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Abstract
Background  Mounting evidence suggests that malondialdehyde (MDA) and 8-hydroxy-2’-deoxyguanosine 
(8-OHdG) are valuable biomarkers of lipid and nucleic acid oxidation in numerous canine diseases. However, 
their application in clinical settings is limited due to the absence of reference intervals (RI) and the analytical 
inconsistencies. Therefore, this study aimed to characterize serum MDA and 8-OHdG concentrations in dogs, to 
establish assay-specific RI, and to identify biological, haematological and biochemical factors influencing these 
markers.

Methods  A total of 190 clinically healthy dogs were recruited, including pet dogs, working dogs and shelter dogs. 
Serum MDA concentration was measured by the Thiobarbituric Acid Reactive Substances (TBARS) assay, while 
8-OHdG levels were determined by using a competitive ELISA. RI were established by non-parametric methods. 
Potential associations between oxidative stress (OS) biomarkers and multiple biological, haematological and 
biochemical factors were assessed using multivariate regression models.

Results  RI for serum MDA (1.85–14.51 µM) and 8-OHdG (0.06–0.75 ng/mL) were established in the reference 
population (144 and 143 dogs, respectively). The multivariate regression model for MDA revealed a positive 
association with total cholesterol concentration, and a negative association with monocyte count. 8-OHdG level was 
positively associated with urea concentration. Notably, both models also revealed a significant association between 
MDA and 8-OHdG. Biological factors, including the age and size of the animals, did not exert a significant influence on 
the results.

Conclusions  This is the first study to establish serum RI for MDA and 8-OHdG in a large and diverse canine 
population. Additionally, the multivariate regression models identified relevant haematological and biochemical, 
but not biological factors that should be considered when interpreting the results. These findings could significantly 
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Background
The term “oxidative stress” (OS) was first introduced 
by Helmut Sies in 1985 as an imbalance between oxi-
dants and antioxidants, favouring the oxidants, that may 
induce damage in biological systems [1]. The concept has 
undergone redefinition over the years to account for its 
essential role in physiological signaling processes. Nev-
ertheless, it has been proven to participate in the patho-
genesis of multiple diseases, as a consequence of the 
molecular damage caused by the accumulation of exces-
sive amounts of reactive species, especially reactive oxy-
gen species (ROS), reactive nitrogen species (RNS), and 
their byproducts [2–4].

Given that redox biology involves numerous com-
pounds and biochemical pathways, a major challenge in 
assessing OS in clinical practice lies in its measurement 
[4–6]. Diverse biomarkers have been identified, reflect-
ing either direct oxidative damage to biomolecules or the 
antioxidant defences. Oxidative damage can be assessed 
by measuring products of ROS-mediated modifications. 
Malondialdehyde (MDA), a metabolite of lipid peroxi-
dation, is one of the most widely employed biomarkers 
of OS. Numerous techniques have been developed for 
its quantification, including High Performance Liquid 
Chromatography (HPLC) and mass spectrometric assays, 
which display high sensitivity and specificity. However, 
the Thiobarbituric Acid Reactive Substances (TBARS) 
assay is one most commonly used assays due to its sim-
plicity and availability in clinical settings [7–11]. Among 
DNA oxidation biomarkers, 8-hydroxy-2’-deoxyguano-
sine (8-OHdG) is one of the most extensively studied. 
8-OHdG is a byproduct of ROS-mediated guanine oxida-
tion, which can be quantified in tissues and body fluids 
by various highly specific but complex techniques (e.g. 
HPLC, gas chromatography with mass spectrometry) as 
well as by more readily available assays such as Enzyme-
Linked Immunosorbent Assay (ELISA) [12–16].

These biomarkers have demonstrated clinical utility in 
dogs. Elevated MDA levels, as measured by the TBARS 
assay, have been associated with various canine diseases, 
including leishmaniosis [17–19], ehrlichiosis [20, 21], 
hypothyroidism [22, 23], inflammatory bowel disease 
[24], chronic kidney disease [25], obesity [26], hyperlipi-
daemia [27], and cancer [9, 28]. MDA has also been found 
to be useful for assessing other situations in dogs such 
as emotional stress, recovery after surgery and physical 
exercise, among others [29–36]. Furthermore, increased 
DNA oxidation, as indicated by elevated 8-OHdG lev-
els, has been observed in dogs with babesiosis [37], atrial 

fibrillation [38], malignant mammary gland tumours [39] 
and following prolonged exercise [40].

However, despite the evidence of the clinical value of 
MDA and 8-OHdG in canine diseases, their use in vet-
erinary medicine remains largely confined to research. 
Several factors contribute to this, including the lack of 
established reference intervals (RI) and the variability in 
analytical assays. Currently, no established RI have been 
reported for 8-OHdG in dogs, and only one study has 
suggested RI for plasma MDA in this species, using a rel-
atively small sample size [41]. Additionally, multiple ana-
lytical assays can be used to measure MDA and 8-OHdG, 
each with inherent variations. This variability can signifi-
cantly impact the reported values, making comparison 
between studies and individual cases difficult [6, 7, 11, 
41], and limiting their application in clinical practice.

Hence, the main objective of this study was to char-
acterize serum concentrations of MDA and 8-OHdG in 
healthy dogs. We aimed to establish assay-specific RI for 
MDA measured by TBARS, and 8-OHdG measured by 
competitive ELISA, in accordance to the American Soci-
ety for Veterinary Clinical Pathology (ASVCP) guidelines 
[42]. Additionally, we assessed the influence of various 
sources of biological variation on the assays, and the 
relationship between these biomarkers and several hae-
matological and biochemical variables. Providing data on 
these aspects could pave the way for the application of 
these biomarkers in clinical settings.

Methods
Reference population, inclusion and exclusion criteria
This study followed the ASVCP’s Quality Assurance and 
Laboratory Standards Committee (QALS) guidelines for 
the determination of de novo RI in veterinary species 
[42]. An initial population of 190 clinically healthy dogs 
was recruited, exceeding recommended minimum of 120 
animals to employ nonparametric statistical methods 
with 90% confidence intervals (CI) [42]. The initial popu-
lation encompassed three distinct groups of animals: 82 
privately-owned pet dogs, 56 working police dogs and 
52 dogs residing in a rescue shelter. This aimed to rep-
resent the heterogeneity of the canine species. All ani-
mals were located in the Community of Madrid (Spain). 
Blood samples were collected during routine health 
checks at the Veterinary Teaching Hospital of the Com-
plutense University of Madrid, between July 2021 and 
December 2022. These analyses included haematological 
and biochemical profiles, along with testing for antibod-
ies against two prevalent vector borne pathogens in the 
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area (Leishmania infantum and Ehrlichia canis) [43, 44]. 
MDA and 8-OHdG concentration measurements were 
performed on the remaining serum volume from these 
routine health checks. Therefore, an ethics approval was 
not needed, as confirmed by the Veterinary Teaching 
Hospital criteria. Dog owners were informed of the use of 
remaining serum samples for scientific purposes.

Inclusion criteria for this study comprised dogs of any 
age, sex, breed, and size, demonstrating clinical health 
based on physical examination, including normal body 
condition, and laboratory results. Exclusion criteria 
included any history of pre-existing diseases, recent med-
ication use (min. 1 month), or evidence of disease from 
the physical examination or laboratory analyses.

Blood sampling and preanalytical factors
Venous blood samples were collected and transferred 
into 0.5 mL tubes containing K3 EDTA for the haema-
tology profile. For biochemistry and serology analyses, 
blood was transferred into 5 mL plain tubes and centri-
fuged (1200  g, 10  min) for serum separation. The hae-
matological and biochemical analyses were performed 
within 3  h of sample collection. Surplus serum samples 
were aliquoted and stored at -80ºC for cortisol, infectious 
diseases antibodies and OS biomarkers determination. 
OS biomarkers were determined in batches complying 
with their stability data [45, 46]. In view of the interfer-
ence due to hemolysis, icterus and lipemia on TBARS 
assay, samples showing any of these alterations were 
excluded [47].

Laboratory analyses
The haematology profile was conducted on an automated 
haematology analyzer (URIT 2900Vet Plus TS®, URIT 
Global Diagnostics Supplier, China), which included red 
blood cell count (RBC), haemoglobin (HB), hematocrit 
(HCT), mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), mean corpuscular haemo-
globin concentration (MCHC), white blood cell count 
(WBC), platelet count (PLT) and mean platelet volume 
(MPV). Blood smears were stained with May-Grün-
wald‐Giemsa, and evaluated for manual differential leu-
kocyte counts [neutrophils (NEU), lymphocytes (LYM), 
monocytes (MONO), eosinophils (EOS) and basophils 
(BASO)]. The biochemistry profile was obtained using 
an automated biochemistry analyzer (TC220®, Jiangxi 
Tecom Science Corporation, China), which included 
17 variables: urea (UREA), creatinine (CRE), total pro-
tein (TP), albumin (ALB), globulins (GLOB), albumin/
globulins ratio (A/G), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), gamma-glutamyl-
transferase (GGT), alkaline phosphatase (ALKP), lactate 
dehydrogenase (LDH), calcium (Ca), phosphate (P), cal-
cium/phosphate ratio (Ca/P), total cholesterol (CHOL), 

uric acid (UA) and creatine kinase (CK). Serum cortisol 
was measured by a competitive ELISA, previously vali-
dated by the laboratory, as a potential indicator of psy-
chogenic stress in the dogs [48–50]. In addition, serum 
antibodies against Leishmania infantum and Ehrlichia 
canis were determined by immunofluorescence antibody 
test (IFAT).

OS biomarkers were assessed using commercially avail-
able kits. Serum MDA concentration was determined 
using a TBARS assay kit (Cayman Chemicals, USA). This 
method relies on the reaction between MDA and thio-
barbituric acid (TBA) under elevated temperatures and 
acidic conditions, producing an MDA-TBA adduct that is 
quantified spectrophotometrically at 540 nm. The results 
were expressed in MDA concentration (µM). This kit had 
been previously employed in canine serum and plasma 
samples [26, 36, 51].

Serum 8-OHdG was quantified by a competitive ELISA 
[Highly Sensitive 8-OHdG Check, Japan Institute for the 
Control of Aging (Jaica), Japan], validated for canine sam-
ples by the manufacturer [46]. The assay included a fil-
tration of serum samples prior to analysis using an ultra 
filter (cut off molecular weight 10,000) (Amicon® Ultra, 
Merck KGaA, Germany). Results were expressed in 
8-OHdG concentration (ng/mL).

Statistical analysis
Statistical analysis for the establishment of RI was con-
ducted following the ASVCP and the Clinical and Labo-
ratory Standards Institute (CLSI) guidelines, using the 
set of macroinstructions for Microsoft Excel®Reference 
Value Advisor [42, 52, 53]. Descriptive analysis was pro-
vided and the normality of data distribution was assessed 
by means of histograms and the Anderson-Darling test, 
considering a p value < 0.050 as statistically significant. 
The Tukey’s test was employed to identify and remove 
potential outliers. Reference limits were then calculated 
through nonparametric methods, encompassing the cen-
tral 95% of the reference values with 90% CI. The parti-
tioning into the three study groups (pet dogs, police dogs 
and shelter dogs) was evaluated using the statistical crite-
ria of Lahti et al. [54] and clinical considerations, as rec-
ommended [42, 55].

Univariate and multivariate statistical analysis were 
conducted to evaluate the influence of the sources of bio-
logical variation and the analytical variables on OS bio-
markers. Firstly, univariate analysis was performed by 
non-parametric tests using SPSS® Statistics (IBM®, Spain). 
Differences between sexes were evaluated through the 
Mann-Whitney U test, and differences between variables 
with three or more categories [study groups and dog sizes 
(small, medium and large)] were assessed using the Krus-
kall-Wallis test with Bonferroni’s correction. To examine 
the uniformity of groups in terms of dog sizes and sexes, 
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the demographic data of the groups were subjected to a 
Chi-squared test. The Spearman’s Rho test was used to 
evaluate the statistical correlation between OS biomark-
ers and numerical variables (age, haematological, bio-
chemical variables and serum cortisol). A p value < 0.050 
was considered statistically significant in every case.

Finally, to identify the factors that had a significant 
impact on OS biomarkers when evaluated as a whole, 
multivariate regression models were constructed for each 
OS biomarker using statistical software STATA™ (Stata-
Corp LLC, USA). The OS biomarker (MDA or 8-OHdG) 
was defined as the dependent variable and the “reference 
dog” was defined as a male pet dog. The model evaluated 
the effect of the biological variables (group, sex, age, size), 
along with the effect of those numerical (haematological 
and biochemical) variables that had showed statistically 
significant association with each biomarker in univariate 
analysis.

Results
Reference population
Out of the initial population of 190 animals, 26 dogs were 
excluded from the study due to clinical data meeting 
exclusion criteria, or due to abnormal haematological or 
biochemical results. Additionally, 11 dogs were excluded 
due to positive serology tests, and 9 dogs were discarded 
in view of haemolytic or lipemic serum samples. As a 
result, statistical analysis was conducted on a reference 
population of 144 dogs.

The reference population (n = 144) encompassed 57 
pet dogs (40%), 43 police dogs (30%) and 44 shelter dogs 
(30%), of both sexes [76 males (53%) and 68 females 
(47%)], with ages ranging from 6 months to 16 years 
[mean 3,93 years and standard deviation (SD) 2,90], and 
various sizes [small (n = 19; 13%), medium (n = 28; 20%) 
and large (n = 97; 67%)]. The population included 31 
breeds: mixed-breed dogs (25% of the reference popula-
tion), German Shepherd (14%), Belgian Malinois (14%), 
American Staffordshire Terrier (8%), Pitbull Terrier 
(7%), Labrador Retriever (5%), Spanish Greyhound (3%), 
Podenco (3%), and others (see supplementary material).

Pet dogs group (n = 57) consisted of 29 males (51%) 
and 28 females (49%), ranging in age between 6 months 
and 10 years (mean 3.21; SD 2.81), sized small (28%), 
medium (37%) and large (35%). Pet dogs belonged to 
multiple breeds, mainly mixed-breed dogs (32%), Lab-
rador Retriever (7%), Podenco (7%), Maltese (5%) and 
others. The group of police dogs (n = 43) consisted of 18 
males (42%) and 25 females (58%), between 6 months 
and 9.5 years of age (mean 4.83; SD 2.37). All police dogs 
were large, being Belgian Malinois (47%), German Shep-
herd (44%), Labrador Retriever (5%), German Short-
haired Pointer (2%) and mixed-breed dogs (2%). Shelter 
dogs group (n = 44) included 29 males (66%), 15 females 

(34%), ranging from 6 months to 16 years of age (mean 
3.98; SD 3.28), of the three sizes [small (7%), medium 
(16%) and large (77%)]. Shelter dogs belonged to various 
breeds [mixed-breed (39%), American Staffordshire Ter-
rier (25%), Pitbull Terrier (21%) Spanish Greyhound (7%) 
and others] (see supplementary material).

The Chi-squared test showed no significant differ-
ence in sex distribution between the groups (p = 0.075). 
Conversely, the groups were not uniform in dog sizes 
(p < 0.001).

Reference intervals
Descriptive statistics and the RI established for serum 
MDA and 8-OHdG, obtained with nonparametric meth-
ods in Reference Value Advisor, are presented in Table 1. 
The frequency histograms of both biomarkers are illus-
trated in Figs.  1 and 2. The Anderson-Darling method 
revealed both biomarkers followed non-Gaussian distri-
butions (p < 0.001). The Tukey’s test identified one outlier 
in the distribution of 8-OHdG, which was deemed an 
aberrant observation and subsequently excluded from 
the reference population. Conversely, other observations 
flagged as “suspicious” by the Tukey’s test for MDA and 
8-OHdG were retained in the absence of evidence of dis-
ease or analytical inaccuracies. As a result, the final refer-
ence population comprised 144 dogs for MDA and 143 
dogs for 8-OHdG.

Mean MDA concentrations in the three study groups 
were 8.14 µM (SD 3.03) in pet dogs; 7.30 µM (SD 3.32) in 
police dogs; and 6.16 µM (SD 3.31) in shelter dogs. Mean 
8-OHdG concentrations were 0.43 ng/mL (SD 0.21) for 
pet dogs; 0.41 ng/mL (SD 0.19) for police dogs; and 0.43 
ng/mL (SD 0.19) for shelter dogs. According to Lahti et 
al. (2004) statistical recommendations for non-Gauss-
ian distributions [54], partitioning into the three study 
groups (pet, police, and shelter dogs) could be applied for 
both biomarkers. However, statistical results from mul-
tivariate analysis and clinical considerations were also 
taken into account, as recommended [42, 54, 55], which 
did not support partitioning. Therefore, the entire popu-
lation RI were retained for both biomarkers.

Univariate analysis
The Kruskal-Wallis test showed statistically significant 
differences between groups for MDA (p = 0.006), but not 
for 8-OHdG (p = 0.835) (Figs. 3 and 4). The concentration 
of MDA was found to be significantly lower in shelter 
dogs compared to pet dogs (p = 0.004), but no statistically 
significant differences were observed between the other 
groups. No significant differences between sizes were 
found by the Kruskal-Wallis test for MDA (p = 0.196), nor 
8-OHdG (p = 0.605). Similarly, no significant differences 
between sexes were found by the Mann-Whitney U test 
for MDA (p = 0.090) nor 8-OHdG (p = 0.733).
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The Spearman’s Rho method revealed no signifi-
cant correlation between age and MDA (p = 0.681) nor 
8-OHdG (p = 0.203). Regarding analytical variables, 
MDA showed significant correlation coefficients (R) with 
MONO (p = 0.027, R=-0.185), EOS (p = 0.048, R=-0.165) 
and CHOL (p < 0.001, R = 0.518). 8-OHdG showed sig-
nificant correlations with UREA (p < 0.001, R = 0.402), 
CRE (p = 0.007, R = 0.229) and AU (p = 0.008, R = 0.225). Ta
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Fig. 2  Histogram depicting the frequency distribution for serum 8-hy-
droxy-2’-deoxyguanosine (8-OHdG) in the reference population (n = 143). 
Serum 8-OHdG distribution was non-Gaussian, according to the Ander-
son-Darling test (p < 0.001)

 

Fig. 1  Histogram depicting the frequency distribution for serum malo-
ndialdehyde (MDA) in the reference population (n = 144). Serum MDA 
distribution was non-Gaussian, according to the Anderson-Darling test 
(p < 0.001)

 



Page 6 of 12Perez-Montero et al. BMC Veterinary Research          (2025) 21:161 

Fig. 4  Box plots showing median (line within box), 25th and 75th percentiles (box) and minimum and maximum values (whiskers), of serum 8-hy-
droxy-2’-deoxyguanosine (8-OHdG) results in the three groups of study

 

Fig. 3  Box plots showing median (line within box), 25th and 75th percentiles (box) and minimum and maximum values (whiskers), of serum malondial-
dehyde (MDA) results in the three groups of study (pet, police and shelter dogs). Data points lying between 1.5 (○) and 3 times (*) the interquartile range 
above the third quartile or below the first quartile are represented in the figure
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Spearman’s Rho test also revealed a significant corre-
lation between MDA and 8-OHdG values (p = 0.008, 
R = 0.219). The rest of the analytical variables, including 
serum cortisol, did not show significant correlations with 
OS biomarkers.

Multivariate regression models
To evaluate the influence of the biological factors (group, 
sex, size and age) along with the analytical variables that 
showed significant correlation with each biomarker in 
the univariate analysis, a multivariate regression model 
was constructed for each biomarker. The model for 
MDA revealed significant positive influences of CHOL 
(p < 0.001) and 8-OHdG (p = 0.001) values, and a signifi-
cant negative influence of MONO value (p = 0.036). Addi-
tionally, shelter dogs were found to display significantly 
lower MDA values than pet dogs (p = 0.010). The rest 
of the biological (sex, age and size) and analytical vari-
ables (EOS) did not significantly impact MDA value. The 
model for 8-OHdG confirmed the positive relationship 
between 8-OHdG and MDA (p = 0.011), and the positive 
influence of UREA (p < 0.001). The associations between 
8-OHdG and CREA or AU were discarded by the model. 
Coefficient estimates, standard errors, and p-values 
obtained for each variable are displayed in Tables 2 and 3.

Discussion
Even though MDA and 8-OHdG have been suggested 
as clinically valuable biomarkers in multiple canine dis-
eases and conditions [9, 17–40], their application in 
clinical settings is still scarce, likely due to the absence 
of established RI and the discrepancies between analyti-
cal techniques [6, 7, 11, 41]. The present study is the first 
to report assay-specific RI for MDA and 8-OHdG in the 

canine species, as well as identifying various significantly 
related haematological and biochemical factors.

RI for serum MDA and 8-OHdG
RI for both biomarkers were obtained through Reference 
Value Advisor, calculating reference limits with 90% CI 
using nonparametric methods, and encompassing the 
central 95% of the observations. Normality of distribu-
tions were assessed using the Anderson-Darling test, and 
outliers were identified using the Tukey’s test [53].

Serum MDA and 8-OHdG concentrations in the refer-
ence population (n = 144 and n = 143, respectively) were 
found to follow non-Gaussian distributions. In contrast 
to some thoroughly regulated biochemical analytes (such 
as electrolytes or glucose), other biochemical variables 
do not typically follow Gaussian distributions [56], which 
could apply to these by-products of oxidative damage, 
influenced by the multiple factors affecting redox homeo-
stasis [4].

The present study established a RI for canine serum 
MDA concentration of 1.85 to 14.51 µM (mean 7.28; SD 
3.29), being the first RI reported for this analyte in a large 
population, as recommended in the ASVCP guidelines 
[42], and serving as an stepping stone for its utilization in 
clinical settings. The only previous study that suggested 
RI for plasma MDA in dogs obtained lower results, but 
comprised a rather limited population in number and 
biological sources of variation (56 medium-sized mon-
grel dogs, aged 3–4 years) [41]. In accordance with our 
results, various studies have reported blood MDA con-
centrations in control dogs within our RI [31, 36]. Other 
studies obtained higher or lower plasma/serum MDA 
values in small groups of healthy dogs [17, 23, 51], which 

Table 2  Output of the final multivariate regression model for factors associated with serum malondialdehyde (MDA) in the canine 
reference population. Statistically significant associations (p < 0.050) are displayed in bold. SE, standard error; CI, confident intervals; 
MONO, monocytes; CHOL, cholesterol; 8-OHdG, 8-hydroxy-2’-deoxyguanosine
MDA Coefficient SE t value p value 95% CI
Group
Police -0.4642142 0.5353112 -0.87 0.387 -1.522966 0.594538
Shelter -1.401647 0.5326891 -2.63 0.010 -2.455214 -0.3480812
MONO -1.453809 0.6846023 -2.12 0.036 -2.807833 -0.0997851
CHOL 0.0328542 0.0043803 7.50 0.000 0.0241907 0.0415176
8-OHdG 3.999976 1.149238 3.48 0.001 1.726984 6.272967
Constant 0.2718914 1.152349 0.24 0.814 -2.007254 2.551037

Table 3  Output of the final multivariate regression model for factors associated with serum 8-hydroxy-2’-deoxyguanosine (8-OHdG) 
in the canine reference population. Statistically significant associations (p < 0.050) are displayed in bold. SE, standard error; CI, confident 
intervals; MDA, malondialdehyde
8-OHdG Coefficient SE t value p value 95% CI
UREA 0.0064659 0.0013167 4.91 0.000 0.0038623 0.0090696
MDA 0.0117486 0.0045499 2.58 0.011 0.0027514 0.0207458
Constant 0.0790695 0.0609389 1.30 0.197 -0.0414329 0.1995719
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could be attributed to the analytical variations of TBARS 
assay [6, 7, 11].

This study established a RI for canine serum 8-OHdG 
concentration of 0.06 to 0.75 ng/mL (mean 0.42; SD 
0.20). While previous works have measured 8-OHdG in 
canine tissues and other body fluids [38, 39, 57–59], this 
is the first study reporting a canine serum RI. This finding 
holds potential for expanding the investigation of DNA 
oxidative damage in canine pathology through the use of 
serum samples. Our finding could only be compared to 
a single study reporting a serum mean value of 1.44 ng/
mL in a control canine population, although the antibody 
used in their assay recognizes other damaged nucleic spe-
cies besides 8-OHdG, yielding higher values [37]. Other 
studies have measured plasma or serum 8-OHdG in dogs 
[40, 60, 61], but lacked necessary data (numerical results 
and pre-filtration details) for a proper comparison.

For both MDA and 8-OHdG, it was decided to pre-
serve the entire reference population RI rather than par-
titioning into study groups (pet, police and shelter dogs) 
in the absence of clinical criteria or published data that 
supported otherwise [42, 54, 55].

Influence of biological factors on OS biomarkers
While the univariate analysis identified various poten-
tial influences, the multivariate models provided a more 
comprehensive approach, revealing the biological and 
analytical factors significantly associated with MDA and 
8-OHdG. Regarding the sources of biological variation, 
neither MDA nor 8-OHdG showed significant associa-
tions with age or size of the animals. Although OS has 
been associated with cellular senescence, the relation-
ship between age and oxidation rate has not been proven 
in all animal models, and seems to be non-linear, prob-
ably due to other affecting factors such as genotype, gene 
expression and mitochondrial function [62]. Additionally, 
as a result of the correlation between size and lifespan 
in dogs, heterogeneous populations such as the present 
one may fail to reveal associations between OS biomark-
ers and age or size separately [57, 63–65]. This study did 
not find significant associations between sex and MDA 
or 8-OHdG. While a prior study reported variations in 
ROS levels across the oestrus cycle in female dogs [66], 
information on the reproductive status was not recorded 
in our study, limiting further exploration of this aspect. 
Additionally, the breed factor could not be assessed due 
to the racial heterogeneity of the reference population.

We measured serum cortisol to assess psychogenic 
stress aiming to investigate if police or shelter dogs expe-
rienced heightened psychogenic stress and its potential 
relationship with OS biomarkers. However, no signifi-
cant associations were found between cortisol and MDA 
nor 8-OHdG. This could be attributed to the inherent 
difficulties in assessing of psychogenic stress through 

analytical variables, and the documented lack of specific-
ity of glucocorticoids in this aspect [67–73]. Lastly, the 
regression model showed lower MDA in shelter dogs. 
No clear clinical explanations were found for this finding, 
which could be influenced by an individual lower value 
(0.17 µM) that was not flagged as outlier by the software 
but may have influenced the model.

Associations between OS biomarkers and haematological 
and biochemical variables
The regression model for serum MDA revealed posi-
tive associations with 8-OHdG and CHOL values, and a 
negative association with MONO. The positive relation-
ship between MDA and 8-OHdG concentrations would 
be fully in line with the underlying mechanisms of OS. 
Firstly, it seems reasonable that those individuals that 
are more exposed to OS experienced increased lipid and 
DNA oxidation, especially considering that many reac-
tive species, such as hydroxyl radicals (•OH), are able to 
oxidize both biomolecules [74–76]. Secondly, it would 
be plausible that increased lipid peroxidation induced 
enhanced DNA oxidation. This would be supported by 
the fact that oxidized membrane phospholipids expe-
rience structural damages that affect cellular integrity 
[77–79], which may increase the exposure of nucleic 
acids to oxidation. Furthermore, oxidation of fatty acids 
produces lipid peroxides and other aldehydes, such as 
MDA, acrolein or isoprostanes, that are chemically active 
and capable of diffusing throughout the cytoplasm and 
further oxidizing other molecules, namely proteins and 
nucleic acids [11, 16, 80–82]. A previous study reported 
increased levels of both MDA and 8-OHdG in mam-
mary tissue of dogs with carcinomas [39], but the present 
work would be the first to find a significant association 
between both biomarkers in canine serum.

The positive association between MDA and CHOL 
values could be explained by in vivo and in vitro mecha-
nisms. Increased CHOL levels have been found in dogs 
with higher body condition scores [83], and a rise in 
lipid peroxidation, as demonstrated by higher MDA val-
ues, has been reported in obese dogs [26] and dogs with 
hyperlipidemia [27]. The present study encompassed 
healthy dogs and excluded underweight and overweight 
dogs, but it is possible that individuals with a higher 
body fat percentage presented an increase in tissue lipid 
peroxidation. Furthermore, along with membrane phos-
pholipids, CHOL itself is one of the main targets of 
lipid peroxidation by free radicals and other oxidants, 
potentially yielding several products such as MDA [84]. 
This could represent another in vivo mechanism of this 
relationship. In vitro explanations could be related to 
the ability of TBA to react with other lipids, apart from 
MDA, during TBARS assay [7, 8, 11, 85]. In this study, 
visually lipemic samples were excluded in light of the 
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interference of lipemia with the assay [47]. However, 
given that circulating CHOL is transported by various 
lipoproteins [56], it seems possible that samples with 
higher CHOL levels also carried other lipids capable of 
cross-reacting with TBARS assay.

The model also showed an inverse association between 
MDA and MONO values. It has been reported that 
MDA forms adducts with low-density lipoproteins 
(LDL) (MDA-LDL), which are recognized by macro-
phages’ scavenger receptors, leading to their internaliza-
tion and foam cell formation [86]. Moreover, MDA-LDL 
adducts seem to trigger macrophage apoptosis, mediated 
by immune complexes (IC) and tumour necrosis factor 
(TNF) [87]. While investigating these mechanisms would 
require more complex analytical methods, it could be 
plausible that similar processes could contribute to the 
observed inverse relationship between MDA and MONO 
values.

The regression model for 8-OHdG confirmed its posi-
tive association with MDA concentration, and revealed 
a positive association with UREA. The latter could be 
attributed to the renal excretion of both analytes [88]. 
Notably, 8-OHdG has been reported as a valuable bio-
marker in humans with chronic renal disease [88–90], 
renal carcinoma [91], and diabetic nephropathy [92] but, 
to our knowledge, this would be the first study to find 
associations between serum UREA and 8-OHdG concen-
trations in dogs.

Limitations of the present study include the lack of 
information regarding the dogs’ diet and reproduc-
tive status. Further studies are needed to investigate the 
potential influence of these factors on MDA and 8-OHdG 
values.

Conclusions
OS has been proven to be a critical mechanism in the 
pathogenesis of several canine diseases, but the data on 
RI and biological and analytical factors associated with 
two of the most widely used biomarkers is still scarce. 
The present study is the first to establish assay-specific 
RI for serum MDA (1.85–14.51 µM) and 8-OHdG (0.06–
0.75 ng/mL) in a large and heterogeneous population of 
dogs. Additionally, the study revealed a positive relation-
ship between both biomarkers, in line with the biochemi-
cal basis of OS, and demonstrated significant associations 
between MDA, CHOL and MONO values; and 8-OHdG 
and UREA concentrations. These data seem to have 
promising clinical value and could favour the application 
of MDA and 8-OHdG in a broader clinical spectrum.

Abbreviations
8-OHdG	� 8-hydroxy-2’-deoxyguanosine
A/G	� Albumin/globulins ratio
ACVCP	� American Society for Veterinary Clinical Pathology
ALB	� Albumin

ALKP	� Alkaline phosphatase
ALT	� Alanine aminotransferase
AST	� Aspartate aminotransferase
BASO	� Basophils
Ca/P	� Calcium/phosphate ratio
Ca	� Calcium
CHOL	� Total cholesterol
CK	� Creatine kinase
CLSI	� Clinical and Laboratory Standards Institute
CRE	� Creatinine
ELISA	� Enzyme-Linked Immunosorbent Assay
EOS	� Eosinophils
GGT	� Gamma-glutamyltransferase
GLOB	� Globulins
HB	� Haemoglobin
HCT	� Hematocrit
IFAT	� Immunofluorescence antibody test
LDH	� Lactate dehydrogenase
LDL	� Low-density lipoproteins
LYM	� Lymphocytes
MCH	� Mean corpuscular haemoglobin
MCHC	� Mean corpuscular haemoglobin concentration
MCV	� Mean corpuscular volume (MCV)
MDA	� Malondialdehyde
MONO	� Monocytes
MPV	� Mean platelet volume
NEU	� Neutrophils
OS	� Oxidative stress
P	� Phosphate
PLT	� Platelet count
RBC	� Red blood cell count
RI	� Reference intervals
RNS	� Reactive nitrogen species
ROS	� Reactive oxygen species
TBA	� Thiobarbituric acid
TBARS	� Thiobarbituric Acid Reactive Substances
TNF	� Tumour necrosis factor
TP	� Total protein
UA	� Uric acid
UREA	� Urea
WBC	� White blood cell count

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​1​7​-​0​2​5​-​0​4​6​1​4​-​1.

Supplementary Material 1

Acknowledgements
We are grateful to the clinicians and technicians at the Veterinary Teaching 
Hospital (Complutense University, Madrid), María-Jesús Sánchez Calabuig, 
Eva Manceras, Ana Angulo, and Pilar Torrecilla, for their help collecting and 
processing samples, as well as the IT department at the VISAVET Health 
Surveillance Centre for figure editing.

Author contributions
Perez-Montero B.: Investigation, conceptualization, performing analytical 
methodology, data curation and writing original draft. Fermin-Rodriguez ML.: 
Conceptualization, supervision and reviewing original draft. Portero-Fuentes 
M.: Sample collection, reviewing original draft. Sarquis J.: IFAT methodology 
application, reviewing original draft. Caceres S.: Serum cortisol quantification, 
reviewing original drats. Illera del Portal J.C.: Serum cortisol quantification, 
providing resources. De Juan L.: Project administration, providing resources 
and reviewing original draft. Miro G.: Project administration, supervision and 
reviewing original draft. Cruz-Lopez F.: Supervision, data curation, validation of 
results, writing, reviewing and editing original draft.

Funding
The authors have not declared any specific funding for this research.

https://doi.org/10.1186/s12917-025-04614-1
https://doi.org/10.1186/s12917-025-04614-1


Page 10 of 12Perez-Montero et al. BMC Veterinary Research          (2025) 21:161 

Data availability
The data and materials are available from the corresponding author upon 
reasonable request.

Declarations

Ethics approval and consent to participate
The authors confirm that the ethical policies of the journal, described on the 
journal’s author guidelines page, have been adhered to. No ethical approval 
was required given that this study was performed with serum samples drawn 
for routine analysis. Dog owners were informed of the use of remaining serum 
samples for scientific purposes.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Clinical Pathology Service, Veterinary Teaching Hospital, Complutense 
University, Madrid, Spain
2Animal Medicine and Surgery Department, Faculty of Veterinary 
Medicine, Complutense University, Madrid, Spain
3Animal Health Department, Faculty of Veterinary Medicine, Complutense 
University, Madrid, Spain
4Animal Physiology Department, Faculty of Veterinary Medicine, 
Complutense University, Madrid, Spain
5VISAVET Health Surveillance Centre, Complutense University, Madrid, 
Spain

Received: 20 May 2024 / Accepted: 20 February 2025

References
1.	 Sies H. Oxidative stress: Introductory Remarks. In: Sies H, editor. Oxidative 

stress. London: Academic; 1985. pp. 1–8.
2.	 Forman HJ, Zhang H. Targeting oxidative stress in disease: promise and limita-

tions of antioxidant therapy. Nat Rev Drug Discov. 2021;20(9):689–709.
3.	 Sies H. Oxidative stress: concept and some practical aspects. Antioxid (Basel). 

2020;9(9):852.
4.	 Sies H, Berndt C, Jones DP. Oxidative stress. Annu Rev Biochem. 

2017;86(1):715–48.
5.	 Frijhoff J, Winyard PG, Zarkovic N, Davies SS, Stocker R, Cheng D, et al. 

Clinical relevance of biomarkers of oxidative stress. Antioxid Redox Signal. 
2015;23(14):1144–70.

6.	 Sánchez-Rodríguez MA, Mendoza-Núñez VM. Oxidative stress indexes 
for diagnosis of health or disease in humans. Oxid Med Cell Longev. 
2019;2019:4128152.

7.	 De Leon AD, Borges J. CR. Evaluation of oxidative stress in biological 
samples using the thiobarbituric acid reactive substances assay. J Vis Exp. 
2020;(159):103791–61122.

8.	 Lee R, Margaritis M, Channon KM, Antoniades C. Evaluating oxidative stress in 
human cardiovascular disease: methodological aspects and considerations. 
Curr Med Chem. 2012;19(16):2504–20.

9.	 Macotpet A, Suksawat F, Sukon P, Pimpakdee K, Pattarapanwichien E, Tangras-
sameeprasert R, et al. Oxidative stress in cancer-bearing dogs assessed by 
measuring serum malondialdehyde. BMC Vet Res. 2013;9:101.

10.	 Morales M, Munné-Bosch S. Malondialdehyde: facts and artifacts. Plant 
Physiol. 2019;180(3):1246–50.

11.	 Tsikas D. Assessment of lipid peroxidation by measuring malondialdehyde 
(MDA) and relatives in biological samples: analytical and biological chal-
lenges. Anal Biochem. 2017;524:13–30.

12.	 Chiorcea-Paquim AM. 8-oxoguanine and 8-oxodeoxyguanosine biomarkers 
of oxidative DNA damage: A review on HPLC-ECD determination. Molecules. 
2022;27(5):1620.

13.	 Irie M, Asami S, Nagata S, Ikeda M, Miyata M, Kasai H. Psychosocial factors 
as a potential trigger of oxidative DNA damage in human leukocytes. Jpn J 
Cancer Res. 2001;92(3):367–76.

14.	 Klaunig JE, Kamendulis LM, Hocevar BA. Oxidative stress and oxidative dam-
age in carcinogenesis. Toxicol Pathol. 2010;38(1):96–109.

15.	 Valavanidis A, Vlachogianni T, Fiotakis C. 8-hydroxy-2’ -deoxyguanosine 
(8-OHdG): A critical biomarker of oxidative stress and carcinogenesis. J Envi-
ron Sci Health C Environ Carcinog Ecotoxicol Rev. 2009;27(2):120–39.

16.	 Chao MR, Evans MD, Hu CW, Ji Y, Møller P, Rossner P, et al. Biomark-
ers of nucleic acid oxidation– A summary state-of-the-art. Redox Biol. 
2021;42:101872.

17.	 Almeida BFM, Narciso LG, Melo LM, Preve PP, Bosco AM, Lima VMF, et al. 
Leishmaniasis causes oxidative stress and alteration of oxidative metabolism 
and viability of neutrophils in dogs. Vet J. 2013;198(3):599–605.

18.	 Heidarpour M, Soltani S, Mohri M, Khoshnegah J. Canine visceral leishmani-
asis: relationships between oxidative stress, liver and kidney variables, trace 
elements, and clinical status. Parasitol Res. 2012;111(4):1491–6.

19.	 Bildik A, Kargin F, Seyrek K, Pasa S, Ozensoy S. Oxidative stress and non-
enzymatic antioxidative status in dogs with visceral leishmaniasis. Res Vet Sci. 
2004;77(1):63–6.

20.	 Da Silva AS, Munhoz TD, Faria JLM, Vargas-Hérnandez G, Machado RZ, 
Almeida TC, et al. Increase nitric oxide and oxidative stress in dogs experi-
mentally infected by Ehrlichia Canis: effect on the pathogenesis of the 
disease. Vet Microbiol. 2013;164(3):366–9.

21.	 Pedreañez A, Mosquera-Sulbaran J, Muñoz N. Increased plasma levels of nitric 
oxide and malondialdehyde in dogs infected by Ehrlichia Canis: effect of 
Doxycycline treatment. Rev Vet Clin. 2021;56(4):185–90.

22.	 Arostegui LGG, Prieto AM, Marín LP, López GG, Tvarijonaviciute A, Madrigal 
JJC, et al. Changes in biomarkers of redox status in serum and saliva of dogs 
with hypothyroidism. BMC Vet Res. 2023;19(1):33.

23.	 Ryad NM, Ramadan ES, Salem NY, Saleh IAES. Oxidative biomarkers and 
lipid alterations in euthyroid and hypothyroid dogs. Comp Clin Pathol. 
2021;30(4):571–6.

24.	 Rubio CP, Martínez-Subiela S, Hernández-Ruiz J, Tvarijonaviciute A, Cerón JJ, 
Allenspach K. Serum biomarkers of oxidative stress in dogs with idiopathic 
inflammatory bowel disease. Vet J. 2017;221:56–61.

25.	 Kogika MM, Lustoza MD, Hagiwara MK, Caragelasco DS, Martorelli CR, Mori 
CS. Evaluation of oxidative stress in the anemia of dogs with chronic kidney 
disease. Vet Clin Pathol. 2015;44(1):70–8.

26.	 Cavalcante CZ, Michelotto PV, Capriglione LGA, Roncoski AT, Nishiyama A. 
Weight loss modifies lipid peroxidation and symmetric dimethylarginine 
levels in obese dogs. Can J Vet Res. 2023;87(1):29–34.

27.	 Li G, Kawasumi K, Okada Y, Ishikawa S, Yamamoto I, Arai T, et al. Comparison 
of plasma lipoprotein profiles and malondialdehyde between hyperlipidemia 
dogs with/without treatment. BMC Vet Res. 2014;10:67.

28.	 Bottari NB, Munhoz TD, Torbitz VD, Tonin AA, Anai LA, Semolin LMS, et al. 
Oxidative stress in dogs with multicentric lymphoma: effect of chemotherapy 
on oxidative and antioxidant biomarkers. Redox Rep. 2015;20(6):267–74.

29.	 Ferreira CS, Vasconcellos RS, Pedreira RS, Silva FL, Sá FC, Kroll FSA, et al. 
Alterations to oxidative stress markers in dogs after a short-term stress during 
transport. J Nutr Sci. 2014;3:e27.

30.	 Mogheiseh A, Nazifi S, Gharibnavaz M, Zamani R, Nikahval B, Khanbazi MH. 
Effects of short-term administration of melatonin before gonadectomy 
on oxidative stress, cortisol and sex hormones in male dogs. Andrologia. 
2022;54(3):e14354.

31.	 Paskalev MD. Time course of serum malondialdehyde concentrations as a 
marker of oxidative stress in experimental canine osteotomies fixed by two 
different techniques. Comp Clin Pathol. 2009;18(3):265–8.

32.	 Ravić B, Debeljak-Martacić J, Pokimica B, Vidović N, Ranković S, Glibetić M, et 
al. The effect of fish Oil-Based foods on lipid and oxidative status parameters 
in Police dogs. Biomolecules. 2022;12(8):1092.

33.	 Shao C, Zheng M, Yu Z, Jiang S, Zhou B, Song Q, et al. Supplemental dietary 
selenohomolanthionine improve antioxidant activity and immune function 
in weaned beagle puppies. Front Vet Sci. 2021;8:728358.

34.	 Szczubiał M, Kankofer M, Dąbrowski R, Bochniarz M, Urban-Chmiel R. 
Assessment of lipid and protein peroxidation markers in non-pregnant and 
pregnant female dogs. Pol J Vet Sci. 2015;18(1):171–9.

35.	 Uchendu C, Ayo JO, Tekdek LB, Zakari FO. Impact of road transportation on 
physiological and oxidative stress biomarkers in puppies: beneficial effect of 
melatonin. J Therm Biol. 2022;110:103376.

36.	 Varney JL, Fowler JW, Gilbert WC, Coon CN. Utilisation of supplemented 
l-carnitine for fuel efficiency, as an antioxidant, and for muscle recovery in 
Labrador retrievers. J Nutr Sci. 2017;6:e8.

37.	 Ciftci G, Ural K, Aysul N, Cenesiz S, Guzel M, Pekmezci D, et al. Investiga-
tion of the 8-hydroxy-2’-deoxyguanosine, total antioxidant and nitric 



Page 11 of 12Perez-Montero et al. BMC Veterinary Research          (2025) 21:161 

oxide levels of serum in dogs infected with Babesia vogeli. Vet Parasitol. 
2014;204(3–4):388–91.

38.	 Kishihara J, Niwano S, Niwano H, Aoyama Y, Satoh A, Oikawa J, et al. Effect of 
carvedilol on atrial remodeling in canine model of atrial fibrillation. Cardio-
vasc Diagn Ther. 2014;4(1):28–35.

39.	 Karakurt E, KURU M, Dağ S, Beytut E, ORAL H, Nuhoğlu H, et al. Presence and 
importance of oxidative stress parameters in malignant mammary gland 
tumors in dogs. Kafkas Univ Vet Fak Derg; 2021.

40.	 Baskin CR, Hinchcliff KW, DiSilvestro RA, Reinhart GA, Hayek MG, Chew BP, et 
al. Effects of dietary antioxidant supplementation on oxidative damage and 
resistance to oxidative damage during prolonged exercise in sled dogs. Am J 
Vet Res. 2000;61(8):886–91.

41.	 Todorova I, Simeonova G, Kyuchukova D, Dinev D, Gadjeva V. Reference val-
ues of oxidative stress parameters (MDA, SOD, CAT) in dogs and cats. Comp 
Clin Path. 2005;13(4):190–4.

42.	 Friedrichs KR, Harr KE, Freeman KP, Szladovits B, Walton RM, Barnhart KF, et 
al. ASVCP reference interval guidelines: determination of de Novo reference 
intervals in veterinary species and other related topics. Vet Clin Pathol. 
2012;41(4):441–53.

43.	 Miró G, Montoya A, Roura X, Gálvez R, Sainz A. Seropositivity rates for agents 
of canine vector-borne diseases in Spain: a multicentre study. Parasit Vectors. 
2013;6:117.

44.	 Miró G, Wright I, Michael H, Burton W, Hegarty E, Rodón J, et al. Seropositiv-
ity of main vector-borne pathogens in dogs across Europe. Parasit Vectors. 
2022;15(1):189.

45.	 Rubio CP, Tvarijonaviciute A, Caldin M, Hernández-Ruiz J, Cerón JJ, Martínez-
Subiela S, et al. Stability of biomarkers of oxidative stress in canine serum. Res 
Vet Sci. 2018;121:85–93.

46.	 Technical Information Highly Sensitive 8-OHdG Check. (Jaica, Japan). Avail-
able from: ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​j​a​i​​c​​a​.​​c​​o​m​​​/​e​​/​t​e​​c​h​n​​i​​c​a​​l​_​​f​o​​r​​u​m​_​​8​​o​h​​d​g​​.​​h​t​m​l​#​​8​O​H​d​G​_​K​
I​T

47.	 Perez-Montero B, Fermin-Rodriguez ML, Miro G, de Juan L, Cruz-Lopez F. 
Hemolysis, icterus and lipemia interfere with the determination of two oxida-
tive stress biomarkers in canine serum. BMC Vet Res. 2023;19(1):172.

48.	 Juodžentė D, Karvelienė B, Riškevičienė V. The influence of the duration of the 
preoperative time spent in the veterinary clinic without the owner on the 
psychogenic and oxidative stress in dogs. J Vet Med Sci. 2018;80(7):1129–33.

49.	 Tejerizo G, Doménech A, Illera JC, Silván G, Gómez-Lucía E. Altered plasma 
concentrations of sex hormones in cats infected by feline immunodeficiency 
virus or feline leukemia virus. Domest Anim Endocrinol. 2012;42(2):113–20.

50.	 Peña L, Silván G, Pérez-Alenza MD, Nieto A, Illera JC. Steroid hormone profile 
of canine inflammatory mammary carcinoma: a preliminary study. J Steroid 
Biochem Mol Biol. 2003;84(2–3):211–6.

51.	 Silva ACRA, de Almeida BFM, Soeiro CS, Ferreira WL, de Lima VMF, Ciarlini PC. 
Oxidative stress, superoxide production, and apoptosis of neutrophils in dogs 
with chronic kidney disease. Can J Vet Res. 2013;77(2):136–41.

52.	 CLSI. Defining, Establishing and verifying reference intervals in the clinical 
laboratory: approved guideline. 3rd ed. Wayne, Pa: Clinical and Laboratory 
Standards Institute; 2010. p. 60.

53.	 Geffré A, Concordet D, Braun JP, Trumel C. Reference value advisor: a new 
freeware set of macroinstructions to calculate reference intervals with Micro-
soft excel. Vet Clin Pathol. 2011;40(1):107–12.

54.	 Lahti A, Petersen PH, Boyd JC, Rustad P, Laake P, Solberg HE. Partitioning of 
nongaussian-distributed biochemical reference data into subgroups. Clin 
Chem. 2004;50(5):891–900.

55.	 Ceriotti F, Hinzmann R, Panteghini M. Reference intervals: the way forward. 
Ann Clin Biochem. 2009;46(1):8–17.

56.	 Stockham SL, Scott MA. Fundamentals of veterinary clinical pathology. 2nd 
ed. Ames, Iowa: Blackwell Pub; 2008. p. 908.

57.	 Jimenez AG, Winward J, Beattie U, Cipolli W. Cellular metabolism and oxida-
tive stress as a possible determinant for longevity in small breed and large 
breed dogs. PLoS ONE. 2018;13(4):e0195832.

58.	 Lopes-Santiago B, Monteiro G, Bittencourt R, Arduino F, Ovidio P, Jordão-
Junior A, et al. Evaluation of sperm DNA peroxidation in fertile and subfertile 
dogs. Reprod Domest Anim. 2012;47(s6):208–9.

59.	 Munakata S, Tanaka Y, Nezu Y, Harada Y, Yogo T, Hara Y, et al. Induction 
of thioredoxin-1 in response to oxidative stress in dogs. Am J Vet Res. 
2015;76(6):554–60.

60.	 Alexander JE, Colyer A, Haydock RM, Hayek MG, Park J. Understanding how 
dogs age: longitudinal analysis of markers of inflammation, immune function, 
and oxidative stress. J Gerontol Biol Sci Med Sci. 2018;73(6):720–8.

61.	 Park JS, Mathison BD, Chew BP. Uptake and Immunomodulatory role of bixin 
in dogs. J Anim Sci. 2016;94(1):135–43.

62.	 Iakovou E, Kourti M. A comprehensive overview of the complex role of oxida-
tive stress in aging, the contributing environmental stressors and emerging 
antioxidant therapeutic interventions. Front Aging Neurosci. 2022;14:827900.

63.	 Colitti M, Stefanon B, Gabai G, Gelain ME, Bonsembiante F. Oxidative stress 
and nutraceuticals in the modulation of the immune function: current 
knowledge in animals of veterinary interest. Antioxid (Basel). 2019;8(1):E28.

64.	 Nicholatos JW, Robinette TM, Tata SVP, Yordy JD, Francisco AB, Platov M, et al. 
Cellular energetics and mitochondrial uncoupling in canine aging. Gerosci-
ence. 2019;41(2):229–42.

65.	 Pan Y, Nutrients. Cognitive function, and brain aging: what we have learned 
from dogs. Med Sci (Basel). 2021;9(4):72.

66.	 Rizzo A, Roscino MT, Minoia G, Trisolini C, Spedicato M, Mutinati M, et al. 
Serum levels of reactive oxygen species (ROS) in the bitch. Immunopharma-
col Immunotoxicol. 2009;31(2):310–3.

67.	 Cafazzo S, Maragliano L, Bonanni R, Scholl F, Guarducci M, Scarcella R, et al. 
Behavioural and physiological indicators of shelter dogs’ welfare: reflections 
on the no-kill policy on free-ranging dogs in Italy revisited on the basis of 15 
years of implementation. Physiol Behav. 2014;133:223–9.

68.	 Corsetti S, Borruso S, Di Traglia M, Lai O, Alfieri L, Villavecchia A, et al. Bold per-
sonality makes domestic dogs entering a shelter less vulnerable to diseases. 
PLoS ONE. 2018;13(3):e0193794.

69.	 Costantini D, Marasco V, Møller AP. A meta-analysis of glucocorticoids 
as modulators of oxidative stress in vertebrates. J Comp Physiol B. 
2011;181(4):447–56.

70.	 Hennessy MB. Using hypothalamic–pituitary–adrenal measures for assessing 
and reducing the stress of dogs in shelters: A review. Appl Anim Behav Sci. 
2013;149(1):1–12.

71.	 Lamon TK, Slater MR, Moberly HK, Budke CM. Welfare and quality of life 
assessments for shelter dogs: A scoping review. Appl Anim Behav Sci. 
2021;244:105490.

72.	 Part CE, Kiddie JL, Hayes WA, Mills DS, Neville RF, Morton DB, et al. 
Physiological, physical and behavioural changes in dogs (Canis familiaris) 
when Kennelled: testing the validity of stress parameters. Physiol Behav. 
2014;133:260–71.

73.	 Passantino A, Quartarone V, Pediliggeri MC, Rizzo M, Piccione G. Possible 
application of oxidative stress parameters for the evaluation of animal welfare 
in sheltered dogs subjected to different environmental and health condi-
tions. J Vet Behav. 2014;9(6):290–4.

74.	 Jelic MD, Mandic AD, Maricic SM, Srdjenovic BU. Oxidative stress and its role 
in cancer. J Cancer Res Ther. 2021;17(1):22–8.

75.	 Kohen R, Nyska A. Oxidation of biological systems: oxidative stress phenom-
ena, antioxidants, redox reactions, and methods for their quantification. 
Toxicol Pathol. 2002;30(6):620–50.

76.	 Lipinski B. Hydroxyl radical and its scavengers in health and disease. Oxid 
Med Cell Longev. 2011;2011:809696.

77.	 Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O. Oxidative stress and 
antioxidant defense. World Allergy Organ J. 2012;5(1):9–19.

78.	 Gęgotek A, Skrzydlewska E. Biological effect of protein modifications by lipid 
peroxidation products. Chem Phys Lipids. 2019;221:46–52.

79.	 Guéraud F, Atalay M, Bresgen N, Cipak A, Eckl PM, Huc L, et al. Chem-
istry and biochemistry of lipid peroxidation products. Free Radic Res. 
2010;44(10):1098–124.

80.	 Barrera G, Pizzimenti S, Dianzani MU. Lipid peroxidation: control of cell prolif-
eration, cell differentiation and cell death. Mol Aspects Med. 2008;29(1):1–8.

81.	 Gentile F, Arcaro A, Pizzimenti S, Daga M, Cetrangolo GP, Dianzani C, et al. 
DNA damage by lipid peroxidation products: implications in cancer, inflam-
mation and autoimmunity. AIMS Genet. 2017;4(2):103–37.

82.	 Ito F, Sono Y, Ito T. Measurement and clinical significance of lipid peroxidation 
as a biomarker of oxidative stress: oxidative stress in diabetes, atherosclerosis, 
and chronic inflammation. Antioxid (Basel). 2019;8(3):72.

83.	 Usui S, Yasuda H, Koketsu Y. Lipoprotein cholesterol and triglyceride concen-
trations associated with dog body condition score; effect of recommended 
fasting duration on sample concentrations in Japanese private clinics. J Vet 
Med Sci. 2015;77(9):1063–9.

84.	 Yin H, Xu L, Porter NA. Free radical lipid peroxidation: mechanisms and analy-
sis. Chem Rev. 2011;111(10):5944–72.

85.	 Kosugi H, Kato T, Kikugawa K. Formation of yellow, orange, and red pigments 
in the reaction of alk-2-enals with 2-thiobarbituric acid. Anal Biochem. 
1987;165(2):456–64.

https://www.jaica.com/e/technical_forum_8ohdg.html#8OHdG_KIT
https://www.jaica.com/e/technical_forum_8ohdg.html#8OHdG_KIT


Page 12 of 12Perez-Montero et al. BMC Veterinary Research          (2025) 21:161 

86.	 Afonso CB, Spickett CM. Lipoproteins as targets and markers of lipoxidation. 
Redox Biol. 2018;23:101066.

87.	 Virella G, Wilson K, Elkes J, Hammad SM, Rajab HA, Li Y, et al. Immune com-
plexes containing malondialdehyde (MDA) LDL induce apoptosis in human 
macrophages. Clin Immunol. 2018;187:1–9.

88.	 Akagi S, Nagake Y, Kasahara J, Sarai A, Kihara T, Morimoto H, et al. Significance 
of 8-hydroxy-2’-deoxyguanosine levels in patients with chronic renal failure. 
Nephrol (Carlton). 2003;8(4):192–5.

89.	 Dai L, Watanabe M, Qureshi AR, Mukai H, Machowska A, Heimbürger O, et 
al. Serum 8-hydroxydeoxyguanosine, a marker of oxidative DNA damage, is 
associated with mortality independent of inflammation in chronic kidney 
disease. Eur J Intern Med. 2019;68:60–5.

90.	 Domenici FA, Vannucchi MTI, Jordão AA, Meirelles MSS, Vannucchi H. 
DNA oxidative damage in patients with dialysis treatment. Ren Fail. 
2005;27(6):689–94.

91.	 Huang CY, Su CT, Chung CJ, Pu YS, Chu JS, Yang HY, et al. Urinary total arsenic 
and 8-hydroxydeoxyguanosine are associated with renal cell carcinoma 
in an area without Obvious arsenic exposure. Toxicol Appl Pharmacol. 
2012;262(3):349–54.

92.	 Sanchez M, Roussel R, Hadjadj S, Moutairou A, Marre M, Velho G, et al. 
Plasma concentrations of 8-hydroxy-2’-deoxyguanosine and risk of kidney 
disease and death in individuals with type 1 diabetes. Diabetologia. 
2018;61(4):977–84.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Malondialdehyde (MDA) and 8-hydroxy-2’-deoxyguanosine (8-OHdG) levels in canine serum: establishing reference intervals and influencing factors
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Reference population, inclusion and exclusion criteria
	﻿Blood sampling and preanalytical factors
	﻿Laboratory analyses
	﻿Statistical analysis

	﻿Results
	﻿Reference population
	﻿Reference intervals
	﻿Univariate analysis
	﻿Multivariate regression models

	﻿Discussion
	﻿RI for serum MDA and 8-OHdG
	﻿Influence of biological factors on OS biomarkers
	﻿Associations between OS biomarkers and haematological and biochemical variables

	﻿Conclusions
	﻿References


