradiation 
The 80HdG excretion in 7 patients subjected to whole body 

irradiation is illustrated in Figure 4. There was a marked increase 
in excretion following irradiation in 6 out of the 7 patients, and 
peak concentrations in the range of 35-55 p,mol/mol creatinine 
were found in 3 cases. 1 patient, who had an aplastic bone 
marrow before the treatment, showed no increase in urinary 
80HdG excretion following irradiation (Figure 4). 

Influence of cytostatic agents 
The POHdG excretion in 4 patients receiving chemotherapy 

with different cytostatic agents is shown in Figure 5. There was 
a significant elevation in excretion following chemotherapy in 3 
out of the 4 patients studied, with peak concentrations of 
5-10 pmol 80HdGimol creatinine. 1 patient given carboplatin 
and S-FU did not show any increase in SOHdG excretion (Figure 

5). 

DISCUSSION 
In this investigation, we demonstrated that 80HdG in human 

urine can be analysed by automated coupled-column HPLC 
with electrochemical detection. Using this method, we found 
that normal healthy subjects excreted 14.9 f 7.8 nmol80HdG 
per 24 h, or 1.11 * 0.62 p,mol 80HdG per mol creatinine, in 
their urine. This corresponds to an average of 185 pmol per 
kilogram body weight per day (24 h), which is well in accordance 
with the value of Shigenaga and associates [16] who estimated 
the total amount of 80HdG excreted by humans to be 
130-300 pmol per kilogram body weight per day. In comparison, 
increased levels of 80HdG were found in 24 h collections from 
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Table 2. Urinary 8OHdG excretion in 24 h collections from healthy individuals and cancer patients 

Group 

Urinary 80HdG excretion 
?I nmol/L nmo1124 h ~mol/mol creatinine 

Healthy individuals 27 

Men 15 

Women 12 

Cancer patients 136 

Breast cancer 22 

Malignant lymphoma 13 

Malignant teraroma 13 

Head and neck 34 

Miscellaneous 54 

9.1 * 3.7 

10.7 2 4.0 

7.1 2 2.2 

10.4 -+ 5.6 

11.4 ? 3.7t 

14.7 t 4.8’ 

12.1 f 6.5 

7.1 -t 4.0 

10.6 t 6.0 

14.9 * 7.8 

16.4 + 10.0 

13.0 f 2.9 

18.0 2 10.9 

20.2 2 7.5$ 

21.6 ? 12.59 

17.7 + 11.1 

17.2 ? 11.0 

16.8 * 11.5 

1.11 + 0.62 

1.14 f 0.84 

1.08 f 0.15 

2.13 f 1.40* 

1.97 2 0.87$ 

1.82 1 1.02?1 

1.39 ?z 0.67 

2.19 1 1.5611 

2.41 I 1.60* 

* P i 0.001 versus healthy individuals; t P < 0.001 versus healthy women; $ P i 0.01 versus healthy women; 

§ I’ < 0.05 versus healthy individuals; 71 I’ < 0.01 versus healthy individuals; and 11 P < 0.05 versus healthy men. 
Values are means 5 standard deviations; n, number of samples analysed. 

Table 3. 80HdG levels in random urinary samples from healthy 
individuals and cancer patients 

Group 

Urinary 80HdG 

~molimol 

n nmol/L creatinine 

Healthy individuals 129 14.6 t 7.5 1.19 +- 0.48 

Men 71 15.4 f 7.4 1.13 +- 0.47 

Women 58 13.7 t 7.5 1.27 + 0.49 

Cancer patients 436 20.5 2 19.3* 2.42 5 2.28$ 

Breast cancer 255 18.1 i 19.2t 2.21 2 1.4011 

Lung cancer 46 16.2 f 7.0 2.11 -+ 1.22$ 

Colonic cancer 28 17.2 + 10.6 1.93 -+ 0.80$ 

Malignant lymphoma 77 27.8 ? 32.0$ 3.05 + 3.48$ 

Malignant teratoma 30 32.0 ? 23.80 3.95 + 4.65% 

* P c: 0.05 versus healthy individuals; t P < 0.05 versus healthy 
women; $ P < 0.001 versus healthy individuals; g P i 0.001 versus 

healthy men; and Yj P < 0.001 versus healthy women. 

Values are means f standard deviations; n, numbers of samples ana- 

lysed. 

several groups of cancer patients (breast cancer, malignant 
lymphoma, and head and neck cancer). Furthermore, mean 
values of 80HdG (~molimol creatinine) in random urinary 
samples from cancer patients (breast cancer, lung cancer, colonic 
cancer, malignant lymphoma, and malignant teratoma) were 
significantly higher than in random samples from healthy sub- 
jects (Table 3). 

It is suggested that, as a group, patients with malignant 
diseases, may have increased urinary excretion of 80HdG and 
by implication, increased oxidative DNA damage. However, 
many of the patients were undergoing (or had been subjected 
to) radiotherapy and/or chemotherapy at the time of urinary 
sampling, and it is therefore unclear whether the increased 
80HdG excretion was due to the disease or the therapy or both. 
An attempt was made to separate these factors by comparing 
samples taken before and after onset of oncological therapy. The 
results obtained indicate that the highest 80HdG levels were 
found after therapy, but that mean BOHdG levels (in pmolimol 
creatinine) were also elevated in samples taken before therapy. 
Moreover, as illustrated in Figure 3, the group of samples taken 
before therapy in cancer patients were clearly different from the 
group of control samples. Although we can offer no conclusive 

L 

Figure 2. 80HdG levels in random urinary samples from healthy 
individuals (referents) and different groups of cancer patients. Num- 
ber of samples analysed were: referents, 129; breast cancer, 255; 
lung cancer, 46; colonic cancer, 28; malignant lymphoma, 77; and 

malignant teratoma, 30. 

explanation for this finding, the possibility is raised that cancer 
patients, on a group basis, have increased DNA damage as 
assessed by 80HdG excretion. Alternatively, when 80HdG 
excretion was assessed as nmol/L in random samples, there was 
no significant difference between cancer patients before therapy 
onset and healthy subjects, indicating that the discrimination 
was dependant on adjustment for urinary dilution. In samples 
from cancer patients taken after therapy onset, however, the 
80HdG levels were significantly increased, regardless of whether 
values were adjusted for creatinine or not. 

It is reasonable to assume that the increased excretion in 
cancer patients after therapy onset was largely due to the therapy. 
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Table 4. 80HdG levels in random urina y samples from cancer patients taken before and after onset of oncologic theram 

Group Before 

nmol/L 

After 

Urinary 80HdG 

~mol/mol creatinine 

Before After 

Cancer patients (all) 15.8 ? 7.8(79) 21.5 2 20.8(357)* 1.91 + 0.96(79)* 2.57 + 2.46(357)* 

Breast cancer 15.1 -t 8.3(51) 18.8 k 15.3(204)t 1.93 t 0.97(51)$: 2.28 k 1.48(204)$ 

Lung cancer 15.2 k 7.5(12) 16.5 + 6.9(34) 1.96 + 1.08(12)* 2.16 k 1.28(34)* 

Colonic cancer 18.0 2 7.4(7) 16.9 k 11.6(21) 1.57 t 0.52(7)§ 2.05 -e 0.86(221)* 

Malignant lymphoma 21.1 _f 6.3(5) 28.2 + 33.0(72)* 2.64 2 1.15(5)* 3.08 2 3.59(72)* 

Malignant teratoma 15.4 2 2.7(4) 34.5 ? 24.6(26)7 1.25 2 0.06(4) 4.36 ? 4.87(26)1 

* P < 0.001 versus healthy individuals; t I’ < 0.05 versus healthy women; $ P < 0.001 versus healthy women; § P < 0.05 versus healthy 

individuals; and 1 P < 0.001 versus healthy men. 

Values are means 4 standard deviations, numbers of samples analysed are given in parentheses. 

2 3 6 d 12 

XOHdG (umol/mol creatinine) 

Figure 3. Cumulative frequency distributions (%) of 80HdG cooceo- 
tratioos (pmobmol creatinioe) in random urinary samples from 
healthy individuals (O), cancer patients before oncological therapy 

(0), and cancer patients after oncological therapy (A). 

CYT 

60- 

RT 

2 
0, 10 

0 IO 20 30 40 SO 60 

Days 

Figure 4. Urinary excretion of 80HdG in patients subjected to whole 
body irradiation. The patients were given cyclophosphamide (60 m.g 
kg body weight) for 2 days (CYT), and whole body irradiation (total 
dose 12 Gy) for 4 days (RT) prior to autologous bone marrow 
transplantation. The diagnoses were acute myeloid leokaemia 
(D,O,O), acute lymphatic leukaemia (A, A ,m), and Hodgkin’s dis- 

ease (X). Each line represents 1 patient. 

0 2 4 6 

(b) 

Cd) 

I , I 

2 4 6 
I 

Days 

Figure 5. Urinary excretion of 80HdG in patients receiving cytos- 
tatic agents. (a) Laryngeal cancer patient given carboplatio 400 mg/ 
m2 day 2 and 5-FU 1000 mg/mZ days 2-6. (b) Osteosarcoma patient 
given cisplatin 60 mg/m’ day 2 and doxorubicio 20 m&m* days 24. 
(c) Gastric cancer patient given etoposide 120 mg/mz days 2-4 and 5- 
FU 500 mg/mz + leucovorin 300 mg/m* days 24. (d) Oral cancer 
patient given cisplatin 100 mg/mz day 2 and S-FU 1000 mg/m* days 

2-6. 

As reported by Simic and coworkers [ 191, partial body irradiation 
of patients induces excretion of 80HdG in the urine, and several 
anticancer drugs have been shown to induce generation of 
reactive oxygen species in vitro [20-241 and to cause free radical 
mediated cellular damage in vivo following chemotherapy in 
patients with cancer [25]. Clearly, much more investigation is 
needed to clarify the reasons why patients may have increased 
80HdG excretion. Nevertheless, the present findings demon- 
strate that human cancer patients undergoing radiotherapy and/ 
or chemotherapy may show increased urinary 80HdG excretion, 
and that this increase can be determined using automated 
coupled-column HPLC-EC as described in the present investi- 
gation. They also suggest that cancer patients not subjected to 
radiotherapy and/or chemotherapy may show increased urinary 
80HdG excretion, possibly due to increased oxidative stress and 
high rates of DNA damage and repair. 

As illustrated in Figure 4, 6 of 7 patients treated with total 
body irradiation to a dose of 12 Gy showed increased levels of 
urinary 80HdG, and 4 patients showed levels 8-25 times higher 
than in healthy individuals. This is in line with the anticipated 
effect of ionising irradiation on the DNA molecule, and may 
serve to illustrate the possible use of the technique for studying 
effects of radiotherapy at the molecular level. 1 patient, however, 
showed no increase. The reason for this is presently unknown. 
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The patient had an aplastic bone marrow, and it is possible that 
effects on the bone marrow are reflected in the urinary 80HdG 
levels. This would be consistent with the notion that increased 
urinary 80HdG may reflect the action of ionising irradiation on 
radiosensitive tissues. 

As indicated in Figure 5, 3 of 4 patients undergoing chemo- 
therapy with certain cytostatic drugs showed increased urinary 
80HdG excretion. This suggests that a number of cytostatic 
drugs are able to induce the formation of 80HdG in the DNA 
molecule, although the mechanism(s) by which this is achieved 
is as yet unclear. One possibility is that many cytostatic drugs in 
fact increase the degree of oxidative stress in cells, thereby 
promoting the formation of hydroxyl radicals that may attack 
carbon 8 on the deoxyguanosine residue. However, the results 
of the present investigation are based on few observations, and 
further studies are required to clarify the relation between 
cytostatic drug therapy and urinary 80HdG excretion. Among 
the 4 patients studied (cf. Figure S), there seemed to be a 
correlation between the severity of immediate toxic effects from 
the treatment on one hand, and the level of urinary 80HdG on 
the other. Thus, the patient with no increase in urinary POHdG 
excretion due to cytostatic treatment (Figure 5a) accepted the 
treatment best and showed few toxic symptoms. This indicates 
that increased urinary 80HdG after cytostatic drug treatment 
may reflect increased cell death and ensuing DNA turnover. 
Dead, disrupted cells are known to undergo lipid peroxidation 
faster than healthy cells [26]: perhaps they also undergo oxidative 
DNA damage faster so that excretion of DNA base damage 
products is not necessarily a reflection of the extent of oxidative 
DNA damage in healthy cells. This area remains to be explored. 

We have thus found that 80HdG in human urine can be 
determined by automated HPLC, and that this can be used to 
assess oxidative DNA damage in cancer patients in a relatively 
simple way. Although the method should be further improved, 
particularly for measuring low levels of urinary 80Hdg in a 
precise way, it might prove useful clinically to investigate the 
increased 80HdG levels associated with radio- and chemo- 
therapies. It is thus possible that the responders to a particular 
therapy produce more 80HdG than the non-responders. 
Finally, it should be emphasised that the results of the present 
investigation are based on unselected clinical materials, and that 
no attempts have been made to analyse the influences of age, 
disease activity at the time of the investigation, course of the 
disease in the various cases, type of treatment in each specific 
patient etc. This is because the aim of this first investigation was 
to illustrate the power of the analytical technique rather than 
to conduct carefully planned studies in homogeneous clinical 
materials. Further studies will have to take these considerations 
in account and focus on specific issues in selected groups of 
cancer patients. 
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