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Introduction 
Since antioxidants may reduce certain types of toxicity associated 

with conventional therapy many cancer patients take antioxidant 
vitamin supplements along with therapy [1] to enhance the benefits 
of treatment or to alleviate the side effects. However, some recently 
obtained data suggest that they may also interfere with the efficacy of 
the therapy [2-6]. 

Alternative to supplementation with high doses of antioxidant 
vitamins, certain kinds of food components, fruits and/or vegetables 
rich in antioxidant capabilities may be used. One such plant is beetroot 
(Beta vulgaris). Medicinally, beetroot is used as a popular folk remedy 
to stimulate the immune system and as a special diet in the treatment 
of cancer [7]. Several studies have demonstrated that beetroot is a good 
source of natural antioxidants [8,9]. 

The interaction of ionizing irradiation (IR) with water is responsible 
for free radicals production including the highly reactive hydroxyl 
radical that can cause oxidatively damaged DNA [10]. Therefore, it 
is possible that oxidatively damaged DNA which arises as a result of 
radiotherapy may be involved in the therapeutic effect of the IR and 
may be involved in the side effects.

Antioxidants are compounds that can counteract free radicals and 
prevent them from causing tissue and organ damage [11-13]. Some 
data suggest antioxidants can ameliorate toxic side effects of therapy 
without affecting treatment efficacy, whereas other data suggest 
antioxidants interfere with radiotherapy [14-17] . 

 It may be supposed that controversies relating to the behavior 
of antioxidants in conventional anticancer therapy can result from 
individual differences of “oxidative status” in irradiated patients.

Therefore, for the first time, the broad spectrum of oxidative DNA 
damage biomarkers, urinary excretion of 8-oxodG (8-oxo-7, 8-dihydro-
2΄-deoxyguanosine), 8-oxoGua (8-oxo-7, 8-dihydroguanine) as well as 
the level of oxidative DNA damage in leukocytes, was analysed in head 
and neck cancer patients (n=41) undergoing fractionated radiotherapy 
with supplementation of strong antioxidant. 

Material and Methods
Forty one patients with head and neck cancer (T3-4 N1 M0) were 

irradiated from September 2005 to May 2006.

In the presented study, patients were divided into two subgroups: 

1. Supplemental chips from beetroot (n=19)
2. Control group (n=22)

All the patients were eligible for radiotherapy. Patients were treated
by radiotherapy with 6-MeV photons for a total dose of 70 Gy, given in 
fractions of 2 Gy per day, 24-h interval between 2 irradiation exposures, 
5 days per week. The Planning Target Volume (PTV) encompassed in 
all patients the primary tumor site and a margin of approximately 1.5 
cm. 
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Abstract
Because of the many controversies concerning the consumption of antioxidants during the treatment of cancer, 

herein we decided to ascertain whether the supplementation of Beta vulgaris (strong antioxidant) in irradiated head 
and neck cancer patients would influence parameters which describe oxidative stress/DNA damage and the clinical 
effects of therapy.

Forty one patients with head and neck cancer (T3-4 N1 M0) were divided into two subgroups: I/supplementation 
chips from beetroot (n=19) and II/control group (n=22). All the patients were eligible for radiotherapy; acute reactions 
were measured using the Dische scale. Total survival times were assessed together with oxidative DNA damage on 
the level of the whole organism and whether the biomarkers of the damage such as 8-oxo-dG and its modified base 
(8-oxo-Gua) were present in urine and DNA. 

Results of the present work suggest that with irradiated patients supplementation of Beta vulgaris does not 
worsen survival times, intensification of acute radiation reactions is reduced, and the level markers of oxidative 
stress/DNA damage are also not influenced. 

Results also suggest that supplementation of Beta vulgaris in irradiated patients is the safe method for assisting 
therapy.
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Daily supplementation was 20 grams (the equivalent of ca. 200 g of 
beetroot) chips of beetroot for the first week, and 10 g in the following 
weeks. 

The control group was chosen in such a way that the following 
criteria matched the patient group: eating habits, age, body weight, sex 
and smoking status. 

All the patients were eligible for radiotherapy. Acute reactions 
were measured using the Dische scale estimated 1 x in the week. Total 
survival times in individual subgroup patients were estimated. 

Spot urine samples and blood were collected before the treatment 
and supplementation (sample A), 7 days (B) and 14 days (C) after 
beginning the radiotherapy and 1 day after the last irradiation (D). 

In the presented study, daily excretion of 8-oxoGua and 8-oxodG 
in urine and the level of 8-oxodG in leukocytes of peripheral blood of 
patients were analyzed.

Isolation of leukocytes from venous blood
Venous blood samples (18 ml) were collected from the patients. 

The blood was carefully applied on top of Histopaque 1119 solution 
(Sigma-Aldrich Inc.; St.Louis, MO, USA) and leukocytes were isolated 
by centrifugation according to the procedure laid down by the 
manufacturer. 

DNA isolation and 8-oxodG determination in DNA isolates
DNA from leukocytes was isolated using the method described 

earlier [18]. Determination of 8-oxodG by means of HPLC/EC 
technique was described previously [18,19].

Urine analysis
Urine sample preparation, HPLC purification and GC/MS analysis 

were conducted as described earlier [18]. 

Statistical analysis
All results are expressed as means. The StatSoft, Inc. (2009) 

STATISTICA version 9.0. (lic. no: JXVP002E256522AR-E) was used 
for the statistical analysis. Student t-test (for variables with normal 
distribution - levels of oxidatively damaged DNA before and after RT) 
was carried out. 

The association between the overall survival subgroup with 
supplementation of Beta vulgaris and control patients was estimated 
using the method of Kaplan and Meier and assessed using the log-rank 
test. Statistical significance was considered at p<0.05. The study was 
approved by the medical ethics committee of The Collegium Medicum 
Nicolaus Copernicus University Bydgoszcz, Poland, No 462/2005 (in 
accordance with Good Clinical Practice, Warsaw 1998) and all the 
patients gave informed consent.

Results
The subgroup of patients on supplementation revealed slightly lower 

values of acute reactions in particular weeks of radiotherapy, assessed 
according to the Dische scale (5,8,11,10,11,11,10 points) as compared 
to the subgroup without supplementation ( 4,9,12,12,14,12,13 points) 
(Figure 1). The differences were not statistically significant.

The supplementation with Beta vulgaris during radiotherapy did 
not have any influence on the values of the urinary oxidative stress 
markers 8-oxo-Gua and 8-oxo-dG or on the amount of 8-oxo-dG 
in cellular DNA at particular time points of measurement, in the 
examined subgroups of patients (Figure 2).

The median total survival time in the subgroup of patients with 
supplementation was higher as compared to the control subgroup and 
amounted to 36.8 and 26.1 months, respectively (Figure 3). 

Discussion
According to previous studies, blood antioxidant level in patients 

is very variable and may be dependent on both diet and on genetic 
factors [20,21]. The level of oxidative DNA damage is similarly variable 
[22,23]. Nevertheless, supplementation with beetroot chips in patients 
with cancer subjected to radiotherapy should alleviate the effects of 
oxidative shock, and thus decrease the level of side effects of the applied 
treatment. It should be underscored that the level of the modified base 
in urine, a general marker of oxidative shock, may be an indicator of 
oxidative DNA damage or DNA repair, taking into account a stable 
level of cellular DNA modifications [24]. Therefore, in the presented 
study, the urinary levels of 8-oxo-Gua and 8-oxo-dG, as well as 8-oxo-
dG in DNA of peripheral blood leukocytes were determined in both 
subgroups of patients (those on supplementation with an antioxidant or 
without supplementation) at several time points of measurement. The 
results of the measurements are surprising (Figure 2). Only in the first 
two weeks of radiotherapy were the urinary 8-oxo-dG levels higher in 
patients on supplementation, with no differences in the urinary 8-oxo-
Gua levels and lower values of 8-oxo-dG in cellular DNA during the 
whole treatment, as compared to the control group. Reduced activity 
of the main enzyme responsible for removal of 8-oxo-Gua from DNA 
should result in accumulation of cellular DNA damage, with increased 
urinary excretion of the studied analogues [25,26].

The observed results in the group of subjects on supplementation 
show that it is possible that in some patients with high OGG1 
activity a combination of increased OGG1 activity with antioxidant 
supplementation during treatment is connected with a decreased 
intensity of radiation reactions, and thus with a protective antioxidative 
activity of Beta vulgaris. The presented study may confirm this 
hypothesis. 

A few serious studies have suggested that supplementation with 
antioxidants may reduce the effectiveness of anti neo plastic therapy 
[6,14,27]. The mechanism of these statements is based on a suggestion 
that antioxidants neutralize the destructive effects of reactive forms 
of oxygen on neoplastic cells, and therefore decrease the effects of 
radiotherapy [28]. 
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Figure 1: Values of reaction according to the Dische scale in particular 
weeks of radiotherapy in the group of patients on supplementation (n=19) 
and in the control group (n=22).
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Another study [9] indicated that beetroot products inhibited 
neutrophil oxidative metabolism in obese individuals. Also observed 
were the pro-apoptotic effects of beetroot in an in vitro concentration 
culture of stimulated neutrophils.

All the measured parameters which describe oxidatively damaged 
DNA reflect the damage on the level of the whole body. The most 
plausible explanation of the described finding is IR-mediated 
inflammatory response. Many pro-inflammatory cytokines have been 
shown to be induced by IR and some of the cytokines can provoke the 
production of large amounts of reactive oxygen species (ROS), which 
is likely directly linked with increased urinary 8-oxo-dG. On the other 
hand these natural antioxidant products (in both the liquid and solid 
state) have antioxidant and anti inflammatory capacity, which could be 
an important adjunct in the treatment of cancer, and may also be used 
to fight cancer cells, so patients from this group have better chances of 
surviving longer.

Summing up, due to controversies with using antioxidants in 
patients treated with radiotherapy, we decided to ascertain whether 
the administration of Beta vulgaris to patients during radiotherapy 
influences the level of parameters which describe oxidative DNA 
damage and whether the supplementation influences treatment 
outcomes. The results suggest that supplementation with Beta vulgaris 
in radiated patients is a safe method supporting the therapy. Vegetables 
such as beetroot, rich in antioxidative compounds, may be an attractive 
alternative for ‘pharmaceutical’ vitamins, overdosing of which may 
produce adverse reactions. Such a supplementation offers not only a 
given chemical compound but also a wide spectrum of compounds 
with curative potential, and not fully understood action.

Definite confirmation of the presented results, being a part of the 
implemented project, requires recruitment of a much more numerous 
group of patients and a long follow-up, which would allow for 
correlating the results of the analyses with clinical effects. An attractive 
group, indicated in such studies, includes patients with malignancies, 
treated radically with a good prognosis. 
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Figure 2: Values of the urinary oxidative stress markers 8-oxo-Gua and 
8-oxo-dG and of the amount of 8-oxo-dG in cellular DNA at particular time 
points of measurement (A-before IR and supplementation; B-1 week IR; C-2 
week IR; D- post IR) in the examined subgroups of patients. 

The results presented here differ from these suggestions. As far as 
long-term results of treatment are concerned, a longer total survival time 
was observed in the subgroup of patients on supplementation (Figure 
3). These differences may follow from a number of circumstances. 

Apart from antioxidative activity, beetroots have antiviral and 
antibacterial properties as well; for instance they act as cyclooxygenase 
inhibitors [29,30]. In particular, one pigment in the betalain group, 
betanin, appears to be a potent anticancer compound. Beetroot 
extract, rich in betalain pigments, has demonstrated chemopreventive 
properties against both lung and skin cancers [31]. Studies with murine 
hepatoma cells showed that betanin may act as a quinine reductase 
inducer (a phase II enzyme important as a marker of the initiation stage 
of carcinogenesis) [32]. 
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