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ABSTRACT

Background: Synbiotic products are functional foods/feeds that contain both probiotic and prebiotic strains and have health-
promoting effects beyond those of probiotics or prebiotics alone.

Objectives: This study aimed to investigate the effect of synbiotic feed containing the probiotic strain Lactobacillus acidophilus
La5 (10" cfu/g) and inulin (5%) on changes in haematological and oxidative serum indices in male dogs.

Methods: Twelve male dogs in two groups of six were included in the study. In addition to the basic feed, the dogs in the treatment
group also received the synbiotic supplement at 5% in each of their three meals during 29 days. Then, on Day 0 and Day 29, the
amount of malondialdehyde was measured based on thiobarbituric acid, and glutathione peroxidase activity and the amount of
total serum antioxidants was also measured with the Randox kit; the obtained data were statistically analysed.

Results: The results showed that white blood cells increased (from 10.28 + 2.89 to 16.48 + 7.59 [p = 0.138]) and red blood cells
decreased (from 6.492 + 0.64 to 5.92 + 1.14 [p = 0.461]) in the treatment group, but these changes were not significant. In the
treatment group, it was found that synbiotic food has a significant effect on the increase of MCH (from 24.32 + 0.93 t0 26.30 + 1.04 pg
[p=0.003]) and MCHC (from 33.24 + 0.32 to 36.58 + 0.72 g/dL [p < 0.001]), but it does not have a significant effect on the decrease
or increase of other haematological factors. Also, significant reductions in the amount of malondialdehyde (from 3.2 + 1.05 to
1.35 + 1.05 pmol/L [p = 0.015]) and increases in the number of total serum antioxidants (from 0.27 + 0.06 to 0.42 + 0.09 mmol/L
[p = 0.035]) were obtained in the treatment group.

Conclusion: It concluded that the consumption of synbiotic feed (L. acidophilus + inulin, at the rate of 5%) in male dogs may
reduce and prevent oxidative stress, adjust side effects and prevent some disorders. In any case, many studies are needed to
definitively prove these results.

1 | Introduction use of probiotic microorganisms. Some examples of synbiotic

combinations include Bifidobacterium with FOS and/or GOS,
The term ‘synbiotic’ is used when a product contains both Lactobacillus with lactulose and Saccharomyces with GOS (Dixit
probiotics and prebiotics. Since this term implies collaboration et al. 2016; Norouzi et al. 2019; Schrezenmeir and de Vrese 2001).
between these two, it should be used for products in which  According to the definitions by the Food and Drug Admin-
prebiotics specifically provide a favourable environment for the istration (FDA) and the World Health Organization (WHO),
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probiotics are live microorganisms that, when consumed in
adequate amounts, confer health benefits on the host. Positive
effects of probiotics on health are observed only when the food
contains the minimum required amount of live microorganisms
during consumption (Hill et al. 2014; Homayouni-Rad et al. 2020).
Lactobacillus and Bifidobacterium are considered the primary
groups of probiotic bacteria. Prebiotics are a type of food that
is neither hydrolysed nor absorbed in the upper gastrointestinal
tract and is selectively employed as a substrate for beneficial
bacteria in the large intestine. Therefore, the use of various types
of prebiotics, such as fructooligosaccharides and galactooligosac-
charides, alongside probiotic strains, enhances their synergistic
health effects on each other. Some of the most important prebiotic
compounds include inulin, resistant starch, polydextrose and
various types of plant fibres (Collins and Gibson 1999) (Alonge
et al. 2020). Intestinal bacteria are essential for the growth of
gut-associated lymphoid tissue (GALT), which is the primary
site of B lymphocyte proliferation. Thus, intestinal bacteria are
crucial for humoural immunity (Adogony et al. 2007). These
beneficial bacteria produce short-chain fatty acids, which can
promote B cell differentiation into plasma cells, enhance B cell
metabolism, increase glycolytic activity in B cells and boost
antibody production (Kim et al. 2016; Rad et al. 2022). Regarding
dogs, it’s worth noting that they were domesticated during the
Stone Age and have undergone significant changes alongside
humans, transitioning from a hunting and gathering lifestyle
to a post-industrial western lifestyle (Frantz et al. 2016; Larson
et al. 2012; Wang et al. 2013). The shared dietary resources
with humans have enabled dogs to adapt to starch-rich diets
and exhibit behavioural changes compared to their ancestors
(Axelsson et al. 2013; Ollivier et al. 2016). The digestive system of
dogs is host to a highly diverse microbial complex and ecosystem,
with most microbial species resembling those commonly found
in the intestines of other omnivorous mammals. However, in
comparison to mice and pigs, the gut microbiome of dogs has
the closest similarity to the human gut microbiome (Coelho et al.
2018; Ley et al. 2008). Several recent studies have shown that the
gut microbiota of mammals is connected to the central nervous
system (CNS) of the host through various parallel channels,
including the vagus nerve, neural signalling mechanisms, neural
glands and the production of neurochemical substances. These
substances include gamma-aminobutyric acid (GABA), serotonin
(5-HT), norepinephrine and dopamine (Forsythe et al. 2014;
Fung et al. 2017; Lyte 2013; Neuman et al. 2015). Haematocrit
is the ratio of the volume of red blood cells to the total blood
volume, measured in units of L/L, expressed as a percentage
(conventional method) or a decimal fraction (SI unit) (Mcpherson
and Pincus 2011; Pagana and Pagana 2012). Malondialdehyde
(MDA) is the end product of lipid peroxidation (Mohammadi
et al. 2009). Free radicals initiate lipid peroxidation, producing
harmful substances, the most significant of which are aldehydes.
Aldehydes exacerbate atherosclerosis and ageing processes and
play a role in the pathogenesis of many diseases. Antioxidants,
whether endogenous or exogenous, inhibit lipid peroxidation.
A reduction in antioxidants increases the levels of free radicals
and, consequently, increases lipid peroxidation. As a result, the
impact of stress on cardiovascular health intensifies (Satari et al.
2003). Glutathione peroxidase (GPX) is a general name for a
family of enzymes with peroxidase activity that primarily protects
organisms against oxidative damage (Ettinger and Feldman
2009). The use of probiotics for promoting animal health has been

successful (Xu et al. 2019). Production of antimicrobial substances
to control colonization of pathogenic microbes, regulation of
host immunity and induction of unique systemic responses in
T lymphocytes are desirable effects of probiotics (Barletta et al.
2013; Jones and Versalovic 2009; Thomas and Versalovic 2010;
Wang et al. 2013). Generally, the consumption of synbiotics can
strongly influence gut immune regulation (Roller et al. 2004).
The consumption of these products can also enhance immunity
against various infections during critical periods of breastfeeding
cessation and throughout the lifespan (Rossi et al. 2020). The
administration of these nutrients before initiating a vaccination
program for dogs accelerates the development and persistence of
immunity resulting from vaccination. This phenomenon is due to
the maturation of B lymphocytes. In addition to preventive appli-
cations, they also have therapeutic uses, as they may enhance the
health of dogs exposed to stress and infections (Benyacoub et al.
2003). Some studies showed that probiotics, especially lactic acid
bacteria, can enhance adaptive and innate immune responses
(Perdigon et al. 1988; Simpson et al. 2009). These bacteria can also
increase phagocytosis in mice and humans (Perdigon et al. 1988;
Schiffrin et al. 1995). Reports have indicated that the consumption
of Enterococcus faecium leads to increased colonization of mature
B lymphocytes in the intestinal mucosa, followed by increased
IgA production (Ansari et al. 2020; Benyacoub et al. 2003; Strober
1990). A study has shown that the use of Lactobacillus casei Zhang
can reduce abnormalities in red blood cells (Hor et al. 2018). It has
been reported that the administration of heat-killed Enterococcus
faecalis (FK-23) to healthy dogs stimulates non-specific immune
responses, including lymphocyte proliferation in response to
mitogens and phagocytosis by neutrophils (Kanasugi et al. 1998).
A study has demonstrated that the employing of probiotics in
the diet does not significantly affect haemoglobin, haematocrit,
or mean corpuscular haemoglobin concentration (MCHC) (Hos-
seini et al. 2014). It has been suggested that antioxidants may
help reduce the harmful effects of stress on the body, particularly
the cardiovascular system (Satari et al. 2003). Ultimately, the
main focus of this research is to demonstrate the impact of
synbiotic food on the health of the studied dogs. In addition to
enhancing immunity, this product should not lead to excessive
stimulation or disruption that could increase the risk of allergies,
autoimmune diseases or inflammation. It should also be capable
of maintaining physiological levels of red blood cells, white
blood cells (neutrophils, lymphocytes, eosinophils, basophils and
monocytes), platelets, haemoglobin, MCV, MCH, MCHC, PCYV,
MDA, GPX activity and total serum antioxidants so that its
administration to dogs does not pose harm.

In another study, Kumar et al. (2016) conducted an investigation
on the blood biochemical profile and erythrocytic antioxidant
indices in response to a canine-origin probiotic (species-specific
probiotic Lactobacillus johnsonii CPN23 supplementation). The
consequences showed that the plasma glucose had a decrease
in both dPRO and cPRO groups vis-a-vis the CON group; nev-
ertheless, total protein retained higher in both dPRO and cPRO
in comparison to CON. The total cholesterol was lower in the
dPRO and cPRO groups as compared to CON. The HDL/LDL
ratio became broader in the dPRO and cPRO groups as compared
to the CON. The erythrocytic lipid peroxidation and the levels
of antioxidants counting reduced glutathione, glutathione S-
transferase and catalase continued intact via the probiotic usage;
nevertheless, the bustle of GPX and superoxide dismutase was
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higher in cPRO. They concluded that species-specific probiotic
Lactobacillus johnsonii CPN23 supplementation was effective as
well as having the potential to enhance the antioxidant status in
dogs (Kumar et al. 2016).

Several studies have shown that the probiotic microorganisms
alone or in combination with prebiotics exhibited antioxidant
bustle in all main ways and also released and encouraged the cre-
ation of chief free-radical scavenger glutathione and no enzymatic
antioxidants. Furthermore, they endorse the construction of
specific antioxidant biomolecules. Hereafter, synbiotics may have
a possible therapeutic character in intestinal illnesses involving
reactive oxygen species (ROS) (Balouei et al. 2024; Kumar et al.
2016; Saghir et al. 2024; Spyropoulos et al. 2011; Srinivas et al.
2024). However, evidence is scarce, mainly of synbiotics and
antioxidant modulation in dogs. Therefore, the present study
was undertaken to ascertain the effects of synbiotic food on
haematological and oxidative changes in male dogs.

2 | Method

2.1 | Animals, Experimental Design and Diet

After the study was approved by the Ethics Committee of the
Faculty of Veterinary Medicine (Tabriz, Iran), a total of twelve
Sarabi male dogs, or Persian mastiffs (scientific name: Canis
lupus familiaris) entered the study, of which six entered the
treatment group and six entered the control group. The allocation
was random. Each dog was assigned a number and six numbers
were selected from a bowl containing 12 numbers by lottery. The
dogs with selected numbers were allocated to treatment group
and the others to the control group. All the selected dogs were
native to the area, aged between 2 and 3 years and weighed 50—
70 kg. All dogs were kept for 29 days in similar environmental
conditions regarding the resting area’s temperature, moisture and
measurements. The dogs had access to suitable toys at all times to
ensure their relaxation. Dogs were allowed to exit the cage three
times a week for 1 h to interact with each other and humans. The
general health condition of the dogs was evaluated before and
after the completion of the study. The researcher and a trained
veterinarian monitored the well-being of the dogs during the
study.

All dogs received three base rations and routines recommended
by the Association of American Feed Control Officials (base feed:
extruded dry dog food (22% protein, 10% fat, 8% ash, 13.8 kJ
metabolizable energy/g). 400 grams of meat powder, 150 grams
of wheat flour, 100 grams or 2 eggs, 50 grams of vegetable oil,
150 grams of chicken broth and 150 grams of vegetables (carrots,
potatoes and spinach) were used to prepare 1 kilogram of base
food (AAFCO; 5). The participant dogs were randomly distributed
in two equal groups (using the random number generated by
Excel software). Dogs of the treatment group received synbiotic
supplements (5%) besides their base feed in each of their three
meals. The synbiotic diet contained the Lactobacillus acidophilus
La5 probiotic strain and inulin (Figure 1). A base feed of dogs and
a10" cfu/mL load of live bacteria of L. acidophilus La5 and inulin
(5%) were mixed and dried to prepare the synbiotic supplement
(100 g functional feed per 1900 g base feed; animals received 10 g
every 10 kg of body weight) (See Figure 2).

FIGURE 1 | Shape and approximate weight of synbiotic pelleted
functional feed containing Lactobacillus acidophilus (10* cfu/mL) and
inulin (5%). Due to the large size of the dogs, the food pellets were also
produced in large sizes (5-6 X 2 cm).

2.2 | Experiments

At the beginning of the study and 29 days, blood samples
were obtained from each dog in empty tubes for serum and
whole blood separation (Alonge et al. 2020; Sun and Kim 2020).
Haematological indices, including white blood cell count, red
blood cell count, platelets, haemoglobin, MCV, MCH, MCHC
and PCV, were analysed using the Alpha Classic automated
blood analyser. The serum was separated by centrifugation at
2000 g for 30 min at 4°C. MDA levels were measured based
on thiobarbituric acid, GPX activity and total serum antioxidant
levels were assessed using the Randox kit. Finally, all factors were
compared between the two study groups. All tests were conducted
at the Laboratory of the Islamic Azad University Tabriz Medical
Sciences. Ethical principles and considerations were followed
during and after the study.

2.3 | Analytical Methods

Mean results for each parameter were calculated. Since all
the studied factors were quantitative continuous variables, the
Kolmogorov-Smirnov test was conducted to determine the nor-
mality of the data. According to the results of this test, the
distribution of variables monocyte at Day 0, band cell at Day
0, WBC at Day 29, monocyte at Day 29, eosinophil at Day 29
and band cell at Day 29 were not normal. Paired samples ¢-
test was used to compare the data of Day 0 and Day 29 with
normal distribution. Wilcoxon signed-rank test was used for data
not normally distributed. Independent samples ¢-test and Mann-—
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Whitney U test were also used to compare data of each time
with normal and without normal distribution, respectively. p
values lower than 0.05 were considered statistically significant
(p < 0.05).

3 | Results and discussion

According to the World Health Organization’s (WHO) definition
in 2001, probiotics are live microorganisms that, when con-
sumed in sufficient quantities, confer health benefits to the host
(Abdou et al. 2018). Since Metchnikoff introduced the concept
of probiotics over a century ago (Mazziotta et al. 2023), many
different microorganisms have been considered probiotics. These
microorganisms are generally classified as Lactobacilli, Bifidobac-
teria, other lactic acid bacteria and non-lactic acid bacteria
(Amin et al. 2009). In the interaction between the host and
probiotics, mechanisms generally involve competition between
probiotics and pathogenic organisms for the use of nutrients,
particularly in the intestines (Coman et al. 2019; Schmitz and
Suchodolski 2016). It has been reported that the beneficial effects
of probiotics during their interaction with the regulation of gut
microbiota, stimulation and development of the active immune
system, increased metabolism of nutrients and prevention and
reduction of various diseases such as gastrointestinal disorders
and infectious diseases contribute to gut health in the host (Jang
et al. 2021; Sivamaruthi et al. 2021). As demonstrated in the
present study, the use of synbiotics had a notable impact on the
oxidative stress parameters of the dogs.

The results showed that WBC increased (from 10.28 + 2.89 to
16.48 + 7.56 [p = 138, 95% CI: —1.16 to 13.56]) and RBC decreased
(from 6.492 + 0.64 to 5.92 + 1.14 [p = 461, 95% CI: —1.76 to 0.62])
in the treatment group, but these changes were not significant (p
> 0.05). In treatment group, it was found that synbiotic food has
a significant effect on the increase of MCH (from 24.32 + 0.93 to
26.30 =+ 1.04 pg [p = 0.003, 95% CI: 0.71-3.25]) and MCHC (from
33.24 + 0.32 t0 36.58 + 0.72 g/dL [p < 0.001, 95% CI: (2.62-4.06)]),
but it does not have a significant effect on the decrease or increase
of other haematological factors. Also, significant reductions in the
amount of MDA (from 3.2 + 1.05 umol/L to 1.35 + 1.05 umol/L
[p = 0.015, 95% CI: (—3.20 to —0.50)]) and increase in the
amount of total serum antioxidants (from 0.27 + 0.06 mmol/L
to 0.42 + 0.09 mmol/L [p = 0.035, 95% CI: (0.05-0.25)]) were
obtained in the treatment group (See Table 1).

In a similar study, Kim et al. (2016) reported through their
investigation into the effects of probiotic bacteria on immune
indices in dogs that probiotic therapy can enhance certain
immune factors, reduce inflammation by increasing beneficial
gut microbiota and simultaneously suppress potential pathogens.
Beneficial microorganisms may improve gut function through
the production of specific metabolites. As an example, short-
chain fatty acids derived from gut microbiota can enhance
the differentiation of B cells into plasma cells, increase the
metabolism of B cells, enhance glycolytic activity in B cells
and increase host antibody production (Kim et al. 2016). In
another study, Stene et al. (2022) reported the effects of probiotic
bacteria on white blood cells and immunity. The use of probiotic
bacteria Lactobacillus and Bifidobacterium led to a significant
reduction in leucocytes and also a decrease in pro-inflammatory

Changes in studied factors during 29 days in treatment and control groups.

TABLE 1

Control group

Treatment group

Mean difference

Mean difference

Day 29 and 95% CI p value*

Day 0

p value*

and 95% CI

Day 29

Day 0

0.785

1.30 (—2.16 to 4.76)
—1.35 (—9.46 t0 6.76)

—45 (=215 to 1.25)
2.60 (1.050 to 4.140)

3.70 (2.260 to 5.13)
~1.53 (—2.83 to —0.23)

17.60 + 3.25
48.05 + 7.99

16.3 +1.98
49.4 +3.96
74.65 + 0.78

0.913

—0.2(=3.11t0 2.71)
—4.82 (~13.39 to 3.74)
—1.42 (—4.65 to 1.81)

15.58 +3.03
42.64 + 8.77

15.78 +1.04
47.46 + 3.43

HGB (g/dL)
PCV (%)

0.899

74.20 +1.70

0.395

71.90 + 2.65

73.32 + 2.37
24.32 +£0.93
33.24 +£ 0.32

0.840
0.369
0.245

27.10 +1.13

24.5 +1.27
329+141
427 +£0.21
0.29 £ 0.08
38.33 + 6.64

0.094

26.30 +1.04
36.58 + 0.72

MCV (fL)

36.60 + 0.71

0.003
< 0.001

1.98 (0.71 to 3.25)
3.34 (2.62 to 4.06)
~1.85 (—3.21 to —0.50)

MCH (pg)

2.74 +1.41
0.32 £ 0.01
39.07 + 4.26

MCHC (g/dL)
MDA (umol/L)
TAC (mmol/L)

0.410

0.015
0.035

1.35+1.05
0.42 + 0.09
41.23 + 2.68

3.2+1.05

0.766

0.03 (—0.04 t0 0.10)
0.74 (—6.44 to 7.92)

0.15 (0.05 to 0.25)
3.59 (=0.73 to 7.9

0.27 £ 0.06
37.64 +3.92

0.736

0.244

GPX (U/g Hb)

*Paired samples t-test result comparing Day 0 and Day 29 within each group.
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cytokine IL-6 levels in the rectal mucosa after TNF-a stimula-
tion following Lp299 consumption. Therefore, probiotic usage
results in the reduction of inflammatory factors (Stene et al.
2022). In another study Batatinha et al. (2020) surveyed the
effects of probiotic bacteria on serum immunity markers, it was
found that the production of pro-inflammatory cytokines by
stimulated lymphocytes decreased significantly after probiotic
supplementation. A 30-day probiotic supplement maintained
CD8 T cell and effective memory cell populations and had an
immunomodulatory role in stimulated lymphocytes (Batatinha
et al. 2020). Various studies’ findings indicate that in cases of
disease or stress, probiotics can modulate conditions and bring
them closer to normal through various mechanisms of action.
Probiotics modulate these factors and increase immunity by
affecting inflammatory factors. Mazziotta et al. (2023) reported
that the probiotic bacteria can interact and stimulate specific
immune functions and immune homeostasis with gut immune
cells and the common microbiota. Growing evidence suggests
that probiotic bacteria have important properties for promoting
health and immune modulation. Therefore, the use of probiotics
may be a promising approach to improving immune system
activity (Mazziotta et al. 2023). In a similar study to the present
research, Jang et al. (2021) reported the effects of probiotics on
immune and haematological markers in dogs, demonstrating a
significant increase in lymphocytes after probiotic consumption.
It is noteworthy that the number of white blood cells (WBC) is an
indicator of immunity; therefore, the increased levels of WBC in
the present study and the above study can be considered a positive
clinical sign that occurred due to the use of synbiotics (Jang et al.
2021). The results obtained in the present study indicated that
after 4 weeks of synbiotic intake in dogs, red blood cells decreased,
but this decrease was not significant. Cetin et al. (2005) conducted
a study on the effects of probiotic bacteria on blood factors
and reported that probiotic supplementation led to a statistically
significant increase in the number of red blood cells, haemoglobin
concentration and haematocrit values. Also, Xu et al. (2019)
reported the effects of a probiotic supplement containing three
strains of bacteria named Lactobacillus casei, Lactobacillus plan-
tarum P-8 and Bifidobacterium subspecies lactis that the use of
these probiotic bacteria resulted in a reduction of abnormalities in
red blood cells in dogs. In another study, Ooi et al. (2010) reported
the effects of synbiotics on red blood cell markers, stating that the
synbiotic supplement containing Lactobacillus acidophilus CHO-
220 and inulin improved the irregularities of red blood cells. In a
similar study, Mansouri-Tehrani et al. (2015) reported the effects
of probiotics on red blood cells, stating that the consumption
of probiotic capsules (including Lactobacillus casei, Lactobacillus
acidophilus, Lactobacillus rhamnosus, Lactobacillus bulgaricus,
Bifidobacterium breve and Bifidobacterium longum) did not signif-
icantly alter red blood cell levels or platelet counts. As observed
in our study as well, probiotics do not have a significant effect
on the haematological markers of WBC and red blood cells.
However, an important point is that the most significant impact
of probiotics is on oxidative stress and gut microbiota markers.
Probiotic bacteria contribute to increasing immunity in dogs by
preventing and inhibiting the growth of harmful bacteria in the
intestines. Azizpour Maghvan et al. (2022) conducted a study on
the effects of probiotics on anaemia and white blood cell count in
cancer patients undergoing chemotherapy and radiation therapy.
The statistical results did not show a significant difference in the
increase of these factors before and after probiotic consumption.

However, clinical analysis revealed that probiotics can increase
blood factors. Probiotics may have a positive effect on increasing
blood factor levels (MCH, MCV, HCT, HGB and WBC) with
prolonged intake (Azizpour Maghvan et al. 2022). In the present
study, it was also found that probiotics have a significant effect
on increasing MCH and MCHC but no significant effect on
the decrease or increase of other haematological factors. Proper
dosage, timing, dietary regimen and investigating the duration
of probiotic consumption may positively influence blood factor
levels (MCH, MCV, HCT, HGB and WBC) and improve systemic
conditions. The results obtained in this study indicate that after 4
weeks of synbiotic intake, the level of MDA showed a significant
reduction, and another factor, TAC, also showed a significant
increase during this period in the probiotics group. However, the
use of probiotics did not have a significant effect on GPX levels.
Therefore, our study findings suggest that the use of probiotics
has a very favourable effect on preventing oxidative stress in a way
that using probiotics reduces oxidative stress by lowering MDA
levels, which is recognized as one of the most important oxidative
factors (Cordiano et al. 2023; Del Rio et al. 2005; Pirinccioglu et al.
2010). On the other hand, probiotics, by significantly increasing
the total antioxidant capacity (TAC), contribute to preventing
oxidative stress. Researchers have reported that probiotics can
modulate local inflammation by regulating cytokines such as
TNF-a and IL-6 and then enhance host immunity (Maslowski
et al. 2009). In addition, the gut microbiota is limited by a
multi-layered system consisting of physical and chemical barriers
along with an intrinsic and adaptive immune system (Levy
et al. 2017). In a similar study to the current one, Zhao et al.
(2020) reported that the use of probiotics significantly increased
SOD levels by 114% and reduced MDA concentration by 160%,
based on their examination of the effects of probiotic bacteria
on oxidative stress indicators, including superoxide dismutase,
GPX and MDA. The results of this study align with the impact
of probiotics on controlling and mitigating oxidative stress, as
evidenced by our findings. It is noteworthy that oxidative stress,
characterized by a decrease in enzymatic and non-enzymatic
antioxidants and an increase in ROS, is closely linked to the
health of organisms (Mishra et al. 2015). Many studies have shown
that while a certain amount of ROS is essential for vital home-
ostasis, excessive ROS can induce oxidative stress, thus leading
to various diseases. Therefore, probiotics, possessing antioxidant
capabilities and properties, can modulate levels of ROS and
consequently reduce oxidative stress and inflammation. Zamani
et al. (2020) studied the effects of probiotic supplementation
on oxidative stress biomarkers; it was reported that probiotic
supplements significantly increase TAC. Furthermore, the use
of these probiotics resulted in a significant reduction in MDA
(Zamani et al. 2020). However, the use of probiotics did not
have an effect on glutathione concentration in this study. The
results of this study regarding the effect of probiotic bacteria
on the concentration of oxidative stress indices, including MDA,
TAC and GPX, are fully consistent with the findings obtained
in the present study. This indicates that probiotics have a highly
significant impact on mitigating oxidative stress. MDA increases
during disease, tissue damage, inflammation and oxidative stress,
leading to disruptions in bodily functions. The results of our
study, similar to the aforementioned study, suggest the effect
of probiotics on preventing inflammation and oxidative stress.
It is noteworthy that MDA is a product of lipid peroxidation
and a key indicator of lipid peroxidation (Mohammadi et al.
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2009). Unsaturated fatty acids are easily oxidized by ROS and
free radicals. For example, they readily react with hydroxyl
radicals to form lipid peroxyl radicals. These radicals, in turn,
react with other unsaturated fatty acids and generate more lipid
hydroperoxides and lipid peroxyl radicals. Lipid peroxyl radicals
also undergo intramolecular double-bond rearrangements to
form cyclic endoperoxides, which mostly decompose and produce
MDA (Esterbauer et al. 1991).

Correspondingly, according to the study of Pourrajab et al. (2022),
a systematic review and meta-analysis of randomized controlled
trials, existing evidence proposes that probiotic/synbiotic supple-
mentation can considerably enhance serum TAC, GSH and NO,
along with decreasing MDA levels. Consequently, these supple-
mentations possibly will play a role in improving antioxidant
indices and decreasing oxidative stress in the body (Pourrajab
et al. 2022). In another study by Roshan et al. (2022), a meta-
analysis of randomized clinical trials, 16 eligible RCTs with 915
participants were comprised. Results of their study disclosed that
probiotics could considerably enhance GSH levels in comparison
with the control groups. Moreover, probiotics and synbiotics
displayed no significant impact on TAC levels and SOD activity
(Roshan et al. 2019).

4 | Conclusions

The results of this study suggest that synbiotics containing a 10
cfu/mL load of live bacteria of L. acidophilus La5 and 5% inulin
(5%) may have a beneficial role in preventing oxidative stress
and consequently preventing various disorders linked to oxidative
stress in male dogs. Further studies are needed to assess the
effect in a larger population and in several health conditions to
conclude.
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