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Abstract

Objectives: Type 1 diabetes mellitus is a metabolic disease
characterized by dysbiosis. Modulation of the gutmicrobiota
by oligosaccharides and aerobic training are proposed
mechanisms that ameliorate the disease through affecting
host-microbiota interactions.
Methods: Seventy-two male Wistar rats were randomly
divided into 8 groups – 5 with streptozotocin-induced
diabetes and 3 healthy controls. The effect of two oligosac-
charides – xylo- and galactooligosaccharides, and of aerobic
training on the blood glucose concentration, growth and

diversity of the gut microbiota was evaluated in the current
study.
Results: The galactooligosaccharides positively affected the
glycemic status of the experimental animals as the diabetic
and healthy rats had lower blood glucose concentration after
6 weeks of treatment (diabetic rats: week 4 vs. week 8,
p=0.047; healthy rats: week 2,4,6,10 vs. week 8, p=0.001,
p=0.000, p=0.025 and p=0.001, respectively). A positive effect
of the galactooligosaccharides on body weight was observed
when administered to diabetic rats in comparison to the
diabetic control (p=0.020). Similar results were observed
for the aerobically trained diabetic rats (p=0.004). The
identification of bacterial species showed preserved micro-
biota diversity and indicated Bifidobacterium indicum,
Lactobacillus feritoshensis and E. coli as the most abundant
species among the analyzed genera.
Conclusions: Prebiotic treatment beneficially affected the
hyperglycemia and growth of type 1 diabetic rats. The most
significant effect of the aerobic trainingwas the improvement
of the morphological parameters. Oligosaccharide adminis-
trationand exercise didnot affect thediversity of the bacterial
species.
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Introduction

Type 1 diabetesmellitus (T1DM) is an autoimmunemetabolic
disease of multifactorial origin, resulting from the interac-
tion between genetic and environmental factors [1].
Although the disorder’s pathogenesis has not been fully
clarified, growing evidence indicates that disturbances in
the intestinal microbiota composition and abundance, a
condition known as dysbiosis, are a major contributor to the
development of T1DM [2].
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The intestinal microbiome comprises many microbial
communities, important for the host’s health, that maintain
mucosal homeostasis and regulate epithelial development
and immune responses [3, 4]. Several environmental factors
such as diet, extensive use of antibiotics and altered living
conditions are known to affect themicrobiota, decreasing its
diversity, which is associated with the development of
various diseases, including T1DM [5]. Modulation of the gut
microbiota by non-digestible fiber is a proposed method for
diabetes alleviation [6].

In 1995, Gibson and Roberfroid defined prebiotics as
‘a non-digestible food ingredient that beneficially affects the
host by selectively stimulating the growth and/or the activity
of one or a limited number of bacteria in the colon and
thus improves health’ [7]. Xylooligosaccharides (XOS) and
galactooligosaccharides (GOS) are among the most used
prebiotics [8]. GOS are suggested to modulate the gut
microbiota not only through enhancing beneficial bacteria,
but also by inhibiting the adhesion of pathogenic microbes
to the intestinal epithelial cells. GOS supplementation is
also found to significantly increase the Lactobacillus spp. count
in the feces of alloxan-induced diabetic rats [9]. XOS con-
sumption is found to increase the levels of Bifidobacterium spp.
in the gastrointestinal tract of rats [8].

Several studies have reported that exercise can increase
the number of beneficial gut bacteria and their responsive-
ness to homeostatic and physiological variations [4]. Exercise
is known to play a pivotal role in the regulation ofmetabolism
and energy expenditure, thus affecting host-microbiota
interactions [10]. Physical training is associated with quali-
tative and quantitative changes in the intestinal microbiota
such as increased levels of Lactobacilli and Bifidobacteria [11]
as well as butyrate-producing bacteria [12].

The present study was designed to evaluate the effect
of two oligosaccharides – XOS and GOS, and of aerobic
exercise on hyperglycemia and growth in streptozotocin
(STZ)-induced diabetic rats. Furthermore, the diversity of the
intestinal microbiota on species level was identified for
the first time.

Materials and methods

Animals and ethical approval

The experimental protocols of the present study were approved by the
BulgarianAgency for Food Safety (BAFS resolution№150/09.04.2019) and
comply with the ethical standards of the Medical University of Plovdiv
(resolution of the University Ethic Committee №2/13.06.2019).

Seventy-two male Wistar rats (8 weeks old, 195 ± 30 g), procured
from the vivarium of the Medical University of Plovdiv, were randomly

distributed into 8 experimental groups (n=9): 1) diabetic control group
on a standard diet (DSD); 2) diabetic prebiotic group, treated with
XOS (D-XOS); 3) diabetic prebiotic group, treated with GOS (D-GOS); 4)
diabetic trained group on a standard diet (DTSD); 5) diabetic trained
group, treated with XOS (DT-XOS); 6) healthy control group on a stan-
dard diet (HSD); 7) healthy control group, treated with XOS (H-XOS); 8)
healthy control group, treated with GOS (H-GOS).

The animals were kept under standard conditions (4–5 rats/cage,
12-h light/dark cycle, 22 ± 2°C, 55 ± 10 % humidity, free food and water
access) for 10 weeks. The stages of the experiment are presented in
Supplemental Figure 1. After a fewdays of acclimatization, the rats of the
diabetic groups were injected intraperitoneally with 60mg kg−1 of STZ
for T1DM to be induced [13]. The animals from the three healthy groups
were injected with an identical volume of saline.

A week post STZ administration, the rats from the respective
prebiotic groups started to receive an XOS andGOS supplement in a dose
of 100 mg/kg body weight, which accounted for 5 % of the basal diet. The
animals were treated every day for 8 weeks. According to Wang et al.,
supplementation with such oligosaccharide concentrations beneficially
affects the blood glucose levels, lipid and antioxidant profiles of rats on a
high-fat diet [14]. The prebiotics were given per os following dilution in
distilled water. The distribution of the carbohydrates in the prebiotics
was as follows: XOS (Xylooligosaccharide powder, Lenzing AG, Lenzing,
Austria) – 13 % with a degree of polymerization (DP) – 2; 19 % with a
DP – 3; 11 % with a DP – 4 and 60 %with a DP of 5 andmore; GOS (TOS-P,
Yakult, Japan) – 2 % with a DP – 2; 48 % with a DP – 3; 38 %with a DP – 4
and 12 % with a DP – 5.

Two weeks post-STZ administration, the rats from groups 4 and 5
were subjected to a physical training program, that continued until the
end of the experimental period. At the end of the 10th week, the ratswere
fasted overnight and sacrificed following treatment with ketamine/
xylazine anaesthetic administered in an overdose (87.5/12.5 mg/kg body
weight).

Induction of diabetes

STZ was prepared in a citrate buffer (pH 4.5) according to the method of
Furman [15]. The buffer contained 5.78 g citric acid ͯ 1H2O (M=210.14 g/
mol), and 0.71 g Na2HPO4 (M=141.96 g/mol), separately dissolved in 50mL
distilled water. To reach a pH of 4.5, 10 mL of the citric acid solution and
45–50 mL of the Na2HPO4 solution were mixed. One g dry STZ substance
was then dissolved in 33.3 mL citrate buffer recalculated in accordance
with the dose of 60 mg/kg body weight [13]. Rats with a blood glucose
level of above 12 mmol/L were considered diabetic.

Aerobic training

The experimental animals from the respective groups underwent
aerobic training from week three until the end of the experiment. The
exercise training program was performed five days a week on a
treadmill (EXER-3R-Treadmill, Columbus Instruments, Columbus OH,
USA) with 16 m/min band speed and 5° slope. On the first day, the rats
were only familiarized with the exercise procedure with a training
duration of 20 min. After that, the duration was increased with 5 min
every other day until it reached 40min at the end of the fifth week.
This load was kept until the end of the experiment. The intensity of
the treadmill running was below the maximal steady rate [16] and
thus aerobic.
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Fecal sample collection and analyses

Fresh fecal samples were collected twice throughout the experiment
(at the start and end) and placed in 1.5 mL cryotubes containing glycerol
as a preserving agent. The cryotubes were stored in a deep freezer
at −80 °C until the conduction of the analysis.

Cultural methods

The fecal specimen was cultivated in ordinary culture medium –

Nutrient Agar, and in selective culture media – Rogosa SL Agar, Mac-
Conkey Agar and Bifidobacterium Selective Agar.

To determine the total viable count (TVC) in the examined samples
we used a surface cultivation method of the persisting microflora in
Nutrient Agar (HiMedia, India) mediumwith appropriate dilution of the
samples and cultivation at 37°C for 72 h (until the appearance of single
colonies). The following equation for determination of the TVC in
colony-forming units (CFU)/mL was used:

N = ∑с/v(n1 + 0.1n2)d,where :
– ∑с – sum of the counted colonies of all the plates;
– v – inoculum volume, mL;
– n1 – number of plates from the first dilution;
– n2 – number of plates from the second dilution;
– d – dilution factor of the first dilution.

Identification methods

We aimed to identify the most typical representatives of the gut
microbiota – Bifidobacteria, Lactobacilli and Enterobacteria.

For the biochemical identification of Bifidobacteria, we used
HiBifido Identification Kit (HiMedia, India), which includes a combina-
tion of 12 tests for differentiation of Bifidobacterium spp.

Each test contains a sterile medium for catalase and 11 different
utilization tests for carbohydrates: arabinose, cellulose, fructose,
lactose, maltose, mannose, melibiose, raffinose, sucrose, xylose and
salicin. The test is based on the principle of pH change resulting from the
substrate utilization. The microorganism is isolated in Soybean Casein
Digest Agar nutrient medium. According to McFarland, one to three
single colonies are then taken and homogeneously suspended in 2–3 mL
sterile saline, pre-diluted by 0.5. They are incubated at 35–37 °C
for 24–48 h and are later determined by the change in the colour of
the medium.

For the biochemical identification of Lactobacilli, we used HiLacto
Identification Kit (HiMedia, India), which includes a combination of 12
tests for differentiation of Lactobacillus spp.

Each test contains a sterile medium for catalase, esculin and 10
different utilization tests for carbohydrates: xylose, cellobiose, arabi-
nose, maltose, galactose, mannose, melibiose, raffinose, sucrose, and
trehalose. The test is based on the principle of pH change resulting from
the substrate utilization. The microorganism is isolated in Soybean
Casein Digest Agar nutrient medium. One-three single colonies are
then taken and homogeneously suspended in 2–3 mL sterile saline,
pre-diluted by 0.5 according to McFarland. They are incubated at
35–37 °C for 24–48 h and are later determined by the change in the
colour of the medium.

For the biochemical identification of Enterobacteria we used MLT
ENTEROtest 24 N (HiMedia, India), which includes a combination of 24
biocehmical tests for quick identification of species of the Enterobac-
teriaceae family.

The results were interpreted 24 h after the inoculation.

Glucose measurement

The blood glucose concentration of the rats was measured at the
beginning of the experimental period, after STZ treatment (week 2) and
then every other week until the end of the experiment. The measure-
ment was conducted with a glucometer, and a drop of blood collected
from the tail vein.

Morphological measurements

The measured morphological parameters were the weight (g) and naso-
anal length (cm) of the rats. The Lee index is a parameter of adiposity but
is also used to assess the effect of nutrition on growth [17]. The Lee index
(g/mm) was calculated as the cubic root of the weight(g) divided by the
naso-anal length (mm) multiplied by 10,000 [18].

Statistical analysis

Statistical analyses were performedwith the SPSS program, version 17.0
(SPSS Inc., Chicago, IL, USA). The data are presented as mean ± SEM.
Results were regarded as statistically significant at p≤0.05 and ten-
dencies at p<0.1. The differences between groups were analyzed with
one-way ANOVA followed by LSD’s post hoc test. The Paired samples
t-test was used to compare the parameters measured two or more times
during the experiment (blood glucose, morphological parameters).

Results

Blood glucose concentration

The obtained results for the concentration of blood glucose
are presented in Figure 1. No significant differences were
observed between the groups at the beginning of the
experiment. The Paired samples t-test showed within-group
differences in the D-GOS (week 4 vs. week 8, p=0.047), H-XOS
(week 2, 4, 6 and 10 vs. week 8, p=0.000, p=0.000, p=0.030 and
p=0.000, respectively) and H-GOS (week 2, 4, 6 and 10 vs.
week 8, p=0.001, p=0.000, p=0.025 and p=0.001, respectively)
groups. Despite the lack of a significant difference within the
D-XOS group, the data shows that the values for the blood
glucose concentrationin week 8 are lower than the ones in
the preceding weeks. According to the obtained results, the
two oligosaccharides managed to ameliorate the hypergly-
cemia and the effect was best manifested after 6 weeks of
treatment (week 8).
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Morphological parameters

Data regarding the weight of the experimental animals,
measured at the beginning and the end of the experiment
are presented in Figure 2. There were no significant differ-
ences in the glucose concentration measured at week 1.

The results show that STZ treatment negatively affected
the weight of the animals. This effect was less manifested in

the D-GOS group as it showed a significant increase inweight
at the end of the experiment compared to the DSD group
(p=0.020). Similar results were observed for the DTSD
vs. DSD group, which implies a positive effect of the aerobic
training (p=0.004). The healthy controls had significantly
higher weight compared to the DSD group (p=0.001 vs. HSD,
p=0.008 vs. H-XOS and p=0.002 vs. H-GOS). The trained
diabetic rats fed an XOS supplement (DT-XOS) also showed

Figure 1: Effect of the oligosaccharides and/or aerobic training on the blood glucose concentration. Data are presented as mean ± SEM. *Significant
differences vs. week 8 within a group, p≤0.05 (paired samples t-test); week 0 – pre-STZ-induced diabetes, before treatment with oligosaccharides and
aerobic training. DSD, diabetic control group on a standard diet; D-XOS, diabetic prebiotic group, treated with xylooligosaccharides; D-GOS, diabetic
prebiotic group, treated with galactooligosaccharides; DTSD, diabetic trained group on a standard diet; DT-XOS, diabetic trained group, treated with
xylooligosaccharides; HSD, healthy control group on a standard diet; H-XOS, healthy control group, treated with xylooligosaccharides; H-GOS, healthy
control group, treated with galactooligosaccharides.

Figure 2: Effect of the oligosaccharides and/or aerobic training on weight. Data are presented as mean ± SEM. *Significant differences vs. DSD, p<0.05;
Δ – significant differences vs. DT-XOS, p<0.05 (one-way ANOVA, LSD). DSD, diabetic control group on a standard diet; D-XOS, diabetic prebiotic group,
treated with xylooligosaccharides; D-GOS, diabetic prebiotic group, treated with galactooligosaccharides; DTSD, diabetic trained group on a standard
diet; DT-XOS, diabetic trained group, treated with xylooligosaccharides; HSD, healthy control group on a standard diet; H-XOS, healthy control group,
treated with xylooligosaccharides; H-GOS, healthy control group, treated with galactooligosaccharides.
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retarded growth at the end of the experiment with asigni-
ficantly lower weight than that of the DTSD (p=0.024), H-XOS
(p=0.010) and HSD rats (p=0.015).

The results for the naso-anal length of the rats are
presented in Figure 3. No significant differences in the
parameterwere observed at the beginning of the experiment.

Significant differences in the naso-anal length at the end
of the experiment were observed in the DSD group vs. the
DTSD, HSD, H-XOS and H-GOS groups (p=0.028, p=0.005,
p=0.030 and p=0.000, respectively). There was a tendency
for statistical significance between the DSD and D-GOS
group (p=0.082). A significantly lower final naso-anal length
was found in the DT-XOS group compared to DTSD, HSD
and H-XOS (p=0.027, p=0.004, p=0.000, respectively). The
statistical analysis showed significant differences between
the D-XOS group and the D-GOS, DTSD, H-XOS and HSD
groups (p=0.037, p=0.016, p=0.004 and p=0.001, respectively).

Data regarding the Lee index are presented in Figure 4.
There were no significant differences in the initial Lee index
of the animals.

The Paired sample’s t-test showed a significant decrease
of the Lee index in the DSD group (p=0.039). In addition,
there was a tendency for statistical significance between the
final Lee index of the diabetic rats supplemented with GOS

(D-GOS) and diabetic control (DSD) (p=0.071). A similar
tendency was observed between the D-GOS and HSD groups
(p=0.094).

Intestinal microbiota

The effect of XOS and GOS and aerobic training on the
intestinal microbial abundance at the beginning and the end
of the experimental period is presented in Table 1.

Data obtained regarding the TVC of the rats at the
beginning and the end of the experiment are presented in
Figure 5. A statistically significant increase in the bacterial
count was observed over time in the DSD group (p=0.045).
The two oligosaccharides led to an insignificant decrease of
the microorganisms in the two diabetic treated groups
(D-XOS and D-GOS). The two aerobically trained groups also
showed an elevated TVC towards the end of the experiment
with a tendency for a statistically significant increase in the
DT-XOS group (p=0.093). The results regarding the healthy
controls were diverse. A significant increase of themicrobial
countwas observed for theHSD group (p=0.049), while in the
H-GOS group it was insignificant. A decrease of the number
of bacteria was observed in the H-XOS group.

Figure 3: Effect of the oligosaccharides and/or aerobic training on the naso-anal length. Data are presented as mean ± SEM. *Significant differences or
tendenciesvs. DSD, p<0.05; Δ – significant differences vs. DT-XOS, p<0.05; # – significant differences vs. D-XOS (one-way ANOVA, LSD). DSD, diabetic
control group on a standard diet; D-XOS, diabetic prebiotic group, treated with xylooligosaccharides; D-GOS, diabetic prebiotic group, treated with
galactooligosaccharides; DTSD, diabetic trained group on a standard diet; DT-XOS, diabetic trained group, treated with xylooligosaccharides; HSD,
healthy control group on a standard diet; H-XOS, healthy control group, treated with xylooligosaccharides; H-GOS, healthy control group, treated with
galactooligosaccharides.
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Figure 4: Effect of the oligosaccharides and/or aerobic training on the Lee index. Data are presented as mean ± SEM. *Tendency for a significant
difference vs. D-GOS (one-way ANOVA, LSD). DSD, diabetic control group on a standard diet; D-XOS, diabetic prebiotic group, treated with xylooligo-
saccharides; D-GOS, diabetic prebiotic group, treated with galactooligosaccharides; DTSD, diabetic trained group on a standard diet; DT-XOS,
diabetic trained group, treated with xylooligosaccharides; HSD, healthy control group on a standard diet; H-XOS, healthy control group, treated with
xylooligosaccharides; H-GOS, healthy control group, treated with galactooligosaccharides.

Table : Effect of the oligosaccharides and/or the aerobic training on the composition of the intestinal microbiota. The most abundant strains amongst
the Bifidobacterium spp. and Lactobacillus spp. genera as well as the Enterobacteriaceae family were B. indicum, L. feritoshensis and E. coli, respectively. The
abundance of the E. coli strain in the D-XOS (not detected to positive) and the H-XOS (positive to not detected) groups was different throughout the two
separate stages of the experiment. The same was observed for the P. rettgeri strain in the D-GOS group (positive to not detected).

Genus/Famiy Species Period Group

DSD D-XOS D-GOS DTSD DT-XOS HSD H-XOS H-GOS

Bifidobacterium spp. B. indicum Beginning P P P P P P ND P
End P P P P P P ND P

B. minimum Beginning ND ND ND ND ND ND ND P
End ND ND ND ND ND ND ND P

B. tsurumiense Beginning P ND ND P ND P P ND
End P ND ND P ND P P ND

Lactobacillus spp. L. colehominis Beginning ND P ND P P P ND P
End ND P ND P P P ND P

L. durianis Beginning ND ND ND ND ND P ND ND
End ND ND ND ND ND P ND ND

L. feritoshensis Beginning P P P P ND P P P
End P P P P ND P P P

L. fructivorans Beginning ND ND P ND ND ND ND ND
End ND ND P ND ND ND ND ND

L. vaginalis Beginning ND ND ND P ND ND ND ND
End ND ND ND P ND ND ND ND

Enterobacteriaceae E. coli Beginning P ND P P P P P P
End P P P P P P ND P

K. oxytoca Beginning ND P ND ND P P P ND
End ND P ND ND P P P ND

P. rettgeri Beginning P ND P ND ND ND ND ND
End P ND ND ND ND ND ND ND

P, positive; ND, not detected; DSD, diabetic control group on a standard diet; D-XOS, diabetic prebiotic group, treated with xylooligosaccharides; D-GOS,
diabetic prebiotic group, treated with galactooligosaccharides; DTSD, diabetic trained group on a standard diet; DT-XOS, diabetic trained group, treated
with xylooligosaccharides; HSD, healthy control group on a standard diet; H-XOS, healthy control group, treated with xylooligosaccharides; H-GOS, healthy
control group, treated with galactooligosaccharides.
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Discussion

In the present study we report that GOS and XOS and/or
aerobic exercise beneficially affect the glucose homeostasis
and growth but show no effect on intestinal microbiota
composition of type 1 diabetic rats.

Treatment with GOS and XOS exerted a beneficial effect
on the glycemic status of STZ-treated diabetic rats after a
period of 6 weeks. These results follow the ones reported
by Sangwan et al. and Gobinath et al. [6, 9]. A proposed
mechanism for oligosaccharides’ blood glucose lowering
effect includes reduced gastric emptying time, accompanied
by shorter transit time through the small intestine [19].

In the present study, aerobic training did not signifi-
cantly improve the hyperglycemic state of the diabetic rats.
These results are in accordance with experimental data
published by several authors [20, 21]. The lack of a positive
effect of aerobic exercise on the blood glucose concentration
may be a result of an insufficient duration of the training
period. According to Li et al., the duration of physical activity
is a key factor that determines its beneficial effects [22].

The obtained results regarding the growth of the
animals show that GOS administration stimulates weight
gain and increases the naso-anal length, thus beneficially
affects the growth retardation of the diabetic rats. Prebiotics
are shown to suppress the loss of glucose in the urine, typical
of type 1 diabetes [23]. The amelioration of glucosuria and
loss of calories is a possible mechanism for the observed
improvement in the growth of diabetic animals. Similar

results were also reported by Byung-Sung [24] and Gobinath
et al. [6].

Aerobic training confers a positive effect on the growth
of diabetic animals by significantly increasing their weight
and naso-anal length compared to the diabetic controls.
These results support the experimental data reported by
Heyman et al. [25]. The beneficial effect of aerobic exercise
on theweight of the diabetic rats could be explainedwith the
improvement of glucose homeostasis, resulting from an
increased insulin sensitivity, increased binding of insulin to
its receptor, stimulation of glucose transporter-4 trans-
location to the muscle cell surface and thus, an improved
glucose uptake [26]. The activation of the skeletal muscles
also increases nitric oxide production in the endothelium,
which stimulates blood glucose uptake [27].

The role of the intestinal microbiota in maintaining the
normal physiology and homeostasis of the gut is essential
[4]. In our experiment we studied the effect of prebiotic
treatment and aerobic training on the composition of the
intestinal microbiota on the species level focusing on the
Bifidobacterium spp. and Lactobacillus spp. genera as well
as the Enterobacteriaceae family. There are many reports
on the effect of different prebiotics on the bacterial di-
versity on the phylum, family and genera level, but none on
the level of the species. In the current study we report for
the first time that prebiotic treatment and aerobic training
alone or in combination do not lead to changes in the di-
versity of the studied bacterial species. The maintenance of
bacterial balance is a proven effect of prebiotics [8]. The

Figure 5: Effect of prebiotics and/or aerobic training on the TVC (paired samples t-test; results are presented as mean ± sem×104). DSD, diabetic control
group on a standard diet; D-XOS, diabetic prebiotic group, treated with xylooligosaccharides; D-GOS, diabetic prebiotic group, treated with
galactooligosaccharides; DTSD, diabetic trained group on a standard diet; DT-XOS, diabetic trained group, treated with xylooligosaccharides; HSD,
healthy control group on a standard diet; H-XOS, healthy control group, treated with xylooligosaccharides; H-GOS, healthy control group, treated with
galactooligosaccharides.
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preservation of gut homeostasis is important for the
development and function of the innate immune system
and the regulation of the host’s immune responses [28].

Several scientific studies have reported that T1DM
is associated with abnormally increased Bacteroidetes:
Firmicutes ratio [28, 29]. Costa et al. reported that STZ treatment
leads to alterations in the gut microbiota composition,
including increased count of several bacterial genera, all
associated with increased T1DM incidence [30]. Patterson et al.
have observed an increase in the fecal count of several bacte-
rial genera like Parasuterella, Bifidobacterium and Bacteroides
five weeks post-STZ treatment. Furthermore, the dysbiosis
resulting from T1DM changes the intestinal environment,
allowing representatives of the Actinobacteria and Proteobac-
teria phyla to thrive [31]. In our study we found that diabetes
leads to an increased TVC in sedentary rats on a standard diet.
We assume that this increase could be associated with the
above mentioned genera and species.

The results obtained in the present study demonstrate
that aerobic training, alone and in combination with
xylooligosaccharides, leads to an elevatedmicrobial count in
diabetic rats. It has been reported by several authors that
exercise positively affects the gut microbiota by increasing
the number of beneficial bacteria [12, 32]. Furthermore,
controlled physical training is associated with an increased
number of lactic acid-producing bacteria and ones that
convert the produced lactate to butyrate – a compound that
conveys beneficial effects regarding intestinal epithelium
protection and mucin synthesis [4].

Conclusions

We conclude that prebiotic treatment beneficially affects
the hyperglycemic status and growth of type 1 diabetic rats.
The aerobic training was most effective in the improvement
of the morphological parameters. The bacterial species
identification showed no significant changes in the diversity
of the microbiota under the influence of the studied factors.
It indicated Bifidobacterium indicum, Lactobacillus
feritoshensis and E. coli as the most abundant species
amongst the analyzed genera.

Limitations

The main limitation of the experiment was the small sample
size, which however is common in animal studies and is in
accordance with the ethical guidelines. Although the TVC in
the fecal samples of the experimental animals was deter-
mined, the study lacks evaluation on the count of the studied

species, and we consider this to be another limitation of this
scientific work. More thorough analysis of the gut micro-
biota will be needed for the exact effect of XOS, GOS and
aerobic training on its abundance and count to be evaluated.
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