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Abstract
The study aimed to assess plasma Myeloperoxidase enzyme (MPO) and Ferric-reducing antioxidant power (FRAP) in obese 
dogs and compare them with ideal body weight dogs. Thirty-two dogs were distributed into two groups according to a 9-point 
body condition score (BCS), as follows: Control group (n = 16), dogs with a BCS of 4 or 5; Obese group (n = 16), dogs with 
a BCS of 8 or 9. Plasma MPO and FRAP assays, neutrophil count, lipid profile (cholesterol and triglycerides), and systolic 
blood pressure (SBP) were evaluated in both groups. The duration of obesity was defined based on history. The obese group 
showed higher values for body weight, BCS, SBP, neutrophil count, triglycerides, and MPO than the Control group. A 
positive correlation was observed between MPO concentrations and BCS and body weight. FRAP concentrations showed 
a positive correlation with the duration of obesity. The results suggested that an inflammatory state caused by obesity may 
promote increased neutrophil count and MPO concentrations, besides the positive correlation between MPO with BCS and 
body weight. The obesity in dogs promoted slight active MPO elevation, influenced by body weight, BCS, and neutrophil 
count. The FRAP assay did not show the expected reduction and, therefore, needs further investigation.

Keywords  Obesity · Dogs · Body condition score · Myeloperoxidase enzyme · Ferric-reducing antioxidant power

Introduction

Obesity is a nutritional disorder (Montoya-Alonso et al. 2017) 
with a high prevalence in small animals (German 2006; Chan-
dler et al. 2017; Kipperman and German 2018). In dogs, obe-
sity represents a risk factor for several diseases, including 
reduced life expectancy (Montoya-Alonso et al. 2017). There 
are few reports of oxidative stress in obese dogs (Pasquini 

et al. 2013). The pathogenesis of canine obesity is not fully 
understood; however, there is a consensus that oxidative stress 
plays an important role (German 2006; Zoran 2010; Chandler 
et al. 2017; Kipperman and German 2018).

Oxidative stress promotes tissue damage caused by an 
imbalance between oxidant production and antioxidant 
defense (Laflamme 2012), which results in an increased 
production of reactive oxygen species (ROS) or decreased 
concentration of antioxidants (Hernández et al. 2018). The 
excessive production of these free radicals may cause oxi-
dative damage in important biomolecules, thereby affecting 
cellular function (Barreiros et al. 2006).

Oxidative stress is an underlying mechanism of meta-
bolic disorders presented in obese individuals (Pasquini 
et al. 2013). The mechanisms involved in the pathogenesis 
of canine obesity have not yet been fully elucidated, and 
oxidative stress plays an essential role (German 2006; Bach 
et al. 2007; Thengchaisri et al. 2014). Techniques such as 
myeloperoxidase (MPO) measurements quantify MPO 
enzyme released from neutrophil granules in situations of 
inflammation and necrosis (Loria et al. 2008).
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Chronic low-grade inflammation contributes to obesity 
pathogenesis (Uribe-Querol and Rosales 2022). Neutrophils 
are early participants in inflammatory processes, and after 
stimulation, these cells release reactive oxygen and nitrogen 
species, which leads to degranulation and secretion of MPO 
and other enzymes (Sladoje et al. 2017). In human patients, 
circulating neutrophils are increased in obesity, with an asso-
ciation between neutrophil blood counts and higher body 
mass index (BMI) (Kim and Park 2008). Activation of MPO, 
a heme protein primarily expressed in granules of neutro-
phils, is associated with the development of obesity (Wang 
et al. 2014). The antibacterial activities of MPO involve the 
production of reactive oxygen and reactive nitrogen species 
(Khan et al.2018), and MPO is released from activated leu-
kocytes at inflammatory sites, generating ROS (Victor et al. 
2016).

The MPO enzyme is released into the extracellular fluid 
after oxidative stress and different inflammatory responses, 
and the pathogenesis of several other major chronic diseases 
such as cardiovascular diseases, liver diseases, diabetes, and 
cancer have been reported to be linked with MPO-derived oxi-
dants (Khan et al.2018). Moreover, neutrophils in obese indi-
viduals present an activated phenotype as indicated by elevated 
plasma concentrations of MPO, a higher ROS generation, and 
enhanced release of proinflammatory cytokines (Uribe-Querol 
and Rosales 2022). Excess ROS can damage cell lipids, pro-
teins, and DNA by oxidative action, which might result in loss 
of function and even cellular death (Lenquiste et al. 2015).

On the other hand, antioxidants serve as a protection for 
the body against the destructive effects of free radicals dam-
age (Rubio et al. 2016). The total antioxidant capacity can be 
assessed by the ferric-reducing antioxidant power (FRAP) 
technique, based on the production of Fe2 + ion (ferrous 
form) from the reduction of Fe3 + ion (ferric form) present 
in 2,4,6-tripyridyl-s-triazine (TPTZ) complex, obtaining a 
global estimate of antioxidant molecules of the sample (Bitla 
et al. 2012). The end product (TPTZ) has blue color and the 
change in absorbance is related to the antioxidant capacity 
of the plasma (Rubio et al. 2016).

FRAP determination assessing the total antioxidant 
capacity was evaluated in overweight dogs submitted to a 
weight loss program (Bastien et al. 2015), and in a canine 
model of obesity (Van de Velde et al. 2012). The FRAP 
assay is quick and simple to perform and has some advan-
tages, such as no need for highly specialized equipment or 
skills, inexpensive reagents, and sample pre-treatment is not 
required. However, it does not measure the antioxidants con-
taining thiol groups and only measures the reducing capabil-
ity based on the ferric ion, which some authors described as 
not relevant to antioxidant activity (Rubio et al. 2016). To 
the authors' knowledge, no studies were described determin-
ing the antioxidant capacity with the FRAP method in dogs 
with non-experimental obesity.

Few studies have focused on oxidative stress associ-
ated with canine obesity (Cline et al. 2009; Pasquini et al. 
2013; Bosco et al. 2018). Therefore, this study aimed to 
evaluate the MPO and FRAP concentrations in lean and 
obese dogs with naturally occurring (non-experimental) 
obesity. The correlation between these markers and dura-
tion of obesity, body condition score (BCS), body weight, 
and neutrophil count were studied. The hypothesis was 
that obesity in dogs causes an increase in MPO while 
decreases the FRAP concentrations.

Materials and methods

The Institutional Ethics Committee approved this study for 
Animals Use (no. 239/2017). The dogs were recruited from 
hospital record archives between 2018 and 2019, accord-
ing to BCS. The owners were contacted by telephone, and 
those interested in participating presented the dogs for clini-
cal evaluation.

Forty-two client-owned dogs were distributed into two 
groups according to 9-point BCS: Control Group, dogs with 
a BCS of 5; Obese Group, dogs with a BCS of 8 or 9. An 
electronic scale was used to measure body weight.

Eligibility criteria included be healthy based on physi-
cal examination, with CBC (complete blood count), fasting 
blood glucose concentrations (12-h fast), urinalysis, and bio-
chemical profile (creatinine and urea) within normal ranges. 
The exclusion criteria were patients with chronic diseases 
or clinical evidence of systemic illness. The duration of 
obesity was defined based on history. All dogs in the study 
were treated with premium food. The list of ingredients was 
checked to verify the inclusion of any antioxidants in the 
formulations. If confirmed, the dogs were excluded.

The length was estimated from the occipital base, with 
the measuring tape running through the spine, up to the back 
of the pelvic limbs, where they touched the ground. Waist 
measurement was performed in the umbilical area. Physi-
cal examination parameters included heart rate, respiratory 
rate, systolic blood pressure (SBP), examination of lymph 
nodes and mucous membranes, capillary refill time, hydra-
tion, temperature, cardiac and respiratory auscultation, and 
abdominal palpation.

Measurements of SBP were obtained according to Brown 
et al. (2007) in conscious dogs. Five consecutive measure-
ments were obtained.

After fasting for around 12 h, blood samples were col-
lected from the jugular vein for CBC (neutrophil counts), 
serum biochemistry (albumin, cholesterol, triglycerides, 
urea, and creatinine) determined by colorimetry in a semi-
automatic analyser, MPO and FRAP concentrations. Urine 
samples were collected by cystocentesis for complete urinal-
ysis. To the MPO and FRAP analyses, 4.5 mL of blood was 
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placed in a tube containing ethylenediaminetetraacetic acid 
(EDTA) and centrifuged at 2.000 g for 3 min. The plasma 
samples were stored at -80 °C until the tests.

Plasma MPO concentration was measured spectropho-
tometrically by measuring tetramethylbenzidine (TMB) 
oxidation, based on the method described by Bradley et al. 
(1982), and validated in plasma assays by Rocha-Penha 
et al. (2017). For that, 30µL of plasma (1:100) were incu-
bated with 20µL of phosphate buffer (pH 6.0) and 100µL 
of liquid substrate system, composed by TMB and hydro-
gen peroxide, at 37 °C for 10 min, protected from light. To 
determine whether the obtained activity was derived from 
myeloperoxidase, samples were incubated with 500 µmol/L 
of a specific and irreversible myeloperoxidase inhibitor 
(4-aminobenzoic acid hydrazide) at 37 °C for 30 min prior 
addition of substrate system. After incubation, 100µL of 
stop solution (sulfuric acid 2 N) was added and optical den-
sity determined in a spectrophotometer at 450 nm using a 
microplate reader. A standard curve was generated by incu-
bation of horseradish peroxidase with the previous reagents.

The FRAP was evaluated using a standard protocol (Ben-
zie and Strain 1996). Working FRAP reagent was prepared 
by mixing 25 ml acetate buffer, 2.5 ml 2,4,6-tris(2-pyridyl)- 
s-triazine (TPTZ) solution, and 2.5 mL FeCl3·6H2O solu-
tion. The reactive solution was prepared with 25 mL of 
300 mmol/L acetate buffer, 2.5 mL of a 10 mmol/L TPTZ 
solution in 40 mmol/L HCl and 20 mmol/L FeCl3·6H2O 
in distilled water. Then, 300 µL of freshly prepared FRAP 
reagent was warmed to 37 °C and a reagent blank reading 
was taken at 593 nm. In a 96-well plate, 10 µL of plasma 
sample were combined with 30 µL of H2O and 300 µL of 
FRAP reagent. The mixture was subsequently incubated for 
6 min at 37 oC. Following incubation, the samples were 
run in triplicate, analyzed at an absorbance of 593 nm in a 
spectrophotometer.

Statistical analysis

The Shapiro–Wilk test evaluated data normality. To com-
pare the Control and Obese Groups, an unpaired Student's 
t-test was used for normally distributed data (age, body 
weight, neutrophil count, urea, creatinine, albumin, cho-
lesterol, triglycerides, SAP, MPO, FRAP). Pearson's test 
was performed to establish the correlation of the MPO 
and FRAP with Body Weight, cholesterol, triglycerides, 
and duration of obesity (months), and the correlation of 
the MPO with a neutrophil count. The Spearman's test eval-
uates the correlation between MPO and FRAP with BCS. 
The analyses were performed with GraphPad Prism 8.4.2 
(GraphPad Software, San Diego, CA). A significance level 
of 5% was considered.

Results

Thirty-two dogs met the inclusion criteria. The Control 
group (n = 16) was composed of 11 females (69%) and five 
males (31%), aged from 1.5 to 8 years (average of 4.2 ± 2.7), 
and the Obese group had 12 females (75%) and four males 
(25%), aged from 1.5 to 9 years (average of 5.9 ± 2.9). There 
was no significant difference between the two groups on age 
(p = 0.1). Ten dogs from the Control group (63%) and 12 
from the Obese group (75%) were neutered.

The dogs of the Control group were Yorkshire (n = 1), 
Shetland Sheepdog (n = 1), French Bulldog (n = 1), Border 
Collie (n = 1), Dachshund (n = 2), and crossbreed (n = 10). 
The dogs of the Obese group were Border Collie (n = 1), 
Blue Heeler (n = 1), Pug (n = 1), Beagle (n = 2), Dachshund 
(n = 3), Labrador (n = 3), and crossbreed (n = 5). The length 
did not differ between groups. The waist of dogs in the 
Obese group was significantly higher than in the Control 
group (Table 1). The BCS medians were 5 and 9 for Control 
and Obese groups, respectively.

All dogs were fed commercial dry dog foods and none 
received antioxidant supplements. Regarding the duration 
of obesity, three dogs had been obese for less than a year 
(19%), three between 1 and 2 years (19%), three between 2 
and 3 years (19%), two between 3 and 4 years (12%), and 
five dogs more than 4 years (31%).

The SBP of dogs in the Obese group was significantly 
higher than in the Control group (Table 2). Blood glucose 
concentrations showed no significant differences between 
groups (p = 0.5), and all dogs were normoglycemic. There 
were no significant differences between groups in the albu-
min, serum urea and creatinine. The triglycerides values and 
neutrophil count were highest in the Obese group, while 
cholesterol concentrations had no significant differences 
between groups (Table 2).

The mean MPO values were 6 ± 0.6 and 7 ± 1 ng/mL, 
respectively, in dogs of Control and Obese groups. MPO con-
centrations in dogs of Obese group were significantly higher 
than the Control group (p = 0.004). The mean FRAP values 
were 365 ± 59 and 364 ± 115 µmol/L, respectively, in dogs of 
Control and Obese groups. There was no significant difference 
between groups (p = 0.9). The MPO concentrations showed 
positive correlation with body weight (p = 0.04; r = 0.4), 

Table 1   Means (± SD) of body weight and morphometric measure-
ments in dogs of Control group and Obese group

Variable Control Obese P value

Length (cm) 93 ± 2 100 ± 2 0.4
Body weight (kg) 13 ± 6 27 ± 16 0.003
Waist (cm) 43 ± 7 69 ± 15  < 0.0001
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BCS (p = 0.001; r = 0.56) (Fig. 1A), and neutrophil count 
(p = 0.001; r = 0.6) (Fig. 1B). No correlation occurred between 
triglyceride concentrations, cholesterol concentrations, and 
duration of obesity. There was no correlation of the FRAP 
concentrations with body weight, BCS, triglyceride and cho-
lesterol concentrations, but a weak correlation occurred with 
duration of obesity (p = 0.03; r = 0.31).

Discussion

The present study showed increase of MPO concentrations, 
but FRAP concentrations were not decreased in obese dogs. 
In both groups, there were higher proportions of females 
than males. It should be considered that female dogs have 
increased risk for obesity (Zoran 2010; Mao et al. 2013; 
Usui et al. 2016; Porsani et al. 2020). As expected, highest 
values of body weight were observed in Obese group. Dogs 
in Obese group showed higher SBP than those in Control 
group, being obesity a risk factor for hypertension. A study 
suggested that BCS may be a contributor for secondary 
hypertension in dogs (Montoya-Alonso et al. 2006).

Severe chronic obesity induces a significant increase in 
plasma cholesterol and triglyceride concentrations in dogs 

(Jeusette et al. 2005). Obese dogs showed a concurrent 
increase in cholesterol and triglyceride levels (Jeusette et al. 
2005; Montoya-Alonso et al. 2017). However, in the present 
study, obese dogs presented higher triglyceride levels than 
lean dogs, while cholesterol levels did not show significant 
differences. Five dogs (31.3%) presented triglyceride values 
above the range for normal dogs. Therefore, attention to the 
lipid profile of obese dogs is essential.

The results of the present study indicated that chronic 
inflammation status in dogs of Obese group promoted the 
MPO enzyme elevation. Also, the oxidative metabolism 
of neutrophils evaluated by superoxide production showed 
that obese dogs with hyperleptinemia had high neutrophil 
superoxide production, suggesting that hyperleptinemia may 
be able to pre-active neutrophils in obese dogs and conse-
quently induce systemic oxidative stress (Bosco et al. 2018). 
In oxidative stress, infiltration of adipose tissue by inflam-
matory cells and further production of excessive reactive 
oxygen species by these cells occurs, with resultant derange-
ment of several adipose tissue-derived secretory factors, or 
adipokines, which may possibly contribute to the develop-
ment of metabolic diseases through altered glucose and lipid 
homeostasis (Demerdash 2017).

On the other hand, FRAP analysis did not show a reduc-
tion in dogs of Obese group. Similarly, there was no dif-
ference in FRAP values in groups of non-obese healthy 
women (control), obese women, and hypertensive obese 
women (Roncoleta 2012). The decreased efficiency of 
antioxidant systems predisposes the oxidation of proteins, 
lipids, and DNA, which is a direct cause of oxidative stress 
(Choromańska et al. 2020). FRAP levels were decreased 
in humans with metabolic syndrome and can be a simple 
measure to assess the antioxidant status in obese patients 
(Bitla et al. 2012).

In the same way as for FRAP, there was no difference in 
serum albumin concentrations in obese and lean dogs in the 
present study. Otherwise, increased albumin was observed 
in dogs with obesity-related metabolic dysfunction (ORMD) 
plasma compared with dogs without ORMD (Tvarijona-
viciute et al. 2016). Albumin is well known for its ability to 

Table 2   Myeloperoxidase enzyme (MPO), Ferric-reducing antioxi-
dant power (FRAP), neutrophil count, systolic blood pressure (SBP), 
cholesterol and triglycerides in dogs of Lean group and Obese group

Variable Lean
(Mean ± SD)

Obese
(Mean ± SD)

P value

MPO (ng/mL) 6 ± 0.6 7 ± 1 0.004
FRAP (µmol/L) 365 ± 59 364 ± 115 1
Neutrophil count (× 103/µl) 5.7 ± 1.6 8 ± 2.6 0.006
SBP (mmHg) 124 ± 13 147 ± 19  < 0.001
Albumin 2.9 ± 0.2 3.0 ± 0.2 0.16
Urea (mg/dL) 40.25 ± 11.2 34.5 ± 10.79 0.08
Creatinine (mg/dL) 1.1 ± 0.2 1.0 ± 0.2 0.21
Cholesterol (mg/dL) 194 ± 38 205 ± 30 0.4
Triglycerides (mg/dL) 63 ± 33 119 ± 80 0.02

Fig. 1   Seric MPO (ng/mL) in 
studied dogs of Lean group and 
Obese group that shows positive 
correlations with BCS (nine-
point scale) (A) and neutrophil 
count (B)
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bind molecules and represents the major and predominant 
antioxidant in plasma (Roche et al. 2008).

The neutrophil counts were higher in the Obese, com-
pared with the Control group, despite being in the normal 
range. Similarly, Rafaj et al. (2016) observed a significant 
increase in the neutrophil counts in obese dogs concerning 
the control group. Also, Radakovich et al. (2017) evaluated 
hematological parameters in clinically healthy overweight/
obese and lean dogs. The overweight/obese group had a 
higher total WBC count than the control group due to higher 
neutrophil counts, despite the normal ranges. The authors 
attributed this finding to a possible stress response or low-
grade inflammation.

In humans, Zarkesh-Esfahani et al. (2004) concluded 
that leptin could influence the activation state of human 
peripheral blood neutrophils. Ryder et al. (2014) evaluated 
lean and obese individuals without metabolic syndrome 
and found that neutrophils correlated positively with 
increased visceral fat. Trellakis et al. (2012) observed the 
activation of inflammatory neutrophil function in healthy 
overweight and obese human subjects. The authors sug-
gested that obesity may cause a chronic stimulation for the 
acute inflammatory response in the innate immune system 
and that peripheral blood neutrophils are involved in this 
obesity-related inflammation.

Neutrophil counts indicate the continuous activation of 
the immune system and chronic low-grade inflammation 
associated with canine overweight and obesity (Rafaj et al. 
2016). In a parallel, MPO enzyme was released from neu-
trophil granules in situations of inflammation and necrosis 
(Loria et al. 2008), and obesity may cause this effect, as 
observed in the present study.

MPO concentration was positively correlated with body 
weight and BCS in the current study. In general, obese dogs 
present a state of inflammation related to pro-inflammatory 
cytokines released by adipose tissue (Hernández et al. 2018). 
Pongkan et al. (2020) concluded that obesity in dogs could 
induce increased plasma oxidative stress, impaired heart 
rate variability, and reduced cardiac systolic function com-
pared to non-obese dogs. Similarly, serum MPO activity was 
positively correlated with waist: hip ratio and fat percent-
age in obese children and adolescents to elucidate if MPO 
was linked with cardiovascular risk parameters (El-Alameey 
et al. 2019). Furthermore, a significant positive correlation 
between MPO and BMI was observed in obese children 
in a study to assess whether MPO is an early indicator for 
insulin resistance and, consequently, a predictor for meta-
bolic syndrome in these children (Helal et al. 2016). Both 
studies considered MPO a potential link between obesity 
and cardiovascular complications (El-Alameey et al. 2019; 
Helal et al. 2016). MPO was described as a potential fac-
tor in developing new therapeutic methods that would delay 
the development of cardiovascular complications in obese 

patients (Sladoje et al. 2017). Thus, increasing MPO activity 
in obese dogs may signal systemic changes that should be 
investigated, particularly cardiovascular disease.

FRAP concentrations showed weak correlation with dura-
tion of obesity, but no correlation was detected with body 
weight, BCS, cholesterol and triglycerides concentrations. 
FRAP assay allows to quantify the antioxidant power based 
on ferric reducing ability of plasma constituents, which 
include low molecular weight antioxidants, such as vita-
mins C, and E, serum uric acid and serum bilirubin (Bitla 
et al. 2012). Also, an increase in the serum concentration of 
FRAP was observed in obese human patients with metabolic 
syndrome, but it was not considered a reliable antioxidant 
defense, since this patients had also increase of acid uric that 
can chelate ions metals and interfere in the results (Chielle 
et al. 2018). Amirkhizi et al. (2007) described decreased 
antioxidant levels in obese women. The authors suggested 
that the discrepancy with some literature reports could be 
due to the duration of the obesity. They postulated that in 
early obesity patients, antioxidant enzyme activity would 
be stimulated, and when obesity persists for a long time, 
the sources of the antioxidant enzymes become depleted. 
Therefore, the association between FRAP and duration of 
obesity needs to be better understood.

On the other hand, a correlation between MPO and dura-
tion of obesity was not observed in the present study. In human 
patients, some studies showed oxidative stress associated with 
time in diseases characterized by chronic low-grade inflam-
mation, such as diabetes (Gürler et al. 2000; Helmersson et 
al. 2004). The role of oxidative stress was investigated in the 
development of diabetic retinopathy, and there was a significant 
correlation between the serum lipid peroxidation concentrations 
and the disease duration (Gürler et al. 2000). Helmersson et al. 
(2004) evaluated the 8-iso-PGF2α, a free radical product of 
arachidonic acid and an indicator of oxidative stress, in older 
men with type 2 diabetes. Patients with diabetes ≥ 7 years ago 
had increased levels of urinary 8-iso-PGF2α, whereas those 
newly diagnosed with diabetes (< 7 years ago) had no altera-
tion. Therefore, studies evaluating the association between obe-
sity time and oxidative stress in dogs are warranted.

One of the main limitations of this study was not done 
a weight loss program for monitoring these markers. How-
ever, the results obtained can serve as a basis for further 
studies that evaluate FRAP and MPO assays in dogs with 
other comorbidities related to obesity, such as liver diseases, 
osteoarthritis, among others.

Conclusion

The obesity in dogs promoted MPO elevation, influenced by 
body weight and BCS, while FRAP assay did not show the 
expected reduction.
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