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Effect of probiotics on kidney tissue in an experimental diabetes model
Deneysel diyabet modelinde probiyotiklerin bébrek dokusuna etkisi
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Abstract

Purpose: Diabetes, a major public health issue, is an endocrine and metabolic disease that causes damage
to various tissues, including the kidneys. Probiotics are thought to play a beneficial role in the prevention and
treatment of diseases when used in sufficient amounts. This study aims to investigate the effects of probiotic
supplementation on kidney tissue damage induced by diabetes.

Materials and methods: A total of 34 rats were divided into five groups. The control group (K, n=5) received
PBS, while the probiotic-only group (Pm, n=5) was given probiotics (0.6 mg/kg). In the diabetes group (Dm, n=8),
diabetes was induced using streptozotocin (50 mg/kg). The PmD group (n=8) received probiotic supplementation
before diabetes induction, and probiotic administration continued after diabetes was induced. In contrast, the
DmP group (n=8) first underwent diabetes induction, followed by probiotic supplementation. Kidney tissues
were examined histopathologically and immunohistochemically, with Bcl-2 and alpha-SMA antibody expressions
evaluated.

Results: No histopathological alterations were observed in the control group. In the Dm group, moderate-to-mild
nephrotoxicity was detected, while the probiotic-supplemented diabetes groups exhibited mild nephrotoxicity.
Bcl-2 expression was decreased in the Dm group but was found to be higher in the DmP and PmD groups.
Conversely, alpha-SMA expression was elevated in the Dm group, whereas it was lower in the DmP and PmD
groups.

Conclusion: Histopathological and immunohistochemical analyses indicate that probiotics exert a protective
effect against diabetes-induced kidney damage.
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Oz

Amag: Diyabet, 6nemli bir halk saghgi sorunu olan endokrin ve metabolik bir hastaliktir. Tim dokularda oldugu
gibi bdbrek dokusunda da hasara yol agcmaktadir. Probiyotiklerin yeterli miktarda kullaniimasi, hastaliklarin
Oonlenmesi ve tedavisinde faydali olabilece@i dustnilmektedir. Bu ¢alismada, diyabetin bébrek dokusunda
olusturdugu hasara karsi probiyotik takviyesinin etkisini arastirmayi amagladik.

Gereg ve yontem: Toplam 34 sigan bes gruba ayrildi. Kontrol grubuna (K, n=5) PBS, yalnizca probiyotik alan
gruba (Pm, n=5) ise probiyotik (0,6 mg/kg) uygulandi. Diyabet grubu (Dm, n=8) streptozotosin (50 mg/kg) ile
diyabet olusturuldu. PmD grubuna (n=8) diyabet olusturulmadan énce probiyotik takviyesi uygulandi ve diyabet
olustuktan sonra da probiyotik uygulamasina devam edildi. DmP grubunda (n=8) ise 6nce diyabet olusturuldu,
ardindan probiyotik takviyesi uygulandi. Bébrek dokulari histopatolojik ve immunohistokimyasal olarak incelendi;
Bcl-2 ve alfa-SMA antikor ekspresyonlari degerlendirildi.

Bulgular: Kontrol grubunda histopatolojik degisiklikler gézlenmezken, Dm grubunda orta-hafif nefrotoksisite
saptandi. Probiyotik takviyesi alan diyabet gruplarinda ise hafif nefrotoksisite gbzlendi. Dm grubunda Bcl-2
ekspresyonu azalmis olup, DmP ve PmD gruplarinda ise daha ylksek seviyelerde oldugu tespit edilmigtir.
Alfa-SMA ekspresyonu ise Dm grubunda artarken, DmP ve PmD gruplarinda daha dusuk seviyelerde oldugu
g6zlenmisgtir.

Sonug: Histopatolojik ve imminohistokimyasal degerlendirmeler, probiyotiklerin diyabetin neden oldugu bdbrek
hasarina karg! koruyucu bir etki gdsterdigini ortaya koymaktadir.

Anahtar kelimeler: Diyabet, probiyotik, bébrek, alfa-SMA, Bcl-2.
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Introduction

Diabetes mellitus (diabetes) is a chronic
metabolic disease characterized by insulin
deficiency and the associated pathological
consequences [1]. Globally, while significant
reductions in mortality from non-communicable
diseases such as chronic respiratory diseases,
cardiovascular diseases, and cancer were
observed between 2000 and 2019, diabetes-
related mortality increased by 3% during the
same period [2]. Approximately 10-20% of
patients with diabetes succumb to renal failure,
and it has been reported that 50% of patients
undergoing dialysis have diabetes [3].

Kidneys are important organs that maintain
the acid-base balance of the body by filtering
the blood from metabolic wastes [3]. In
histopathological evaluation of the tissue in
diabetes-induced renal damage, podocyte
damage, cell shedding and apoptosis are among
the primary pathological findings. Damage to
podocytes exacerbates proteinuria in diabetes
[4].

Diabetes adversely affects multiple organs,
including the heart, blood vessels, kidneys, eyes,
and nerves. One of the most well-documented
renal complications of diabetes is diabetic
nephropathy. Experimental diabetes models
have demonstrated that diabetic nephropathy
impairs kidney function and leads to histological
damage in the glomerular and tubular structures

[5].

In addition to conventional pharmacological
treatments, medical nutrition therapy plays a
key role in diabetes management. Patients who
adhere to medical nutrition therapy achieve
better blood glucose control and a reduced risk
of complications [6]. In addition, the occurrence
of gastrointestinal dysfunction, which shows
symptoms such as obesity, delayed gastric
emptying, diabetic gastroparesis, diarrhea and
constipation, is considered a contributing factor
in the pathogenesis of type 2 diabetes [7-9].
This suggests that the risk of developing type
2 diabetes may be influenced by factors related
to the gut microbiota [10]. Probiotics, defined as
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live microorganisms that confer health benefits
when administered in sufficient amounts,
are key components of the gut microbiota.
Evidence from animal studies suggests that
probiotics may modulate glucose metabolism
and enhance insulin sensitivity [11, 12].
Recently, research on the therapeutic potential
of probiotics, particularly their antibacterial
and anti-inflammatory properties, has gained
momentum. The concept that modulating the
gut microbiota is crucial for overall health has
become increasingly recognized [13].

In this study, we aimed to investigate the
effects of probiotic supplementation on the
kidneys in a streptozotocin (STZ)-induced
diabetic rat model by analyzing biochemical
markers and assessing Bcl-2 and alpha-SMA
expression via immunohistochemical methods.

Materials and methods

Permission for the study was obtained from
Pamukkale University Animal Experiments
Ethics Committee with the decision numbered
and dated PAUHDEK-2021/07, 24.08.2021.

Experimental study design

The effect size obtained in the reference
study [31] was found to be strong (F=0.786).
Assuming that an effect size at this level could
be obtained, as a result of the power analysis
performed for 5 groups, it was calculated that
90% power could be obtained at 95% confidence
level when at least 35 rats (at least 7 rats for
each group) were included in the study. Since
the control and probiotic-only groups were the
control group, it was deemed appropriate to use
5 rats each in these groups and 8 animals each
in the diabetes groups since animal loss due to
diabetes could be seen.

In the study, 10-week-old Wistar rats
weighing between 250-300 g, were used (n=34).
The animals were kept in specially designed
cages under the supervision of a veterinarian
and maintained in a temperature-controlled
environment with 50%+5% humidity under
laboratory conditions simulating a 12-hour day-
night cycle. The rats were given standard rat
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pellet food and tap water ad libitum. The rats
were randomly assigned to five groups: control
group (group K, n=5), probiotic group (group
Pm, n=5), diabetes group (group Dm, n=8),
probiotic + diabetes group (group PmD, n=8)

and diabetes + probiotic group (group DmP,
n=8). VSL#3 was used as probiotic. VSL#3
contains 3 genera, 7 species and 8 strains. The
species included 4 Lactobacilli, 3 Bifidobacteria
and 1 Streptococcus strains (Table 1).

Table 1. Probiotic microorganisms contained in VSL#3

Streptococcus thermophilus BT01
Lactobacillus plantarum BP06
Lactobacillus acidophilus BA05
Lactobacillus helveticus BD08
Lactobacillus paracasei BPO7
Bifidobacterium animalis subsp. lactis BLO3
Bifidobacterium animalis subsp. lactis BL04
Bifidobacterium breve BB02

Duringthe experiment, 200 uIPBS (phosphate
buffered saline solution) was given to group K by
gavage 5 days a week for 4 weeks. After a five-
week break, the same procedure was repeated
for an additional four weeks, starting from week
10. In Group Pm, 0.6 mg/kg VSL#3 probiotic
was dissolved in 400 yl PBS and administered
by gavage for each rat 5 days a week for the
first 4 weeks [14]. Probiotic (reminder dose)
was administered twice a week for the next 5
weeks. Starting from the 10" week, probiotics
were given 5 times a week for 4 weeks. To
induce diabetes, a single dose of streptozotocin
(STZ, 50 mg/kg) was administered. Seventy-
two hours later, blood samples were collected
from the tail veins of STZ-treated rats, and
blood glucose levels were measured using a
commercial glucometer (Accu-Chek Performa)
[9]. Diabetes was induced in group Dm rats by
STZ administration at the 10" week of the study.
Group PmD rats were administered probiotic
(0.6 mg/kg VSL#3) 5 times a week for the first
4 weeks and twice a week for the following 5
weeks and diabetes was induced in the 10%"
week. After diabetes was induced, probiotic
administration was continued 5 times a week
for 4 weeks. No treatment was applied to group
DmP for the first 9 weeks. Diabetes was induced
in the 10" week of our experiment and probiotic
solution was administered by gavage (0.6 mg/

kg VSL#3) for 4 weeks starting from the 10"
week. Body weights of the rats were measured
weekly. After the completion of the 13" week
of the experiment, blood glucose levels of the
rats were measured by glucometer from blood
samples taken from the lateral tail vein. One day
later, the rats were anaesthetized with 90 mg/kg
ketamine + 10 mg/kg xylazine intraperitoneally.
For biochemical analysis, intracardiac blood
samples were collected and centrifuged in
yellow-capped biochemistry tubes. Urea, Blood
Urea Nitrogen (BUN) and creatinine levels
were determined from serum by immunoassay
method (Beckman coulter Access 2).

Animal care, injection and gavage
applications, sampling procedures were carried
out at Pamukkale University Experimental
Animals Research Unit (DEHAB).

Histopathological analysis

The kidneys excised from rats were
weighed and fixed in a 10% formalin solution.
For histopathological examination, the tissues
were processed and embedded in paraffin.
Subsequently, 5-micron thick sections were
obtained using a microtome and stained
histologically with hematoxylin-eosin (HE) and
PAS stains (Histomed BS-0046, Lot: 092016-
001).
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Immunohistochemical analysis

Bcl-2 antibody [(Elabscience E-AB-64067
host: Rabbit) (1:100)], an anti-apoptotic
marker and alpha-SMA antibody [(Elabscience
E-AB-34268 host: Rabbit) (1:100)], a
marker of myofibroblasts, were used for
immunohistochemical analysis. Secondary
antibody (Thermo-Scientific cat no: 37624) and
DAB chromogen kit (Thermo Scientific) were
then used. Nuclear staining was performed
using hematoxylin. Both histochemically and
immunohistochemically stained sections were
examined and photographed with Olympus
BX51 and Olympus DP72 brand/model devices.

The immunoreactivity intensity of the sections
was evaluated in 10 different areas at x40
magnification with Image-J program and the
mean values were calculated for each group.

Histopathological evaluation

damage

of kidney

Sections taken from the kidney tissues of the
groups were coded and evaluated in a blinded
manner by two independent histologists. The
semiquantitative evaluation of renal tissues
was performed based on previously published
criteria and graded according to the severity of
tissue damage (Table 2) [15].

Table 2. Criteria for histopathological evaluation of kidneys [15]

Value Glomerular damage

Acute tubular necrosis

Tubulointerstitial inflammatory

infiltrates

0 None None None

1 less than 25% of glomeruli exhibit non- less than 25 per cent of all leukocytes confined within the
specific damage characteristics renal parenchymal tubules interstitium

2 25-50% of glomeruli exhibit 25-50% of all renal leukocytes infiltrating interstitium and
non-specific damage characteristics parenchymal tubules tubular epithelial cells

3 50-75% of glomeruli exhibit 50-75% of all renal
non-specific damage characteristics parenchymal tubules

4 more than 75% of glomeruli exhibit non-  more than 75% of all renal

specific damage

parenchymal tubules

(A) no nephrotoxicity: 0-1, (B) mild nephrotoxicity: 2-4, (C) moderate nephrotoxicity: 5-7, (D) severe nephrotoxicity: 8-10

Statistical analysis

Data were analysed with SPSS 23.0 software
package. Continuous variables were given as
mean + standard deviation, median (minimum-
maximum values). Shapiro-Wilk test was used
to determine the suitability of the data for normal
distribution. One-way analysis of variance
(ANOVA) with Tukey's post hoc test was
applied for comparisons among independent
groups when parametric test assumptions were
met. When parametric assumptions were not
satisfied, the Kruskal-Wallis test was employed,
followed by the Mann-Whitney U test with
Bonferroni correction for post hoc comparisons.
A p-value of <0.05 was considered statistically
significant.
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Results

Weight gain was observed in all experimental
groups from the beginning of the study. In the
tenth week, a decrease in body weight was
noted in the diabetes groups. Although not
statistically significant, the average weight
loss in the DmP group was lower than in the
other diabetes (Dm and PmD) induced groups.
When the mean body weights were compared,
no statistically significant difference was found
between the groups (Table 3, Figure 1).

Although the difference between the mean
kidney weights among the groups was not
statistically significant, it was noteworthy that
the mean kidney weight of Group Pm was
higher than in the other groups (Table 4).
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Change of Rat Weights by Weeks
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Figure 1. Weekly weight changes of rats according to groups are shown
Table 4. Mean kidney weights of the groups (g)
Group K  Group Pm Group Dm Group DmP Group PmD p
Right Kidney Weight 1.9+0.38 2.4+0.54 1.96+0.63 1.61+0.33 1.89+0.2 0.063 F=2.511
Left Kidney Weight  1.78+0.33 2.13+0.45 1.67+0.38 2.2+0.5 1.88+0.29 0.083 F=2.294

p<0.05 was considered significant, F=One-Way Anova Test

Blood glucose values measured before
sacrification were compared among the groups.
The blood glucose levels in the Dm, DmP, and
PmD groups were higher than those in the K
and Pm groups (Table 5, Figure 2).

The blood glucose levels in the DmP and
PmD groups were lower than those in the Dm

group. Among the diabetes-induced groups, the
PmD group, which received probiotics prior to
diabetes induction, exhibited the lowest blood
glucose levels. However, the differences in
blood glucose levels among these three groups
were not statistically significant (Table 5, Figure
2).

Table 5. Blood glucose value measurement results of the groups (mg/dL)

Group K Group Pm Group Dm Group DmP GroupPmD p
+ + + *
72 ht.)urs af-ter 10924455 116.2+2.49 607.13+94.16  397.13+67.99 489.5+140.13 0.0001
STZ induction kp. pp kp. pp kp. pp kw=25.912
+ + + *
Befo.rt.e . 109.8+5.97 121.248.93 544.13+126.87 454.75+110.41 431.13+59.55 0.0001
sacrification kp. pp kp. pp kp. pp kw=22.728

kp=(p<0.05) Statistically significant with the control group (Group K), pp=(p<0.05) Statistically significant with the probiotic group (Group Pm)
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Blood glucose value measurement results of the groups (mg/dL)
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Figure 2. Blood glucose measurement results of the groups (BG1=blood glucose measurement
result 72 hours after STZ induction, BG2=blood glucose measurement result just before sacrification)

The differences in mean serum urea,
creatinine and BUN levels between the groups
were statistically significant. The mean urea
concentration in the DM group was significantly
higher than groups K, P and DMP. Additionally,
the mean urea concentration in the PmD
group was significantly higher than in group
K. Although not statistically significant, the
mean urea concentration in the PmD group
was lower than in the DM group. The mean
serum BUN concentration in the Dm group
differed significantly from those in groups K
and P. Although, the mean BUN concentrations
in the diabetic groups receiving probiotic
supplements (groups DmP and PmD) were
lower than in the Dm group, these differences
were not statistically significant. When the
mean creatinine concentration was compared
between the groups, the difference between
group Pm and group PmD was statistically
significant (Table 6).

Tubular necrosis was observed in the kidney
of one rat in the K group. No histopathological
changes were detected in the kidney tissue of
the remaining rats in the K group (Figure 3 A, F).
In the P group, tubular necrosis was observed
in two rats, with glomerular damage in one
and tubulointerstitial inflammation in another;
however, no nephrotoxicity was identified in
these rats (Figure 3 B, G). Since both tubular
necrosis and tubulointerstitial inflammation
were observed in only one rat in the P group,
mild nephrotoxicity was determined as a result
of scoring (Table 7).

Two of the rats in DM group exhibited
moderate nephrotoxicity, while the remaining 6
rats showed mild nephrotoxicity. As a result of
scoring, no nephrotoxicity was observed in one
rat in the DmP group, moderate nephrotoxicity
was identified in one rat and mild nephrotoxicity
was observed in the remaining 6 rats. In the
PmD group, mild nephrotoxicity was observed
in seven rats, with no nephrotoxicity detected in
the remaining rat (Table 7).

Upon examination of the kidney sections of
group Dmwere examined, areas of inflammation,
impaired glomerular membrane structures,
enlarged Bowman’s space, vacuolisation and
tubular dilatation, tubular epithelial shedding
and brushy edge loss were identified (Figure
3 C, H). In the kidney sections of group DmP,
it was found that glomerular structures were
preserved, but some tubules were damaged
and pignotic nuclei were formed (Figure 3 D, I).
In the kidney sections of group PmD, although
glomerular and tubule structures were more
smooth, tubular dilatation areas and pignotic
nuclei were still observed (Figure 3 E, J). When
the thickness of Bowman’s capsule basement
membrane was evaluated semiquantitatively
in the kidney sections of the diabetic groups,
an increase in thickness was noted. In the
diabetic groups (DmP, PmD) given probiotic
supplementation, it was observed that the
basement membrane thickening was less than
in group Dm (Figure 3 H-J).
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Table 6. Mean serum creatinine. urea and BUN values of the groups (mg/dL)

Group K Group Pm Group Dm Group DmP Group PmD P

94.63+16.74 0.0001*
u 4724517  54+16.81 7113173 dp  77.8845.99 k
rea kp. pp p P w=23631
BUN 22.06£2.38 2526478  T1OHT93 ascaii04 348426 0.0001
kp pp kw =22.381
N 0.028"
Creatinine  0.36%0.03 0.34%0.03  0.38:005  0.39+0.06 044:0.07pp T

kp=(p<0.05) Statistically significant with the control group (Group K), pp=(p<0.05) Statistically significant with the probiotic group (Group Pm)
dp=(p<0.05) Statistically significant with diabetes group (Group Dm)

Table 7. Histopathological evaluation of kidneys

Glomerular Tubular Tubulointerstitial
Animal No . . Total Score Scoring Scale
Damage Necrosis Inflammation

K1

K2

K3

K4

K5
Pm1
Pm2
Pm3
Pm4
Pm5
Dm1
Dm2
Dm3
Dm4
Dm5
Dm6
Dm7
Dm8
DmP1
DmP2
DmP3
DmP4
DmP5
DmP6
DmP7
DmP8

PmD1
PmD2
PmD3
PmD4
PmD5
PmD6
PmD7
PmD8
(A) no nephrotoxicity: 0-1. (B) mild nephrotoxicity: 2-4. (C) moderate nephrotoxicity: 5-7. (D) severe nephrotoxicity: 8-10
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DmP

PmD

PAS

Figure 3. Glomerular structures (G) and tubules appear normal in tissues of K(A, F) and Pm(B,

G) groups. Infiltration areas (star), pignotic nuclei (triangle), tubular dilatation areas (dashed two-
way arrow), vacuolisation of tubule cells (asterix sign) and enlargement of Bowman's space (two-
way arrow) are prominent in the renal tissue of the DM(C, H) group. In DmP(D, |) and PmD(E, J)
groups, kidney tissue was less damaged. Thickening of the Bowman capsule and tubule basement
membrane (double arrow) [HE staining (A-E); PAS staining (F-J) 40X]

When the kidney sections of the experimental
groups were treated with Bcl-2 antibody, an
anti-apoptotic marker, a 2.7% decrease in
Bcl-2 expression was observed in the kidney
sections of the Dm group. It was determined
that Bcl-2 expression of DmP (6.2%) and
PmD (8.6%), which were among the groups
receiving probiotic supplements, increased
compared to group Dm and showed an effect
against diabetes. It was concluded that Bcl-2
expression percentages of group K and group
Pm (respectively 14.3%,10.5%) were higher
than the groups in which diabetes was induced
(Figure 4). However, when the expression
percentages were compared across the groups,
it was found that it was not statistically significant
(p=0.075)
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Immunohistochemical evaluation of
the kidney sections from our experimental
groups, using alpha-SMA as a marker for
myofibroblasts, revealed lower alpha-SMA
expression in the kidney sections of group
K (3.9%) and group Pm (8.2%) compared to
group DM (13.3%). Among the diabetes groups
receiving probiotic supplements, DmP (8%)
and PmD (10.3%) exhibited lower alpha-SMA
expression compared to group DM (Figure 4).
However, no statistically significant differences

were observed in the expression percentages
between the groups (p=0.285).
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Alpha-SMA

DmP

Alpha-SMA

PmD

Bcl-2

Bcl-2

Figure 4. Immunohistochemical alpha-SMA expression was highest in DM group (C) and lowest
in K (A) and Pm groups (B). Alpha-SMA expression was decreased in DmP (D) and PmD groups
(E) compared to Dm group. Bcl-2 expression is highest in K (F) and P groups (G) and lowest in DM
group (H). Bcl-2 expression was increased in DmP (1) and PmD groups (J) compared to Dm group

(40x)

Discussion

Probiotics are known to regulate the
intestinal microbiota, thus preventing or
reducing inflammation by enhancing immune
function. Additionally, probiotics are suggested
to be effective in lowering blood sugar levels
by reducing insulin resistance. It is emphasized
in studies that probiotics may be an effective
method in the prevention or treatment of Type 2
diabetes [16, 17]. Research has demonstrated
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that, in diabetes, the levels of Lactobacillus
and Bifidobacteria in the intestinal microbiota
decrease, while Enterococci, which are
associated with increased insulin resistance,
rise [18].

One study found that supplementation with
Lactobacillus plantarum reduced food intake
and blood glucose levels in a Type 2 diabetes
model in mice [19]. Another study reported
that Lactobacillus gasseri, derived from human
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breast milk, did not result in weight loss in mice
with Type 2 diabetes [20]. Additionally, some
studies have found that certain bacterial strains
cause weight gain, while others lead to weight
loss [21]. VSL#3 probiotic supplementation has
been shown to increase total fat and visceral fat
[22].

The studies show that the use of probiotics
containing a combination of several strains
is more effective than the use of single-strain
probiotics. For example, a 12-week study
demonstrated that body weight decreased in
individuals as a result of the use of probiotic
supplements containing different strains [23].
Jones et al. [22] reported that VSL#3 probiotic
supplementation caused an increase in total
adiposity and trunk adiposity in subjects. In
our study, the mean body weight of group Pm,
which was given only probiotic, increased less
compared to the control group. This result is in
parallel with various studies [21, 23].

In our study, when the average weights of
the groups Dm, DmP and PmD were compare
during the 4-week diabetes process, weight
reductions were determined despite no
statistically significant differences were found.
No specific effect of probiotic supplementation
on weight gain or loss was determined. However,
it was observed that the average body weight of
the DmP group was higher than that of the Dm
and PmD groups, though this difference was
not statistically significant. Based on this result,
we suggest that probiotic supplementation may
reduce the rate of weight loss typically observed
in diabetic patients.

It was reported that kidney weights increased
in the diabetic mouse model in which probiotic
supplement obtained from camel milk was given
[24]. In a study, when the damage caused by
cisplatin in kidney tissue was evaluated in rats
given probiotic supplementation at different
doses, it was concluded that the ratio of kidneys
to body weight was close to the control in the
group given low dose probiotic supplementation,
but this ratio was higher in the group receiving
high dose probiotic supplementation [25]. In our
study, it was observed that the kidney weights of
group Pm given probiotic supplementation were
higher, although not significantly. However,
probiotic supplementation did not have a
significant effect on kidney weight changes in
the diabetic groups.

It is thought that probiotics may regulate
glycemic control and inflammatory response of
probiotics [26]. In different studies conducted
in humans, it has been reported that probiotic
supplementation decreases fasting blood
glucose and insulin resistance [16, 27-30]. In
animal models of diabetes, it was also reported
that blood glucose level decreased in the groups
given probiotic supplementation, with a more
pronounced effect observed in those receiving
higher doses of probiotics [19, 31, 32]. In our
study, there was no statistical significance when
the blood glucose levels of the diabetes groups
were compared. However, blood glucose
levels in the diabetic groups receiving probiotic
supplementation were lower than those in the
diabetes group, though the difference was not
statistically significant. This shows that probiotic
supplementation may reduce blood glucose
level in experimental diabetes model.

Diabetes in mice is known to cause an
increase in serum creatinine values [33]. It was
found that creatinine and urea concentrations
increased in rats with diabetes, but creatinine
and urea values decreased significantly with
probiotic food supplementation, approaching
control levels [34]. Another study reported no
difference in creatinine values between the
diabetes group and the group induced with
diabetes and supplemented with kefir; however,
a decrease in serum urea concentration was
observed [35]. In our study, no statistically
significant increase in mean serum creatinine
concentrations was observed when comparing
the control group to the diabetes-induced groups.
However, the creatinine value in the PmD group
was significantly higher than that of the Pm
group. The group with the highest mean serum
urea concentration was DM. The mean serum
urea concentration of group DmP and PmD, to
which we gave probiotic supplementation, was
lower than group Dm. Notably, the serum urea
level in the DmP group was statistically lower
than that in the DM group.

The mean BUN concentration was higher
in the groups in which diabetes was induced.
The BUN level in the Dm group was statistically
higher than in both the K and Pm groups.
Although there was no statistically significant
difference when the mean BUN concentrations
of the diabetic groups were evaluated, we
found that the BUN values of the probiotic
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supplemented groups DmP and PmD were
lower compared to group Dm. These findings
suggest that probiotic supplementation in
diabetes may have a positive effect on serum
BUN, urea and creatinine levels.

Various studies have demonstrated that
histopathological findings such as glomerular
membrane thickening, a marked increase in
Bowman’s interval, tubular atrophy, tubular
dilatation, tubular epithelial vacuolization,
epithelial shedding, brush-like edge loss,
inflammation areas and necrosis-like damage
are present in experimental diabetes models
[31-33, 36, 37]. In our study, tubular atrophy and
dilatation, vacuolization of cells, pycnotic nuclei,
epithelial shedding, thickening of the basement
membrane, increase in Bowman interval
and areas of inflammation were observed in
diabetic kidney tissues. When evaluated semi-
quantitatively, an increase in the thickness
of the basement membrane of Bowman’s
capsule was observed in the kidneys of the
diabetic groups. However, it was observed that
basement membrane thickening was less in the
diabetic groups given probiotic supplements. In
addition, histopathological findings caused by
diabetes were found to be less in the groups
given probiotic supplementation. There are
studies indicating that probiotic supplementation
[31] and kefir supplementation [35] have
ameliorative effects against diabetes damage.
However, histopathological findings were found
to persist in the kidney tissue of diabetic rats
given probiotic yoghurt supplementation for 7
days [32].

There are studies reporting that Bcl-2
expression, which is a regulator of apoptosis,
decreased in diabetic kidneys [25, 38, 39]
and increased with probiotic supplementation
[25]. In this study, it was observed that Bcl-
2 expression decreased in diabetic kidneys
and Bcl-2 expression increased in the diabetic
groups (DmP and PmD) given probiotic
supplementation as a result of the evaluations
made with the Image-J program compared to the
diabetes group. Bcl-2 expression was observed
to be higher especially in distal tubules.

It was found that alpha-SMA expression in
kidney tissues increased with the progression
of diabetic nephropathy [40]. Additionally, a
study reported that the expression of alpha-
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SMA in renal arteriole walls decreased in rats
given probiotic supplementation for 5 weeks
against renal damage caused by hyperuricemia
induced by oxonic acid [41]. In our study, it was
found that alpha-SMA expression increased
with diabetes in kidney tissue. In parallel with
other studies [24, 41], it was observed that
alpha-SMA expression decreased in diabetic
groups receiving probiotic supplementation.

In conclusion, when DM, DMP and PmD
groups were compared with K and Pm groups,
kidney damage occurred in diabetic groups.
It was observed that this damage decreased
in diabetic groups receiving probiotics. In
this respect, it was determined that probiotic
supplementation may have both protective and
therapeutic aspects. Nevertheless, we think
that more detailed and long-term studies on this
subject will be important in clarifying the issue.

Limitations of the study: More experimental
data and molecular research are needed for the
data to be applicable.
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