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Oxidative stress markers in dogs: A comparison 
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Abstract
This study measured serum or plasma levels of reactive oxygen metabolites (d-ROMs), biological 
antioxidant potential (BAP), and oxidative stress index (OSI) in dogs. The subjects were classified into 
four groups according to sex and gonadal status: intact males, castrated males, intact females, and spayed 
females, both off-therapy and during therapy. No significant differences were observed in d-ROMs, 
BAP, or OSI between the off-therapy and during therapy groups. Among off-therapy dogs, intact males 
showed significantly higher mean d-ROMs and BAP values compared with females and neutered dogs. In 
contrast, among during therapy dogs, no significant differences were found in d-ROMs among the groups; 
however, intact males had significantly higher mean BAP values than castrated males, and the OSI was 
significantly higher in castrated males than in intact males. These results suggest that gonadectomy in 
male dogs may influence the balance between oxidative and antioxidative processes through factors 
such as sex hormones. The findings highlight the importance of considering the effects of spaying and 
neutering when establishing reference values for oxidative stress markers in dogs.
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Introduction

Oxidative stress is a pathological condition 
that arises when the generation of reactive oxygen 
species (ROS) exceeds the capacity of the body’s 
antioxidant defense systems to neutralize them. 
The oxidative reaction causes DNA damage, 
cell structure degradation, lysis, and tissue 
injury when ROS accumulate excessively during 
metabolic processes21,42). It has been long implicated 
that the multiple oxidation-reduction reactions are 
associated with aging, cancer, diabetes mellitus 
and lifestyle-related diseases23,24). Some ROS, 

such as superoxide and hydrogen peroxide, play 
important roles in immune function, defense 
mechanism against infection, energy production, 
and the induction of cell death9,32). Therefore, ROS 
must not be completely removed and decomposed. 
Antioxidant reactions are important to control 
excessive ROS and protect the body from oxidation. 
The excessive amount of ROS is decreased through 
antioxidative substances and antioxidative 
enzymes23). Thus, maintaining redox homeostasis 
(the balance between oxidants and antioxidants) is 
essential for preventing oxidative stress. Factors 
that generate ROS to the extent that it exceeds the 
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antioxidant capacity of the living body are various 
lifestyle-related habits such as obesity, excessive 
exercise, smoking, drinking, and ultraviolet 
rays10,16,14). There is a reference value for oxidative 
stress in humans. Based on this, oxidative stress is 
evaluated, and it is attracting attention in the field 
of preventive medicine as an effective index for the 
early detection of lifestyle-related diseases.

Recently, the average lifespan of companion 
animals is increasing due to the development 
of veterinary medicine and the improvement of 
the quality of pet food in developed countries. 
We need to extend the healthy life expectancy so 
that companion animals can live without health 
problems. Oxidative stress is known to be involved 
in the onset and progression of various diseases, 
and oxidative stress markers have been suggested 
as useful indicators for the early detection of 
such diseases. The various reports describing the 
oxidative stress have also been studied in animals. 
For example, there were studies about oxidative 
stress associated with atopic dermatitis28), 
cancer29), heart failure18), infection33), intestinal 
disease36), kidney disease13,39), diabetes mellitus of 
animals12). Although numerous studies have been 
conducted, no research has clearly established 
reference values for oxidative stress markers 
in dogs regardless of breed. When determining 
such reference values, it may be necessary to 
consider the influence of sex, as oxidative stress 
is affected not only by oxygen consumption and 
inflammatory responses but also by various 
physiological factors, including hormonal balance 
and energy metabolism4,15,44). Moreover, in dogs, 
neutering induces alterations in hormonal balance 
and metabolism, which have been reported to 
potentially cause obesity, joint disorders, urinary 
incontinence, and tumor formation22,37,40). Several 
studies have examined the transient inflammatory 
response associated with neutering surgery or 
changes in oxidative stress markers immediately 
after ovariohysterectomy2,41).  However, the 
medium- to long-term effects of neutering on 
oxidative stress markers remain insufficiently 
elucidated. Therefore, the present study aimed to 
clarify the variations in oxidative stress markers 
according to sex, neutering status, and disease 

condition in dogs, and to provide fundamental 
data that may contribute to the establishment of 
future reference values for canine oxidative stress 
markers.

 
Materials and Methods

Animals and sample preparation
The study included 161 dogs that presented 

to Famille Animal Hospital for routine health 
checkups or regular follow-up examinations 
for existing conditions, regardless of health 
status, disease or medication history, neutering 
status, age, or breed. Dogs that had undergone 
any surgical procedure, including neutering or 
spaying, immediately prior to blood sampling were 
excluded. The samples were collected from 2017 
to 2018. A total of 161 samples were obtained 
from 25 breeds: Toy poodle (n = 31), Dachshund 
(n = 28), Mixed breed (n = 18), Chihuahua (n = 16), 
Pomeranian (n = 10), Shihtzu (n = 6), Yorkshire 
terrier (n = 6), Maltese (n = 6), Miniature schnauzer 
(n = 5), Welsh corgi pembroke (n = 4), Papillon (n 
= 4), Shiba (n = 4), Pekingese (n = 3), Miniature 
pinscher (n = 3), American cocker spaniel (n = 3), 
French bulldog (n = 2), Labrador retriever (n = 2), 
Beagle (n = 2), Border collie (n = 2), Staffordshire 
Bull Terrier (n = 1), Cavalier king Charles spaniel 
(n = 1), Bernese mountain dog (n = 1), Japanese 
spitz (n = 1), Standard poodle (n = 1), Cairn terrier 
(n = 1). The age of animals ranged from 4 to 201 
months. 

The dogs were classified into four sex groups: 
intact male dogs or castrated dogs or intact female 
dogs or spayed dogs. Additionally, the dogs were 
classified into two groups: off-therapy or during 
therapy (status at the time of sample collection). 
Dogs during therapy were those that had a 
confirmed diagnosis or were receiving medications 
or  supplements  for  t reatment  or  heal th 
maintenance at the time of sample collection. 
Dogs with a history of illness were classified as off-
therapy if they were completely cured and were 
not receiving any medications or supplements.

Serum samples were obtained using serum 
separator tubes, including clot activator and 
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gel separator (Terumo, Tokyo, Japan). Plasma 
samples were obtained using heparin blood 
collection tube, including lithium heparin (Terumo, 
Tokyo, Japan). The time of blood sampling varied. 
The serum or plasma samples were immediately 
stored at −80 °C until further use. And then, 
the analysis was conducted immediately in our 
laboratory.

This study was reviewed and endorsed by 
the Ethics and Animal Welfare Committee of the 
Nippon Veterinary and Life Science University 
Animal Research Committee (29K-28, S29K-28). 

Measurement
The samples were used to measure the 

concentration of d-ROMs and BAP using a free 
radical analyzer (Free Carpe Diem, Diacron 
International srl., Grosseto, Italy). We used a 
simple method to measure d-ROMs and BAP 
concentration19,34,43). 

The d-ROMs (derivatives of reactive oxygen 
metabolites) test quantifies total hydroperoxides, 
which are metabolites generated by reactive 
oxygen species and free radicals. The samples 
are mixed with an acetate buffer at pH 4.8, and 
in the presence of iron ions, hydroperoxides are 
converted to radicals. These radicals react with 
a chromogenic substrate, producing a colored 
compound whose concentration is measured 
spectrophotometrically at 505 nm. Results are 
expressed in Carratelli units (1 CARR U = 0.08 
mg hydrogen peroxide/dl), with higher values 
indicating greater oxidative burden.

The BAP (biological antioxidant potential) test 
evaluates the overall reducing capacity of both 
endogenous antioxidants, such as albumin and 
reduced glutathione, and exogenous antioxidants, 
including vitamins C and E and polyphenols. 
In this assay, the addition of plasma sample to 
a colored solution, obtained by mixing a ferric 
chloride solution with a thiocyanate derivative 
solution, causes a recoloration. This change in 
color is measured using a spectrophotometer at 
505 nm. Results are expressed in micromoles per 
liter (µmol/L), reflecting the total antioxidant 
capacity. 

The oxidative stress index (OSI), a relative 

measure of oxidative stress, was calculated 
using the formula: OSI = (d-ROMs / BAP) × 100. 
This index integrates both oxidative burden and 
antioxidant capacity, providing a relative indicator 
of oxidative stress.

Statistical methods
All data were presented as the mean ± SD. 

Significance was determined by the Mann-Whitney 
U test or Bonferroni test. The significance level 
was set at P < 0.05. IBM SPSS Statistics version 
29 (Japanese language version, IBM Japan Co., 
Ltd, Tokyo Japan) was used for the statistical 
analysis.

 
Results

Comparison between Off-therapy and During 
therapy

The samples were classified as the off-therapy 
group (n = 84) or the group during therapy (n = 77). 
The concentrations of d-ROMs and BAP in the 
serum or plasma of off-therapy and during therapy 
are shown in Table1. No significant differences 
were observed in d-ROMs, BAP, and OSI between 
off-therapy and during therapy dogs.

Comparison between four off-therapy dog 
groups

The samples of  off -therapy dogs were 
classified as intact male (n = 21), intact female (n 
= 12), castrated (n = 21) or spayed (n = 30). Values 
for d-ROMs, BAP and OSI of off- therapy dogs 
are shown in Figure 1. As shown in Figure1-a, 
the mean d-ROMs concentrations in intact males 
was 96.57 U.CARR. This result of intact male was 

Table 1. Comparison between d-ROMs, BAP levels, and OSI 
in off-therapy (n = 84) and during therapy (n = 77) dogs. Data 
are presented as mean ± standard error of the mean.

n D-ROMs (U.CARR) BAP (μmol/L) OSI

Off-therapy 84 84.64 ± 18.36 2143.35±440.47 4.13 ±1.30

During therapy 77 85.00 ± 18.74 2199.29±372.98 3.96 ±1.01
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significantly higher (P < 0.05) than those in intact 
female (79.50 U.CARR), castrated (80.24 U.CARR) 
and spayed (81.43 U.CARR). On the other hand, 
the mean BAP concentrations of intact males were 
2367.02 μmol/L, and the significant difference (P < 
0.05) was only observed between intact male and 
castrated (Figure1-b). There was no significant 
difference between OSI values for four groups, as 
in shown Figure1-c.

Comparison between four dog groups during 
therapy

Four groups of dogs during therapy consist 
of intact male (n = 15), intact female (n = 15), 
castrated (n = 23) or spayed (n = 24) were compared 
in the next study as shown in Figure 2. Although 
the highest mean d-ROMs value was observed on 
the intact female (87.27 U.CARR), no significant 
differences observed between d-ROMS values 
for four groups (Figure2-a). On the other hand, 

The oxidative stress markers of dogs

Fig. 1. Comparison between a) d-ROMs, b) BAP, and c) OSI 
levels in intact male (n = 21), intact female (n = 12), castrated 
(n = 21) and spayed (n = 30) in off-therapy dogs. Different 
letters indicate significant differences. (b < a, P < 0.05). The 
asterisk symbol (*) stands for mean values.

Fig. 2. Comparison between a) d-ROMs, b) BAP, and c) OSI 
levels in intact male (n = 15), intact female (n = 15), castrated 
(n = 23) and spayed (n = 24) in during therapy dogs. Different 
letters indicate significant differences (b < a, P < 0.05). The 
asterisk symbol (*) stands for mean values.
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the mean BAP concentrations of intact male 
(2366.69 μmol/L), and spayed (2312.22 μmol/L) 
were significantly higher (P < 0.05) than castrated 
(1949.96 μmol/L) (Figure2-b). As shown in Figure 
2-c, the significant difference was observed only 
between intact male (3.53) and castrated in OSI 
value (4.44).

 

Discussion

This study examined oxidative stress markers 
in dogs in relation to sex, neutering status, and 
the presence or absence of disease or medical 
treatment. Although numerous studies have 
reported on oxidative stress in dogs, fundamental 
research aimed at establishing reference values 
remains limited. In particular, little is known 
about sex-related differences or the impact of 
gonadectomy. Therefore, clarifying the extent 
to which sex and medication status influence 
oxidative stress markers are of considerable 
importance. 

In this study, no significant differences were 
observed in d-ROMs, BAP, or OSI values between 
dogs receiving therapy and those off-therapy. 
The dogs classified as “therapy” were individuals 
administered medications or supplements for 
disease treatment or health maintenance. Previous 
studies have reported that supplementation with 
antioxidant components improves skin conditions 
and decreases oxidative stress markers in dogs 
with atopic dermatitis35). Similarly, dogs fed 
antioxidant enriched diets showed significantly 
lower oxidative stress indicators compared with 
their pre-intake levels6,30,38). Furthermore, several 
studies on various diseases have demonstrated 
that therapeutic interventions or antioxidant 
administration lead to symptomatic improvement 
and a reduction in oxidative stress5,7,20). Based 
on these findings, the lack of increased oxidative 
stress in the therapy group of the present study 
may be attributed to the compensatory effects 
of medications or supplements on antioxidant 
defense mechanisms. In other words, therapeutic 
interventions may have contributed to the 
restoration of the redox balance in these dogs.

In dogs in the off-therapy group, a sex-
related difference was observed in d-ROMs 
values, with intact males showing a tendency 
toward higher levels. This finding is likely 
attributable to the influence of testosterone, 
which promotes muscle growth and metabolic 
activation and enhances the production of ROS 
through increased NADPH oxidase activity27). 
In addition, intact males typically display 
higher levels of activity and aggression, which 
may further increase ROS generation through 
heightened sympathetic nervous system activity 
and metabolic rate17,31). Psychological stress 
associated with social competition may also 
induce oxidative stress via cortisol secretion3,26,31). 
Collectively, these findings suggest that elevated 
d-ROMs levels observed in intact male dogs may 
result from a combination of metabolic factors 
related to sex hormones and behavioral or stress-
related influences. Furthermore, the mean BAP 
concentration in intact off-therapy males was 
significantly higher than that in castrated males. 
The level of antioxidants generally increases in 
response to elevated production of ROS, reflecting 
a compensatory reaction to oxidative stimuli. 
Conversely, antioxidant concentrations tend to 
decrease when ROS levels decline, as there is less 
need to neutralize oxidative reactions34). Given 
that intact off-therapy males exhibited higher 
d-ROMs concentrations, their elevated BAP values 
were likely a compensatory response to increased 
ROS production. No significant differences in 
OSI values were observed among the off-therapy 
groups. OSI represents the balance between 
d-ROMs and BAP, with higher values indicating 
greater oxidative stress. Even when d-ROMs levels 
are elevated, an upregulation of the antioxidant 
defense system that increases BAP can result 
in lower OSI values. In the present study, both 
d-ROMs and BAP levels were elevated in intact 
off-therapy males, suggesting that antioxidant 
activity effectively neutralized ROS, thereby 
maintaining the oxidative-antioxidative balance 
within a physiological range.

No significant differences were observed 
in d-ROMs levels among any of the groups in 
therapy dogs. In contrast, BAP levels were 
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significantly higher in intact therapy males and 
spayed therapy females compared to castrated 
therapy males. Furthermore, OSI in castrated 
therapy males was significantly higher than that 
in intact therapy males. Intact males are known 
to have inherently higher basal metabolism, 
which facilitates the production of reactive oxygen 
species (ROS)25,27). Consequently, their antioxidant 
capacity tends to be maintained at a higher level. 
In spayed females, the loss of estrogen is generally 
associated with a reduction in antioxidant defense. 
Estrogen acts as an antioxidant by scavenging free 
radicals due to the presence of a phenolic hydroxyl 
group4,27).  However, because no significant 
differences were observed in d-ROMs, the increase 
in BAP is likely not a compensatory response to 
ROM production, but rather a secondary effect 
induced by therapy or supplementation, leading 
to enhanced antioxidant capacity. In both the 
off-therapy and therapy groups, differences in 
oxidative stress markers were observed between 
intact and castrated males, suggesting that 
gonadectomy may influence the balance between 
oxidative stress and antioxidant capacity in males. 
In contrast, no significant differences in oxidative 
stress markers were observed between spayed 
and intact females, regardless of therapy status. 
Estrogen is known to exert strong antioxidant 
effects, and females generally exhibit higher 
antioxidant capacity than males4,11,8). Typically, 
ovariectomy leads to decreased estrogen levels, 
resulting in increased d-ROMs, decreased BAP, 
and elevated OSI; however, such trends were not 
observed in this study. One possible explanation 
is that estrogen concentrations fluctuate markedly 
in intact females across the estrous cycle, causing 
periodic changes in antioxidant capacity, which 
may have averaged out individual differences 
within the group.  Additionally,  although 
ovariectomy is expected to reduce antioxidant 
capacity1), compensatory antioxidant responses to 
metabolic changes or mild lipid peroxidation have 
also been reported41). These findings suggest that 
the impact of gonadectomy on oxidative stress may 
be less pronounced in females than in males. 

This study has several limitations. First, 
serum concentrations of sex hormones such as 

testosterone and estrogen were not measured. 
As these hormones are known to influence 
both oxidative stress and antioxidant capacity, 
future studies should include their quantitative 
assessment to better elucidate their contribution 
to redox regulation. Second, behavioral parameters 
and physiological stress indicators were not 
evaluated. Because stress can significantly 
modulate oxidative balance, incorporating these 
factors will allow for a more comprehensive 
interpretation of oxidative stress dynamics in 
dogs. Third, the dogs’ diets were not standardized. 
The commercial foods provided may have 
contained naturally occurring antioxidants such 
as polyphenols, which could have influenced the 
measured redox status. Additionally, age is known 
to affect oxidative stress levels; however, accurate 
age information was not available for all dogs 
and was therefore not included in the analysis. 
Therefore, future studies should incorporate these 
factors to clarify the physiological background 
underlying sex-related differences in oxidative 
stress.

 

Conclusion

The present findings suggest that intact 
males tend to exhibit higher levels of oxidative 
stress markers compared with intact females, 
castrated males, and spayed females. Although 
the underlying mechanisms remain to be 
fully elucidated, these results underscore the 
importance of considering the influence of sex 
hormones when establishing reference values for 
oxidative stress in dogs. While the current dataset 
is not sufficient to draw definitive conclusions 
about the association between oxidative stress 
and sex differences in canine patients, the study 
provides valuable preliminary insights. Further 
large-scale investigations involving broader 
canine populations are warranted to elucidate 
the mechanisms linking oxidative stress and sex, 
thereby contributing to a deeper understanding of 
redox physiology in dogs. 
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