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I n t r o d u c t i o n
Oxidative stress is a consequence of the accumulation of reac-

tive oxygen species (ROS), reactive nitrogen species (RNS), such as 
hydroxyl radicals (OH-), superoxide anion radicals (O2), lipid per-
oxyl radicals (LOO-), and nitrate radicals (NO-) (1). Factors involved 
in the production of free radicals and reactive metabolites include 
physical exercise, characterized by an increase in the body’s oxygen 
consumption and correlated to an increase in ROS production, which 

causes oxidative stress (2–4). It has been shown that exercise-induced 
oxidative stress contributes to increased muscle fatigue, muscle fiber 
damage (5), and eventually leads to immune system impairment (6). 
Both muscles and blood are endowed with antioxidant enzymes, 
such as superoxide dismutase (SOD), glutathione peroxidase (GPx), 
catalase (CAT), and non-enzymatic antioxidants, such as vitamins A, 
C, and E, to counteract damage caused by free radicals (2,7,8).

Oxidative damage induced by physical exercise has been reported 
in horses (9–11) and dogs (12,13). One study investigated the 
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A b s t r a c t
The objective of this study was to evaluate the ability of a long-term antioxidant-supplemented diet to regulate the oxidative stress 
and general health status of dogs involved in animal-assisted intervention (AAI) programs. Oxidative stress is a consequence 
of the accumulation of reactive oxygen species (ROS). Exercise-induced oxidative stress can increase muscle fatigue and fiber 
damage and eventually leads to impairment of the immune system. A randomized, placebo-controlled, crossover clinical 
evaluation was conducted with 11 healthy therapy dogs: 6 females and 5 males of different breeds and with a mean age of 
2.7 6 0.8 y (mean 6 SEM). The dogs were divided into 2 groups, 1 fed a high quality commercial diet without antioxidants (CD) 
and the other a high quality commercial diet supplemented with antioxidants (SD) for 18 wk. After the first 18 wk, metabolic 
parameters, reactive oxygen metabolite-derivatives (d-ROMs), and biological antioxidant potential (BAP) levels were monitored 
and showed a significant reduction of d-ROMs, triglycerides, and creatinine values in the SD group (P , 0.05) and a significant 
increase in amylase values in the CD group (P , 0.01). At the end of this period, groups were crossed over and fed for another 
18 wk. A significant decrease in amylase and glutamate pyruvate transaminase (GPT) values was observed in the CD and 
SD group, respectively (P , 0.05). In conclusion, a controlled, balanced antioxidant diet may be a valid approach to restoring 
good cell metabolism and neutralizing excess free radicals in therapy dogs.

R é s u m é
L’objectif de la présente étude était d’évaluer la capacité d’une diète long-terme supplémentée en antioxydant à réguler le stress oxydatif et 
l’état de santé général de chiens impliqués dans des programmes d’intervention avec assistance animale (IAA). Le stress oxydatif est une 
conséquence de l’accumulation d’espèces oxygène réactive (EOR). Le stress oxydatif induit par l’exercice peut augmenter la fatigue musculaire 
et les dommages aux fibres et éventuellement mener à un mauvais fonctionnement du système immunitaire. Une évaluation clinique croisée, 
randomisée, et avec groupe témoin-placebo a été menée avec 11 chiens d’assistance en santé : 6 femelles et 5 mâles de races différentes et 
d’un âge moyen de 2,7 6 0,8 ans (moyenne 6 écart-type). Les chiens ont été divisés en deux groupes, un premier groupe nourri avec une 
diète commerciale de haute qualité sans antioxydant (DC) et l’autre groupe avec une diète commerciale de haute qualité supplémentée avec 
des antioxydants (DS) pour 18 semaines. Après les premières 18 semaines, les paramètres métaboliques, les métabolites dérivés d’oxygène 
réactive (MDOR), et les niveaux de potentiel antioxydant biologique (PAB) ont été surveillés et ont montré une réduction significative des 
valeurs des MDOR, des triglycérides et de la créatinine dans le groupe DS (P , 0,05) et une augmentation significative des valeurs de 
l’amylase dans le groupe DC (P , 0,01). À la fin de cette période, les groupes ont été croisés et nourris pour 18 semaines supplémentaires. 
Une diminution significative des valeurs de l’amylase et de la glutamate pyruvate transaminase (GPT) a été obtenue dans les groupes DC et 
DS, respectivement (P , 0,05). En conclusion, une diète contrôlée, balancée en antioxydant pourrait être une approche valide pour restaurer 
un bon métabolisme cellulaire et neutraliser les radicaux libres excédentaires chez les chiens d’assistance.
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oxidative status of 9 dogs after 20 min and 4 h of aerobic exercise, 
after 30 d of rest (14). Results showed a significant oxidative status 
due to the high level of reactive oxygen metabolite-derivatives 
(d-ROMs) and the low level of biological antioxidant potential (BAP) 
in relation to the values before starting the exercises (P , 0.01) (14).

Ethane exhaled in the breath may be considered a marker of oxi-
dative stress as it is a product of free radical-mediated oxidation of 
cell membrane lipids (15). The authors evaluated oxidative stress in 
terms of exhaled ethane in 8 human, 12 dog, and 11 equine athletes 
after a physical performance (15). A significant increase in exhaled 
ethane was observed in all species after training and was associated 
with oxidative stress.

Evaluation of oxidative status with specific parameters could 
become an interesting and practical method of monitoring the activ-
ity of working dogs. Indeed, it is difficult to quantify ROS in practice 
because of their very short half-life and it requires complex tech-
niques over a long period of time. Due to their high reactivity, ROS 
react with practically every organic molecule they meet, producing 
reactive oxygen metabolites (ROMs), which are more stable than the 
ROS and are therefore easier to quantify. Conversely, BAP matches 
the total antioxidant capability of plasma and includes either exog-
enous (ascorbate, tocopherols, carotenoids) or endogenous (protein, 
GPx, SOD, CAT) components that can oppose the oxidant action of 
reactive species (16).

In conditions of oxidative stress, a controlled, balanced antioxidant 
diet may be a valid approach to restoring good cell metabolism and 
neutralizing excess free radicals. Two studies in dogs and rabbits 
demonstrated an increase in tissue oxidative stability by supple-
menting with a diet enriched with different antioxidants (17,13). 
The effect on exercise-induced oxidative stress of supplementing 
with oral vitamin E (11 to 14 mg) for 10 wk was studied in 8 dogs 
and induced a significant reduction in paroxonase-1 activity, eryth-
rocyte membrane fluidity, and vitamin E and a significant increase 
in plasma malondialdehyde levels (18). After 10 d of vitamin E 
supplementation, these modifications were significant in the placebo 
group, but not in the supplemented group.

The objective of this study was to ascertain the ability of a long-
term antioxidant-supplemented diet to regulate the oxidative stress 
and general health status of working dogs involved in animal-
assisted intervention (AAI) programs.

M a t e r i a l s  a n d  m e t h o d s
Operative procedures and animal care were carried out in compli-

ance with national and international regulations (Italian regulation 
D.L. vo 116/1992 and European Union regulation 86/609/EC). 
The recommendations of the Consolidated Standards of Reporting 
(CONSORT) 2010 statement on randomized controlled trials were 
also consulted and considered (19).

Subjects
Eleven therapy dogs (6 females and 5 males) of different breeds 

(1 Cirneco dell’Etna, 6 Labrador retrievers, 3 mixed breed, and 1 pit-
bull), aged 2.7 6 0.8 y and with a body weight of 22.12 6 8.43 kg 
(mean 6 SEM), were enrolled in this clinical evaluation. Before the 
recruitment, laboratory examinations (hemogram, biochemical pro-

file, urine analysis, and serum protein electrophoresis) and serological 
tests (Ehrlichia canis, Rickettsia spp., Leishmania infantum, Anaplasma 
phagocytophilum, Bartonella spp., Toxoplasma gondii, Neospora caninum, 
and Borrelia burgdorferi) were conducted on all dogs to confirm their 
good health status. Owner consent was obtained for each dog.

All dogs were involved in 5 weekly (30 min each) animal-assisted 
intervention (AAI) sessions in the rehabilitation or social care of 
humans. All sessions were held in the same place and at similar tem-
perature and humidity conditions. Patients involved in AAI sessions 
consisted of 55 children with pervasive developmental disorders. 
Each 30-minute session consisted of 15 min of active playing, such 
as ball throwing or running, 10 min of collaborative activities, such 
as the child and the dog looking for a hidden object together, and 
5 min of dog-care activities, such as feeding and brushing the dog.

Diets
The dogs were fed 2 varieties of dry dog food: Natural Trainer 

Adult Medium and Personal Trainer Long Life Adult Medium, which 
is supplemented with antioxidants (both from Nova Foods, Vicenza, 
Italy). The Natural Trainer Adult Medium diet consisted of fresh 
chicken and turkey meat, corn, rice, dehydrated chicken and turkey 
meat, lard, dehydrated pork meat, flax seed, beet, corn oil, dehy-
drated fish flour, chicory extract, fructooligosaccharides, brewer’s 
yeast, pea fiber, Spirulina algae (Arthrospira platensis), ribonucleotides 
extract from yeast, green-lipped mussels (Perna canaliculus), apple 
dried extract, black raspberry extract, salt, chloride-choline, methio-
nine, vitamin E, vitamin A (18 000 UI/kg), vitamin D3 (1.350 UI/kg), 
vitamin E (265 mg/kg), and copper (20 mg/kg).

The Personal Trainer Long Life Adult Medium dog food consisted 
of corn, dehydrated chicken and turkey meat, fresh chicken and tur-
key meat, rice, corn oil, lard, hydrolyzed proteins of chicken, beet, 
corn gluten, flax seeds, dehydrated fish flour, brewer’s yeast (0.50%), 
sodium chloride, pea fiber, wood cellulose, calcium carbonate, fruit 
oligosaccharides, broccoli dried extract, green-lipped mussels (Perna 
canaliculus) (0.05%), Vitaberry Plus (grape seed extract, quercetin, 
blueberry dried extract, resveratrol, and strawberry and blackberry 
dried extracts), and silicon dioxide (0.025%).

Experimental design
Dogs were randomly divided into 2 groups using a dedicated 

software (Research Randomizer) (20). The first group (n = 5) received 
a high quality commercial control diet (CD) without antioxidant 
(Natural Trainer Adult Medium, Nova Foods), while the second 
group (n = 6) received a high quality commercial diet (SD) sup-
plemented with antioxidants (Personal Trainer Long Life Adult 
Medium, Nova Foods) for 18 wk. At the end of this period, a cross-
over design of the same duration was conducted.

Sample collection
Blood samples were collected from each dog at the beginning of 

the evaluation and at the end of the first experimental period after 
18 wk. The same procedure was carried out before and at the end of 
the crossover period. Blood samples were collected from the cephalic 
vein and stored in 2 tubes, one with heparin and the other without 
anticoagulant. Heparinized plasma samples and serum samples were 
obtained by blood centrifugation at 6000 3 g for 1.5 min at 37°C.
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Metabolic profile evaluation
Ten milliliters of blood were collected from the cephalic vein 

for the oxidative stress assessment. After blood centrifugation in 
heparinized test tubes, the plasma was separated from the serum 
and analyzed. Oxidative stress was measured with a spectro-
photometric point-of-care assay (Free Radical Analytical System 
FRAS 4; Evolvo, Langhirano, Italy). The dROMs test and the BAP 
test were completed. In the dROMs test, reactive oxygen metabo-
lites (primarily hydroperoxides) of the sample generated alkoxyl 
and peroxyl radicals, in the presence of iron released from plasma 
proteins by an acidic buffer, according to the Fenton reaction. Such 
radicals then oxidized an alkyl-substituted aromatic amine (N,N-
dietylparaphenylendiamine), thus producing a pink-colored deriva-
tive, which is photometrically quantified at 505 nm. The concentra-
tion of the dROMs is directly proportional to the color intensity and 
is expressed as U CARR (Carratelli units). One U CARR corresponds 
to 0.08 mg/dL hydrogen peroxide. In normal dogs, dROM values 
range from 50 to 90 U CARR.

In the BAP test, the plasma samples were mixed with a colored 
solution obtained by mixing a ferric chloride solution with a thio-
cyanate derivative solution that causes a discoloration, the intensity 
of which is measured photometrically at 505 nm and is proportional 
to the ability of the plasma to reduce ferric ion (16). The results are 
expressed as mMol/L of reduced ferric ions. In normal dogs, BAP 
values range from 2400 to 2200 mMol/L. The reference values of 
dROMs and BAP test were validated for canine species (14,21) and 
are summarized in Table I.

A metabolic profile was also investigated for each dog, includ-
ing albumin, alkaline phosphatase (ALP), total bilirubin, calcium, 
cholesterol, creatine phosphokinase (CPK), creatinine, phosphorus, 
gamma-glutamyl transferase (GGT), glucose, aspartate aminotrans-
ferase (GOT), glutamate pyruvate transaminase (GPT), total proteins, 
triglycerides, and urea (Dimension RxL Max Integrated Chemistry 
System; Siemens Healthcare Diagnostics, Milan, Italy).

Statistical analysis
Data were analyzed using GraphPad Prism 6 software (GraphPad 

Software, La Jolla, California, USA). All data are presented as the 
means 6 SEM and were first checked for normality using the 
D’Agostino-Pearson normality test. Differences in dROMs, BAP, and 
metabolic profile parameters between the 2 diets before (T0) and 
at the end (T1) of the first evaluation and crossover were analyzed 
using a 2-way analysis of variance (ANOVA), followed by Sidak’s 
multiple comparisons test.

Re s u l t s
Both diets were similar in chemical composition and fatty acid 

profile. The predominant fatty acids of the lipid fraction in both 
diets were palmitic acid (C16:0) and oleic acid (C18:1 c9), which 
were present in similar proportions (22% for palmitic acid and 35% 
for oleic acid). The amount of linolenic acid (C18:3 n3) was higher 
(128%) in the experimental than in the control diet.

The metabolic profile trend of the CD and SD group during the 
evaluation period is shown in Figure 1. Amylase concentration sig-
nificantly increased from a T0 value of 778 6 32.10 U/L to 1059 6 
82.75 U/L at T1 in the CD group (P , 0.01) (Figure 1C). Conversely, 
creatinine and triglycerides decreased significantly in the SD group 
from a T0 value of 1.22 6 0.06 mg/dL to 1.00 6 0.06 mg/dL at T1 
and from a T0 value of 164.6 6 55.73 mg/dL to 60.20 6 9.51 mg/dL 
at T1, respectively (P , 0.05) (Figures 1H to P).

The concentration of dROMs and BAP decreased significantly 
from a T0 value of 142.6 6 13.86 U CARR to 111.4 6 7.97 U CARR at 
T1 in the SD group and from a T0 value of 3332 6 177.5 mMol/L to 
2954 6 58.14 mMol/L at T1 in the CD group, respectively (P , 0.05) 
(Figure 2).

At the end of this period, groups were crossed over and fed for 
another 18 wk and the metabolic profile was reassessed (Figure 3). 
Amylase and GPT concentration significantly decreased from a 
T0 value of 1059 6 82.75 U/L to 859.2 6 61.02 U/L at T1 in the 
CD group and from a T0 value of 70.20 6 10.83 U/L to 50.60 6  
5.38 U/L at T1 in the SD group, respectively (P , 0.05) (Figures 3C 
to L). Although no significant variation of dROMs was observed, 
a decrease in the CD group and an increase in the SD group was 
observed at the end of the crossover period, probably due to the 
antioxidant activity of the diet (Figure 4A). Similar to what was 
observed in the first evaluation, a decrease in BAP concentration 
was observed in the CD group (Figure 4B).

D i s c u s s i o n
The objective of this study was to evaluate the potential ability 

of a long-term antioxidant-supplemented diet to control the oxida-
tive stress and general health status of therapy dogs involved in 
AAI programs. Environmental stress, such as temperature, work-
ing, and dog competitions may induce psychological and physical 
stress, which could also influence the food intake of dogs, whether 
it is excessive or not enough.

An unbalanced diet lacking in essential nutrients weighs on the 
general health status of dogs and may represent a risk factor for 

Table I. Reference values of dROMs (1 U Carr = 0.08 mg H2O2/dL) and BAP test

dROMs reference values		  BAP reference values
Normal values	 50 to 90 U CARR	 Optimal values	 2400 to 2200 mmol/L
Threshold borderline	 92 to 95 U CARR	 Threshold borderline	 2200 to 2000 mmol/L
Mild oxidative stress	 100 to 120 U CARR	 Slight deficiency	 2000 to 1800 mmol/L
Oxidative stress	 140 to 200 U CARR	 Deficiency	 1800 to 1600 mmol/L
Strong oxidative stress	 220 to 300 U CARR	 Strong deficiency	 1600 to 1400 mmol/L
Strong oxidative stress	 Over 300 U CARR	 Very strong deficiency	 , 1400 mmol/L
dROMs — reactive oxygen metabolites-derivatives; U Carr — Carratelli units; BAP — biological antioxidant potential.
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Figure 1. The metabolic profile trend of the commercial diet (CD) and supplemental diet (SD) groups during the evaluation period (continues on next page).
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Figure 1. The metabolic profile trend of the commercial diet (CD) and supplemental diet (SD) groups during the evaluation period (continues on next page).
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metabolic and degenerative diseases. Among the mechanisms that 
can influence health status, the balance of oxidative stress plays a 
relevant role. Metabolic oxidative reactions constantly take place 
in animals in order to balance the production of free radicals with 
antioxidant molecules.

The significant reduction (P , 0.05) of dROMs and BAP values 
observed in dogs fed the SD diet during the first experimental period 
clearly demonstrated the ability of the diet to reduce oxidative stress, 

thus indicating a positive trend towards the normal values observed 
for healthy dogs (14). Conversely, the significant reduction observed 
in the CD-fed group confirmed the lack of any antioxidant effect 
related to the diet. It is worth noting that, while a long period of 
washout was not observed, the overall trend of BAP and dROMs 
improved after SD supplementation, although slightly influenced 
by the previous diet assumption.

On the other hand, the reduction of the amylase enzyme after the 
crossover could be related to the inhibitory activity of antioxidant 
molecules on key enzymes linked to type-2 diabetes (a-amylase 
and a-glycosidase) as previously observed in in-vitro studies by 
using flavonoid, anthocyanin, and other polyphenol compounds 
(22–25). The decrease in GPT level after the crossover suggests 
that the SD diet is endowed with liver-protective properties as 
reported in studies where different polyphenol extracts were tested 
in laboratory animals (26,27). As a result, the beneficial effects of 
antioxidant supplementation on liver and pancreatic metabolism 
were demonstrated.

The antioxidant formulation used in this study was based on 
grape seed extract, quercetin, blueberry, resveratrol, and strawberry 
and blackberry dried extracts (Vitaberry Plus). All these compounds 
contain anthocyanins and polyphenols, which have antioxidant 
effects. The total proanthocyanidin content of grape seed extract 
also included catechins and epicatechins and possesses antioxidant 
properties and protects the vascular system (28). The present study 
clearly showed a decrease in dROM species after the administration 
of a specific diet enriched with antioxidants. This scavenger activity 
was in agreement with other studies about the antioxidant effects 
of single active ingredients included in antioxidant supplements. 
For example, it has been demonstrated that supplementing with 
grape seed extract decreased the activity of the oxidative stress-
responsive transcription factors NF-kB and Nrf2 in the duodenal 
mucosa of pigs (29).

In a similar study, grape seed extract significantly reduced 
(by  60%) the formation of azoxymethane-induced aberrant crypt 
foci, probably due to its activity in reducing the levels of cyclin D1, 
COX-2, and iNOS involved in the foci genesis (30). While grape 
seed and blueberry extract are endowed with antioxidant activity, 
quercetin supplementation is known to prevent age-related dis-
eases in dogs (31). Moreover, the anthocyanins and polyphenols in 
blueberry extract have been shown to exert antioxidant effects in 

Figure 2. Graphical representation of oxidative stress parameters concen-
tration of dogs. A significant decrease in dROMs and BAP concentration 
was observed after 18 weeks of supplementation with SD and CD diet, 
respectively (*P , 0.05). A — dROMs and B — BAP values before (T0) 
and after 18 weeks (T1) of diet supplementation.

Figure 1. The metabolic profile trend of the commercial diet (CD) and supplemental diet (SD) groups during the evaluation period.
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Figure 3. Graphical representation of metabolic profile of dogs. A significant decrease in GPT concentration was observed after SD diet supplementa-
tion (3L, *P , 0.05). (A) albumin, (B) alkaline phosphatase, (E) calcium, (G) creatine phosphokinase, (I) Gamma-glutamyl transpeptidase, (J) glucose, 
(K) Glutamic-oxaloacetic transaminase, (L) Glutamic — pyruvic transaminase, (O) total protein (continues on next page).
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Figure 3. Graphical representation of metabolic profile of dogs. A significant decrease in GPT concentration was observed after SD diet supplementa-
tion (3L, *P , 0.05). (A) albumin, (B) alkaline phosphatase, (E) calcium, (G) creatine phosphokinase, (I) Gamma-glutamyl transpeptidase, (J) glucose, 
(K) Glutamic-oxaloacetic transaminase, (L) Glutamic — pyruvic transaminase, (O) total protein (continues on next page).
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Figure 3. Graphical representation of metabolic profile of dogs. A significant decrease in GPT concentration was observed after SD diet supplementa-
tion (3L, *P , 0.05). (A) albumin, (B) alkaline phosphatase, (E) calcium, (G) creatine phosphokinase, (I) Gamma-glutamyl transpeptidase, (J) glucose, 
(K) Glutamic-oxaloacetic transaminase, (L) Glutamic — pyruvic transaminase, (O) total protein.

some pathological conditions, such as hypobaric hypoxia, due to 
the inhibition of lipid peroxidation by interfering with glutathione 
activity (32,33). The antioxidant levels of sled dogs supplemented 
with blueberries were studied and blood creatine kinase levels and 
oxidative status were evaluated 48 h after exercise (34). Although the 
exercise protocol did not influence concentrations of creatine kinase, 
supplementation with blueberries significantly increased the total 
antioxidant status after exercise. In addition to being an antioxidant, 

blueberry extract has also demonstrated genoprotective and behav-
ioral effects (35). Specifically, 30 mice received a supplementation 
of blueberry extract for 30 d. After that period, all treated animals 
had a higher significant memory retention in all test sessions after 
7 and 30 d of supplementation, while in-vitro examination revealed 
significantly reduced DNA damage in hippocampal tissues than in 
the control group.

Resveratrol (3,5,49-trihydroxystilbene), a polyphenol naturally 
occurring in grapes, berries, peanuts, and other vegetables, has 
also been shown to have antioxidant, anti-inflammatory, and anti-
proliferative properties (36,37). Although there is a lack of scientific 
studies on resveratrol supplementation in pets, it has been demon-
strated that resveratrol was able to protect from oxidative stress in 
hepatic steatosis conditions, significantly increasing GSH and GPx 
levels in liver tissues and significantly decreasing ROS levels in 
30 mice (38).

Antioxidant and anti-inflammatory activity have been ascribed 
to strawberry extract due to its high content of flavonoids (39). For 
example, a daily intake of 500 g of strawberries for 9 d increased non-
urate plasma 2,2-diphenyl-1-picrylhydrazyl radical decomposition, 
thus possibly decreasing the risk of systemic oxidants over activity 
(excessive activity) (40).

Antioxidant and anti-inflammatory activities were also investi-
gated for a polyphenolic blackberry extract by means of the oxygen 
radical absorbance capacity assay (ORAC) (41). The ORAC value of 
the blackberry extract was higher than the ORAC of quercetin and 
ellagic acid. Moreover, the blackberry extract inhibited superoxide 
production by NADPH oxidase (nicotinamide adenine dinucleo-
tide phosphate-oxidase) in THP-1 cells and nitrite production in 
J774A.1 cells after 4 h of incubation, showing a scavenger activity, 
while a reduction of nitrites was observed after 24 h of incubation.

A dog’s diet may be qualitatively and quantitatively appropriate 
to the type and intensity of the activity as well as to its age, breed, 
and gender. Balanced nutrition could therefore be crucial to restor-
ing good overall health status. This study confirms that long-term 
supplementation with a specific diet enriched with antioxidants 
is able to regulate the antioxidant status and general health status 
of working dogs involved in animal-assisted intervention (AAI) 
programs and prevent damage due to oxidative stress before and 
after their work.

Figure 4. Graphical representation of oxidative stress parameters con-
centration of dogs. A — dROMs values and B — BAP before (T0) and 
after 18 weeks (T1) of diets supplementation.
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