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The result of the reaction of free radicals with biomolecules is the formation of substances 
with the potential of inducing oxidative damage, a condition known as oxidative stress. 
There are voluminous literature data reporting the association, both as a cause and as a 
consequence, between different diseases and oxidative stress. In this study, 144 female dogs 
with mammary neoplasia were analyzed. The animals were submitted to clinical evaluation 
for disease staging, hematological evaluation, serum biochemistry (renal and hepatic function 
tests), and dosage of the oxidative damage biomarker, malondialdehyde (MDA), at the time 
of its approach and 30 days after treatment. A control group of 100 healthy animals was 
also submitted to determination of serum MDA levels. The mean age of the animals affected 
by mammary neoplasms was 9.88±2.95 (4 to 14) years, while in healthy animals it was 
2.31±1.90 years (1 to 6). Of the 144 animals, 113 (78.9%) had malignant neoplasms, and 
15, 21, 46, 17 and 14 animals were in clinical stage I, II, III, IV and V respectively and the 
carcinoma in a mixed tumor was the most frequent histological pattern in this group (26%). 
Thirty-one animals were diagnosed with benign neoplasms and mammary adenoma was the 
most frequent histological pattern in 15 animals (51.61%). Hematological changes in the 
preoperative period were observed in 44 (38.9%) and 12 (38.7%) animals with malignant 
and benign neoplasias, respectively, and there was a positive correlation between anemia 
and higher levels of MDA (P=0.0008) for animals with malignant tumors. Regarding serum 
biochemical parameters, the most frequent alterations in animals with malignant neoplasms 
were elevated ALT levels in 12 animals (10.6%), creatinine in 10 animals (8.84%) and urea 
in eight animals (7.07%). Females with benign neoplasms presented less occurrence of 
changes in these parameters. In the group of healthy animals (control), the mean serum MDA 
values were 12.08±4.18, whereas in the pre-treatment group, mean MDA was 24.80±5.74 
for bitches with benign neoplasms and 32.27±10.24 for bitches with malignant tumors. 
A significant increase (P<0.001) in MDA levels was observed in animals with malignant 
mammary neoplasms when compared to healthy animals and with benign tumors. In 
addition, a significant reduction (P<0.001) was observed 30 days after treatment in MDA 
levels (27.37±7.86) in animals with malignant tumors. In conclusion, our results indicate an 
association between MDA seric levels and mammary neoplasms in dogs. The results suggest 
that this factor can be used as a biomarker of oxidative stress with a potential impact in 
the prognostic of mammary tumors, since significantly higher levels of MDA were detected 
especially in dogs carrying malignant tumors and presenting anemia.
INDEX TERMS: Oxidative stress, female dogs, mammary neoplasms, canine, free radicals, malondialdehyde, 
mammary tumors. 
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RESUMO.- [Estresse oxidativo em cadelas com neoplasia 
mamária.] O resultado da reação de radicais livres com 
biomoléculas é a formação de substâncias que podem ser 
utilizadas como marcadores de dano oxidativo, condição mais 
conhecida como estresse oxidativo. Evidências científicas 
comprovam a relação, quer como causa, quer como consequência, 
entre muitas doenças e o estresse oxidativo. Neste estudo, 144 
cadelas portadoras de neoplasia de mama, foram submetidas 
à avaliação clínica para estadiamento da doença, avaliação 
hematológica, testes de função renal e hepática e dosagem 
do biomarcador de dano oxidativo, malondialdeído (MDA), 
no momento de sua abordagem e 30 dias após realização de 
tratamento. Um grupo controle de 100 cadelas saudáveis 
foi submetido também à determinação dos níveis séricos de 
MDA. A idade média dos animais acometidos por neoplasias 
mamárias foi de 9,88±2,95 (4 a 14) anos, enquanto que nos 
animais saudáveis foi de 2,31±1,90 anos (1 a 6). Dos 144 animais, 
113 (78, 9%) apresentavam neoplasias malignas, sendo que 
15, 21, 46, 17 e 14 animais encontravam-se em estadiamento 
clínico I, II, III, IV e V respectivamente, e o carcinoma em 
tumor misto foi o padrão histológico mais frequente neste 
grupo (26%). Trinta e um animais tiveram diagnóstico de 
neoplasias benignas, sendo que 7 estavam no estádio I, 16 
no estádio II e 8 no estádio III e o adenoma mamário foi o 
padrão histológico mais frequente em 15 animais (51,61%). 
Alterações hematológicas no período pré-operatório foram 
observadas em 44 (38,9%) e 12 (38,7%) animais portadores 
de neoplasias malignas e benignas, respectivamente, sendo 
que houve correlação positiva entre anemia e níveis mais 
elevados de MDA (P=0,0008), para os animais com tumores 
malignos. Em relação aos parâmetros bioquímicos séricos, 
as alterações mais frequentes nos animais com neoplasias 
malignas foram a elevação dos níveis de ALT em 12 animais 
(10,6%), de creatinina em 10 animais (8,84%) e de ureia 
em oito animais (7,07%) Cadelas portadoras de neoplasias 
benignas apresentaram menor ocorrência de alterações nesses 
parâmetros. No grupo controle, a média dos valores séricos de 
MDA foi 12,08±4,18, enquanto que no grupo pré-tratamento, a 
média de MDA foi de 24,80±5,74 para as cadelas com neoplasia 
benigna e 32,27±10,24 para as neoplasias malignas. Verificou-
se aumento significativo do valor sérico de MDA em cadelas 
portadoras de neoplasias malignas em comparação com 
os animais hígidos ou com neoplasias benignas (P<0,001). 
Ainda, 30 dias após o tratamento observou-se uma diminuição 
significativa (P<0,001) no valor médio de MDA (27,37±7,86) 
nos animais com neoplasias malignas. Em conclusão, os 
resultados deste estudo evidenciam uma associação entre 
níveis séricos aumentados de MDA e presença de neoplasias 
mamárias em cadelas. Os resultados sugerem que este fator 
pode ser utilizado como biomarcador de estresse oxidativo 
em cães, com provável impacto no prognóstico dos tumores 
mamários, uma vez que níveis significativamente mais altos de 
MDA foram detectados especialmente nas cadelas portadoras 
de tumores malignos e apresentando anemia.

TERMOS DE INDEXAÇÃO: Estresse oxidativo, cadelas, neoplasia 
mamária, caninos, malondialdeído, radicais livres, tumores de mama. 

INTRODUCTION
Oxidative stress is a topic that has been drawing researchers’ 
attention for years due to its correlations with processes such 

as aging and the appearance of some diseases. The formation 
of compounds called reactive oxygen specimens (ROS), 
occurs physiologically as part of cellular metabolism, and has 
important functions, such as the destruction of aggressive 
agents by phagocytosis (Schafer & Buettner 2001).

In situations where there is an increase in the production 
of ROS, the body has an efficient antioxidant defense system 
capable of restoring balance (Finkel & Holbrook 2000). 
When there is a loss of balance with a predominance of 
oxidizing agents, oxidative stress is established, which will 
lead to damage to the cell. The cell membrane, as well as the 
membranes of intracytoplasmic organelles of the nucleus, 
mitochondria and endoplasmic reticulum are the main sites 
of action of ROS (Barreiros et al. 2006). Cellular damage, 
results from the attack of ROS on the macromolecules that 
make up the membranes, such as carbohydrates, proteins 
and lipids. The lipid peroxidation of cell membranes resulting 
from the action of ROS culminates in chemical and physical 
changes, leading to changes in the fluidity and permeability 
of the membrane, with the risk of rupture and consequent 
cell death (Vasconcelos et al. 2007).

Oxidation products can react with each other and result in 
new products, which can be used as biomarkers of oxidative 
damage. Malondialdehyde (MDA) is currently considered a 
general biomarker of oxidative damage present in plasma 
(Kadiiska et al. 2005). A product of lipid peroxidation of cell 
membranes, its quantification in biological systems is an 
important parameter for the evaluation of cellular oxidative 
stress (Pilz et al. 2000, Sim et al. 2003). Andrade Júnior et 
al. (2005) and Del Rio et al. (2005) refer that MDA is highly 
cytotoxic and genotoxic, and should be considered more than 
a biomarker of oxidative damage, due to its interaction with 
DNA and other proteins. Elevated levels of MDA are routinely 
used as a means of detecting oxidative stress in various 
diseases in humans, such as systemic lupus erythematosus, 
diabetes, lung diseases, Alzheimer’s disease, cancer, among 
others, which generates subsidies for research in animals 
(Ferreira & Matsubara 1997, Andrade Júnior et al. 2005, 
Pérez et al. 2012). The most used technique for non-specific 
measurement of MDA is known as quantification of substances 
reactive to thiobarbituric acid or TBARS. This technique 
quantifies products called substances reactive to barbituric 
acid, among which MDA is the main component, but it is a 
technique of low sensitivity and specificity for the detection 
of aldehydes in biological fluids, which has justified the search 
for techniques of greater fidelity, such as MDA detection 
(Abdalla & Sena 2008).

In veterinary medicine, previous studies have evaluated the 
occurrence of oxidative stress in dogs with lymphoma (Winter 
et al. 2009, Macedo 2010), heart failure (Freeman et al. 2005), 
mammary cancer (Szczubial et al. 2004) and kidney disease 
(Galvão 2009). Changes in oxidative status in animals with 
neoplasms (including mammary) were evidenced by measuring 
damage biomarkers, such as substances reactive to barbituric 
acid (TBARS) and nitric oxide, concentrations of metals such 
as iron, copper and zinc and antioxidants as ascorbic acid 
(Askar et al. 2009). The determination of prognostic factors in 
neoplasms, including mammary cancer, has been an object of 
growing interest in veterinary oncology, mainly with the use of 
immunohistochemistry and molecular diagnostic methods, that 
can detect the presence of markers frequently researched in 
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mammary neoplasms, such as Ki- 67, E-cadherin, HER-2, COX-2, 
VEGF, p-53, among others (De Las Mulas et al. 2003, Thuróczy 
et al. 2007, Lavalle et al. 2009). However, data regarding the use 
of oxidative damage biomarkers, as well as their possible use as 
a prognostic marker, are scarce in the veterinary literature. The 
objective of this study was to evaluate the occurrence of oxidative 
stress in female dogs with mammary cancer before and after 
surgical treatment by measuring serum malondialdehyde, as 
well as to determine its possible association with the prognosis 
of the disease. In addition, the average MDA value in healthy 
female dogs was established for comparison purposes.

MATERIALS AND METHODS
Animals. This study included 144 female dogs with mammary 

cancer treated at two Veterinary School Hospitals located in the 
cities of Maringá, Paraná and Ourinhos, São Paulo. The study was 
approved by the Institutional Committees for the Use of Experimental 
Animals. After the consent of their guardians, the animals included 
in the study (pre-treatment group) underwent physical evaluation 
for clinical stage of the disease according to Cassali et al. (2014).

We also used 100 healthy, young female dogs, with ages varying from 
one to six years, to determine the serum values of malondialdehyde 
(control group), considering that there are no reference values for this 
biomarker in the canine species. The animals included in this group 
were sent to the Veterinary Hospital for elective ovariohysterectomy 
surgery. The inclusion criteria in the control group were general 
health status and hematological parameters assessed by means of 
complete blood count and biochemicals, including renal function 
(urea and creatinine) and liver enzyme activity (ALT and FA) within 
the reference values for the species.

Hematological and biochemical tests. The animals were subjected 
to blood collection for hematological and serum biochemical assessment, 
including renal profile with urea and creatinine levels, liver, with 
alanineaminotransferase (ALT) and alkaline phosphatase (FA) levels 
performed in the Clinical Pathology laboratories of the respective School-
Hospitals. Serum samples from each animal were used to measure the 
concentrations of malondialdehyde (MDA), performed in the nutrition and 
metabolism laboratory at “Universidade de São Paulo” (USP) in Ribeirão 
Preto/SP, Brazil. The examinations were performed at the time of the 
initial clinical approach and 30 days after the therapeutic procedure, 
taking into account the period required for postoperative recovery. To 
determine hematological parameters, the routine techniques described 
by Jain (1993) were used. The blood samples were placed in a flask 
containing the anticoagulant ethylene-diaminetetraacetic acid (3ml of 
blood). The total erythrocyte and leukocyte counts and the determination 
of the hemoglobin concentration were performed with an automatic 
cell counter (Celm CC 530/DA 500®, Brazil). The globular volume was 
determined by the microhematocrit method and the plasma protein 
concentrations by the refractometer method. The mean corpuscular 
volume (VCM) and the mean corpuscular hemoglobin concentration 
(CHCM) were calculated following the formulas described by Wintrobe 
(1974). For biochemical tests, blood samples (10ml) were collected from 
each animal by puncture of the jugular vein. The samples were placed 
in tubes without anticoagulant for the determination of the biochemical 
concentrations of urea and creatinine, and activity of the enzymes 
ALT and FA, following the protocol established by the manufacturer 
(specific commercial kits Gold Analisa®). For the determination of urea 
and ALT, the kinetic-UV method was used and for the determination of 
creatinine and FA the kinetic-colorimetric method. The results were 
read and obtained using a Bioplus-2000® photometric analyzer, Brazil.

Serum determination of malondialdehyde (MDA). To carry out 
the MDA dosage, samples of 5ml of blood were taken from the jugular 
vein, in tubes without anticoagulant, submitted to centrifugation to 
separate the serum. The serum was then placed in appropriate plastic 
tubes and frozen at -20oC until processing. The serum measurement 
of MDA was performed according to the method proposed by Gérard-
Monnier et al. (1998), with adaptations. For the measurement of 
MDA in serum, 100μl of the sample were used. To this was added 
300μl of a 10mM solution of 1-methyl-phenylindol in acetonitrile 
and methanol (2:1, v/v) and 75μl of HCl (37%). Soon after, the tubes 
were vortexed and incubated in a water bath at 45oC for 40 minutes. 
After the bath, the samples were cooled on ice and then the tubes 
were centrifuged at 4000rpm for 10 minutes. From the supernatant, 
absorbance was read on a spectrophotometer with a wavelength 
of 586nm. The MDA concentration was calculated by comparing 
it to a hydrolyzed 1,1,3,3-tetramethoxypropane (TMP) curve. The 
MDA determination exams were conducted at the Nutrition and 
Metabolism Laboratory of the Medical School in USP, Ribeirão Preto.

Therapeutic and diagnostic approach. After the clinical 
staging and the evaluation of the results of the laboratory exams, the 
female dogs were submitted to total unilateral, bilateral, or regional 
mastectomy, with removal of inguinal and/or axillary lymph nodes, 
according to the case, for therapeutic purposes and to perform 
histopathological analysis of neoplastic tissues and lymph nodes. The 
definitive diagnosis was determined by means of histopathological 
evaluation and the correction of clinical staging, when necessary, was 
performed through pathological staging after microscopic analysis 
of the lymph nodes. For female dogs which presented with new 
mammary formation, with an erythematous, painful and inflamed 
clinical aspect, that is, when there was a suspicion that it could be 
an inflammatory mammary carcinoma (primary or secondary), 
only incisional biopsy was indicated, for diagnostic purposes and 
for enable the choice of the most appropriate therapeutic approach 
and definition of prognosis. 

Thirty days after the surgeries or biopsies were performed, the 
female dogs were submitted to blood collection again to repeat the 
same hematological and biochemical evaluations performed initially 
(post-treatment group). Six animals from the group of malignant 
tumors were not evaluated in this period, as they died or were 
euthanized due to complications. In the group of female dogs with 
benign tumors, two animals did not undergo surgical treatment 
due to changes found in biochemical tests that indicated impaired 
renal function. The female dogs that had the clinical diagnosis, later 
confirmed by histopathological examination, of primary or secondary 
inflammatory carcinoma were treated in a palliative way, with a 
multimodal analgesia protocol, including tramadol hydrochloride, 
dipyrone and non-steroidal anti-inflammatory drug (firocoxib, 5mg/
kg/SID), chemotherapy and supportive therapy.

Statistical analysis. The data for each phase were tested for 
normality by the Shapiro-Wilk test (Shapiro & Wilk 1965) and for 
homogeneity of variances by the Bartlett test (Bartlett 1950). For 
comparisons within each group and between groups, analysis of 
variance was performed and in case of significance, the Tukey test 
(Cooley & Tukey 1965) was performed. MDA values were tested for 
associations, in groups of animals in pre and post treatment, with 
benign and malignant tumors diagnosed by means of histopathological 
evaluation, with the variables age, clinical staging, histological 
pattern of the tumors, hematological and biochemical parameters. 
To compare the pre- and post-treatment moments, the paired t-test 
was performed. The software R was used for the analyzes considering 
5% of significance.
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RESULTS
Animals

During the period of this study, 144 canine females with 
mammary cancer were examined. The average age of the 
affected animals was 9.88±2.95 (4 to 14) years, while in 
healthy animals the average age was 2.31±1.90 years (1 to 6). 
Regarding breed, the highest occurrences were of mixed breed 
animals (52/144), Poodle (17/144) and Pit Bull (8/144). In 
the control group, the predominance was also of mixed breed 
animals (89/100), Shih Tzu (4/100) and Poodle (3/100). Of 
the 144 animals, 113 (78.9%) had malignant neoplasms and 
31 animals (21.52%) had a diagnosis of benign neoplasms.

Regarding the histological classification, the most frequent 
malignant mammary neoplasms were carcinomas in mixed 
tumor (26.5%), carcinosarcomas (CASA - 15.92%) and 
malignant adenoepitheliomas (11.5%). The most frequent 
benign tumors were mammary adenomas (51.61%) and 
mixed benign tumors (32.2%).

Of the 144 female dods with mammary tumor, 136 were 
submitted to surgical treatment, six animals were submitted 
only to incisional biopsy and two animals did not undergo 
any type of surgical treatment. Of the 136 surgeries with a 
therapeutic objective performed during this study, 29 were 
bilateral total mastectomies, 99 animals were submitted to 
unilateral total mastectomy and 16 animals were treated using 
regional mastectomy. Inguinal or axillary lymphadenectomy 
was performed, uni or bilateral, according to the type of 
surgery performed. Of the 144 female dogs, 112 were not 
castrated at the time of diagnosis and were then subjected 
to ovariohysterectomy at the same time as mastectomies.

Hematological and biochemical tests
In animals with neoplasms, the results of hematological 

and biochemical tests were evaluated in the initial clinical 
approach and 30 days after the therapeutic procedure. 
The animals in the control group showed no changes in 
hematological or biochemical parameters. Hematological 
changes in the preoperative period were observed in 44 
(38.9%) and 12 (38.7%) animals with malignant and benign 
neoplasms, respectively. In both groups of these animals, the 
most frequent changes were anemia and thrombocytopenia. 
Neutrophilic leukocytosis was observed in four bitches with 
malignant neoplasms in the pre-treatment period, with 
ulcerated tumors.

Regarding serum biochemical parameters, the most 
frequent changes in animals with malignant neoplasms were 
the elevation of ALT levels in 12 animals (10.6%), creatinine 
in 10 animals (8.84%) and urea in eight animals (7.07%). 
Female dogs with benign neoplasms showed less occurrence 
of changes in these parameters. The most frequent alteration 
was the increase in serum creatinine level, observed in four 
animals (12.90%). In both groups, a decrease in the number 
of animals with hematological and biochemical changes was 
observed after treatment.

Serum determination of malondialdehyde (MDA)
The mean values of MDA (nmol/dl) obtained in the control 

animals, with benign and malignant neoplasms were 12.08 
(±4.18), 24.80 (±5.74) and 32.85 (±10.24), respectively. There 
was a significant increase in mean serum MDA levels in animals 
with neoplasms compared to control animals (P<0.001). In 

addition, female dogs with malignant neoplasms showed 
significantly higher levels compared to animals with benign 
tumors (P<0.001). Average serum MDA levels in animals 
with benign and malignant neoplasms before and after the 
therapeutic procedure are shown in Table 1.

When assessing the effect of the therapeutic procedure 
on MDA levels, a significant decrease (P=0.0001) was found 
in serum MDA after the therapeutic procedure in animals 
with malignant neoplasms. However, in animals with benign 
tumors, MDA levels did not differ before and after treatment 
(Table 1).

The relationship between MDA levels in animals with 
neoplasms and the other parameters was evaluated. For female 
dogs with benign tumors, both before and after treatment, no 
statistically significant difference was observed between MDA 
levels and the age of the animals, clinical staging, presence 
of hematological or biochemical alterations and histological 
classification of the tumors.

In animals with malignant tumors, an association between 
serum MDA levels and hematological changes and histological 
classification was observed only in the pre-treatment 
period. However, regarding the histological classification, it 
was observed that female dogs with solid carcinomas had 
a significantly lower MDA level than the other histological 
types. Regarding the presence of hematological changes, it 
was found that animals with anemia had the highest levels 
of MDA (P=0.0008) (Table 2).

DISCUSSION
The increase in the occurrence of neoplasms in companion 
animals has been associated with an increase in longevity due 
to improved animal nutrition and health (Ribas et al. 2012). 
International data on the risk of developing malignant mammary 

Table 2. Association between anemia and higher serum 
levels of malondialdehyde (MDA) in the group of malignant 

neoplasms, in pre-treatment
Anemia MDA (nmol) P value

Yes (n=37) 40.88±7.51
0.000844*

No (n=76) 27.80±8.23
* Significant (P<0.05).

Table 1. Means and standard deviations of serum 
malondialdehyde (nmol/mL) in animals in the control 

group, with benign and malignant neoplasms, before and 
after treatment

Groups Before treatment P value
Control 12.08±4.18c

<0.001Benign 24.80±5.74b
Malignant 32.85±10.24a
Benign

Before treatment 24.80±5.75a
0.7506

After treatment 24.58±5.18a
Malignant

Before treatment 32.85±10.24a
0.00013

After treatment 27.37±7.86b
Means followed by different letters in the same column differ by the Tukey 
test (P<0.05).
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tumors in the canine species indicate variations between 
two and 58% (Itoh et al. 2005, Macewen & Withrow 2007). 
In Brazil, the occurrence of malignant mammary neoplasms 
is higher than the international average, being above 80% 
(Zuccari et al. 2001, De Nardi et al. 2002, Martins et al. 2002, 
Oliveira et al. 2003). In the present study, the occurrence 
of malignant mammary neoplasms (78.5%) was similar to 
national data. This elevated occurrence was associated with 
the action of sex hormones, mainly in non-castrated female 
dogs before the first or second heat (Lana et al. 2007). In this 
study, 77.8% of the animals were not castrated at the time 
of mammary cancer diagnosis, showing ovarian hormonal 
activity. Regarding age, the results of this study (mean age 
9.9 years) are in line with data in the literature that report a 
higher incidence of mammary cancer in animals aged seven 
to 12 years old (De Nardi et al. 2016).

The histological patterns most frequently diagnosed in 
mammary neoplasms vary widely according to the authors. 
The great histogenetic variability of mammary neoplasms, led 
to the need for standardization of classifications, highlighting 
the classifications of Misdorp et al. (1999) and Goldschmidt 
et al. (2011) previously used. In Brazil, Cassali et al. (2014) 
proposed a new classification that was used in this study. The 
most frequent histological pattern observed was carcinoma 
in a mixed tumor (26.54%). Carcinoma in a mixed tumor is 
characterized by the presentation of a component of malignant 
epithelial origin and a component of mesenchymal origin with 
benign characteristics, with the presence of microinvasion, 
that is, a histological characteristic related to the worst 
prognosis (Cassali et al. 2014). There was no statistically 
significant correlation between the highest levels of MDA and 
the histological pattern of neoplasms, however, a statistically 
significant correlation was observed between lower levels 
of MDA and tumors diagnosed as solid carcinomas, which 
amounted to 7.1% (n=8) of the tumors diagnosed in this 
study. Solid carcinomas are considered frequent tumors in 
the canine species, generally as an evolution of large tumors 
in dogs that have not been surgically treated in earlier stages 
of the disease (Cassali et al. 2014).

In female dogs with malignant neoplasm with a diagnosis 
of solid carcinoma, no significant difference was observed 
when compared to other histological patterns with respect 
to the number of affected mammarys, clinical staging and 
hematological or biochemical changes, but a significant 
difference was found in relation to the average age in this 
group (7.1±1.4 years) when comparing the mean age of all 
female dogs with malignant mammary cancer (9.88±2.95), 
which may be related to the lower serum MDA values found 
in this group (19.32±8.81), justifying the need to establish 
MDA reference values according to the age group.

The clinical staging of mammary cancer in the dog is a 
moment in which the extent of the disease and its severity 
must be detailed, and it can be cited as an extremely important 
stage in the diagnosis, as, as well as the histological patterns 
of mammary tumors, the clinical staging of the disease is 
directly related to the scope of the therapeutic approach and 
prognosis. In this study it was found that 39% of the female 
dogs were in clinical stage III (Lana et al. 2007).

At this stage of the disease, the tumors are larger than 5cm 
in their maximum diameter, but without evidence of migration 
to lymph nodes or distant metastasis. However, when only 

female dogs with malignant neoplasms were evaluated, it was 
found that 68% were in clinical staging between III and V. 
There are no studies in the literature consulted showing the 
most frequent clinical staging in female dogs with mammary 
cancer at the time of the diagnostic approach, however, later 
staging may be related to more aggressive histological patterns 
(Ribas et al. 2012). In patients of the human species, late 
diagnoses are related to a low level of education, with a low 
rate of mammary self-examination (Monteiro et al. 2003, Pires 
2007). According to Toríbio et al. (2012), the late search for 
veterinary medical assistance by the tutors of female dogs 
with mammary cancer is directly related to the socioeconomic 
characteristics of the population, highlighting in their study the 
need for guidance programs that emphasize the importance 
of early diagnosis of mammary cancer in bitches in order to 
provide a better prognosis.

Many diseases, which affect humans and animals, are related 
to oxidative stress caused by reactive oxygen or nitric oxide 
species. The most serious damage is that caused to the cell’s 
DNA or RNA. When the DNA chain breaks, it can reconnect 
to another position, changing the order of its bases. This 
event is one of the processes that trigger mutation, which 
may be related to oncogenesis. In the present study, the lipid 
lipoperoxidation marker of cell membrane components, 
the MDA, considered a biomarker of oxidative damage, 
showed a significant serum increase (2.0 and 2.7 times) in 
benign and malignant neoplasms, respectively in relation to 
control. Similar results have been reported in women with 
mammary cancer by assessing levels of antioxidant capacity 
and serum levels of MDA (Sener et al. 2007). In animals, 
studies on the association between neoplasms and oxidative 
stress are scarce. Significantly higher levels of MDA were 
observed in dogs with different types of neoplasms, including 
mammary cancer compared to healthy animals (Macotpet et 
al. 2013). In this work, the serum concentration of MDA was 
determined by the method known as TBARS, that is, by the 
serum determination of substances reactive to barbituric 
acid, where MDA is the main component. Other studies 
also indicate the relationship between oxidative damage 
and the development of mammary tumors in female dogs, 
correlating, mainly, serum and tissue values of MDA, using 
the TBARS technique, and also of antioxidant levels such as 
vitamin E and vitamin C (Szczubial et al. 2004, Francisco Neto 
et al. 2005, Kumaraguruparan et al. 2005, Askar et al. 2009, 
Galvão 2009). In addition, Askar et al. (2009) demonstrated 
the existence of increased concentrations of MDA and nitric 
oxide (NO) and decreased serum concentrations of vitamin 
C, considered the first line of antioxidant defense, in 10 
female dogs with malignant mammary cancer. In addition 
to the oxidative stress detected, according to this author, the 
decrease in antioxidant defenses such as vitamin C, could be 
related to carcinogenesis. In the present study, much higher 
values in bitches with malignant neoplasms, and also higher 
values in the group of benign tumors support the statement 
that the presence of mammary cancer is related to oxidative 
stress. Another aspect to be highlighted was the significant 
decrease (0.8 times) in the levels of MDA in animals with 
malignant tumors after treatment, which indicates a reduction 
in oxidative stress after removal of the tumors.

Anemia is considered to be one of the most frequent 
hematological changes in cancer patients, and may be related 
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to bone marrow infiltration by neoplastic cells, more common 
in systemic diseases, such as lymphoma. It may also be related 
to the cytotoxic effects of drugs during treatment, secondary 
to blood loss, hemolysis, usually immune-mediated and also, 
by inflammatory cytokines related to chronic disease (Vail & 
Thamm 2005, Kobune et al. 2008). In the present study, it was 
found that female dogs with malignant mammary neoplasms 
showed a significant correlation between the presence of 
anemia and higher serum levels of MDA. However, after 
treatment, this significant difference was no longer observed, 
suggesting that oxidative stress is related to the occurrence 
of anemia in animals with malignant mammary tumors. 
In dogs with multicentric lymphoma an increase in lipid 
membrane lipoperoxidation was observed, through increased 
concentrations of TBARS, without correlating, however, the 
oxidative stress condition with anemia (Lucas et al. 2008, 
Winter et al. 2009). In human patients with lymphoma, 
elevated TBARS concentrations have been associated with 
increased lipid peroxidation in the erythrocyte membrane 
resulting in increased osmotic fragility and erythrocyte death 
(Abou-Seif et al. 2000). In children with acute lymphoblastic 
leukemia, the condition of oxidative stress was also detected 
by checking for high concentrations of TBARS, considered as 
one of the causes of anemia in these patients (Ghosh 2005).

CONCLUSIONS
The results of this study indicate that oxidative stress is 

associated with mammary cancer in dogs in a similar way to 
that reported in women. Due to the detection of significantly 
higher concentrations of serum MDA in female dogs with 
malignant mammary cancer, when compared to groups of 
benign neoplasms and control, and also in female dogs with 
anemia, it can be said that the identification of the oxidative 
stress state in these animals, can also be used as a prognostic 
factor. It should also be noted that in this study, MDA levels 
were directly measured, in contrast to other studies in which 
oxidative stress was indirectly verified, using substances 
reactive to barbiturates (TBARS). Another important aspect is 
the need to expand studies to determine reference parameters 
in the canine species for MDA and other oxidative damage 
biomarkers.

The measurement of oxidative stress biomarkers or even 
antioxidant substances from serum or tissues, may enable 
a series of new information from research that shows the 
relationship between free radicals and diseases, either as a 
cause or as an effect pathological conditions. The importance 
of using antioxidants as an adjuvant treatment that aims to 
minimize oxidative damage, or prophylactically, can also be 
the object of study in dog medicine. 

Studies that seek the standardization of laboratory 
techniques and the definition of parameters that can be 
used as a reference in different species of veterinary medical 
interest will be of great use.
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