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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Dysbiosis and weakened gastrointestinal barrier 

function have been identified as potential regulators of Chronic 
Kidney Disease (CKD). The complex connection among gut 
micro biota and CKD is provided in this study, with particular 
attention to how inflammation contributes to the CKD path 
physiology. It establishes the inverse association between CKD 
and gut microbial dysbiosis by exploring the collision of CKD 
about the organization and capabilities of the gut micro biota. 

Methods: The possibility of new diagnostic tools in measuring 
the dynamic changes within the gut microbial ecology 
illustrates the importance of accurately diagnosing gut micro 
biota abnormalities in CKD. Additionally, the study explores 
the targeted medicines that focus on gut micro biota in CKD. 
Using data from both human clinical trials and rat models, the 
study demonstrates the variety of therapeutic approaches and 
their ability to limit the rate of development of CKD and its 
accompanying problems. 

Result: The study we performed was based on the Preferred 
Reporting Items for Systematic reviews and Meta Analyses 
(PRISMA) approach. The findings show the significance of 
investigating the relationship between gut micro biota and 
CKD, paving up the possibility for new therapeutic strategies 
to improve the patient outcomes and quality of life. The present 
understanding of CKD-induced modifications to the gut 
micro biota and the ensuing effects on gastrointestinal health, 
emphasizing studies, will be highlighted in this review.

Key words. Gastrointestinal, pathophysiology, diagnostic 
tools, human clinical trials, rat models.
Introduction.

The prevalence of CKD is a substantial worldwide health 
burden that has grown dramatically in the last several years as 
a result of aging populations and illnesses that are linked to it, 
such as metabolic syndrome, obesity, diabetes mellitus (DM), 
and arterial hypertension [1]. Patients with CKD frequently have 
altered gut microbiota, which is linked to low-grade chronic 
inflammation, oxidative stress (OS), and acute hemolysis (AH). 
The term CKD refers to a wide range of illnesses that impact 
the anatomy and functionality of the kidney. Kidney damage 
(albuminuria) or impaired kidney function glomerular filtration 
rate (GFR) are the two main criteria used to define CKD. Renal 
replacement treatment, including hemodialysis (HD), peritoneal 
dialysis, and kidney transplants, is becoming more prevalent 

yearly, making for 10-15% of all cases [2]. Organic waste 
products, especially those derived from nitrogen metabolism 
that the kidneys are ordinarily responsible for eliminating; 
accumulate due to the gradual loss of renal function. Still, early 
identification can help to avoid some of the negative effects of 
CKD. The most frequent causes of CKD globally are diabetes 
and hypertension [3].

Additional reasons could include polycystic kidney disease, 
pyelonephritis, and glomerulonephritis. Cardiovascular (CV) 
the primary cause of death is illness for persons with CKD. As 
the illness progresses, the risk of cardiovascular disease (CVD) 
increases exponentially. Hence, patients with CKD generally 
have a substantial CV burden when they start a renal replacement 
treatment [4]. Patients with ESRD may have up to 500 times 
the overall CV-related mortality rate. The frequency of CV 
events cannot be decreased, and the condition's progression can 
be slowed down by treatments aimed at classic CV risk factors 
such as diabetes, dyslipidemia, and hypertension. Thus, non-
traditional risk factors for CKD rise in 66 bacteria [5]. 

Chronic inflammation, arterial calcification, sympathetic 
hyperactivity, and anaemia are examples of the prevalence of 
kidney function falls that have been connected to an increased 
risk of heart attacks and an accelerated phase of the illness [6]. 
Dysbiosis is used to illustrate an imbalance in the gut micro 
biota that leads to modifications in the gastrointestinal tract's 
regular functions and the creation of toxins that harm the 
organism. Many chronic illnesses, including CKD, can cause the 
dysbiosis condition [7]. Disbyosis, which is often observed in a 
uremic condition, actually causes the retention of uremic toxins, 
the majority of which are produced by an imbalance in the 
fermentation of nitrogen compounds relative to non-digestible 
carbohydrates, including ρ-cresyl and indoxylsulphate. In a few 
individuals, these toxins increase inflammation, dysmetabolism, 
and CVD, among other consequences of CKD [8]. Disbyosis 
condition is currently being acknowledged as a potential 
therapy target to prevent or mitigate CKD-related effects. An 
increasing amount of study indicates that individuals with 
CKD and ESRD have different microbiota composition. It was 
found that the abundance of up to 190 microbial operational 
taxonomic unitsvaried considerably [9]. Another study found 
that ESRD patients had greater levels compared to controls, 
of aerobic bacteria, including species of Enterobacteria and 
Escherichia Patients on hemodialysis had considerably greater 
counts of Clostridium perfringens among anaerobic bacteria 



58

dominated microbiota is linked to diets high in protein. It has 
also been proposed that artificial sweeteners, alcohol, and 
fermented meals could impact the makeup of bacteria [15].
The gastrointestinal as a cause of inflammation in CKD.

Dialysis patients have chronic inflammation across their 
whole gastrointestinal system (esophageal to colon). A study 
on animals has demonstrated that bacterial urease activity 
destroys the colon's tight epithelial junctions, and that cytokine 
production causes localized inflammation. However, it is 
significant because animals cannot degrade urea [16]. The low 
potassium and low phosphorus diets that CKD patients follow 
lead to inadequate intake of symbiotic bacteria and vegetable 
fiber. The bacteria that generate the enzyme urease breaks down 
urea into ammonia and ammonium hydroxide (NH4OH), which 
breaks down proteins with tight junctions [17]. Meanwhile, the 
balance between symbiotic bacteria is disrupted by the changed 
microbiome, which also poses competition for colonocytes' 
SCFA supply. This can cause inflammatory leukocytes to 
infiltrate and produce cytokines, compromising colonocyte 
integrity and the mucosal barrier. Gastrointestinal inflammation 
accelerates the breakdown of the epithelial barrier by promoting 
tight junction protein endocytosis [18]. Systemic inflammation 
eventually results from transferring uremic toxins, endotoxins, 
and bacterial byproducts. As kidney disease advances, serum 
urea concentrations rise along with alterations in the gut flora, 
creating a vicious cycle. The broad and ever-expanding list of 
uremic toxins and solutes is the primary reason why, despite 
the severity of uremia's effects and the many reviews conducted 
on the issue, the cellular and molecular processes at play in the 
formation of the illness remain mostly unexplained. During 
uremia, the levels of over 100 different solutes rise, although 
the exact source of most of them is still up for discussion [19].
The effects of CKD on GUT Microbiota.

The accumulation of uremic toxins is a characteristic of CKD, 
which is also often linked to mechanically disrupted alterations 
in the gastrointestinal tract, including intestinal wall edema 
and altered colonic transit [20]. Dietary restrictions and regular 
use of iron, phosphorus-binding medicines, and antibiotics are 
common in patients with CKD. These traits have the potential 
to cause dysbiosis and, inversely, to accelerate the illness's 
progression to more severe stages of chronic kidney disease. 
Uremic toxins are waste products that accumulate in the 
intestinal epithelium and blood when renal function deteriorates 
[21]. The revolutionize in the digestive system promote the 
establishment of microorganisms that may produce both 
urease or uricase enzymes and use urea as a source of energy. 
The cytosolic enzyme urease is responsible for catalyzing the 
conversion of urea into ammonia and carbon dioxide. Thus, a 
large increase in ammonia generation raises the pH of the gut, 
breaks down gut tight connections in the epithelium to cause 
enterocolitis [22]. The kidney is primarily charge of eliminating 
uric acid produced by the metabolism of purine; however, as 
renal function declines, the colon takes over as the principal site 
of uric acid excretion. Through the same mechanism, a high uric 
acid concentration increases the number of microorganisms [23].

and lower counts of Bifidobacterium species [10]. Patients with 
CKD and ESRD have dysbiosis of the gut microbiota due to 
several causes. These include iron treatment, frequent use of 
antibiotics, reduced dietary fiber consumption and increased 
constipation, and inadequate protein absorption [11]. The study 
aims to identify possible indicators and molecular fingerprints 
for early diagnosis and prognosis evaluation by examining the 
unique modifications in the number of gut microbes associated 
with CKD. It also investigates how the CKD affects the gut 
microbiota's the structure and function clarifying the underlying 
processes that support the advancement of the illness. Figure 1 
depicts the link between GUT and CKD.

Figure 1. Link between GUT and CKD.

Therapeutic Approaches for Dysbiosis of the Gut Microbes 
in CKD.

GUT Microbiota.
In the human gastrointestinal system, there are billions of 

microorganisms, generally bacteria, that make up a diverse 
and abundant population. The production of vitamins and 
nutrients is one advantage of the human body's symbiotic 
relationship with the gut bacteria, defense against infections, 
modulation of host immunity, and the digestion of complex 
food macronutrients [12]. The phylum has two families that are 
prevalent in the colon, Lachnospiraceae and Ruminococcaceae, 
which together account for bacteria found in healthy adult 
fecal samples [13]. The genera Bacteroides and Prevotella 
are the dominant members of the phylum Bacteroidetes. The 
genus Bifidobacterium is the primary representative of the less 
common phylum Actinobacteria. Early experiences in life affect 
the gut microbiota's richness and variety, which indicates an 
appropriate constitution of the microbiota. Every person has a 
different ideal healthy composition, which may be attributed to 
their age, ethnic background, lifestyle, and dietary preferences 
[14]. Dietary habits have a significant influence on the structure 
of bacteria among these parameters. Prevotella-dominated 
microbiota is linked to diets high in fiber, whereas Bacteroides-



59

Diagnosis of GUT in CKD.
To diagnose gut microbial dysbiosis in CKD, an in-depth 

investigation involving laboratory tests, clinical evaluations, 
and innovative techniques for examining the organization and 
functioning of the gut microbiota is required. The following 
methods are frequently used to diagnose gut microbial dysbiosis 
in CKD [24]. A comprehensive clinical evaluation that includes 
the patient's food habits, prescription usage, medical history, 
and gastrointestinal symptoms is the initial step in the diagnosis 
procedure. In individuals with CKD, gut microbe dysbiosis can 
be indicated by clinical signs such as uremia, abnormal bowel 
habits, and gastrointestinal disorders [25]. One of the most 
important aspects of detecting gut microbial dysbiosis involves 
examining stool samples to examine the construction of the 
gut microbiota. Metagenomic sequencing, “16S rRNA gene 
sequencing”, and metabolomics analysis are a few examples of 
advanced techniques that are being used to discover particular 
microbial imbalances associated with CKD by providing exact 
data on the variation, prosperity, and functional capability of gut 
microbial communities [26].
GUT Microbiota strategic therapies on CKD.

As potential targets for therapy, researchers are becoming 
more interested in the gut microbiota and the chemicals it 
produces. Probiotics and prebiotics are the gut microbiota-
targeted treatments most often used in clinical practice. When 
taken orally, probiotics live bacteria that have positive health 
effects [27]. Beneficial bacterial growth and activity can be 
enhanced by prebiotics. Synbiotics combine probiotics and 
prebiotics, which provide additional health benefits. Postbiotics, 
compounds created or leased by the gut microorganisms, 
have also shown beneficial effects on the host [28]. Figure 
2 summarizes prospective therapeutics targeting the gut 
microbiota to address the developmental programming of CKD 
and connected comorbidities.

Figure 2. GUT Microbiota-target therapy.

Human Indications in Children with CKD.
The potential of gut microbiota modifications brought about by 

microbiome-targeted therapy to avoid the course of CKD and its 
related complication in children has yet to be thoroughly studied. 
For example, the butyrate-producing bacterium Clostridium 
butyricum is employed as a probiotic. In children with INS, 
oral treatment of the bacteria Clostridium butyricum during 

remission has been demonstrated to decrease the incidence of 
recurrence and the need for immunosuppressive medications 
[29]. Probiotic therapy's protective effects have been linked to 
increases in Treg cells and butyrate-producing microorganisms. 
However, there is strong evidence from animal research that 
targets gut microbiota to stop the course of the illness and its 
adverse repercussions.
Models of Animals for Strategic Therapy Using Gut 
Microbiota.

The potential benefits of gut microbiota strategic treatment to 
prevent and cure many disorders have generated much interest. 
Preclinical research often uses animal models to investigate the 
mechanisms and effectiveness of these medicines. The effects of 
early-life therapies aimed at targeting the gut microbiota have 
been investigated with various animal models. In advance of 
being used in clinical settings, these models play an important 
part in clarifying the underlying processes and proving the 
effectiveness and safety of certain treatment approaches [30]. 
Rats are useful models for examining the impact of early-life 
gut microbiota-targeted therapy because they are comparable 
to people physiologically. They provide light on the intricate 
relationships that exist between host metabolism, immunological 
response, neurobehavioral development, and the gut microbiota 
[31]. Table 1 summarizes probiotics and prebiotics in CKD in 
both humans and animals.
Results and Discussion.

This study was performed following the PRISMA standards. 
The investigations showed that many databases were necessary 
for a thorough representation of papers, demonstrating the 
reliability of systematic evaluations.1800 citations were found 
after the examination of the designated resources. 1545 citations 
remained for titles or an abstract screening after multiple 
entries (n=255) consisted of eliminated. In the end, 14 papers 
received inclusion in the current systematic evaluation after 
645 documents were tested for inclusion in full text. Figure 3 
displays the decision-making method's diagram.

Figure 3. Flow chart of some of the research included in the study.
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CKD is mostly caused by malfunctioning metabolic pathways, 
highlighting the illness's complexity. Forecasted analyses 
have shown distinct metabolic fingerprints across different 
CKD cohorts, emphasizing the complex relationship between 
changed metabolic pathways and disease development. In 
addition to expanding the scope of our understanding of the 
path physiology of CKD, these findings have made it possible 
to develop focused; therapeutic approaches specialized to the 
unique metabolic abnormalities typical of various phases of 
the disease. The investigators require creating individualized 
therapy plans that decrease the progress of CKD and enhance 
patient outcomes by understanding the complex metabolic 
nuances [41]. Figure 4 depicts the metabolic processes among 
individuals with CKD based on functional analysis predictions.

The Kidney Disease Outcomes Quality Initiative (KDOQI) 
classifies CKD into stages, with a large complication variation 
among these stages. From imbalances in electrolytes and 
hypertension in the beginning stages to anemia, bone problems, 
and cardiovascular difficulties in the latter stages, each step is 
linked to a unique spectrum of consequences. Comprehending 
the frequency of these complications at various stages of CKD 
is essential for implementing customized monitoring and 
management plans. This highlights the necessity of prompt 
interventions to reduce the risk of unfavourable consequences 
and enhance the general quality of life for patients with CKD 
[42]. Figure 5 depicts the frequency of problems based on the 
CKD stage determined by KDOQI.

Body weight (BW) changes were observed during five weeks 
in rats with CKD caused by oral gavages with adenine at a dose 
of 250 mg/kg BW/day. Compared to the control group, the CKD 
rats significantly lost body weight, with losses of around 22% 
and 31% observed in the third and fifth weeks, respectively. The 
animals' entire health is negatively impacted by the severe CKD 
disease, which is highlighted by this significant weight loss. 
Despite this, providing a synbiotic therapy to CKD rats appears 

to mitigate weight loss promisingly. With weight reductions 
of around 16% and 22% within third as well as fifth weeks, 
correspondingly, the synbiotic-treated CKD rats showed a 
comparatively easier fall in body weight than the control group. 
According to these results, using synbiotics could slow down 
the rate at which weight loss linked to CKD is progressing [44]. 
Figure 6 depictsthe rat's modifications in body weight.

In rats with CKD, a significant difference in indole levels was 
found between the rats with CKD and the control group. In 
particular, the indole level is superior in the CKD rats than in 
the control rats. Also, animals that were given adenine to cause 
CKD died by the tenth week, demonstrating the seriousness of 
the illness and its possible negative effects. However, the CKD 
rats' indole levels dropped when they were given synbiotics, 
returning them to levels observed in the control group. This 
decrease emphasizes the ability of synbiotic therapy to regulate 
indole metabolism in the setting of CKD. It raises the possibility 
that it may play a role in decreasing fecal indole levels [43]. 
Figure 7 depicts the amount of rat fecal indole time series.

An interdisciplinary field including gastroenterology, 
nephrology, and micro biome research is the effect of certain 
medications on the gut micro biota in patients with chronic 
kidney disease. The most accurate and customized information 
on the management of CKD and its possible impacts on the gut 
flora is usually obtained by consulting with medical specialists. 
Human study provides critical therapeutic relevance and assists 
in bridging the translational gap, even while animal models offer 
insightful information. According to the results of these human 
investigations, there is a complicated interaction between the gut 
micro biota and medications for CKD. Further study is required 
to understand the processes behind these interactions and how 
they affect patient care. As a whole, the data gathered from 
human research improves and contextualizes our knowledge of 
how different treatment approaches affect the gut micro biota 
within the intricate framework of chronic kidney disease.

Kinds Nutritional Intervention Results Reference
Prebiotics

Rat starch resistant to amylase in maize Reduction of inflammation and oxidative stress.
Delayed development of renal disease that is chronic. [32]

Human High fermentable fiber gum Arabic
Decrease in serum urea nitrogen that is significant.
Considerable rise in the amount of nitrogen and bacterial bulk 
in the feces.

[33]

Mice Fatty acids with a short chain Decreased inflammation both locally and overall [34]
Probiotics

Rat Alkalophilic urease-positive bacteria found in 
soil Pasteurisporosarcina

Lower levels of blood urea nitrogen.
An increase in survival. [35]

Human B. longum, S. thermophilus, and L. acidophilus Decrease of blood urea nitrogen levels significantly.
higher quality-of-life ratings [36]

Dog VSL#3 The estimated glomerular filtration rate has increased significantly. [37]
Synbiotics

Human Probinulneutro is a commercial symbiotic 
composition. Extremely lower amount of -cresol in whole plasma. [38]

Human Probiotics and Prebiotics In the gut microbiota, the presence of Bifidobacterium was 
significantly improved by symbiotic treatments. [39]

Human Streptococcus thermophilus and Bifidobacterium 
longum Decrease of the fluid urea nitrogen saturation significantly. [40]

Table 1. Investigation of prebiotics and probiotics in CKD.
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Conclusion.
The term CKD indicates a progressive, long-term loss of 

kidney function. It is characterized by a progressive decline in 
the kidneys' capacity to remove waste from the circulation. This 
illness often progresses slowly, and the glomerular filtration rate 
estimate (eGFR) used to categorize the illness's severity into 
several phases. A dysbiotic condition caused by an increase 
in pathogenic germs and a decrease in helpful bacteria in the 
gut microbiome is often associated with CKD. Clinicians 
could be able to identify new biomarkers that support early 
CKD identification and prognosis evaluation by clarifying the 
complex relationships between gut microbial imbalances and 
CKD pathogenesis. Moreover, certain treatments, including 
probiotics and prebiotics, as well as dietary changes that 
target the gut microbiota, indicate possibilities in slowing the 
advancement of CKD and its side effects. The complex structure 
of the gut microbiome presents difficulties in accurately 
determining the particular microbial changes linked to CKD, 
which often results in inconsistent study outcomes. To generate 
individualized treatment plans for each patient, further study 
will help identify certain microbial signatures related to various 
phases of CKD.
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