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Abstract: Canine acute enteropathies (AE) are common morbidities primarily managed with support-
ive therapy. However, in some cases, unnecessary courses of antibiotics are empirically prescribed.
Recent studies in humans have hypothesized the use of antioxidants as a possible alternative and/or
support to antimicrobial drugs in uncomplicated cases. Considering the global need to reduce the
antibiotic use, the aim of the study was to compare the oxidative burden of the diarrhetic population
to that of healthy dogs. Forty-five patients suffering from uncomplicated acute diarrhea (AD) and
30 controls were screened for clinical and biochemical parameters, and serum redox indices (reactive
oxygen metabolites, dROMs; serum antioxidant capacity, SAC; oxidative stress index, OSi). The
average levels of dROMs in AD dogs were significantly higher (p < 0.001) than in healthy dogs, while
SAC did not significantly differ between the two groups. However, the OSi values (ratio between
dROMs and SAC) significantly increased (p < 0.001) in AD dogs compared to controls. The study
demonstrates that canine AD could induce redox imbalance. Although its role in the etiopathogenesis
and evolution of the disease should be further investigated, our results suggest that the improvement
of the patient oxidative status, possibly through the dietary administration of antioxidants, could
support the management of canine AE, reducing the use of antibiotics.

Keywords: acute diarrhea; oxidative stress; antioxidant status; dog

1. Introduction

Canine acute enteropathies (AE) are common disorders with a complex etiology in-
cluding infectious diseases, stressful events, dietary indiscretion, metabolic disturbances,
and other gastrointestinal tract inflammatory stimuli [1]. The predominant clinical mani-
festation of AE is acute diarrhea (AD), which is defined as the abrupt onset of 3 or more
loose feces per day lasting no longer than 7 days [2]. Although most AD episodes are
self-limiting and symptomatic treatment should represent the recommended management
of the uncomplicated disease, AE are still a frequent reason for the empirical prescription
of antibiotics [3,4]. Very little information is available about the clinical benefits of antimi-
crobial treatment in uncomplicated AD, and their administration should be limited to dogs
with signs of sepsis [3]. Limitation to the use of antimicrobials is justified by the possible
disruption of the intestinal microbiota and the selection of antibiotic-resistant bacterial
strains in both dogs and cohabitant species, including humans [5–7]. As a matter of fact,
the increasing need to reduce the overuse of antibiotics in veterinary clinics to avoid the
potential zoonotic transmission of resistant organisms supports the search for alternative
therapeutical approaches [4].

In humans and in laboratory animal models acute and chronic gastrointestinal dis-
eases are characterized by an altered redox homeostasis due to either an over production of
reactive oxygen species (ROS) or a deficiency of counteracting antioxidant systems [8–11].
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However, clinical trials evaluating the antioxidant status and the role played by oxida-
tive stress in dogs affected by AD are scattered and mainly focused on AE of viral etiol-
ogy [12,13]. Panda et al. [12] investigated oxidative stress indices in dogs suffering from
parvoviral gastroenteritis and concluded that the activities of the antioxidant enzymes (i.e.,
catalase and superoxide dismutase) were altered compared to healthy subjects. Moreover,
such alterations were more pronounced in canine parvovirus-positive cases compared to
diarrhetic parvovirus-negative patients. Accordingly, Gaykwad et al. [13] found evidence
for the supportive use of the antioxidant compound N-acetylcysteine in the treatment of
dogs diagnosed with parvoviral infection. The N-acetylcysteine treatment significantly im-
proved the white blood cells (WBC) count and the glutathione S-transferase activity, while
reducing the nitrates and malondialdehyde levels, in parvovirus-infected dogs compared
to non-supplemented patients.

Even though some evidence of an altered redox homeostasis during both acute and
chronic enteropathies has been reported both in humans and in several animal models, no
information about the OS status of dogs suffering from AE others than those of viral etiology
is available. Moreover, the use of antioxidants in uncomplicated enteropathic patients has
been suggested as a possible alternative to drugs [4]. For these reasons, we performed a
clinical trial enrolling dogs affected by nonspecific AD in order to: (i) evaluate the redox
status of the animals; (ii) compare the oxidative burden of the diarrhetic population to that
of healthy dogs. The results of the study could set the stage for introducing antioxidants
supplementation in the diet of dogs affected by AE.

2. Materials and Methods
2.1. Animals

Dogs with AD presented to the “Struttura Didattica Speciale Veterinaria (SDSV)”
of the University of Turin and other referral clinics throughout Italy were enrolled for
participation in an observational cross-sectional clinical trial from June 2019 to June 2021.
The study was approved by the local ethical committee (n. 248) and a written informed
con-sent was obtained from all owners.

Inclusion criteria were defined according to Langlois et al. [14]. Briefly, dogs age-
ing more than 6 months, with a body weight between 4 and 40 kg, regularly vaccinated
and dewormed, and presenting with an AD of less than 7 days in duration, were en-
rolled. Due to the possible interference with the patient redox status, the fulfilment of
one of the following conditions was considered as an exclusion parameter: (i) chronic
gastrointestinal diseases characterized by active symptoms; (ii) non-gastrointestinal dis-
eases causing gas-trointestinal signs (e.g., hypocortisolism) and/or concurrent systemic
diseases (e.g., chronic liver disease, chronic kidney disease IRIS Stage 1–4, congestive heart
failure, systemic neoplasia, immune-mediated disease); (iii) suspected nutritional defi-
ciencies; (iv) treatment with anti-inflammatory and/or antimicrobial drugs during the last
15 days; and (v) antioxidant supplementation or commercial diets enriched with patented
antioxidant formula [15,16].

A representative number of healthy dogs were recruited in the same period as a
control group. The dogs were classified as diarrhetic or healthy according to their history,
physical examination, results of complete blood biochemical profile, and fecal analysis,
including Giardia spp. and Parvovirus test. Serum cortisol concentration, abdominal radio-
graphic findings and/or abdominal ultrasound were also performed in diarrhetic dogs
when deemed necessary for diagnosis. Dogs with acute hemorrhagic or non-hemorrhagic
diarrhea, with or without mucus, that did not have evidence of gastro-intestinal para-
sitism, Giardia spp. infection, or parvoviral enteritis, were considered to suffer acute
nonspecific diarrhea and were included in Group AD. Dogs resulting as clinically and
biochemically healthy, without signs of gastrointestinal parasites, were recruited as control
group (Group C).

Body condition score (BCS) was measured according to the 1–9 WSAVA point-scale [17],
while fecal score was assessed according to the 1–7 Purina Fecal Scoring system [18]. Sever-
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ity of illness of acute diarrhetic patients was determined by a modified-Vesikari Scoring
System [19] (mVSS) (Table 1). Briefly, four parameters (i.e., diarrhea, vomiting, severity of
dehydration and treatment) were scored according to their severity from 1 (less severe) to
3 (more severe). Partial scores obtained from each parameter were then summed together
to obtain the severity rating scale. Patients with a severity rating scale less than 5 were
considered as mildly affected; patients with a severity rating scale from 6 to 10 were classi-
fied as moderately affected; and patients with a total score more than 11 were judged as
severely affected.

Table 1. Modified-Vesikari Scoring System (mVSS).

Parameters 1 2 3

Diarrhoea
Maximum number stool/day 1–3 4–5 More than 6
Characteristics No mucous nor blood Mucous Blood
Fecal score 4 5–6 7
Vomiting
Maximum number per day 1–2 3–4 More than 5
Severity of dehydration (%) N/A 1–5 More than 6

Treatment
Symptomatic. No parenteral
rehydration needed. No
hospitalization

Symptomatic + rehydration
therapy. Day-hospital
treatment for parenteral
rehydration

Symptomatic + rehydration
therapy + supportive (i.e.,
assisted feeding).
Hospitalization needed

Severity rating scale * <5 (Mild) 6–10 (Moderate) More than 11 (Severe)

* modified from [19].

2.2. Hematobiochemical Analyses

All dogs were fasted 10–12 h prior to blood sampling. Hematology tubes containing
EDTA were immediately analyzed to obtain WBC, red blood cells (RBC) and hematocrit
(Hct) values. Tubes without anticlotting agents were centrifuged for serum collection.
Serum was divided into two aliquots: the first aliquot was used for immediate determina-
tion of biochemical analysis (albumin, ALB; total protein, PT; blood urea nitrogen, BUN;
creatinine, CREA; alanine-amino transferase, ALT; glucose and electrolytes, such as sodium,
potassium and chlorum); the second aliquot was stored at −80 ◦C until analysis of the
redox status [20].

2.3. Redox Status Assessment

Determinable reactive oxygen metabolites (dROMs) were quantified using the dROMs
Test (Diacron International Srl, Grosseto, Italy) as an indicator of oxidative stress due to free
radicals. Briefly, in a biological sample reactive oxygen metabolites (primarily hydroper-
oxides) are able to generate alkoxyl and peroxyl radicals, in the presence of iron released
from plasma proteins by an acidic buffer, according to the Fenton reaction. Such radicals
can then oxidize an alkyl-substituted aromatic amine (N,N-dietylparaphenylendiamine),
thus producing a pink-colored derivative that is photometrically quantified at 505 nm [21].
The d-ROMs concentration is directly proportional to the colour intensity and is expressed
as Carratelli Units (1 CarrU = 0.08 mg hydrogen peroxide/dL).

The Serum Antioxidant Capacity (SAC) was measured by the OXY-Adsorbent test
(Diacron). The assay evaluates the ability of the serum barrier to neutralize the oxidative
action induced by an hypochlorous acid solution (HClO). The method was modified from
Jansen and Ruskovska [22]. Briefly, 2 µL of serum samples diluted 1:100 (v/v) with MilliQ-
water were incubated with 200 µL of HClO solution for 10 min at 37 ◦C in a 96-well plate.
Then, 2 µL of chromogenic reagent (N,N-diethyl-p-phenylenediamine) was added. The
intensity of the colored complex is inversely related to the total antioxidant capacity in
serum. The absorbance values were measured at 505 nm using the Glomax Multi detection
system spectrophotometer. Data were expressed as µmol of HClO/mL.
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The Oxidative Stress index (OSi) was defined as the ratio of the dROMs to SAC values.
Specifically, OSi (arbitrary units, A.U.) = dROMs (CarrU)/SAC (mmol of HClO/mL) [15,23].

2.4. Statistical Analysis

To neutralize the possible interference of breed size, age, gender, and BCS in compar-
ing dROMs, SAC and OSi values between Group AD and C, different subgroups were
preliminarily identified. The following criteria were adopted: breed size subgroups were
classified as mini and small breed dogs (i.e., Chihuahua, miniature Pincher, French bulldog,
Poodle or adult dogs weighting < 10 kg), medium breed dogs (i.e., English setter, Breton, or
adult dogs weighting from 11 kg to 25 kg), and large and giant breed dogs (i.e., Labrador
and Golden retrievers, Great Dane, or adult dogs weighting > than 25 kg). Age-subgroups
were classified as young (dogs within the age interval of 6 months to adulthood age, ac-
cording to breed size), adult (dogs from adulthood to maturity, according to breed size)
and mature (dogs in the last third of their lifespan, according to breed size). Sex-subgroups
included female, neutered female, male and castrated male dogs. BCS-subgroups were
classified according to WSAVA guidelines [17] as ideal (dogs with a BCS of 5 out of 9),
under ideal (dogs with a BCS of 1–3 out of 9), and over ideal (dogs with a BCS of 6–9
out of 9). To identify correlations between oxidative stress parameters and the considered
covariates (breed size, age, sex, BCS, and selected haemato-biochemical parameters [RBC,
WBC, Hct, BUN, Crea, PT, Alb, ALT, GLU, Na, K, Cl]), a preliminary statistical analysis
was performed. A quantile multivariate regression model was applied using the software
StataCorp. 2015 (Stata: Release 14. Statistical Software. College Station, TX, USA: StataCorp
LP). The statistical significance was set at 5% level (p < 0.05). Age, sex, breed, size and
BCS did not significantly influenced dROMs, SAC and OSi parameters, when comparing
subgroups of Group AD and Group C (p > 0.05 for all considered covariates; data not
shown, although available upon request). No significant correlation was also appreciated
between haemato-biochemical parameters and redox indices (p > 0.05 for all investigated
parameters; data not shown, although available upon request). Given the above, a possible
interference between d-ROMs, SAC, OSi and the identified covariates was considered
irrelevant. Thus, d-ROMs, SAC and OSi results were compared between Group AD and C
(without subgroups). Moreover, patients belonging to Group AD were further subgrouped
on the basis of mVSS into mild, moderate, and severe cases according to Table 1.

To select the appropriate parametric or non-parametric tests for the statistical analy-
sis, haemato-biochemical parameters and redox status markers were checked for normal
distribution by Shapiro–Wilk test. Haemato-biochemical parameters resulted as normally
distributed, thus an unpaired t-test with the Welch’s correction was applied to compare
group AD and C. Redox indices were not normally distributed, thus Mann–Whitney and
Kruskal–Wallis tests (followed by Dunn’s multiple comparisons) were used to compare
Group AD and C, and subgroups (mild, moderate, and severe cases) of group AD, respec-
tively. Differences were considered statistically significant when the two-sided p value was
<0.05. Statistical analysis was performed using GraphPad Prism 9.0 (GraphPad software,
CA, USA). In order to visualize the data, box-whisker plots were utilized.

3. Results

Thirty (30) healthy dogs and 60 ill dogs were eligible for the enrolment, but 13 sick cases
were excluded from the study because of gastrointestinal parasitism (n = 3), concurrent
disease (n = 2, foreign body ingestion and acute pancreatitis), or inability to obtain sufficient
feces or serum for analysis (n = 8). Furthermore, two serum samples of the ill group stored
for redox status evaluation were discarded before analysis because of hemolysis. A total
of 75 dogs met all inclusion criteria, including 45 patients suffering from AD (Group
AD) and 30 controls (Group C). Demographics and baseline characteristics of Group AD
and C are summarized in Table 2. Diseased patients were mainly represented by intact
males equally distributed between breed sizes, with a mean age of 2.3 years, a mean body
weight of 23.5 kg, and a BCS of 4/9. No differences were recorded about the demographic
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characteristics between AD and C groups. By contrast, the fecal score value was higher
in group AD compared to controls (6 vs. 2, p < 0.032), in line with the inclusion criteria.
With few exceptions (Na+, Cl− and K+), the haemato-biochemical parameters were in the
normal range for both groups. However, group AD had significantly higher hematocrit,
and RBC and WBC count (p < 0.01, p < 0.01 and p < 0.0001, respectively) than healthy
dogs, and increased serum levels of PT, BUN and ALT (p < 0.05, p < 0.01 and p < 0.0001,
respectively). As regards the mVSS, Group AD had an average score of 9.8, indicating a
moderate severity index.

Table 2. Demographics and baseline characteristics of Group AD and C.

Parameters Group AD Group C

Signalment and clinical scores
Age (years) 2.3 ± 5.3 2.5 ± 8

Sex 52% Male
48% Female

49% Male
51% Female

Breed size
42% Small and mini

20% Medium
38% Large and Giant

35% Small and mini
35% Medium

30% Large and Giant

Predominant breeds French Bulldog (12%) and
Labrador Retriever (14%)

Mixed breed dog (30%) and
Golden Retriever (15%)

Body weight (kg) 23.5 ± 12.1 26 ± 10
BCS 4/9 5/9

Fecal score 6 2

mVSS 9.8 N/A
Mild mVSS (number of dogs) 15 N/A

Moderate mVSS (number of dogs) 21 N/A
Severe mVAA (number of dogs) 9 N/A

Haemato-biochemical
parameters Normal range

Alb (g/dL) 3.3 ± 0.3 3.2 ± 1.1 3.0–3.7
PT (g/dL) 6.3 ± 1.2 * 5.9 ± 0.9 5.7–7.1

BUN (mg/dL) 31 ± 15 ** 22 ± 10 19–45
CREA (mg/dL) 0.9 ± 0.5 1 ± 0.3 0.76–1.24

Glucose (mg/dL) 117 ± 11 101 ± 23 83–125
ALT (IU/L) 91 ± 10 **** 78 ± 12 17–108

Na+ (mEq/L) 141 ± 8 * 150 ± 3 143–151
K+ (mEq/L) 3.8 ± 0.5 * 4.2 ± 0.5 3.9–4.9
Cl− (mEq/L) 104 ± 4 * 111 ± 2 109–117
RBC (106/µL) 7.67 ± 1.5 ** 6.5 ± 1.4 6.13–8.52

Hct (%) 57.9 ± 5 ** 37 ± 6 42–58
WBC (103/µL) 10.78 ± 3.6 **** 5.78 ± 4.9 4.7–11.15

Alb: albumin; ALT: alaninoaminotransferase; BUN: blood urea nitrogen; CREA: creatinin; Hct: haematocrit;
mVSS: modified Vesikari Scoring system; PT: total protein; RBC: red blood cells; WBC: white blood cells. For
continuous variables, data are expressed as mean ± standard deviation; for non-continuous parameters only
mean is provided. Continuous data were analyzed by unpaired t-test with the Welch’s correction. * p < 0.05;
** p < 0.01; **** p < 0.0001.

The average levels (mean ± standard deviation) of serum dROMs in AD dogs
(290 ± 191.5 CarrU) were significantly higher (p < 0.001) than those of healthy animals
(146.46 ± 42.97 CarrU) of approximately 2-fold (Figure 1a). However, the SAC did not
significantly differ between the two groups (322.9 ± 37.4 µmol HClO/mL in Group AD vs.
325.5 ± 37.5 µmol HClO/mL in Group C), as depicted in Figure 1b. Despite that, being
the oxidative stress burden increases in AD patients, the OSi values resulted significantly
increased (p < 0.001) in group AD (0.88 ± 0.51) as compared to control group (0.44 ± 0.13)
(Figure 1c).
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Figure 1. dROM (a), SAC (b) and OSi values (c) in group C (healthy animals, n = 30) and AD
(diarrhetic dogs, n = 45). Data are represented as boxplot showing median and interquartile range
and analyzed by Mann–Whitney test. Statistical differences with respect to group C are reported
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Correlation between mVSS subgroups, oxidative stress and redox status markers is
depicted in Figure 2. Briefly, dogs included in the severe mVVS subgroup had a significantly
higher redox burden (dROMS: 562.3 ± 184.9 CarrU; OSi: 1.7 ± 0.66; p < 0.001) as com-
pared to patients that were moderately (dROMS: 241.6 ± 108 CarrU; OSi: 0.8 ± 0.36) or
mildly (dROMS: 169.1 ± 26.1 CarrU; OSi: 0.54 ± 0.14) affected. By contrast, no differences
emerged when assessing SAC among the three subgroups of severity (mild mVSS subgroup:
SAC value of 314.9 ± 42.4 µmol HClO/mL; moderate mVSS subgroup: SAC value of
328.4 ± 39.5 µmol HClO/mL and severe mVSS subgroup: SAC value of 320.1 ± 21.2, µmol
HClO/mL, respectively).
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on the basis of mVSS. Mild mVVS subgroup includes dogs with a mVVS score < 5; moderate mVVS
subgroup includes dogs with a mVVS score from 6 to 10, and severe mVVS subgroup includes dogs
with a mVSS score > 11. Data are represented as boxplot showing median and interquartile range and
analyzed by Kruskal–Wallis test followed by Dunn’s multiple comparisons. Statistical differences
between groups are reported (* p < 0.05; ** p < 0.001; **** p < 0.0001).

None of the other considered variables (e.g., sex, age, BCS, biochemical parameters,
etc.), as previously mentioned, were significantly correlated with the measured oxidative
parameters.

4. Discussion

The present study represents the first attempt to investigate the oxidative status in
dogs suffering an acute nonspecific enteropathy. While the contribution of oxidative stress
in chronic gastrointestinal disorders is well established [9,24,25], few data are available
on the acute disease. Elevated levels of ROMs have been detected in humans affected
by inflammatory bowel disease (IBD) and ulcerative colitis (UC), as well as in murine
models with acute and chronic colitis [26]. It is therefore reasonable to argue that high
levels of ROMs may also play a key role in the pathogenesis of acute enteropathies in dogs,
potentially leading to mucosal damage and/or delay in recovery time.

The cohort of diarrhetic patients enrolled in the present trial was in line with the
population described by Langlois et al. [14], which inspired the definition of our inclusion
criteria. However, the direct comparison of the illness severity among the two canine
populations is not applicable, as the mVSS was here used for the first time. This clinical
score was originally adopted for predicting the viral or bacterial pathogens in pediatric
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gastroenteritis [27]. Children were divided into bacterial, viral and nonspecific groups,
according to the pathogens detected using a PCR test. Patients in the bacterial group
had significantly higher Vesikari-scoring system as compared to those in the viral and
in the nonspecific group [27]. In our study, only canine patients with AD that did not
have evidence of gastrointestinal parasitism, Giardia spp. infection, or parvoviral enteritis
were included in the AD Group, resembling the “nonspecific group” of the human study.
However, in our cohort the presence of a non-diagnosed specific bacterial infection could
not be completely ruled out, as a routinary fecal culture and/or a PCR assay for specific
bacteria (e.g., Campylobacter spp., Salmonella spp.) was not performed. Hence, translational
conclusions between pediatric and canine population should be made carefully.

As regards the hematobiochemical parameters, dogs enrolled in the Group AD showed
a profile consistent with the moderate severity of the disease [1]. In details, increased
Hct (57.8%) and serum levels of PT were likely due to a mild dehydration, as already
reported [28,29]. Indeed, a recent study including 108 dogs with acute hemorrhagic diarrhea
syndrome (AHDS) showed that the median Hct at presentation was 57%, with a range
between 33% and 76%. The leukocytosis with neutrophilia and the monocytosis highlighted
in our trail could be attributable to the stress response (“stress leukogram”), as described for
dogs affected by AHDS [30]. Moreover, in these subjects the extensive mucosal damage can
determine a mild left shift that is also observed in about 50% of dogs with an uncomplicated
clinical course and without signs of sepsis [30]. However, such hematological parameter
was not included in our evaluation, then a comparison with the previous literature could not
be made. Despite a severe dehydration, most dogs with AHDS do not usually experience
prerenal azotemia [30]. Accordingly, BUN serum levels in Group AD were within the
reference interval, even if higher as compared to control group. Finally, we detected
hyponatremia, hypokalemia, and hypochloremia in ill dogs, that can be interpreted as the
typical electrolyte imbalance in course of acute enteropathy, as previously described by
other authors [31–33].

The oxidative stress values observed in the control group of the present study were
slightly higher than those measured by Pasquini et al. [20]. The authors reported that the
dROMs values in healthy Labrador dogs ranged from 56 to 91 CarrU. Our healthy popula-
tion, composed of a variety of small, medium and large breed dogs had a mean dROMs
value of 146.46 ± 42.97 CarrU. Species and breed-related differences cannot be excluded. In-
deed, in our study the small breed subgroup size might have represented a bias when trying
to apply a quantile multivariate regression model to identify breed-related differences.

In the gastrointestinal tract, infections and inflammatory processes act as oxidative
stressors by stimulating the production of cytokines which, in turn, increase ROS produc-
tion [34]. Besides causing lipid peroxidation and cell damage, excessive ROS are associated
with intestinal dysbiosis [24]. In our study, oxidative stress indices and redox burden
(dROMs and OSi, respectively) were increased in the diarrhetic population compared
to healthy subjects. Evidence of increased ROM production and/or redox imbalance in
some acute and chronic gastrointestinal diseases has been documented in different animal
species [10–13,35,36]. As already mentioned, few studies have been performed in the canine
patient. Interestingly, Panda et al. [12] demonstrated an increase in oxidative stress indices
in dogs suffering from gastroenteritis due to parvoviral infection. Indeed, the Authors
found modification of peripheral markers both in moderately and severe affected animals.
Our results seem to confirm that redox imbalance could play a role in the etiopathogenesis
and evolution of acute non-viral uncomplicated canine AD. Moreover, in the present study
dROMs and OSi parameters were correlated with the severity of the clinical presentation,
being significantly higher in dogs with a mVSS score > than 6.

On the other hand, the potential role of oxygen reactive species in the pathogenesis of
AE should be considered in the light of the endogenous antioxidant mechanisms limiting
ROS-induced tissue damage [34]. As concerns the SAC evaluation, in our study no signifi-
cant difference was observed between healthy and affected dogs, suggesting a still effective
residual capacity to counteract the oxidative stress stimuli. Nevertheless, it has been already
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demonstrated that oxidative stress and redox unbalance may contribute to damaging the
gut barrier in the course of AD [4], and the hypothesis that a persistent redox imbalance can
trigger chronic gastrointestinal disease later in life has been recently investigated [37]. The
hypothesis is supported by the observation that oxidative stress occur-ring during acute
inflammation can lead to dysbiosis by reducing the microbial diversity in the gut and by
promoting the overgrowth of specific microbial taxa [38]. In experimental animal models it
has been demonstrated that soon after the onset of inflammation a redox imbalance could
occur, leading to the depletion of near the 80% of gut microbiota [10,26].

In line with what observed by Panda et al. [12], there was no effect of sex and age
on the oxidative stress markers in our canine patients. By contrast, some findings in
humans and rats seem to suggest gender differences with a greater oxidative stress in males
compared with females [39,40]. A possible mechanism underlying the observed sex specific
differences relates to the beneficial effects exerted by 17β-estradiol. The hormone acts as a
transcription factor by inducing the expression of different antioxidant proteins [41]. On
the other hand, the mitochondrial estrogen receptors can mediate reduced ROS production
in response to estrogen. From this point of view, present data are not yet adequate to allow
definitive conclusions in canine patients and further studies on a wider cohort of dogs need
to be performed to highlight the possible role played by age and gender on the individual
capability to cope with redox unbalance and illness status.

Our findings need to be considered in the light of some limitations. The first one
is the non-standardized diet. Even though patients receiving commercial diets enriched
with patented antioxidant formula were not involved in the trial, we cannot exclude that
vegetal ingredients naturally containing polyphenols or free radical scavengers could have
interfered with the redox status. Moreover, a possible bias could be the unknown etiology
of AD. Finally, ill dogs were enrolled in the study from the moment they were referred to
the clinic, and not exactly from the first diarrhetic episode. In this time-window, undetected
variations of the oxidative stress indices could have occurred; such an event may be
responsible for the high interindividual variability of the d-ROMs values in Group AD.

5. Conclusions

The present study indicates for the first time that canine patients suffering from AD
could experience redox imbalance. Despite the exact mechanisms underlying such event
are still to be elucidated, our results open the way to new strategies for the treatment of
GI disorders, based on antioxidants as potential adjuvants. Indeed, the administration
of natural antioxidant molecules may represent a valuable therapeutic and prophylactic
tool to counteract the short and long-term damage of the gut barrier occurring in acute
gastrointestinal disturbances, possibly reducing the prescription of antimicrobial drugs in
uncomplicated cases. Clinical trials supporting the efficacy of antioxidant therapy during
canine acute enteropathies are therefore advisable.

Author Contributions: Conceptualization, A.C., F.G., P.B. and R.O.; methodology, A.C. and W.J.;
investigation, A.C.; data curation, F.G.; writing—original draft preparation, A.C.; writing—review
and editing, F.G., P.B. and R.O.; supervision, R.O.; funding acquisition, F.G., P.B. and R.O. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by Ministero dell’Istruzione, dell’Università e della Ricerca under
the program Dipartimenti di Eccellenza ex L 232/20016 to the Department of Veterinary Sciences,
University of Torino, ECCELLENZA1822_D224_F.

Institutional Review Board Statement: The animal study protocol was approved by the Ethics and
Animal Welfare Committee of The Department of Veterinary Sciences, University of Torino (protocol
code numb. 248 of 21 January 2022).

Informed Consent Statement: Written informed consent has been obtained from the owners of the
patients to publish this paper.



Vet. Sci. 2022, 9, 276 10 of 11

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors, without undue reservation.

Acknowledgments: The authors would like to thank Imma Carfora for her contribution in sample
preparation and analysis.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Willard, M.D. Clinical Manifestations of Gastrointestinal Disorders. In Small Animal Internal Medicine, 6th ed.; Nelson, R.W.,

Couto, C.G., Eds.; Elsevier: St. Louis, MO, USA, 2019; pp. 389–411.
2. Brandt, K.G.; Castro Antunes, M.M.; Da Silva, G.A.P. Acute diarrhea: Evidence-based management. J. Pediatr. 2015, 91 (Suppl. S1),

S36–S43. [CrossRef]
3. Werner, M.; Unterer, S. Antibiotikaeinsatz beim akuten Durchfall des Hundes—Übersicht potenzieller Risiken, Indikationen und

Alternativen [Use of antimicrobials in acute canine diarrhea—Overview of potential risks, indications and alternatives]. Tierarztl.
Prax. Ausg. K Kleintiere Heimtiere 2021, 49, 110–120. [CrossRef] [PubMed]

4. Candellone, A.; Cerquetella, M.; Girolami, F.; Badino, P.; Odore, R. Acute Diarrhea in Dogs: Current Management and Potential
Role of Dietary Polyphenols Supplementation. Antioxidants 2020, 9, 725. [CrossRef]

5. McEwen, S.A.; Collignon, P.J. Antimicrobial Resistance: A One Health Perspective. Microbiol. Spectr. 2018, 6, 10. [CrossRef]
6. Ferri, M.; Ranucci, E.; Romagnoli, P.; Giaccone, V. Antimicrobial resistance: A global emerging threat to public health systems.

Crit. Rev. Food Sci. Nutr. 2017, 57, 2857–2876. [CrossRef] [PubMed]
7. Lloyd, D.H.; Page, S.W. Antimicrobial Stewardship in Veterinary Medicine. Microbiol. Spectr. 2018, 6, 3. [CrossRef]
8. Tomasello, G.; Mazzola, M.; Leone, A.; Sinagra, E.; Zummo, G.; Farina, F.; Damiani, P.; Cappello, F.; Gerges Geagea, A.; Jurjus, A.;

et al. Nutrition, oxidative stress and intestinal dysbiosis: Influence of diet on gut microbiota in inflammatory bowel diseases.
Biomed. Pap. Med. Fac. Univ. Palacky Olomouc Czech Repub. 2016, 160, 461–466. [CrossRef]

9. Tian, T.; Wang, Z.; Zhang, J. Pathomechanisms of Oxidative Stress in Inflammatory Bowel Disease and Potential Antioxidant
Therapies. Oxid. Med. Cell. Longev. 2017, 2017, 4535194. [CrossRef]

10. Jeon, Y.D.; Lee, J.H.; Lee, Y.M.; Kim, D.K. Puerarin inhibits inflammation and oxidative stress in dextran sulfate sodium-induced
colitis mice model. Biomed. Pharmacother. 2020, 124, 109847. [CrossRef]

11. Marseglia, L.; D’Angelo, G.; Manti, S.; Aversa, S.; Reiter, R.J.; Antonuccio, P.; Centorrino, A.; Romeo, C.; Impellizzeri, P.; Gitto, E.
Oxidative Stress-Mediated Damage in Newborns with Necrotizing Enterocolitis: A Possible Role of Melatonin. Am. J. Perinatol.
2015, 32, 905–909. [CrossRef]

12. Panda, D.; Patra, R.C.; Nandi, S.; Swarup, D. Oxidative stress indices in gastroenteritis in dogs with canine parvoviral infection.
Res. Vet. Sci. 2009, 86, 36–42. [CrossRef]

13. Gaykwad, C.; Garkhal, J.; Chethan, G.E.; Nandi, S.; De, U.K. Amelioration of oxidative stress using N-acetylcysteine in canine
parvoviral enteritis. J. Vet. Pharmacol. Ther. 2018, 41, 68–75. [CrossRef] [PubMed]

14. Langlois, D.K.; Koenigshof, A.M.; Mani, R. Metronidazole treatment of acute diarrhea in dogs: A randomized double blinded
placebo-controlled clinical trial. J. Vet. Intern. Med. 2020, 34, 98–104. [CrossRef]

15. Candellone, A.; Gianella, P.; Ceccarelli, L.; Raviri, G.; Badino, P.; Roncone, S.; Kooistra, H.S.; Meineri, G. Redox unbalance in the
hyperthyroid cat: A comparison with healthy and non-thyroidal diseased cats. BMC Vet. Res. 2019, 15, 136–143. [CrossRef]

16. Candellone, A.; Badino, P.; Gianella, P.; Girolami, F.; Raviri, G.; Saettone, V.; Meineri, G. Evaluation of Antioxidant Supplementa-
tion on Redox Unbalance in Hyperthyroid Cats Treated with Methimazole: A Blinded Randomized Controlled Trial. Antioxidants
2019, 9, 15. [CrossRef] [PubMed]

17. WSAVA Global Nutrition Committee. Body Condition Score. In WSAVA Nutritional Guidelines; 2013; Available online: http:
//www.wsava.org/WSAVA/media/PDF_old/Body-condition-score-chart-cats.pdf (accessed on 11 November 2021).

18. Purina Fecal Scoring System. Available online: https://www.proplanveterinarydiets.ca/sites/g/files/auxxlc696/files/2021-02/
180107_PPPVD-Fecal-Scoring-Chart-UPDATE-EN-FINAL.pdf (accessed on 11 November 2021).

19. Ruuska, T.; Vesikari, T. Rotavirus disease in Finnish children: Use of numerical scores for clinical severity of diarrhoeal episodes.
Scand. J. Infect. Dis. 1990, 22, 259–267. [CrossRef]

20. Pasquini, A.; Luchetti, E.; Marchetti, V. Analytical performances of d-ROMs test and BAP test in canine plasma. Definition of the
normal range in healthy Labrador dogs. Vet. Res. Commun. 2008, 32, 137–143. [CrossRef] [PubMed]

21. Alberti, A.; Bolognini, L.; Macciantelli, D.; Caratelli, M. The radical cation of N,N-diethl-para-phenylendiamine: A possible
indicator of oxidative stress in biological samples. Res. Chem. Interm. 2000, 26, 253–267. [CrossRef]

22. Jansen, E.H.; Ruskovska, T. Comparative analysis of serum (anti)oxidative status parameters in healthy persons. Int. J. Mol. Sci.
2013, 14, 6106–6115. [CrossRef] [PubMed]

23. Rubio, C.P.; Cerón, J.J. Spectrophotometric assays for evaluation of Reactive Oxygen Species (ROS) in serum: General concepts
and applications in dogs and humans. BMC Vet. Res. 2021, 17, 226–238. [CrossRef]

24. Chong, W.C.; Shastri, M.D.; Eri, R. Endoplasmic Reticulum Stress and Oxidative Stress: A Vicious Nexus Implicated in Bowel
Disease Pathophysiology. Int. J. Mol. Sci. 2017, 18, 771. [CrossRef]

http://doi.org/10.1016/j.jped.2015.06.002
http://doi.org/10.1055/a-1395-2001
http://www.ncbi.nlm.nih.gov/pubmed/33902119
http://doi.org/10.3390/antiox9080725
http://doi.org/10.1128/microbiolspec.ARBA-0009-2017
http://doi.org/10.1080/10408398.2015.1077192
http://www.ncbi.nlm.nih.gov/pubmed/26464037
http://doi.org/10.1128/microbiolspec.ARBA-0023-2017
http://doi.org/10.5507/bp.2016.052
http://doi.org/10.1155/2017/4535194
http://doi.org/10.1016/j.biopha.2020.109847
http://doi.org/10.1055/s-0035-1547328
http://doi.org/10.1016/j.rvsc.2008.05.008
http://doi.org/10.1111/jvp.12434
http://www.ncbi.nlm.nih.gov/pubmed/28703421
http://doi.org/10.1111/jvim.15664
http://doi.org/10.1186/s12917-019-1896-7
http://doi.org/10.3390/antiox9010015
http://www.ncbi.nlm.nih.gov/pubmed/31877998
http://www.wsava.org/WSAVA/media/PDF_old/Body-condition-score-chart-cats.pdf
http://www.wsava.org/WSAVA/media/PDF_old/Body-condition-score-chart-cats.pdf
https://www.proplanveterinarydiets.ca/sites/g/files/auxxlc696/files/2021-02/180107_PPPVD-Fecal-Scoring-Chart-UPDATE-EN-FINAL.pdf
https://www.proplanveterinarydiets.ca/sites/g/files/auxxlc696/files/2021-02/180107_PPPVD-Fecal-Scoring-Chart-UPDATE-EN-FINAL.pdf
http://doi.org/10.3109/00365549009027046
http://doi.org/10.1007/s11259-007-9014-x
http://www.ncbi.nlm.nih.gov/pubmed/17846911
http://doi.org/10.1163/156856700X00769
http://doi.org/10.3390/ijms14036106
http://www.ncbi.nlm.nih.gov/pubmed/23507749
http://doi.org/10.1186/s12917-021-02924-8
http://doi.org/10.3390/ijms18040771


Vet. Sci. 2022, 9, 276 11 of 11

25. Piechota-Polanczyk, A.; Fichna, J. Review article: The role of oxidative stress in pathogenesis and treatment of inflammatory
bowel diseases. Naunyn. Schmiedebergs Arch. Pharmacol. 2014, 387, 605–620. [CrossRef] [PubMed]

26. Balmus, I.M.; Ciobica, A.; Trifan, A.; Stanciu, C. The implications of oxidative stress and antioxidant therapies in Inflammatory
Bowel Disease: Clinical aspects and animal models. Saudi J. Gastroenterol. 2016, 22, 3–17. [CrossRef] [PubMed]

27. Shim, D.H.; Kim, D.Y.; Cho, K.Y. Diagnostic value of the Vesikari Scoring System for predicting the viral or bacterial pathogens in
pediatric gastroenteritis. Korean J. Pediatr. 2016, 59, 126–131. [CrossRef]

28. Gómez-Gallego, C.; Junnila, J.; Männikkö, S.; Hämeenoja, P.; Valtonen, E.; Salminen, S.; Beasley, S. A canine-specific probiotic
product in treating acute or intermittent diarrhea in dogs: A double-blind placebo-controlled efficacy study. Vet. Microbiol. 2016,
197, 122–128. [CrossRef]

29. Unterer, S.; Busch, K. Acute Hemorrhagic Diarrhea Syndrome in Dogs. Vet. Clin. N. Am. Small Anim. Pract. 2021, 51, 79–92.
[CrossRef]

30. Mortier, F.; Strohmeyer, K.; Hartmann, K.; Unterer, S. Acute haemorrhagic diarrhoea syndrome in dogs: 108 cases. Vet. Rec. 2015,
176, 627. [CrossRef]

31. Nixon, S.L.; Rose, L.; Muller, A.T. Efficacy of an orally administered anti-diarrheal probiotic paste (pro-Kolin advanced) in dogs
with acute diarrhea: A randomized, placebo-controlled, double-blinded clinical study. J. Vet. Intern. Med. 2019, 33, 1286–1294.
[CrossRef] [PubMed]

32. Fenimore, A.; Martin, L.; Lappin, M.R. Evaluation of metronidazole with and without Enterococcus faecium SF68 in shelter dogs
with diarrhea. Top. Companion. Anim. Med. 2017, 32, 100–103. [CrossRef]

33. Herstad, H.K.; Nesheim, B.B.; L’Abée-Lund, T.; Larsen, S.; Skancke, E. Effects of a probiotic intervention in acute canine
gastroenteritis—A controlled clinical trial. J. Small Anim. Pract. 2010, 51, 34–38. [CrossRef]

34. Bhattacharyya, A.; Chattopadhyay, R.; Mitra, S.; Crowe, S.E. Oxidative stress: An essential factor in the pathogenesis of
gastrointestinal mucosal diseases. Physiol. Rev. 2014, 94, 329–354. [CrossRef]

35. El-Deeb, W.; Fayez, M.; Elsohaby, I.; Mkrtchyan, H.V.; Alhaider, A. Changes in blood biomarkers in Arabian horses with
Clostridium difficile-induced enterocolitis. Comp. Immunol. Microbiol. Infect. Dis. 2020, 73, 101525. [CrossRef] [PubMed]

36. Xu, Y.Q.; Xing, Y.Y.; Wang, Z.Q.; Yan, S.M.; Shi, B.L. Pre-protective effects of dietary chitosan supplementation against oxidative
stress induced by diquat in weaned piglets. Cell Stress Chaperones 2018, 23, 703–710. [CrossRef]

37. Skotnitzki, E.; Suchodolski, J.S.; Busch, K.; Werner, M.; Zablotski, Y.; Ballhausen, B.D.; Neuerer, F.; Unterer, S. Frequency of signs
of chronic gastrointestinal disease in dogs after an episode of acute hemorrhagic diarrhea. J. Vet. Intern. Med. 2021, 36, 59–65.
[CrossRef] [PubMed]

38. Weiss, G.A.; Hennet, T. Mechanisms and consequences of intestinal dysbiosis. Cell. Mol. Life Sci. 2017, 74, 2959–2977. [CrossRef]
39. Ide, T.; Tsutsui, H.; Ohashi, N. Greater oxidative stress in healthy young men compared with premenopausal women. Arterioscler.

Thromb. Vasc. Biol. 2002, 22, 438–442. [CrossRef]
40. Brandes, R.P.; Mügge, A. Gender differences in the generation of superoxide anions in the rat aorta. Life Sci. 1997, 60, 391–396.

[CrossRef]
41. Tower, J.; Pomatto, L.C.D.; Davies, K.J.A. Sex differences in the response to oxidative and proteolytic stress. Redox Biol. 2020, 31,

101488. [CrossRef] [PubMed]

http://doi.org/10.1007/s00210-014-0985-1
http://www.ncbi.nlm.nih.gov/pubmed/24798211
http://doi.org/10.4103/1319-3767.173753
http://www.ncbi.nlm.nih.gov/pubmed/26831601
http://doi.org/10.3345/kjp.2016.59.3.126
http://doi.org/10.1016/j.vetmic.2016.11.015
http://doi.org/10.1016/j.cvsm.2020.09.007
http://doi.org/10.1136/vr.103090
http://doi.org/10.1111/jvim.15481
http://www.ncbi.nlm.nih.gov/pubmed/30882953
http://doi.org/10.1053/j.tcam.2017.11.001
http://doi.org/10.1111/j.1748-5827.2009.00853.x
http://doi.org/10.1152/physrev.00040.2012
http://doi.org/10.1016/j.cimid.2020.101525
http://www.ncbi.nlm.nih.gov/pubmed/32877870
http://doi.org/10.1007/s12192-018-0882-5
http://doi.org/10.1111/jvim.16312
http://www.ncbi.nlm.nih.gov/pubmed/34894013
http://doi.org/10.1007/s00018-017-2509-x
http://doi.org/10.1161/hq0302.104515
http://doi.org/10.1016/S0024-3205(96)00663-7
http://doi.org/10.1016/j.redox.2020.101488
http://www.ncbi.nlm.nih.gov/pubmed/32201219

	Introduction 
	Materials and Methods 
	Animals 
	Hematobiochemical Analyses 
	Redox Status Assessment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

