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ABSTRACT

Objective: This study aimed to investigate the effects of
kefir supplementation on blood glucose regulation and
renal Toll-like receptor (TLR-2 and TLR-4) expression
in a rat model of diabetes, providing insights into the
potential anti-inflammatory mechanisms of probiotic-
fermented foods.

Material and Method: Thirty-five rats included in the
study were randomly assigned to four groups: control (C),
kefir-treated (K), diabetic (D), and kefir-treated diabetic
(DK). To prevent hyperglycemia-related complications,
D and DK rats received 1-3 units/day of insulin aspart
according to uniform clinical criteria, while K and C
groups received no insulin. Blood glucose levels of the rats
were measured, after which they were sacrificed, and their
kidneys were collected and stored at -80°C to preserve
tissue integrity. And then rat kidneys were analyzed.
RNA was extracted and reverse-transcribed to cDNA.
Quantitative real-time PCR was performed to assess TLR-
2 and TLR-4 expression.

Results: In diabetic rats, blood glucose levels were
significantly elevated compared to the control group (D
group: 460 = 61.3 mg/dL; C group: 96.8 = 10.2 mg/dL,
p < 0.001). Kefir supplementation significantly reduced
glucose levels in the DK group (DK group: 291.1 + 44.2
mg/dL; compared to the D group, p < 0.001), whereas no
significant difference was observed between the C and K
groups (p = 0.441). Renal expression of TLR-2 and TLR-
4 was markedly upregulated in diabetic rats (p <0.001),
with TLR-2 and TLR-4 expression significantly attenuated
following kefir treatment (p <0.001).

Conclusion: Kefir supplementation reduces blood glucose
and renal TLR-2 and TLR-4 gene expression in diabetic
rats, highlighting its therapeutic potential against diabetic

nephropathy.
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KEFiR TAKVIYESININ DIYABETIK
SICANLARDA KAN GLUKOZU VE RENAL TLR-
2 VE TLR-4 GEN EKSPRESYONU UZERINDEKI
ETKIiLERi

OZET

Amag: Bu calisma, diyabet sican modelinde kefir
takviyesinin kan glukozu diizenlemesi ve renal
Toll-like reseptorler (TLR-2 ve TLR-4) ekspresyonu

tzerindeki  etkilerini = arastirmayr  amaclamis
olup, probiyotik-fermente gidalarin  potansiyel
anti-inflamatuar mekanizmalarina dair bulgular

sunmaktadir.

Materyal ve Metot: Calismaya dahil edilen otuz bes
sican rastgele dort gruba ayrildi: kontrol (C), kefir
verilen (K), diyabetik (D) ve kefir verilen diyabetik
(DK).  Hiperglisemiye  bagh  komplikasyonlar
onlemek amaciyla, D ve DK grubu sicanlara standart
klinik kriterlere gore gtinde 1-3 tnite instilin aspart
uygulanirken, K ve C gruplarina instilin verilmemistir.
Sicanlarn kan glukoz seviyeleri olctildtikten sonra
sakrifiye edildi ve bobreklerin doku btittnligintn
korunmast  icin  -80°Cde  saklandi.  Sican
bobreklerinden RNA izole edildi ve cDNA sentezi

icin ters transkripsiyon yapildi. TLR-2 ve TLR-4
ekspresyonunu degerlendirmek amaciyla kantitatif
gercek zamanh PCR gerceklestirildi.

Bulgular: Diyabetik sicanlarda kan glukoz seviyeleri,
kontrol grubuna kiyasla anlamli sekilde artmistir
(D grubu: 460 + 61,3 mg/dL; C grubu: 96,8 = 10,2
mg/dL, p<0,001). Kefir takviyesi, DK grubunda
glukoz seviyelerini anlaml sekilde dustrmtstir
(DK grubu: 291,1 + 44,2 mg/dL; D grubuna kiyasla,
p<0,001), oysa C ve K gruplari arasinda anlamh bir
fark gozlenmemistir (p=0,441). Diyabetik sicanlarda
bobrek TLR-2 ve TLR-4 ekspresyonu anlamli diizeyde
artmustir (p<0,001). Kefir tedavisi, her iki reseptdriin
ekspresyonunda da istatistiksel olarak anlamli bir
azalma saglamistir (p<0,001).

Sonug: Kefir takviyesi, diyabetik sicanlarda kan glikoz
dtizeyini ve renal TLR-2 ile TLR-4 gen ekspresyonunu
azaltmakta olup, diyabetik nefropatiye karst terapotik

potansiyele isaret etmektedir.

Anahtar kelimeler: Kefir, deneysel diabetes mellitus,
kan glukozu, sican bobregi, TLR-2 ve TLR-4 gen
ekspresyonu.

INTRODUCTION

Diabetes is a chronic metabolic disease characterized
by elevated blood glucose levels. It occurs as a
result of an absolute or partial deficiency of the
hormone insulin.! The likelihood of a complication
developing depends on the duration and severity of
hyperglycemia.” Diabetes mellitus is a systemic disease
that can lead to serious chronic complications such as
diabetic nephropathy, retinopathy, neuropathy, and
lower-extremity amputations. Diabetic nephropathy
is characterized by persistent microalbuminuria,
a marked decline in glomerular filtration rate,
hypertension, and an increased risk of cardiovascular
morbidity and mortality’ Elevated oxidative stress
reduced glomerular filtration, and decreased sodium
and water excretion have been reported to play
key roles in its pathogenesis. Numerous studies
have demonstrated that inflammatory processes
significantly contribute to the progression of diabetic
nephropathy.’® Approximately 20-50% of individuals
with type 2 diabetes eventually develop diabetic
nephropathy.’

Innate immunity constitutes the host’s first and most
rapid line of defense against invading microorganisms.
Compared with adaptive immunity, it responds much

more quickly, aiming to prevent the establishment of
infection within the host and to promptly recognize
and eliminate invading pathogens. Innate immunity

has the
components from microbial structures. One of the

capacity to distinguish host-derived
key protein families mediating this function is pattern
recognition receptors (PRRs). Toll-like receptors
(TLRs), a central member of the PRR family, play a
pivotal role in pathogen recognition. Engagement of
TLRs by pathogens triggers the activation of specific
transcription factors, leading to the production and
secretion of proinflammatory and antimicrobial
cytokines and chemokines.® In diabetic rat models, the
expression of cell adhesion molecules, chemokines,
and proinflammatory cytokines in renal tissues
has been observed to increase in association with
albuminuria.” Recent studies have demonstrated that
inflammation and Toll-like receptors, particularly TLR-
2 and TLR-4, play a central role in the development and
progression of diabetic nephropathy. This mechanism
involves increased chemokine production, infiltration
of inflammatory cells into renal tissue, secretion of
proinflammatory cytokines, and subsequent tissue
damage.™® Furthermore, downstream signaling
mediated by TLR-2 and TLR-4 has been shown to
induce insulin resistance in patients with type 2
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diabetes through the upregulation of proinflammatory
cytokine production.® Moreover, recent evidence
shows that inhibition of TLR-4 signaling (for example
via wogonin) can alleviate renal inflammation and
fibrosis in diabetic nephropathy by suppressing the
JAK/STAT/AIM2 pathway.'!

Complementary and alternative medicine (CAM)
is increasingly popular among individuals with
diabetes. Studies indicate that approximately 25% of
diabetic patients use some form of complementary or
alternative therapy during the course of their disease.'?
Although systematic reviews do not recommend the
routine use of CAM in diabetes management, patient
demand for alternative therapies remains significant.”
The limitations of conventional medicine in addressing
patient needs in conditions such as chronic pain and
cancer may partly explain this interest.'*"” While
some studies have reported no significant benefit of
probiotics on glycemic control in diabetes, others
have observed notable reductions in HbAlc levels

1617 Recent meta-

associated with kefir consumption.
analyses have shown that probiotic supplementation
can improve glycemic control (HbAlc, fasting
glucose, insulin, HOMA-IR) and positively affect
lipid metabolism in patients with type 2 diabetes
(e.g., WMD=-0.44% HbA1lc).'"® Additionally, clinical
evidence indicates that the consumption of probiotic-
fermented milk has beneficial effects on metabolic
parameters, including reductions in glucose and total

cholesterol."

Kefir is a lightly effervescent, whitish, sour sweet
dairy product. It was developed through the natural
fermentation of goat, sheep, and cow milk in the
Caucasus region.”*! Compared to yogurt and other
fermented dairy products, kefir is distinguished by its
high content of probiotic microorganisms, B-complex
vitamins, and digestive enzymes, which contribute
to its unique functional properties.* Kefir and kefir-
derived products have demonstrated antidiabetic
effects in animal models of type 2 diabetes, including
lowering blood glucose, enhancing insulin sensitivity,
and preserving B-cell function.”

In our previous study, we demonstrated that kefir
administration in diabetic rats led to significant
reductions in blood glucose, creatinine, and urea
levels. Additionally, kefir attenuated oxidative stress,
reduced diabetes-induced renal damage, and slowed
the progression of diabetic nephropathy* In this
study, we aimed to characterize changes in renal TLR-
2 and TLR-4 gene expression during the progression
of diabetic nephropathy in an experimental rat model
and to assess the modulatory effects of kefir on these
molecular and pathological processes.

MATERIAL and METHOD

This study was conducted at the Canakkale Onsekiz
Mart University Experimental Research Center with
the approval of the Local Animal Experiments Ethics
Committee (Approval number: 2013/02/06). Within
the experimental protocol, a total of 40 male rats
were randomly allocated into four groups: Control
(O), Kefir-treated (K), Diabetes (D), and Kefir-
treated Diabetic (DK), with n = 10 animals per group
at baseline. All rats were provided with standard
laboratory pellet diet and water ad libitum. Diabetes
was induced in D and DK rats via streptozotocin
injection, and animals with fasting blood glucose
> 250 mg/dl were included in the study. Kefir was
administered by oral gavage to the Kand DK groupsata
standardized dose of 10 ml/kg/day for a total duration
of 35 days, consistent with previously established
protocols in experimental diabetic rat models, while
C and D groups received saline for the same 35-day
period; daily 1-3 units of insulin aspart (NovoRapid®
3 ml) were administered to D and DK rats solely to
prevent severe hyperglycemia-related complications,
including ketoacidosis, and animal mortality-not as a
therapeutic intervention to normalize blood glucose-
and both diabetic groups received insulin according to
the same clinical criteria throughout the study period;
rats were fasted overnight on day 35, and on day 36,
blood samples were collected from the tail vein under
standard conditions to measure fasting blood glucose
levels; all animals were subsequently anesthetized
and sacrificed for sample collection. In the original
protocol, blood and urine samples were analyzed
and published.* A portion of the kidney tissue was
used in these analyses. The remaining kidney tissue
was stored at —80 °C and, was re-evaluated within
the scope of the original ethical approval for genetic
analyses. During the re-evaluation of kidney tissues
for genetic analyses, five samples that did not meet
the predefined criteria for tissue integrity and RNA
quality were excluded from the study Of these
excluded samples, two belonged to the Control
group (C: n=2) and three to the Kefir-treated group
(K: n=3). Consequently, renal genetic analyses were
performed on a total of 35 rats. Frozen rat kidneys
that met the required quality and tissue-integrity
criteria were included in the analysis. The glucose
values reported here correspond specifically to this
subset of rats. The genetic analyses of this study were
performed at the molecular laboratory of the Medical
Genetics Division, Department of Internal Medicine,
Istanbul University Faculty of Medicine.
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In this study, Turkish kefir (Radoha Kefir® Secen
Natural Food Co., Ltd., Bursa, Turkey) was used.
The kefir was prepared using 5% kefir grains, and
the dominant bacterial genus was Lactobacillus.
The most prevalent species included Lactobacillus
kefiranofaciens, Lactobacillus buchneri, Lactobacillus
helveticus, Lactobacillus casei, and Streptococcus
the
following 24 hours of fermentation, the Lactobacillus

thermophilus. According to manufacturer,
population reached 1028 CFU/ml. The product was
stored at 5+1 °C and used 7-14 days after production.
Previous studies have reported that Lactobacillus
constitutes more than 90% of the microbial population

in Turkish kefir.?*.

RNA Isolation

Kidney tissue (400 mg) was placed into
homogenization tube containing 1 mlof 0.1 M Tris-HCl
(pH 8.0) treated with diethyl pyrocarbonate (DEPC)

and 300 mg of 1 mm glass beads and homogenized

a

at 7,000 rpm for 2 minutes. RNA was extracted
using the acid guanidinium thiocyanate-phenol-
chloroform method as described by Chomczynski
and Sacchi.®® Briefly, 500 ul of the homogenate was
transferred to a new tube and mixed with 500 pl of
denaturation solution (4 M guanidinium thiocyanate,
25 mM sodium citrate, pH 7; 0.5% sarcosyl; 0.1
M 2-mercaptoethanol) and incubated at room
temperature for 5 minutes. Subsequently, 150 pl of
chloroform was added, the mixture was manually
shaken for 15 seconds and incubated for 3 minutes
at room temperature. Samples were centrifuged
at 12,000xg for 15 minutes at 4°C, and the upper
aqueous phase was transferred to a new tube. RNA
was precipitated by adding 400 ul of 2-propanol
and incubating at room temperature for 10 minutes.
Following centrifugation at 12,000xg for 10 minutes
at 4°C, the supernatant was discarded, and the pellet
was washed with 1 ml of 75% ethanol. After mixing,
samples were centrifuged at 7,500xg for 5 minutes at
4°C, the ethanol was removed, and residual ethanol
was evaporated for 10 minutes. The RNA pellet was
dissolved in 50 pl of RNase-free deionized water and
stored at —80°C until further use.

Reverse Transcription

12 microliters of RNA (20 ng/ul) were mixed with 4
pl of oligo(dT) primers and incubated at 70°C for 10
minutes, followed by 5 minutes on ice. Subsequently,
8 nl of 5x reaction buffer (250 mM Tris-HCI, pH 8.3;
375 mM KCl; 15 mM MgCl; 50 mM DTT), 2 pl of
dNTP mix (40 mM), 2 pl of reverse transcriptase
(200 U/pl), and 28 pl of sterile deionized water were

Amplification

RFU (10*3)

Figure 1. qPCR amplification curves

«d(RFUYAT

Temperature, Celsius

Figure 2. gPCR melting curves

added. The reaction mixture was incubated at 37°C
for 60 minutes, followed by 10 minutes at 60°C. The
resulting cDNA was stored at —20°C until further use.

Quantitative Real-Time PCR (qPCR) Protocol

The The relative expression levels of Toll-Like Receptor
2 (TLR-2) and Toll-Like Receptor 4 (TLR-4) genes in
rat samples, normalized to the housekeeping gene
G3PDH, were quantified using real-time polymerase
chain reaction (qPCR) as described by Schultz et al.
(2007).% The qPCR primers used for this analysis
are listed in Table 1. Reactions were performed on
a Bio-Rad CFX Connect system and contained 1x.5
mM MgCl, 0.2 mM dNTP mix, 1x reaction buffer,
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Table 1. QPCR Primers

Named 5'-3' DNA Sequence
G3PDH-TTF AGAGAGAGGCCCTCAGTTGCT
G3PDH-TTR TGGAATTGTGAGGGAGATGCT
TLR2-T5F GTACGCAGTGAGTGGTGCAAGT
TLR2-T6R GGCCGCGTCATTGTTCTC

TLR4-107F AATCCCTGCATAGAGGTACTTCCTAAT
TLR4-107R CTCAGATCTAGGTTCTTGGTTGAATAAG

Table 2. Mean blood glucose levels of rats in the two control and two
experimental groups are presented.

Group n Blood Glucose Statistical
(mg/dL, mean + Comparison
SEM)
Control (C) 8 96.8 £ 10.2 Reference
Kefir-treated Control (K) 7 187+ 71 Kvs. C: p = 0441
Diabetes (D) 10 460 + 613 Dvs. C: p <0001
Kefir-treated Diabetic (DK) | 10 2911442 DKvs. D: p < 0.001

C: Control group, K: kefir-treated Control group, D: Diabstic group, DK: Kefir-treated Diabetic group. Values
are mean = SEM. Diabetes increased glucose (D vs. C, p < 0.001); kefir reduced it in diabetic rats (DK vs.
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D, p <0001) but not in controls (K vs. C, p = 0.441).

0.1 U proofreading Hot-Start Taq DNA polymerase,
1x EvaGreen, 5 ng/pl template cDNA, and 0.5 pM of
each primer. Amplification was carried out with an
initial denaturation at 95 °C for 10 minutes, followed
by 50 cycles of 95°C for 10 seconds and 57°C for
30 seconds (Figure 1). To confirm the specificity of
the amplified products, a melting curve analysis was
performed between 55°C and 95°C (Figure 2).

For all template ¢cDNAs, the RNA templates from
which the ¢cDNAs were synthesized were included
as mnegative controls in the gPCR reactions to
confirm that amplification originated from cDNA
rather than genomic DNA contamination. To assess
reaction efficiency, one of the template DNAs was
serially diluted, and the efficiency of the reaction
was calculated. The relative expression levels of the
target genes normalized to the G3PDH gene were
determined using the 2A~AACt method.*”

Statistics

Data were analyzed using GraphPad Prism 5.0 (LaJolla,
California, USA). The normality of numerical variables
was assessed using the Shapiro-Wilk test. Blood
glucose data were found to be normally distributed
and were therefore analyzed using parametric tests.
For normally distributed data, comparisons between
groups were performed using independent sample
t-tests or one-way ANOVA. Homogeneity of variances
was evaluated using Levene’s test or Bartlett’s test.

When variances were unequal, non-parametric tests
or Welch’s correction were applied. For multiple
group comparisons with significant differences, post-
hoc analyses were conducted using Tukey’s test, and
pairwise p-values are reported explicitly for each group
comparison. Categorical variables were presented
as frequencies and percentages, and numerical data
were expressed as mean = standard error of the mean
(SEM) throughout the manuscript. A significance
level of p<0.05 was considered statistically significant.

Specifically, for TLR-2 and TLR-2 gene expression
data, variance homogeneity tests were performed, and
appropriate corrections were applied when necessary.
Effect sizes were calculated using eta squared (n?)
rather than 12, which is more appropriate for ANOVA.
The validity of qPCR results was confirmed through
negative control samples showing no amplification
and through melting curve analyses.

RESULTS

The measured mean blood glucose levels for all groups
are presented in Table 2. A statistically significant
difference was observed among the four groups
(p<0.001). Pairwise comparisons using Tukey’s post-
hoc test revealed significant differences between the D
and C groups, D and K groups, and DK and D groups
(p<0.001 for each), while no significant difference
was detected between the C and K groups (p=0.441).
Blood glucose levels differed significantly among the
experimental groups. Diabetic rats exhibited markedly
higher glucose levels compared to controls, whereas
administration of kefir to diabetic rats significantly
improved glucose levels relative to untreated diabetic
animals. In non-diabetic rats, kefir supplementation
did not produce a statistically significant change in
mean glucose levels.

Analysis of TLR gene expression revealed significant
differences among groups. TLR-2 expression varied
significantly (F (3,36)=23.21, p<0.001, 1?=0.659),
with unequal variances detected across groups
(Bartlett’s test, p<0.001). TLR-4 expression also differed
significantly among groups (F (3.36)=60.48, p<0.001,
N?=0.834), with no evidence of unequal variances
(Bartlett’s test, p=0.072). In all qPCR reactions,
negative controls and RNA-only templates showed
no target amplification, confirming the absence of
genomic DNA contamination. Melting curve analyses
indicated that only the expected products were
amplified, and all reactions targeting the G3PDH
housekeeping gene yielded the anticipated Tm values,
confirming successful RNA isolation, cDNA synthesis,
and amplification. The expression levels of the TLR-2
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and TLR-4 genes are presented in Figures 3 and 4,
respectively.

No amplification was observed in reactions where
only RNA was used as the template, indicating that
genomic DNA was effectively removed during RNA
isolation. Similarly, no amplification occurred in
the no-template negative controls; however, a qPCR
product was detected at 87°C in these controls. Since
this melting temperature did not correspond to the
expected target product range (77.5-81.5°C), it was
concluded that no target amplification occurred in
the negative controls. All qPCR reactions targeting
the G3PDH gene vyielded the expected melting
temperatures, confirming successful amplification.
These results demonstrate that RNA isolation, cDNA
synthesis, and qPCR procedures were effectively

performed.

DISCUSSION

This study investigated the effects of kefir
supplementation on glycemic regulation,

inflammation, and Toll-like receptor (TLR) expression
in the renal tissue of diabetic rats, thereby exploring
the potential role of probiotic-fermented products in
the progression of diabetic nephropathy (DN). Our
findings demonstrate that kefir significantly reduced
blood glucose levels in diabetic rats and attenuated
the diabetes-induced upregulation of renal TLR-2
and TLR-4 expression. These results align with the
established literature indicating that diabetes activates
inflammatory pathways in the kidney and that TLR-
mediated signaling plays a pivotal role in this process.

The centralinvolvement of TLR-4in the pathophysiology
of diabetic nephropathy is strongly supported by
both human and experimental evidence. Increased
renal tubular TLR-4 expression has been documented
in patients with DN, correlating with interstitial
macrophage infiltration and declining glomerular
filtration rate (GFR).® 1In streptozotocin-induced
diabetic mice, genetic deletion of TLR-4 mitigated
albuminuria, inflammation, and fibrosis, indicating a
causative role for TLR-4 mediated signaling in renal
injury.® Additionally, albumin has been shown to induce
a pro-inflammatory response in proximal tubular cells
via the HSP70-TLR-4 axis; blockade of TLR-4 reduced
inflammation and tubular injury®® Preclinical and
review data further highlight that endogenous danger
signals such as HMGBI activate TLR-2 and TLR-4
in diabetic kidneys, perpetuating inflammatory and

fibrogenic cascades.*!

The pronounced increase in
renal TLR-2 and TLR-4 gene expression observed in

our diabetic group is therefore consistent with these

TLR-2

1,8
16

Gene Expression
=

Figure 3. The expression levels of the TLR-2 gene
C: Control group, CK: Kefir-treated Control group, D: Diabetic group, DK: Kefir-treated Diabetic group

TLR-4
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=

0,6
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Figure 4. The expression levels of TLR-4
C: Control group, CK: Kefir-treated Control group, D: Diabetic group, DK: Kefir-treated Diabetic group

mechanisms and further confirms the inflammatory
activation characteristic of DN.

The modulatory effects of kefir on Toll-like receptor
signaling can be attributed to its complex microbial
ecosystem. Metagenomic studies of kefir grains
have revealed that Lactobacillus kefiranofaciens and
Lactobacillus helveticus are among the dominant
species, accompanied by Lactococcus, Leuconostoc,
acetic acid bacteria, and yeasts, all embedded within
a polysaccharide matrix.*> These bacteria produce
bioactive compounds such as short-chain fatty acids
and exopolysaccharides, which are known to interact
with mucosal immunity and influence Toll-like
receptor pathways.*> Through gut—kidney crosstalk,
these metabolites could suppress proinflammatory
TLR activation, potentially accounting for the reduced
expression of TLR-2 and TLR-4 observed in our diabetic
nephropathy model.
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The beneficial effects of probiotics on metabolic
diseases have been increasingly recognized. A high-
quality systematic review by Liu Y et al. demonstrated
that probiotic and fermented-food consumption
significantly improves glycemic control, reduces fasting
glucose and HbAlc levels, improves insulin sensitivity,
and modulates inflammation.""  These
outcomes are consistent with the marked decrease

systemic

in blood glucose levels observed in the kefir-treated
diabetic rats.

Substantial evidence indicates that kefir confers
both metabolic benefit and may exert potential
renoprotective effects. Bioactive peptides produced
during kefir fermentation have been shown to exert
strong antioxidative and anti-inflammatory effects,
which can modulate immune responses and reduce
cellular stress in various experimental models. For
instance, Chen et al. reported that kefir-derived peptides
significantly attenuated renal oxidative stress and
inflammation in hypertensive rats, leading to improved
kidney function.’* Similarly, Aires et al., demonstrated
that kefir peptides reduced systemic markers of
inflammation and reactive oxygen species, highlighting
their potential to influence TLR-mediated signaling
pathways.> These bioactive components, combined
with kefir's complex microbial profile, may contribute
to the observed downregulation of renal TLR-2 and
TLR-4 expression in diabetic rats, although this alone
does not constitute direct evidence of renoprotection.
These findings provide mechanistic insight into how
kefir supplementation could diabetes-
associated renal inflammation by modulating oxidative
stress, inflammation, and innate immune activation,
yet further studies evaluating renal histopathology

influence

and functional biomarkers are needed to confirm true
renoprotective effects.

The gut microbiota has emerged as a crucial regulator of
renal inflammation. Dysbiosis in chronic kidney disease
can drive oxidative stress, leaky gut, and systemic
inflammation.* Given that diabetic nephropathy
involves similar inflammatory mechanisms, it is
plausible that kefir mediates potential protective effects
on the kidney via gut-derived metabolites that suppress
TLR-mediated signaling. Recent evidence indicates
that gut dysregulation contributes to renal damage
through microbial-metabolite—mitochondrial crosstalk
in diabetic kidney disease.’” Moreover, reviews have
highlighted the dual role of gut microbiota in renal
fibrosis, showing that imbalances can exacerbate
inflammation and oxidative stress, while restoration of
beneficial taxa and short-chain fatty acids may attenuate
these processes.®® Our data, which demonstrate
reduced expression of TLR-2 and TLR-4 following kefir

supplementation, are consistent with this emerging
paradigm, supporting a cautious interpretation that
kefir may modulate inflammation-driven renal injury
rather than definitively prevent it.

Limitations

This study has several limitations that should be
acknowledged. The relatively small sample size may
restrict the statistical power and generalizability of the
findings. Although significant changes in renal TLR-2
and TLR-4 mRNA expression were observed, the lack
of protein-level validation and downstream pathway
analyses, such as NF-kB activation, cytokine profiling,
or fibrosis markers, limits the interpretation of the
functional significance of these molecular changes.
Additionally, kefir is a biologically variable fermented
product, and differences in microbial composition
between batches or commercial sources may affect
reproducibility. Importantly, supportive insulin therapy
was administered only to the D and DK groups
according to uniform clinical criteria. Although glucose
levels in the DK group were slightly lower than in the D
group, this standardized application is unlikely to have
systematically confounded the assessment of kefir's
effects. Finally, the absence of gut microbiota analysis
prevents determination of whether the observed renal
effects were mediated directly in kidney tissue or
indirectly through gut-derived metabolites and host—
microbiome interactions.

CONCLUSION

This study demonstrates that kefir supplementation
has significant beneficial effects on glycemic regulation
and renal inflammation in diabetic rats. The observed
substantial reduction in blood glucose levels, coupled
with decreased expression of renal TLR-2 and TLR-4,
indicates that kefir can modulate both metabolic and
inflammatory pathways implicated in the progression
of diabetic nephropathy. These findings highlight the
therapeutic potential of kefir as a natural, probiotic-
based intervention to alleviate diabetes-induced renal
injury and systemic metabolic dysregulation.

Furthermore, the results suggest that bioactive
components within kefir may contribute to the
modulation of inflammatory signaling and support
metabolic homeostasis. Although the underlying
mechanisms require further clarification, these data
provide a foundation for future research exploring
kefir’s potential to enhance glycemic control and renal

function in diabetic conditions.

*The authors declare that there are no conflicts of
interest.
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