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Abstract
Chemotherapy, the most widely used therapy in oncology, leads to the accumulation of reactive oxygen species, which often gener-

ates adverse effects in patients. To reduce the oxidative stress due to either the action of cytostatics or pathological tumour mechanisms, we analyzed the effectiveness of antioxidants. The use of antioxidants as adjuvant therapy can improve the therapeutic effects
by potentiating the antitumour action of cytostatics and reducing their toxicity to healthy tissues.

The aim of this study was to evaluate the efficacy of resveratrol administered 3 days after Epirubicin in Wistar rats inoculated with

Walker tumour 256. In our experiment we evaluated three indices of oxidative stress and found that the lowest values were recorded
at the group receiving resveratrol, thus emphasizing the beneficial antioxidant action of resveratrol.
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Introduction

Cancer is an extremely complex pathology that requires a mul-

timodal therapeutic approach that is often individualized depending on the situation (tumour type, stage, patient, etc.). Although

cytostatics are associated with a multitude of side effects because

they attack both tumour cells and healthy cells, chemotherapy is
the most widely used therapy against cancer. Each substance can

cause various side effects that lead to deterioration in the patient's

quality of life [11,16]. One of the major causes of side effects, especially for DNA-targeted substances, is the overproduction of reac-

tive oxygen species (ROS) and the onset of oxidative stress [16].
Often, chemotherapy-mediated toxicities are related to the generation of ROS, chemotherapy becoming an indirect but substantial
source of free radical generation [10].

Some of the drugs used in chemotherapy that cause high lev-

els of oxidative stress are based, in part, on the use of this stress
mechanism to destroy tumour cells [3,13]. In order to reduce the

side effects of chemotherapy, several substances have been tested,
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of which antioxidants have been shown to be beneficial, being

Tumour model and animals used

interaction between chemotherapy and antioxidants is more com-

Cantacuzino Institute in Bucharest. The conditions of the experi-

increasingly recommended as adjuvants in chemotherapy. Anti-

The experiment used 30 Wistar rats, young, male, with body

oxidants prevent cell damage by eliminating free radicals, but the

weight between 80 and 120g. They came from the biobase of the

antioxidant has a different interaction depending on the dose and

modation and feeding conditions. The animals were housed 2 per

plex than simply promoting and inhibiting oxidative stress. Each
the cytostatics with which it interacts [1,5].

The use of antioxidants concomitantly with chemotherapy has

been avoided due to the mechanism of action of certain antineoplastic agents, which involves the generation of free radicals. An-

tioxidants can interfere with some cytostatics, decreasing their ef-

ment were compliant, the animals benefited from optimal accomcage and they had ad libitum access to food and water. During the

study, the animals' health was daily monitored, and no pain or
stress was inflicted during the necessary procedures and handling
of animals.

For this study, we used the Walker 256 carcinoma, the tumour

fectiveness [16]. However, various substances with an antioxidant

model came from the experimental tumour biobank of the Insti-

chance of a better tumour response and improving the patient's

stances research, in various experimental models of chemotherapy

role are increasingly being used as adjuvant therapy, thus allow-

ing patients to tolerate higher doses of cytostatics, increasing the
survival time. Specialist studies have shown that high levels of an-

tioxidants can protect against oxidative stress induced by chemotherapy in patients diagnosed with cancer [5].

Antioxidants can be used in cancer therapy either as chemopre-

vention (using preventive, low doses) or with therapeutic role (us-

ing a much higher therapeutic dose). Numerous studies have analysed if antioxidants can protect healthy tissue without influencing
the effectiveness of cytostatics. And the latest research has shown

that they can protect healthy tissue, increasing the effect of chemotherapy and allowing the use of higher doses [14,15].

Aim of the Study

This study aimed to analyze the antioxidant effects of resvera-

tute of Oncology “Prof. Dr. Alexandru Trestioreanu” from Bucha-

rest. This tumour model is frequently used in antitumour susb(Comişel V., 1999). The animals were inoculated subcutaneously in
the left flank with a tumour suspension containing 5 x 106 ascites

Walker 256 carcinoma cells, suspended in 0.5 ml of liquid.
Therapeutic protocol and used substances

In this experiment, we used Epirubicin, which belongs to the

class of anthracyclines and is a frequently administered cytostatic

in the therapy of neoplasms. The mechanism of action of epirubicin is complex, it inhibits replication and transcription, interferes

with topoisomerase II and produces oxygen free radicals. The anti-

tumour action is manifested in the DNA, but free radicals can cause
alterations in the mitochondria or lipids of the cell membrane [6].

As an antioxidant we chose the use of a polyphenolic compound,

trol in advanced stages of carcinogenesis in Wistar rats inoculated

respectively resveratrol, this being a highly researched natural

groups (SH) and total antioxidants (AO), analyzing the effect of res-

(being included in various therapeutic protocols). Numerous stud-

with Walker 256 tumour. In this experiment we evaluated three
indices of oxidative stress, namely malondialdehyde (MDA), thiol
veratrol on the chemotherapy-induced toxicities.

Materials and Methods

The study was performed within the Biobase of the Faculty of

compound, which has proven its effectiveness both in the prevention of many pathologies, including cancer, and in their therapy

ies have shown that resveratrol has multiple anticancer effects,
protecting against both tumour initiation and multiplication [4].

This study was performed on a number of 30 animals, divided

Veterinary Medicine Bucharest, and the biochemical investigations

into three groups of 10 animals each. Group C (control) comprised

Commission of the Faculty of Veterinary Medicine.

who were given intratumourally Epirubicin after the macroscopic

were performed within the Oncological Institute “Prof. Dr. Alexandru Trestioreanu”. This experiment was approved by the Ethics

animals with Walker 256 subcutaneous tumour and no treatment,
representing the control group. The TC group consisted of animals

appearance of the tumour (at a dose of 5 mg/kg, 3 administrations

every 7 days). The RE group (resveratrol and epirubicin) consisted
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of animals who were given Resveratrol (20 mg/kg, PO) 3 days after
Epirubicin administration.

Evaluation of oxidative stress
Evaluation of oxidative stress was performed by analyzing to-

tal antioxidants, thiol groups and malondialdehyde (MDA). The

determination of the parameters was made from the serum collected from the animals. The Carbonneau method was used to determine malondialdehyde, the Albini method was used for albumin

thiols and the determination of total antioxidants was performed
by monitoring the ability of the biological sample to reduce iron

27

at a difference of 7 days) of MDA serum concentration, depending
on the group, noting that both TC group and RE group showed a

constant decrease in values of MDA. It is known that lipid peroxides
increase in the first phases of tumour growth, subsequently registering a decrease (without reaching normal values) [8], this aspect

being observed from the evolution of MDA recorded in group C.

Following the unidirectional Anova test, the p value recorded was
0.009 (p < 0.05), indicating that the differences recorded between
batches are statistically significant.

(FRAS).

Statistical analysis
For the statistical analysis we used the Excel program, the data

were presented as mean ± SD (standard deviation). The differences

between the mean values were analyzed using the unidirectional

Anova test, the p value ≤ 0.05 being considered statistically significant.

Results and Discussion
Oxidative stress is involved in all aspects of tumour develop-

ment and progression and often in anti-cancer therapies. During
the process of carcinogenesis, an increase in the levels of reactive

oxygen species (ROS) may occur due to increased metabolic activ-

ity, oncogene activation, increased cellular receptor signal or mitochondrial dysfunction. ROS overproduction can also be exogenously induced by various drug substances or other external factors [2].

Epirubicin is one of the drugs that contributes to the increase of
ROS, acting as a cytostatic agent through two mechanisms (inhibition of DNA replication and transcription and accumulation of reactive oxygen species).

Direct measurement of the levels of reactive oxygen species is

difficult due to their reactivity and short lifespan, which is why
the analysis of oxidative damage caused by these radicals to lip-

ids, proteins and cellular nucleic acids is used. Lipid peroxidation

is frequently used as an indicator of ROS-mediated damage to cell
membranes and the most studied end product of polyunsaturated
fatty acid peroxidation is malondialdehyde [9].

By evaluating the serum lipid peroxidation levels in Wistar rats,

a significant decrease in MDA was observed in the RE group. Figure

1 shows the evolution over time (three measurements were made

Figure 1: Graphical representation for the evolution of MDA
serum concentration, depending on the group.

The results obtained from the analysis of total antioxidants,

thiol groups and malondialdehyde demonstrate the influence of
resveratrol on oxidative stress, noting that its administration led

to a significant decrease in the analyzed parameters (Table 1). The
effectiveness of the administration of antioxidants as adjuvants can

be evaluated through analyzing oxidative stress. In this study we
observed that the lowest values of the parameters analyzed were
at the group in which we administered resveratrol after treatment
with Epirubicin.
Group C

Group TC

Group RE

MDA
(µmol/100 ml)
10.66 ± 1.62
8.32 ± 2.2

7.526 ± 1.54

SH
(µmol/L)
66.25 ± 36.94

196.85 ± 78.72
191 ± 126.27

AO
(moli/ml)
1.5 ± 0.91

1.32 ± 1.19
1.032 ±
0.56

Table 1: Evaluation of oxidative stress, depending on the group.
*values are presented as mean ± SD (standard deviation).
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Figure 2-4 present graphically the results obtained from the

analyzes performed to evaluate the oxidative stress, in batches. As
shown in the graphs and table, malondialdehyde and total antioxi-

dants show the lowest values in the RE group, indicating that resve-

ratrol helps reduce the imbalance created by free radicals formed
by the tumour process and the use of cytostatic.

Figure 4: Graphical representation of total antioxidants values,
depending on the group.

where from group C four died and from group TC two rats died.
Figure 2: Graphical representation of the MDA level, depending
on the group.

From this observation it is highlighted that the administration of

antioxidants has a beneficial intake, also contributing to increasing
the survival time of patients.

The results obtained in this study come to complete the numer-

ous studies performed to highlight the effectiveness of antioxidants in cancer therapy. Nechuta., et al. (2011) observed that the

use of supplements (vitamin E, vitamin C, antioxidants) in the first
6 months after the diagnosis of breast cancer may be associated

with a reduced risk of mortality and recurrence. Chemotherapy
reduces serum levels of antioxidant vitamins and minerals and
helps to achieve a higher level of oxidative stress. Therefore, the

supplementation of certain antioxidants and nutrients can contribute to improving the health of patients undergoing continuous
chemotherapy [7,12]. Singh., et al. evaluated the efficacy of antioxi-

dants in supplementing chemotherapy by analyzing 174 original
articles. By comparing the results, they observed that 88% of the

articles are studies that state that antioxidants attenuate from the
Figure 3: Graphical representation of the albumin thiol values,
depending on the group.

All 3 groups consisted of 10 Wistar rats with Walker 256 tumour

(macroscopically detectable). During the experiment, we noticed

that in the RE group no rat showed exitus, unlike the other groups,

toxicity induced by cytostatic agents and 70% of research have reported that the therapeutic efficacy of chemotherapy increases in

the presence of antioxidants. Also, 63% of the articles stated that
the use of antioxidants in cancer therapy increases the survival

time of patients. Therefore, Singh., et al. concluded that adjuvant

therapies that use antioxidants or their precursors do not interfere
with chemotherapy and that they are beneficial in the therapy of
neoplasms, thus improving therapeutic efficacy [16].
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Conclusion
Evaluation of oxidative stress in oncology contributes to the

development and improvement of therapeutic strategies. Various
antioxidant substances can be successfully used to reduce the ac-

cumulated oxidative stress either due to the oncological condition
or due to the administered cytostatics.

In our study with Wistar rats inoculated with Walker 256 tu-

mour, we observed that the introduction of resveratrol into the

therapeutic protocol had favorable results. The efficacy and antioxidant action of resveratrol is evident from the results of the evaluation of oxidative stress. Knowing that the excess production of

reactive oxygen species and the installation of oxidative stress con-

tribute to the initiation and progression of the tumour and observ-

ing from the experiment performed that the group that received
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