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Synbiotics as a novel therapeutic
approach for hyperphosphatemia
and hyperparathyroidism in chronic
kidney disease rats
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Hyperphosphatemia and secondary hyperparathyroidism (SHPT) are the common complications found
in CKD that lead to severe complications including mineral bone disease (MBD), vascular calcification
(VQ), and cardiovascular mortality. To mitigate hyperphosphatemia, SHPT and uremic toxemia,

we supplemented cisplatin-induced CKD rats with a synbiotic composed of Lactobacillus salivarius
LBR228, Bifidobacterium longum BFS309, fructo-oligosaccharide and chitosan oligosaccharide, with
Lactobacillus casei as a standard probiotic control. After the 12 weeks experiment, rats supplemented
with the synbiotic had lower serum phosphate, calcium-phosphorus product, serum parathyroid
hormone, and indoxyl sulfate levels than untreated rats. The expression of type 1 RNA and protein
expression were increased in rats treated with the synbiotics. Our result showed that synbiotic
treatment alleviates hyperphosphatemia and SHPT, which are the main risks of MBD and VC. The
mode of the synbiotic action is hypothesized to associate with the improvement of the tight junction
and gut barrier, leading to the suppression of intestinal paracellular phosphate transport. This study
demonstrated the beneficial effects of synbiotic treatment in the control of serum phosphate and
parathyroid hormone in an animal model with CKD.

Keywords Synbiotics, Phosphate, Chronic kidney disease, Hyperparathyroidism, Tight junction, Paracellular
transport

Background & summary
Chronic kidney disease (CKD) affects more than 10% of the population worldwide, with increasing prevalence
of disease, and the global health burden. CKD is accompanied by several morbid complications, one of which is
secondary hyperparathyroidism (SHPT). SHPT in CKD caused by vitamin D deficiency and hyperphosphatemia
and is responsible for metabolic bone disease (CKD-MBD) and vascular calcification (VC), leading to
cardiovascular death. The International Kidney Disease: Improving Global Outcomes (KDIGO) work group
convened this issue and established the guideline in 2017 to control SHPT taking into account the development
of VC, suggesting to restrict hyperparathyroidism treatment using calcium-based or active vitamin D to regulate
normal serum calcium and lower the progression of VC!. Thus, non-calcium phosphate binders, calcimimetics,
and new agents such as ferric citrate and tenapanor were introduced*™.

The etiology of hyperphosphatemia in CKD is multifactorial: increased intestinal phosphate absorption, bone
turnover, and renal phosphate absorption®. Most traditional interventions aim to reduce intestinal phosphate
absorption, such as dietary phosphate restriction and phosphate binders. While calcimimetic, vitamin D, and
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parathyroidectomy aim to suppress the serum parathyroid level. Focusing on intestinal absorption, recent
evidence indicated that paracellular transport is the main route of phosphate entry under conditions of normal
to high phosphate availability®’. Regulation of paracellular transport using a sodium/hydrogen exchanger
inhibitor was shown to efficiently reduce serum phosphate in human®.

Yang et al reported that most CKD patients had intestinal microbial disturbance, called gutl dysbiosis, due
to multifactorial factors such as intestinal edema, increased intestinal lumen pH due to ammonium secretion,
diet and drugs®. Gut dysbiosis causes gut barrier leakage by down-regulation of epithelial tight junction proteins,
leading increased paracellular transport, hyperphosphatemia!?. Alteration of gut microbiome also promotes
uremic toxins, endotoxins, inflammation, and bacterial translocation, contributing to the progression of kidney
disease!l.

Improvement of gut dysbiosis by food or biotic intervention was able to slow the progression of CKD'2.
Our previous study using prebiotics treatment in rats with CKD improved the the gut microbiota population
and intestinal barrier protein, as well as decreased serum uremic toxin'®4. In order to this, we aimed to use
a synbiotic composed of Lactobacillus salivarius, Bifidobacterium longum, chistosan oligosaccharide (COS)
and inulin to suppress intestinal phosphate absorption, by modulating the gut microbiota and gut barrier
promotion. We anticipate that this novel synbiotic could be used as an adjuvant therapy in the treatment of
hyperphosphatemia and SHPT.

Materials and methods

Animal study

Male Wistar rats were purchased from Nomura Siam Co. Ltd. and is housed at the Animal Laboratory Center,
Faculty of Medicine, Chulalongkorn University. The rats were kept under controlled conditions, 25 ° C
temperature with a 12/12-hour light/dark cycle and had free access to food and water. They were acclimatized for
14 days before starting the experiments. Chronic kidney disease (CKD) was induced in all CKD groups through
a peritoneal injection of cisplatin at a dose of 8 mg / kg body weight, while control was injected with normal
saline. For chronic kidney injury induction, 1% w/v phosphoric acid was added to the drinking water, which
was adjusted to a pH of 6.5 to 7.0. After induction, the animals were randomly divided into four groups (n=8
per group): (1) Naive control (Control), (2) CKD control (CKD), (3) CKD treated with Lactobacillus casei as
standard probiotic (STDPro) and (4) CKD treated with a synbiotic formulation of COS, inulin, Bifidobacterium
longum strain BFS309, and Lactobacillus salivarius strain LBR228 (Synbiotics). Body weight and drinking
volume were measured every two weeks. Blood was drawn at week 0 (2 weeks after cisplatin induction of kidney
injury), 4, 8 and 12, using isoflurane as an anesthetic drug.

In the present study, Control and CKD rats were gavaged with PBS, while Synbiotic rats were fed with
10° colony forming units (CFU) of Bifidobacterium longum BFS309 and Lactobacillus salivarius LBR228, and
STDPro rats with 10° CFU of L. casei. In addition, 150 mg of inulin (Banpong Novitat, Thailand), and 25 mg of
COS (kindly contributed by Asst, Prof.Dr.Rath Pitchyangura), were mixed and gavaged with probiotics in both
the Synbiotic and STDPro groups. The total volume of mixed probiotics and prebiotics was approximately 0.5
mL dail, and the duration of the experiment was 12 weeks.

Body weight, water and food intake was recorded at week 0, 4, 8, and 12. At the end of the experimental
period, all rats were sacrificed by overdosing with isoflurane inhalation, and their blood, kidney, intestine, and
intestinal feces were collected.

Serum biochemistry

Serum creatinine, calcium, and phosphate levels were measured using the Alinity ci system (Abbott Laboratories,
IL, USA). Serum total parathyroid hormone (PTH) levels were quantified using an ELISA kit (Wuhan Fine
Biotech Co., Ltd.) using absorbance readings at 450 nm according to the manufacturer’s guideline. The
indoxyl sulfate levels were analyzed at the Center for Medical Diagnostic Laboratories, Faculty of Medicine,
Chulalongkorn University, King Chulalongkorn Memorial Hospital using the HPLC technique'.

Histopathological evaluation
Tissue processing was conducted at the Department of Pathology, Faculty of Medicine, Chulalongkorn University.
Kidney and jejunum sections were stained with hematoxylin and eosin (H&E) for histopathological evaluation.
Kidney injury and fibrosis were assessed using established scoring systems. For renal tissue assessment, five
stained sections from each rat were evaluated based on the following criteria: vacuolization of proximal tubular
cells, red blood cell congestion, leukocyte infiltration, eosinophilic casts, necrosis of proximal tubular cells,
and bleeding. The extent of acute renal tubular necrosis was then determined using a semiquantitative scoring
method as follows: normal (0 points), <10% damage (1 point), 10-25% damage (2 points), 26-75% damage (3
points), and >75% damage (4 points)'®.

Histopathological changes in the jejunal epithelial were evaluated according to the Marsh classification!”. The
immunohistochemistry of the jejunal tight junction protein was evaluated using anti-ZO1 antibody (Thermo
Fisher, Massachusetts, USA, Catalog # 61-7300).

Expression of tight junction expression

To assess integrity of the intestinal epithelial barrier, total RNA was extracted from jejunum tissue using TRIsol™
reagent (Thermo Fisher, Massachusetts, United States). Briefly, the tissue was homogenized in TRIzol™ reagent
to lyse the cells and release RNA. Chloroform was then added to separate the mixture into aqueous and organic
phases. Total RNA was isolated from the aqueous phase, precipitated with isopropanol, and the resulting pellet
was washed with 75% ethanol. After briefly air-drying, the total RNA was dissolved in RNase-free water and
quantified for further analysis. The extracted RNA from the samples was then subjected to q-RT-PCR analysis
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for the expression of Occludin and Zonula Occludens-1 (ZO-1). The expression of each tight junction protein
was calculated relative to the GAPDH, the housekeeper. The relative expression was calculated by fold changes
from the control. The primers for PCR are shown in Table 1.

Fecal microbiome analysis

Microbial DNA was extracted from fecal samples using the ZymoBIOMICS DNA Miniprep Kit and assessed
for purity and concentration were assessed with a DeNovix UV-vis spectrophotometer. The DNA samples were
prepared for target sequencing in the V3-V4 hypervariable region of the 16 S rRNA gene. Target sequences were
amplified, and the DNA library was quantified. Positive controls for library preparation and negative controls
were included to assess the level of bioburden introduced during the process. Microbiome profiling utilized the
16 S / ITS microbiome profiling service (Illumina’ MiSeqTM system). The analysis included demultiplexing,
DADA2 processing for the generation of ASV tables, and taxonomy assignment with QIIME v.1.9.1. Microbial
diversity was analysed using ecological indices and PCoA plots, with relative abundances correlated with
physiological data.

Statistical analysis

Data analysis was performed using SPSS version 22.0. (IBM statistics, USA) Data were presented as
mean * standard deviation unless otherwise indicated. Continuous data were analyzed using Student’s t-test,
ANOVA with Bonferroni post hoc test, and Mann-Whitney U test for nonparametric data. The Kruskal-
Wallis test and chi-square test were employed for nonparametric group comparisons and histological analyses,
respectively. Pearson’s correlation was used to examine relationships between variables. Statistical significance
was established at p <0.05. The figures demonstrated in the present study were generated by GraphPad Prism
ver 10.0 (Boston, MA).

Ethical consideration

The study was carried out according to the Helsinki Declaration and Good Clinical Practice guidelines for
participants who provided fecal samples. For the experimental animals, all procedures adhered to the guidelines
of the Institutional Animal Care and Use Committee (IACUC) and ARRIVE. The study procedures were
approved by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University, approval
number 914/64. The protocols for the animal experiments were approved by the Chulalongkorn University
Animal Care and Use Committee, protocol number 004/2563.

Results

Rats’ wellbeing

The general health status of the animals was monitored throughout the study. The body weight of the rats in
each group was recorded every 4 weeks. The body weight of Control group was slightly higher than that of all
CKD groups after the CKD-induction phase, however, the difference was not statistically significant during
the experiment (Figure S1). Food and water intake remained comparable across all groups, with no significant
differences observed as shown in the supplementary Figure S1b and Figure Slc.

Serum biochemistry and uremic toxin levels

Two weeks after induction of kidney injury with cisplatin, serum creatinine levels in all groups of CKD were
significantly elevated compared to the Control and gradually increased until the end of the experiment (Fig. 1a).
There was no difference in serum creatinine levels between each CKD group.

Serum phosphate was markedly elevated in CKD groups compared to the Control group throughout the
experiment (Fig. 1b). Initially, serum phosphate levels in the STDPro and Synbiotic groups were normal, but
gradually increased at weeks 8 and 12. At the end of the experiment, Synbiotics treated rats had significantly
lower serum creatinine compared to CKD rats, (approximately 29.04% reduction) and comparable with Control
rats. Serum calcium levels did not differ among groups at week 12 (Fig. 1c).

At the end of the study, the calcium-phosphorus product (Ca x P) in the Synbiotic group was significantly
lower compared to the CKD group (Fig. 1d). Similarly, serum PTH levels were markedly increased in CKD
and STDPro rats, while Synbiotic treated rats had significantly lower PTH levels than CKD rats, with levels
comparable to Control rats (Fig. 1e). Furthermore, Synbiotic treated rats had lower serum indoxyl sulfate levels
than CKD rats, with levels comparable to Control rats at week 12 (Fig. 1f).

Target Primer | Sequence Product size (bp)

Forward | GTGAAGGTCGGAGTCAACGG
GAPDH!® 104
Reverse | TCGATGAAGGGGTCATTGATGG

Forward | CCAATGTCGAGGAGTGGG
Occludin®® 237
Reverse | CGCTGCTGTAACGAGGCT

Forward | CCAATGTCGAGGAGTGGG
Zonula occludens? 183
Reverse | CGCTGCTGTAACGAGGCT

Table 1. Sequence of PCR primers for RT-qPCR and product sizes.
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Fig. 1. Serum biochemistry levels. (a) Serum creatinine levels during week 0 to week 12. (b) Serum phosphate
levels during week 4 to week 12. (¢) Serum calcium levels at week 12. (d) Serum calcium-phosphorus products
at week 12. (e) Serum levels of parathyroid hormone (PTH) at week 12 and (f) Serum indoxyl sulfate levels at
week 12. Data are presented as mean = SD. *P<0.05.
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Fig. 2. Expression of tight junction markers in the epithelial tissue of the jejunum of rats. (a) RNA expression
of the occludin gene (OCLN), as determined by qRT-PCR. Relative expression levels are normalized to a
housekeeping gene and presented as mean + SD., (b) RNA expression of the zonula occludens-1 (ZO-1)

gene, determined by qRT-PCR. The relative expression levels are normalized to a housekeeping gene and are
presented as mean + SD., and (¢) Immunohistochemical staining of the ZO-1 protein in jejunal epithelial tissue
was evaluated using a histological scoring system. The scoring was based on the percentage of the positive
staining area of the anti-ZO-1 antibody at the epithelial tight junctions. A score of 0 was assigned when the
positive staining area was < 10%, score 1 for 10-25%, score 2 for 26-50%, score 3 for 51-75%, and score 4

for >75% positive staining. Data are presented in a box plot showing the Min-Max score with the median.
Statistical significance is indicated where applicable. *p <0.05.

Histopathological examination
Notable histopathological changes were present in the kidneys of all cisplatin-induced CKD groups, including
tubular necrosis, glomerular necrosis, and multiple tubular dilations, as illustrated in the Supplementary Figure
S2. The glomerular lesion scores did not show significant differences between the CKD, STDPro and Synbiotics
groups.

The expression levels of occludin (OCLN) were not statistically different between each group (Fig. 2a).
However, the expression of ZO-1 was significantly decreased in the CKD group compared to the Control group.
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Synbiotic treatment restored ZO-1 expression to levels comparable to those observed in the Control group
(Fig. 2b).

Immunohistochemical analysis of the jejunum, shown as positive staining with anti-ZO-1 in Fig. 3¢, and
tissue staing was demonstrated in Supplementary Figure S3, confirmed significantly higher ZO-1 expression
in the synbiotics group compared to the CKD group. Quantitative analysis of ZO-1 expression, represented as
histological scoring, is shown in Fig. 2c. No significant differences in ZO-1 RNA or protein expression were
observed between the CKD and STDPro groups.

Gut microbiota analyses

The gut microbiota analysis was conducted at the end of the experiment to assess the diversity within the
microbial communities of the experimental groups. Alpha diversity indices, including Shannons, Faith’s
phylogenetic diversity and Pielou’s evenness indices, were not significantly different between each group,
indicating similar microbial diversity and evenness between samples (Fig. 3a and b, and Fig. 3c, respectively).
The relative abundances of the fecal microbiota were analyzed between experimental groups. Stacked bar graphs
depict the proportions of bacterial phyla and genera (Fig. 3d and e).

Principal Coordinate Analysis (PCoA) based on Bray-Curtis dissimilarity was performed to evaluate
differences in gut microbiota composition among the experimental groups. As shown in Fig. 4, significant
clustering of gut microbiota profiles was observed between the CKD group and other experimental groups
(PERMANOVA, p<0.05). Each point in the PCoA plot represents an individual sample, with distinct colors
indicating group membership. The analysis revealed significant differences in gut microbiota composition
between the CKD group and the control group (p <0.05), as well as between the CKD group and the Synbiotics
group (p<0.05).
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Fig. 3. Analysis of the gut microbiota illustrating diversity and composition between experimental groups. (a)
Shannon diversity index, (b) Faith’s phylogenetic diversity (PD), (c) Pielou’s evenness, (d) relative abundance
at the phylum level and (e) relative abundance at the genus level. Box-and-whisker plots are presented as
median +IQR, with whiskers representing the minimum and maximum values.
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Fig. 4. Principal Coordinate Analysis (PCoA) of the composition of the gut microbiota comparing the CKD
group with other experimental groups. The analysis is based on Bray-Curtis dissimilarity, and significant
clustering was observed between groups (PERMANOVA, p <0.05). Each point represents an individual sample,
with colors indicating group membership.

Table 2 demonstrated the comparison between the change in the gut microbiota (week 12 vs. week 0) between
CKD and Synbiotic rats. Our study found that synbiotic treatment could suppress the relative abundance of
11 bacterial genera, such as the Prevotellaceae_NK3B31 and UCGO001 groups, Lachnospiraceae_NK4A136,
Roseburia, etc. Furthermore, 18 genera were relatively increased by synbiotic therapy including Bacteroides,
[Eubacterium]_fissicatena, Oscillospira, Butyricimonas, Phascolarctobacterium, Allobaculum and Lactobacillus.

Discussion

The tight junction protein complex is an important structure for controlling paracellular transport. It is well
recognized that gut dysbiosis leads to suppression of tight junction protein expression?'?2, In patients with
CKD, gut dysbiosis also causes the production of uremic toxins, such as indole, p-cresol and trimethylamine
(TMA), endotoxins, and inflammatory cytokines. With leaky gut barriers, the absorption of these toxins, as well
as phosphate, is enhanced, further damage kidney and various tissues. Mineral bone disease (MBD) and VC are
the serious complications of hyperphosphatemia and SHPT?. According to the KDIGO guideline 2017, the use
of any phosphate-lowering drugs that cause hypercalcemia should be sanitized or avoided due to the risk of VC
development®*,
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Median + IQR | p-value

Depleted Genera

Prevotellaceae_NK3B31_group —5.736 +3.494 | 0.028
Prevotellaceae_ UCG-001 —5.051 £2.978 | 0.028
Lachnospiraceae_ NK4A136_group -3.155 £ 3.537 | 0.028
Roseburia —1.820 £ 1.484 | 0.046
Akkermansia —-1.580 +1.339 | 0.028
Lachnoclostridium —0.400 £ 0.371 | 0.028
UCG-009 —-0.318 £0.291 | 0.028
Clostridium sensu_stricto_1 —0.292 + 0.401 | 0.028
GCA-900,066,575 —-0.078 £ 0.108 | 0.046
Lachnospiraceae_FCS020_group —0.032 £0.052 | 0.043
Lachnospiraceae_UCG-006 —0.019 £0.207 | 0.027
Enriched Genera

Anaerovorax 0.035+0.063 | 0.042
Muribaculum 0.035+0.039 | 0.026
[Eubacterium]_fissicatena_group 0.104 +£0.279 | 0.028
Negativibacillus 0.108 +0.225 | 0.046
Oscillospira 0.112+0.346 | 0.046
Butyricimonas 0.164 £0.186 | 0.028
Sellimonas 0.238+0.136 | 0.042
Allobaculum 0.320+0.331 | 0.028
Elusimicrobium 0.350 +0.548 | 0.028
Christensenellaceae_R-7_group 0.421 +0.495 | 0.046
Alloprevotella 0.450 + 0.551 0.028
Candidatus saccharimonas 0.521+1.152 | 0.028
Monoglobus 1.126 £ 1.486 | 0.046
[Eubacterium]_coprostanoligenes_group | 1.517 £0.906 | 0.028
Acetitomaculum 1.580 £2.107 | 0.028
Phascolarctobacterium 1.666 + 1.981 | 0.028
Bacteroides 2.671 £4.000 | 0.028
UCG-005 7.560 £ 5.924 0.028

Table 2. Change in the gut microbiota in CKD rats treated to synbiotics compared with CKD rats. Data were
present in the median + interquartile range and only bacterial taxa with significant change were present.

Our team believed that probiotic/synbiotic is a key to alleviating the severity of these complications in CKD
patients. Synbiotics are generally safe and can be used in patients with advanced stage CKD. Synbiotic therapy
improved gut dysbiosis, resulted improves tight junction expression and functions, and gut barrier?!, leading to
limitation of uremic toxin production and paracellular transport of toxins and phosphate. Our previous study
reported that probiotic supplementation in rats with CKD had a decreased serum trimethylamine N-oxide
(TMAO), a product of TMA that mediates atherosclerogenesis'>. In the present study, our aim was to elucidate
the benefit of synbiotic treatment in the lowering of serum phosphate and parathyroid hormones. Lactobacillus
casei was used as the standard probiotic (STDPro) because it is a widely recognized probiotic strain commonly
found in commercial probiotic products.

In our study, rats with cisplatin-induced CKD had high serum levels of creatinine, indoxyl sulfate
and lower expression of jejunal ZO-1, suggesting the leaky gut syndrome. In terms of phosphate
metabolism, hyperphosphatemia, high calcium-phosphorus product, which indicated the risk of VC, and
hyperparathyroidism. Although calcification in the arterial walls was not detected in these rats, we believe that
it was due to the insufficienct duration of disease in this experiment. Treatment with STDPro slightly mitigated
hyperphosphatemia in week 4 and week 8, but at the end of the experiment, STDPro could not improve any
abnormal indicators found in CKD rats.

The synbiotics used in the present study were designed mainly to promote tight junction expression and
functions. CKD rats treated with synbiotics had a high serum creatinine similar to CKD rats, but the expression
of ZO-1 was markedly increased. Additionally, a decrease in serum phosphate, calcium phosphorus product and
serum parathyroid levels was observed in Synbiotic rats, suggesting a reduced risk of MBD and VC in CKD rats.
We hypothesized that the phosphate lowering effect of the synbiotics is due to the enhancement of tight junction
protein expression and function, which limits the paracellular transport of phosphate (Fig. 5). According to our
research, this is the first study to show the benefits of probiotic/synbiotic therapy in the serum phosphate control
in CKD model.
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Fig. 5. Schematic overview the mechanism of synbiotic treatment in alleviation of hyperphosphatemia and
hyperparathyroidism.

Another benefit of synbiotics is to modulate gut dysbiosis, as we found a significant difference in gut
microbial profiles between CKD versus synbiotic rats. However, previous studies revealed that the patterns
of gut dysbiosis in CKD were varied and inconsistent. For example, Cao C. (2022) reviewed that high
abundances of Verrucomicrobia, Fusobacteria, Proteobacteria and Escherichia_Shigella, while low abundances
of Actinobacteria, Prevotella, Firmicutes, and Faecalibacterium prausnitzii are common in CKD patients, but
Lactobacilli, Clostridiumsensu stricto, Roseburia, Lachnospiraceae and other bacterial genera are varied?’.
According to this, intestinal microbial alteration in our study, including the decreased abundance of 11 genera
and increased abundance of 18 genera, could not be assumed to be exclusively beneficial. For example, several
bacteria, particularly Escherichia coli, Clostridium sp.,, and Bacteroides sp. contain tryptophanase, an important
enzyme to convert tryptophan into indole, which is the precursor of indoxyl sulfate?®. In our study, synbiotic
treatment caused a lower abundance of Clostridium but a higher abundance of Bacteroides, and the production
of indole and indoxyl sulfate was unpredictable. However, synbiotic rats had significantly lower serum indoxyl
sulfate compared to untreated rats, showing that the modulation of gut dysbiosis by synbiotics is beneficial for
reducing serum uremic toxin, either due to directly inhibit the toxin production, or indirectly limits intestinal
barrier leakage.

The limitations of the present study are (1) we were unable to demonstrate the beneficial effects of synbiotics
in the prevention of MBD and VC. To elucidate this, we require either induce higher degree of kidney injury or
extend the duration of experiment. (2) The combination of two probiotic strains raises the arguable question of
its necessity. We considered that one of these probiotic strains is capable of promoting the tight junction, but the
combination of two strains is believed to have synergistic effect in improving intestinal microbiota modulation
and providing a beneficial boarder spectrum?’. (3) We could not directly measure the paracellular transport
of phosphate in living rats. The assumption of the decreased paracellular transport based on the increase of
intestinal tight junction demonstrated in this study. (4) The long term effect in lowering phosphate derived from
synbiotic treatment, especially after the cessation of the supplementation, is crucial. We have planned to test this
synbiotic in patients with CKD to determine its efficacy and safety.

Conclusion

Supplementation of the synbiotics, comprised of L.salivarius LBR228, B. longum BFS309, FOS, and COS,
effectively reduced serum phosphate, the calium-phosphorus product, and PTH levels in rats with CKD,
indicating the reduction of the risk of mineral bone disease and vascular calcification. These advantages are
contributed by modulation of the gut microbiota and the improvement of tight junction protein expression. This
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is the first study to show the benefit of synbiotic supplementation in serum phosphate and parathyroid control
in an animal with CKD model.
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Data is provided within the manuscript or supplementary information files.
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