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Research article

Oxidative stress in dogs with multicentric
lymphoma: Effect of chemotherapy on
oxidative and antioxidant biomarkers
Nathieli B. Bottari1, Thiago D. Munhoz2, Vanessa D. Torbitz3,
Alexandre A. Tonin4, Letícia A. Anai2, Lívia M. S. Semolin2, Paulo C. Jark2,
Yãnaí S. Bollick3, Rafael N. Moresco3, Raqueli T. França4, Sonia T. A. Lopes4,
Lenita M. Stefani5, Mirela Tinucci-Costa2, Aleksandro S. Da Silva5

1Department of Biochemistry, Universidade Federal de Santa Maria (UFSM), Brazil, 2Department of Clinical and
Veterinary Surgery, Faculdade de Ciências Agrárias e Veterinárias, Universidade Estadual Paulista (UNESP),
Jaboticabal, SP, Brazil, 3Department of Clinical and Toxicological Analyses, (UFSM), Santa Maria, RS, Brazil,
4Department of Small Animals, Universidade Federal de Santa Maria (UFSM), Brazil, 5Department of Animal
Science, Universidade do Estado de Santa Catarina (UDESC), Chapecó, SC, Brazil

Introduction: Lymphoma is one of the most common types of cancer in dogs, characterized by the
proliferation of lymphoid cells. The treatment of this type of cancer is usually based on drugs with high
toxicity, which can cause severe side effects.
Objectives: Therefore, the aim of this study was to measure the levels of advanced oxidation protein products
(AOPP), thiobarbituric acid reactive substances (TBARS), and ferric reducing antioxidant power (FRAP) in
dogs with multicentric lymphoma before and after chemotherapy.
Methods: For this purpose, serum samples of 25 dogs diagnosed with multicentric lymphoma and 15 healthy
dogs were used. The animals were exposed to CHOP chemotherapy (cyclophosphamide, vincristine,
doxorubicin, and prednisone) and serum samples were collected 5 weeks after treatment.
Results: High levels of TBARS, AOPP, and FRAP were observed in sera of dogs with multicentric lymphoma
when compared to healthy dogs (P< 0.01), and even higher levels (TBARS and AOPP) were found after
chemotherapy i.e. treatment exacerbated the oxidative stress levels. On the other hand, FRAP levels did
not differ statistically between animals with lymphoma before and after treatment (P> 0.05). Exacerbated
oxidative stress was observed in dogs with multicentric lymphoma Group II (Stage IV-V: involvement of
lymph nodes and organs ) compared to those in Group I (Stage I-III: only affected lymph nodes) of the
disease, as well as the dogs with clinical signs and T immunophenotype. Another important result was
observed after chemotherapy, where FRAP levels were higher in dogs that showed complete disease
remission compared to animals with progressive disease.
Conclusions: Therefore, dogs with lymphoma showed protein oxidation and lipid peroxidation, as well as
increased total antioxidants before and after chemotherapy compared to the control group.

Keywords: Lymphoma, Cancer, Oxidant, Antioxidants, Dog

Introduction
Lymphoma is one of the most common neoplasms
diagnosed in dogs and is normally characterized by
lymphoid cell proliferation.1 Canine lymphoma rep-
resents approximately 8.5–9.0% of all canine tumors

and there is no gender dominance. Although this
type of neoplasm affects dogs of all ages it is mainly
diagnosed in middle-aged or older dogs.2

Multicentric lymphoma is the most common form
and accounts for approximately 80% of all canine
lymphomas. Clinically it is characterized by anor-
exia, lethargy, fever, weight loss, and anemia;
however, in advanced stages of the disease hepatos-
plenomegaly and bone marrow infiltration also may
be observed.3 Since it is a systemic disease, the

Correspondence to: Aleksandro S. Da Silva, Department of Animal
Science, Universidade do Estado de Santa Catarina (UDESC), Chapecó,
SC, Brazil. Email: dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa,
Department of Veterinary Pathology, Faculdade de Ciências Agrárias e
Veterinárias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP,
Brazil. Email: mirelatc@fcav.unesp.br

© W. S. Maney & Son Ltd 2015
DOI 10.1179/1351000215Y.0000000037 Redox Report 2015 VOL. 20 NO. 6 267

mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:dasilva.aleksandro@gmail.com; Mirela Tinucci-Costa, Department of Veterinary Pathology, Faculdade de Ci&ecirc;ncias Agr&aacute;rias e Veterin&aacute;rias, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil. Email:
mailto:mirelatc@fcav.unesp.br
mailto:mirelatc@fcav.unesp.br
mailto:mirelatc@fcav.unesp.br


treatment recommended is an association of anti-
neoplastic drugs. According to the literature, this is
considered the treatment of choice for this type of
neoplasia due to its relatively high survival rate
and therapeutic response.4

Studies have shown alterations in the oxidant/anti-
oxidant balance in dogs with lymphoma5 and
mammary carcinoma.6 The imbalance between the
concentrations of oxidants and antioxidants character-
izes a situation of oxidative stress. Free radicals, when
in excess, have detrimental effects, such as the peroxi-
dation of membrane lipids and damage to proteins and
enzymes.7 There are some common markers of oxi-
dative stress, such as lipid peroxidation through thio-
barbituric acid reactive substances (TBARS) and
advanced oxidation protein products levels (AOPP),
as well as the estimation of total antioxidant capacity
that can be performed with various assays, such as
ferric reducing antioxidant power (FRAP).8

In this sense, oxidative stress may play a role in car-
cinogenesis, as well as in impacting on the morbidity
and mortality of dogs with lymphoma.9 However,
reactive oxygen species (ROS) also are important for
contributing to the efficacy of chemotherapeutic
agents and radiation-mediated cytotoxicity.10

Therefore, the purpose of this study was to evaluate
biomarkers of oxidative stress in dogs with lymphoma
before and after chemotherapy.

Materials and methods
Animals
Our experimental design included 25 dogs with diagno-
sis ofmulticentric lymphoma (Table 1). Theywere from
the Service of Veterinary Oncology at the Veterinary
Hospital of the Faculty of Agricultural and
Veterinary Sciences (FCAV/UNESP), Jaboticabal
Campus. After the cytological evaluation (Fig. 1A)
and ultrasound, the diagnosis of lymphoma was con-
firmed through histopathological (Fig. 1B and C) and
immuno histochemical examinations. Blood samples
were collected in order to analyze total erythrocytes,
hemoglobin concentration, hematocrit, MCV (Mean
corpuscular volume), MCHC (Mean corpuscular
hemoglobin concentration), and total leukocytes.
Differential examination of leukocytes was performed
through blood smears (Table 2). All the serum
samples were frozen for biochemical analyses as
described below.
Tissue fragments were fixed in buffered formalin

(10%), embedded in paraffin, sectioned at 3 μm, and
stained with hematoxylin/eosin. Subsequently, the
slides were evaluated according to World Health
Organization (WHO) criteria for canine malignant lym-
phomas.11 In this study, the canine lymphomas were
classified as diffuse large B cell (n= 19), lymphoblastic

(n= 2), Burkitt’s-like (n= 1), follicular (n= 1), lympho-
cytic (n= 1), or lymphoplasmocytic (n= 1) (Table 1).

The clinical stage of each animalwas defined by clini-
cal examination, ultrasound, and bone marrow biopsy.
Two groups were formed according to the WHO
staging of the animals:12 Group I consisted of those
dogs that wereWHO Stage I–III (n= 9; local, regional,
or generalized lymphadenopathy), and Group II con-
tained those cases classified as Stage IV–V (n= 16;
liver and/or spleen and/or bone marrow affected by
lymphoma, with or without lymphadenopathy).
Fourteen dogswere classified as Substage ‘b’, according
to the presence of non-specific clinical signs, such as
appetite loss, weight loss, vomiting, diarrhea, polyuria,
polydipsia, and fever.11 The other animals with lym-
phoma showed no clinical signs (n= 11).

The characterization of the predominant lymphoma
cell type was investigated through the use of primary
antibodymarkers for T lymphocytes (CD3) and B lym-
phocytes (CD79α). Immunohistochemistry was per-
formed using the horseradish peroxidase (HRP) and
3,3′ diaminobenzidine tetrachloride (DAB) method. In
essence, tissue sections (4 μm) were mounted onto
charged slides, kept at 57 °C for 24 hours and, sub-
sequently, deparaffinized with xylene and re-hydrated
in decreasing concentrations of ethylic alcohol. Heat
antigen recovery with citrate solution (pH 6.0) was per-
formed in a pressure chamber (Pascal®; Dako,
Carpinteria, CA, USA) for 30 seconds at 128 °C.
After returning to room temperature, the slides were
washed in deionized water, incubated twice in 3%
hydrogen peroxide (10 V) for 10 minutes (in order to
block endogenous peroxidase activity) and rinsed
with deionized water for 5 minutes. Blocking of unspe-
cific proteins was carried out using an unspecific
reaction blocking solution ( protein block serum-free –
catalog no X0909 – DAKO Corp.). Slides were incu-
bated with the primary antibody at the standardized
dilution (anti-CD3 – clone F.7.2.38 dilution 1:100;
anti-CD79α – clone HM57 dilution 1:20; both
Dako®) overnight (18 hours) at 4 °C, and washed
with TRIS buffered solution (Tris-HCl – 0.05M,
NaCl – 0.15M; pH= 7.6). Subsequently, slides were
incubated with Envision polymer (Dako, Carpinteria,
CA, USA) and washed three times in TRIS buffered
solution. Color development was obtained through
the use of DAB (Dako Cytomation, Carpinteria, CA,
USA) and slides were counterstained with Harris’s
Haematoxylin. After dehydration through increasing
concentrations of alcohol, slides were placed in
xylene and mounted with resin and cover slips. The
lymph nodes of healthy dogs, as well as samples of lym-
phoma, were used as negative controls and incubated
using Universal Negative Control Mouse antibody
(Dako® N1698-1). These lymph nodes were also used
as positive controls for the reactions.
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It was noted that only four dogs showed multicentric
lymphomawith immunophenotype T, and the other 21
dogs showed immunophenotype B. Chemotherapy was
unsuccessful for immunophenotype T animals, consist-
ing of dogs who had progressive disease.
The animals diagnosed with multicentric lymphoma

were exposed to CHOP chemotherapy treatment
(cyclophosphamide (250 mg m2), vincristine
(0.75 mg m2), doxorubicin (30 mg m2), and prednisone
(fourth dose: 2.0 mg kg−1 first cycle; 1.5 mg kg−1

second cycle; 1.0 mg kg−1 third cycle; and
0.5 mg kg−1 fourth cycle)).13 During this period, the
animals were re-evaluated in order to check the post-
treatment effects and classified as follows: five dogs
had complete remission (disappearance of clinical
disease); 13 dogs had partial remission (greater than
or equal to 50% of tumor size reduction, without new
foci); and seven dogs had progressive disease (increase
by at least 50% in tumor size, or appearance of new
foci).

Sera samples
Twenty-five serum samples from dogs with lym-
phoma, and 15 serum samples from healthy (the
control group) dogs were used to evaluate AOPP,
TBARS, and FRAP levels (Table 1). A new blood
sampling was performed prior (30 minutes) to the
beginning of the fifth cycle of chemotherapy, which
corresponded to the 5th week of the protocol. All
serum samples were stored at −80 °C.

AOPP and TBARS levels
Protein oxidation was assessed through AOPP
measured automatically on sera as previously
described by Hanasand et al.14 AOPP results were
expressed as μmol L−1.
Lipid peroxidation (TBARS level) was measured in

sera by spectrophotometry at 535 nm as described by
Jentzsch et al.15 and the results were expressed as
nanomoles of malondialdehyde per milliliter of serum.

Table 1 Animals used in this study: number, breed, sex, age, and body weight, and histopathological classification of lymphoma

Animal Breed Sex Age (years) Weight (kg) Histopathological: lymphoma classification11

Lymphoma
Nicole Poodle Female 09 7.3 Burkitt’s-like lymphoma
Hanny Rottweiler Female 05 38.6 Diffuse large B cell lymphoma
Mamuti Rottweiler Male 06 34.0 Lymphoblastic lymphoma
Zeus Labrador Male 05 30.0 Diffuse large B cell lymphoma
Daya Bull terrier Female 09 23.0 Lymphoplasmocytic lymphoma
Conan Pitbull Male 09 32.0 Diffuse large B cell lymphoma
Petrus Mongrel Male 12 32.3 Lymphocytic lymphoma
Tuti Rottweiler Female 11 28.0 Diffuse large B cell lymphoma
Dara Rottweiler Female 05 40.0 Diffuse large B cell lymphoma
Mel Poodle Female 11 5.5 Diffuse large B cell lymphoma
Ferrugem Mongrel Male 07 13.5 Diffuse large B cell lymphoma
Duda Basset Female 08 26.0 Diffuse large B cell lymphoma
Sara Bull terrier Female 06 26.0 Diffuse large B cell lymphoma
Fiona Rottweiler Female 08 54.0 Diffuse large B cell lymphoma
Pituca Mongrel Female 12 6.2 Diffuse large B cell lymphoma
Mina Pitbull Female 13 24.5 Diffuse large B cell lymphoma
Simba Teckel Male 07 11.0 Diffuse large B cell lymphoma
Judite Basset hound Female 06 28.0 Diffuse large B cell lymphoma
Piteco Mongrel Male 09 9.8 Diffuse large B cell lymphoma
Duque Mongrel Male 09 36.5 Follicular lymphoma
Pug Mongrel Male 13 10.1 Diffuse large B cell lymphoma
Fada Rottweiler Female 10 31.6 Diffuse large B cell lymphoma
Sofia Mongrel Female 08 16.7 Lymphoblastic lymphoma
Pepê Fox terrier Female 07 6.5 Diffuse large B cell lymphoma
Fiona Pitbull Female 09 33.0 Diffuse large B cell lymphoma
Healthy
1 Mongrel Female 04 7.9 Control: healthy
2 Mongrel Male 09 15.4 Control: healthy
3 Rottweiler Male 07 51.0 Control: healthy
4 Mongrel Male 06 32.0 Control: healthy
5 Poodle Female 10 8.4 Control: healthy
6 Mongrel Female 13 18.4 Control: healthy
7 Labrador Female 08 31.5 Control: healthy
8 Mongrel Male 12 6.7 Control: healthy
9 German shepherd Female 07 28.0 Control: healthy
10 Rottweiler Female 04 38.4 Control: healthy
11 German shepherd Male 05 27.9 Control: healthy
12 Mongrel Female 12 10.4 Control: healthy
13 Mongrel Female 10 8.7 Control: healthy
14 Poodle Female 05 7.4 Control: healthy
15 German shepherd Male 06 32.0 Control: healthy

Valli et al. (2011).11
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FRAP levels
Levels of FRAP were measured automatically on sera
according to the technique described by Benzie and
Strain.16 The measurement of this parameter was per-
formed on the modified Griess method using a Cobas
Mira automated analyzer and the results were
expressed as μmol L−1.

Statistical analysis
Firstly, the data from the hemogram, TBARS, AOPP,
and FRAP were subjected to a normality test and the
data that showed abnormal distribution were trans-
formed into logarithms (leucogram and FRAP).
Normal and transformed data were subjected to the
Student t-test to compare between the three groups
(healthy dogs (1), lymphoma (2), and post-treatment
lymphoma (3)). The AOPP, TBARS, and FRAP
levels were compared by t-test in dogs with lymphoma
to clinical stage, presence of clinical signs, immuno-
phenotype, and post-treatment effect. Values with
probability (P) less than 5% were considered statisti-
cally significantly different.

Results
Hematological results are shown in detail in Table 2.
There was no difference between dogs in the control
group compared to those with lymphoma regarding
total erythrocytes counts; however, post-treatment
the dogs with lymphoma showed lower counts on
total erythrocytes, hematocrit, and hemoglobin con-
centration when compared with the before treatment
values and with the control group. We found no differ-
ences forMCVandMCHC in all groups. These results
indicated that the CHOP treatment caused a normocy-
tic and normochromic anemia in these dogs. Total leu-
kocytes were statistically significantly increased in
dogs with lymphoma pre-treatment when compared
with the control group; however, this difference disap-
peared post-treatment. The leukocyte increase was due
to the elevation of neutrophils, characterizing a neu-
trophilic leukocytosis. There was a lymphopenia in
treated dogs, since lymphocyte counts were reduced
in post-treatment groups when compared to pre-treat-
ment data and with the control group.

Table 3 shows the effects of clinical stage, clinical
signs, immunophenotype and treatment on TBARS,
AOPP, and FRAP. Clinical stage had an influence
only on post-treatment TBARS levels, where dogs in
Group II showed increased TBARS levels when com-
pared to those in Group I post-treatment. Clinical
signs influenced AOPP, TBARS, and FRAP levels
before treatment, since the animals with clinical signs
had statistically increased levels of AOPP, TBARS,
and FRAP when compared with the ones without
clinical signs. Immunophenotype influence the levels
of TBARS, AOPP, and FRAP. TBARS levels were sig-
nificantly higher in dogs with type T lymphoma when
compared to those with type B. The opposite occurred
with FRAP levels, since dogs with type T lymphoma
showed statistically lower levels of FRAP when com-
pared with type B. Post-treatment outcomes showed
that AOPP progressively increased (with statistical
differences) among dogs with complete tumor remis-
sion, partial tumor remission and animals with

Figure 1 (A) Cytology of dog diagnosed with multicentric
lymphoma. Note the presence of atypical lymphocytes with
basophilic cytoplasms, loose chromatin, anisocytosis,
apparent nucleoli ‘N’, and cell mitosis ‘M’ (BAR: 20 μm). (B)
Photomicrograph of diffuse large canine cell lymphoma
(BAR: 25 μm), and (C) a magnified version of image B. Note
lymphoid cells with large nuclei (black arrow) and distinct
nucleoli. Note the mitotic cells (red arrow) (B and C).
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progressive disease. In these groups, TBARS was stat-
istically increased in dogs with progressive disease
when compared to dogs with remission; and FRAP
showed the opposite pattern, since it was lower in
dogs with progressive disease when compared to
dogs with complete remission.
AOPP, TBARS, and FRAP levels are shown in

Fig. 2. High levels of TBARS, AOPP, and FRAP
were observed in the serum of dogs with multicentric
lymphoma when compared to healthy dogs (P<
0.01). In addition, it was possible to observe that
after chemotherapy TBARS and AOPP levels were

even higher, a sign of exacerbated oxidative stress
level. FRAP levels in animals with lymphoma did
not differ statistically before and after treatment
(P> 0.05).

Discussion
Our findings indicate that canine lymphoma leads to a
state of protein oxidation and lipid peroxidation,
similar to the findings of other researchers.17,18 In neo-
plasms, free radicals produced by the tumor cells are
responsible for causing oxidative stress, an imbalance
between the production of ROS, and antioxidant

Table 2 Hematological variables of dogs with lymphoma on pre and post CHOP chemotherapy treatment (cyclophosphamide,
vincristine, doxorubicin, and prednisone) when compared to healthy dogs

Variables Healthy Lymphoma Lymphoma post-treatment

Total erythrocytes (x106/μL) 6.10 (±0.85)a 5.98 (±1.11)a 4.85 (±0.66)b

Hematocrit (%) 42.4 (±3.3)a 41.9 (±8.1)a 34.6 (±4.8)b

Hemoglobin (g/dL) 13.5 (±1.23)a 12.0 (±1.99)a 10.97 (±1.64)b

MCV (fl) 72.3 (±1.75)a 69.1 (±1.9)a 71.4 (±2.26)a

MCHC (%) 32.6 (±0.98)a 31.5 (±1.12)a 31.69 (±2.79)a

Total leukocytes (x103/μL) 7.95 (±3.45)b 18.7 (±13.1)a 11.26 (±5.65)a,b

Bands (x103/μL) 0.12 (±0.45)a 0.77 (±1.16)a 0.38 (±0.34)a

Neutrophils (x103/μL) 4.46 (±1.84)b 14.42 (±8.24)a 8.32 (±4.40)ab

Lymphocytes (x103/μL) 2.65 (±0.56)a 2.23 (±1.53)ab 1.78 (±1.16)b

Monocytes (x103/μL) 0.26 (±0.35)a 0.59 (±0.34)a 0.48 (±0.36)a

Eosinophils (x103/μL) 0.46 (±0.68)a 0.69 (±1.15)a 0.30 (±0.38)a

Mean and standard deviation: the same letters in the same row do not differ significantly among themselves (P> 0.05).

Table 3 Effects of disease stage, clinical signs, immunophenotype, and chemotherapy on TBARS, AOPP, and FRAPof dogswith
multicentric lymphoma, before and after treatment

Variables Classification

AOPP (μmol/L) TBARS (nmol MDA/mL) FRAP (μmol/L)

Before After Before After Before After

Clinical stage* I–III (n= 9) 25.3± 2.7 45.6± 5.4 16.4± 1.9 32.9± 4.9 768.2± 98.7 1,224.6± 187.0
IV–V (n= 16) 30.9± 3.1 50.1± 4.7 19.4± 2.3 43.3± 3.7 983.7± 123.4 1,188.4± 203.4

P 0.042 >0.05 0.034 <0.001 0.022 >0.05
Clinical signs# Substage a

(n= 11)
22.3± 2.0 46.7± 6.1 14.2± 2.2 36.8± 3.8 694.2± 83.1 1,321.5± 174.3

Substage b
(n= 14)

33.9± 2.6 48.9± 4.6 21.6± 3.4 39.4± 5.9 1,057.6± 103.8 1,091.6± 146.9

P <0.001 >0.05 <0.001 >0.05 <0.001 >0.05
Immunophenotype£ B-type (n= 21) 26.5± 2.8 44.2± 5.3 16.1± 2.8 35.5± 4.2 829.5± 114.7 1,542.3± 202.4

T-type (n= 4) 29.7± 1.7 51.4± 1.2 19.7± 0.9 40.7± 2.2 922.3± 132.8 870.4± 124.6
P 0.07 0.04 0.03 <0.01 >0.05 <0.001

Post-treatment+ Complete
remission (n= 5)

29.1± 2.6 38.3± 1.6c 17.4± 2.7 31.7± 5.4b 830.6± 109.7 1,412.3± 201.4a

Partial remission
(n= 13)

27.2± 4.1 45.5± 3.7b 18.1± 1.9 37.9± 6.2ab 827.9± 123.6 1,246.7± 194.6ab

Progressive
disease (n= 7)

28.4± 3.4 59.3± 4.5a 18.2± 2.5 44.5± 7.1a 968.7± 89.5 954.1± 214.6b

P >0.05 <0.001 >0.05 <0.01 >0.05 <0.001

Note: ‘n’ is the number of animals per evaluated variable.
*Clinical stage:
I – Local or regional or widespread lymphadenopathy;
II – Liver and/or spleen, and/or bone marrow with or without lymphadenopathy;
#Absence clinical signs ‘Substage a’; presence of non-specific clinical signs such as appetite loss, weight loss, vomiting, diarrhea,
polyuria, polydipsia, and fever ‘Substage b’;
£ Immunophenotype (B-type, T-type);
+Post-treatment effect (complete remission – disappearance of clinical disease; partial remission – decrease greater than, or equal to
50% of tumor size, without new foci; progressive disease: increased by at least 50% in tumor size, or appearance of new foci).
NOTE: mean and standard deviation with the same letters (a,b or c) in the same column do not differ statistically for the post-
treatment variable.
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body defences.19 Our findings are very intriguing since
cancer cells are frequently deficient in most crucial
antioxidative enzymes, such as catalase, glutathione
peroxidase, and superoxide dismutase.20–22 This indi-
cates a high vulnerability of tumor cells to ROS.23,24

High levels of oxidative stress cause cytotoxicity as
mentioned above, probably by inhibiting cell prolifer-
ation and leading to apoptic/necrotic cell death.
However, despite this apparent ‘beneficial’ effect on
tumor cells, a high level of ROS continues to induce
DNA damage and inflammatory reactions,25 a situ-
ation that may explain the increased levels of AOPP.
After CHOP treatment, it was found that che-

motherapy exacerbated the oxidative stress i.e. the
levels of AOPP and TBARS increased in the serum
of dogs treated against lymphoma. Similar results
were found by other researchers26 when most patients
showed a marked increase in TBARS concentration

compared to values measured before therapy. In fact,
many conventional anticancer drugs, including vin-
blastine, doxorubicin, camptothecin, cisplatin, and
inostamycin, exhibit antitumor activities via ROS gen-
eration.27 Thus, CHOP chemotherapy can also gener-
ate oxygen free radicals and lipid peroxidation that are
harmful to membrane proteins and DNA.28,29 It is
important to highlight that before CHOP treatment,
animals with Substage ‘b’ (showing non-specific clini-
cal signs due to the disease) had increased levels of
TBARS compared to those with Substage ‘a’.
Therefore, chemotherapy for lymphoma leads to
increased free radicals, and consequently causes cell
damage, which in this study was detected by lipid per-
oxidation and protein oxidation. Thus, it is suggested
that the treatment is a factor aggravating oxidative
stress.

Regarding FRAP, the dogs with multicentric lym-
phoma showed an increase in total antioxidants.
Based on the information mentioned earlier regarding
the effect of ROS on tumor cells, an increase in FRAP
levels might be a response that protects host cells
against exacerbated damage. Our results are in agree-
ment with Vadjdovich et al.5 who estimated the total
antioxidant status of dogs with lymphoid tissue lym-
phoma by FRAP. Interestingly, our results showed
that pre-treatment and post-treatment dogs with lym-
phoma did not show a significant (only a tendency)
difference in FRAP levels. Even before treatment,
our results showed that animals with clinical signs of
disease already had increased levels of FRAP;
however, it is important to emphasize that dogs (n=
4) with type T lymphoma showed statistically signifi-
cantly reduced levels of FRAP, and all of them were
dogs with progressive disease. Most studies found
that dogs with B-cell lymphoma were more likely to
achieve a complete remission (81–84%) than dogs
with T-cell lymphoma (50–67%).30–32

The degree of any anemia, leukocytosis, and lym-
phopenia is tumor prognostic indicators and we
observed all of these changes after the chemotherapy
protocol. Chemotherapy is one of the most important
causes of anemia in cancer patients and the association
between dose and duration of chemotherapy with
anemia is well known.33 In fact, we noted an anemic
status post-treatment without, however, MCV and
MCHC changes. Anemia is associated with shorter
survival in cancer patients and this association has
been established for almost all types of cancer
studied.34 Other frequent alterations observed in the
hematology of dogs with lymphoma included leukocy-
tosis (40%) and lymphopenia (30%).35 Leukocytosis is
often detected in dogs with lymphoma, reflecting the
inflammatory condition related to the tumor.36 After
chemotherapy, leukocytosis was not observed in
treated animals, suggesting the reduction in

Figure 2 Levels of advanced oxidation protein product
(AOPP), TBARS, and FRAP of dogs with lymphoma (before
and after chemotherapy) when compared to healthy dogs
(control). Results were considered significant between
groups when P< 0.05. Data are presented as mean values±
standard error.

Bottari et al. Oxidative stress in dogs with multicentric lymphoma

Redox Report 2015 VOL. 20 NO. 6272



inflammatory conditions linked to the tumor.
Lymphopenia (30%) was a finding in this study after
chemotherapy. This usually occurs due to sequestra-
tion of lymphocytes because of lymph stasis.37

Lymphocytosis has been observed in 20–22% of dogs
with lymphoma,35,38 but in animals with leukemic
lymphoma the occurrence increases to 86%.39

After the fourth cycle of chemotherapy, it was poss-
ible to verify the absence of clinical signs in all dogs
according to anamnesis and clinical examination,
although the animals showed an increase in lipid per-
oxidation levels and protein oxidation. It is worth
noting that an increase on these variables is bad for
the patient, since they are indicative of cell injury,
especially when the total antioxidant levels do not
increase proportionally.13,14 However, in the period
evaluated, clinically treated dogs showed no side
effects, though we cannot rule out a possible negative
effect to the patient in the long run if AOPP and
TBARS levels remain increased.
Based on the results, we conclude that dogs with

lymphoma showed protein oxidation, increased lipid
peroxidation, and increased FRAP. It is important to
emphasize that exacerbated oxidative stress was
observed in dogs with multicentric lymphoma in
Stage IV–V (involvement of lymph nodes, visceral
organs, and/or bone marrow) compared to those in
Stage I–III (involvement of lymph nodes only) of the
disease. We also found increased oxidative stress in
dogs with Substage ‘b’, and those having the T-immu-
nophenotype form of lymphoma. Another important
finding after chemotherapy was that FRAP levels
were higher in dogs that showed complete remission
of the disease when compared to animals with pro-
gressive disease.
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