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Abstract: Humans have co-evolved with microorganisms, which play a pivotal role in determining the overall well-being of 

biological systems. Evolution has made certain species of bacteria thrive in the human gut, utilising the catabolized nutrients of 

the host and exhibiting symbiosis. It chiefly comprises a densely populated group of microbes, collectively called the Gut 

Microbiota. The relationship between the human system and the gut microbiome is a very sparsely introduced subject yet 

managed to catch everyone's eye, just for its sheer complexity. The nature and type of microbe present in the gut vary widely with 

respect to socio-economic, ethnic, and geographic influences. There has been extensive study done and some are underway 

showcasing the potential link between the gut-microbiome and the host, humans. As amusing as the gut-microbiome it is, its 

relationship with the host is quite remarkable. The gut-human connection is important in metabolism, coordination (brain axis), 

immunity, and, of course, disease. The diseases that were known earlier have recently been known to be associated with the gut 

microflora. Hence, this area of gut and human health has been in the focus of researchers and scientists in recent times. In this 

review literature, we have tried to consolidate the health aspects of humans influenced by gut dysbiosis. A few interactions are 

also discussed, like metabolic activity, gut-brain axis, drug action, diet influence, and immunity. This literature is aimed at 

showcasing the association and complexity of the gut microbiome with human health. 
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I. INTRODUCTION 

Human health defines the proper functioning of all the biological systems within our body. These vital systems include the CNS, 

CVS (cardiovascular system), immune system, digestive system, respiratory system, and so on. Numerous factors influence the 

overall well-being of our health. These factors include the levels of hormones, glucose levels, neurotransmitters released in the 

brain, levels of antibodies released during an infection, the amount of oxygen occupied in the lungs during inhalation, and so on. 

The biological systems have to coordinate and cooperate with each other to maintain the overall integrity of the body. From time 

immemorial, microflora has been residing in our gut, but its impact and significance is a topic which has been overlooked till date. 

Recent studies have shown that the gut microbiome influences various vital bodily processes that contribute to the overall wellbeing 

of human health. Now, what is this gut microbiome? As simple as the word seems, the gut microbiome defines the variety of 

microorganisms, mainly bacteria, present in our gut. Bacteria are primitive prokaryotic unicellular microorganisms that are known 

to be found in a wide range of habitats, from freezing polar regions to thermal hot-springs to deep ocean oil dwells. 

Although the size of the bacterium is small, the impact it has on humans' overall health is colossal. These tiny dudes reside in our 

gut and multiply by utilising the nutrients ingested via food. The influence of these minuscule is due to the metabolites which are 

released during and after their metabolic processes. Certain types of bacteria are known to breakdown complex fatty acids and other 

compounds and make them freely available for absorption through the blood. Gut bacteria are host-friendly, which means no harm 

to the host. But sometimes, due to certain unprecedented genetic mutations, these microbiome members turn evil and sabotage the 

gut integrity, which leads to a variety of gut diseases, which lead to a variety of gut diseases collectively called inflammatory bowel 

disorders. Any research in any discipline of science is carried out in order to improve the standards of human health and well-being. 

Thus, the prime focus of every research undertaken is finding new and effective possibilities to fight diseases, overcome ageing 

discover vaccines, and other human-oriented inventions. Human health can be described as the proper functioning of physical and 

mental processes. The physical processes include all the muscle movements, whereas the mental processes define the cognitive 

abilities and other brain-related activities such as memory, verbal skills, comprehension skills, etc. 

There are myriad factors that influence human health. These factors can be both intrinsic as well as extrinsic. Extrinsic factors 

include socio-economic status, culture, and region of residence, whereas intrinsic factors are attributed to the biochemical processes 

occurring inside the body.  
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Each and every biochemical process occurring within the body is vital for maintaining its integrity. Movement of muscles, firing of 

neurons in the brain, formation of memories, defense against infections, pumping of blood, respiration, biosynthesis of proteins, 

nucleic acids and fatty acids ,breakdown of the same to yield energy and many more are of paramount importance and vital for the 

healthy survival of an individual. There are a number of factors which influence the proper functioning of the aforementioned 

processes, among which the gut microbiome is becoming a prominent factor. As described in the introduction, the gut microbiome 

is attributed to the diverse microorganisms predominantly colonized by bacteria residing in our gut. The metabolites of gut 

microbiome origin greatly influence the overall integrity of the body. The following paragraphs describe the influence of the gut 

microbiome on various biological systems and its significance: 

 

II. GUT MICROBIOME AND CENTRAL NERVOUS SYSTEM: 

The central nervous system, abbreviated as CNS, is the most important system which controls the functioning of all other systems in 

our body. It comprises the brain and spinal cord. Even though the brain occupies only a small portion with respect to the body’s 

mass, the energy consumed by it is a mind-boggling 20% of total produced energy. 

Proper functioning of this vital muscular organ is significant for thinking, comprehending, deciding, feeling, memorizing, and 

performing work. A small impairment in its function can lead to myriad disorders. One of the many factors that influence brain 

health is the gut microbiome. 

The whole of human body is protected against deadly infections by a well organized group of special cells which together form our 

immune system. Likewise, brain to have special cells called astrocytes which prevent inflammation by inducing T cell Apoptosis 

through TRAIL DRS signaling (Sanmarco et al., 2021). TRAIL is a protein and expression of this inducer protein is driven by 

interferon IFN, produced by meningeal natural killer cells. 

In turn, the expression of IFN he is modulated by the gut microbiome. the metabolites produced from the gut microbiome interfere 

with the synthetic pathways of various vital processes there by either enhancing or any beating the effect of hippocampus is 

complex brain structure deeply embedded in the temporal lobe known as memory site. It processes and stores long term and short 

term memories. 

As it's work is a consistent one the energy required for the process two is a normal get microbiota is known to influence the 

metabolic coupling between astrocytes and neurons which is an essential process for generation of energy for brain functioning, it is 

found that the expression of the six gene deals vital for the astrocytes lactic shuttle is influenced by the different varieties of bacteria 

present in the gut microbiome. This influence is proved by an experiment, where in divers get of a mice was colonized with diverse 

microbiota for 24 hours and expression of essential genes ATP1A2 and PFKFB3 showed significant enhancement (Chen et al., 

2017). 

 

III. HUMORAL IMMUNITY AND GUT MICROBIOME: 

The host immune effector that controls the microbiota and prevents mucosal infection is IgA Gut microbiota-derived factors include 

molecular pattern recognition receptor ligands and nutrient-derived metabolites such as short chain fatty acids and adenosine 

triphosphate, as well as host-derived factors such as retinoic acid, various cytokines and cytokine-like molecules. Gut microbiota-

derived factors induce B cell responses, activation, and differentiation (Lazar et al., 2018). 

The gut microbiota provides important health benefits to the host, such as enhanced energy harvest from diet and activation of the 

immune system. The gut microbiota also ensures a mutually beneficial microbial symbiosis with the host. The mucosal antibody 

IGA is important in regulating the host immune system because the microbiota produces a myriad of cellular constituents and 

metabolites which promote the population and maturation of immune cells in gut-associated lymphoid tissues (Kim & Kim et al., 

2017). As a result, the host and gut microbes produce and use short-chain fatty acids (SCFA’s) to produce bile acids and vitamin 

B12 to maintain nutritional, physiologic, and immunological homeostasis. 

  

IV. THE EFFECTS OF THE GUT MICROBIOME ON GASTRO-INTESTINAL TRACT 

1) Digestive System: Millions of microorganisms enter our body through our diet (Bull & Plummer, 2014). Our gut hosts a 

plethora of microorganisms since it has all the necessary factors like nutrients, temperature, pH, water activity, etc., to facilitate 

effective growth of them. The diversity of gut microflora is influenced by the diet we follow. Recent research has proven that 

the gut microbiome significantly impacts mood and mental behavior (Xu & Gordon, 2003) & (Bull & Plummer, 2014). (Mood-

affecting chemicals like serotonin are produced in large amounts in the gut.) 
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2) Mouth: It is the place where food, along with microbes, enters the digestive system. According to research at present, a healthy 

man consists of 100 to 200 species of living microbes. Whichever is most harmless, it actively protects us from infection. 

Accumulation of these microbes in large scale causes tooth decay, acrid breath, and other diseases, so cleaning the tongue and 

mouth on a regular basis is mandatory to protect ourselves from unwelcoming infections. Helicobacter pylori is a bacteria and 

is the predominant bacterial species in the mouth (Bäckhed et al., 2005). An increase in their number can lead to the formation 

of mouth ulcers, which can totally impede your talking ability. Washing your mouth with glycerin is one of the best measures to 

prevent this painful condition. Recent studies have shown that Helicobacter pylori plays a significant role in maintaining human 

gut health. It modulates the immune system. Reduce your chances of infection, allergies, and asthma. It prevents esophageal 

cancer and gastric reflux disease. It helps to regulate appetite (Nicholson et al., 2012). Experiment evidence shows that 

removing this bacteria from the mouth causes weight gain (experimental evidence). 

3) The digestive tract: Bacteria in our body convert the undigested compounds into useful chemicals which can be further 

absorbed by the body. Lactobacillus is present in trillions in the stomach, which maintains the pH of the gut and ensures its 

survival for its counterparts (Neish, 2009). The gut hosts a plethora of microbes, collectively referred to as the gut microbiome, 

which play a significant role in maintaining the overall health of a human being (Thursby & Juge, 2017). 

4) Diet: An old saying goes, "you are what you eat," which holds true for the gut microbiome. People who eat healthy food have a 

more diverse microbiome compared to others, improving their overall wellbeing. What makes a good microbiome? There are 

trillions of microorganisms of which bacteria occupy the upper hand in the then gut microbiome composition. There has been 

extensive research on the topic of gut microbiomes around the world, and while no firm conclusion has been reached, it has 

been proven that diversity in gut microbiomes is attributed to an individual's improvement in health. Studies of health-

promoting probiotic species are yielding biological insights that might promote drug development (Bengmark, 1998). Diseases 

like cancer and autoimmune disorders are thought to be influenced by processes in the gut microbiome, which includes multiple 

sclerosis and autism spectrum disorders (Bull & Plummer, 2014). The gut is where the drugs we intake are digested and 

processed, leading to strong interactions between them, and these minuscule influence the gut-drug interactions too. There is 

also evidence that proves the influence of the gut microbiome on mental health and cognition. There is a growing public interest 

in gut microbiome research, which frequently focuses on personal dietary choices (Rowland et al., 2017). 

 

V. DISORDERS OF THE GUT 

A. Irritable Bowel Syndrome (IBD) 

The disease IBD has been addressed as a global phenomenon wherein it’s estimated 3.5 million people are diagnosed with having 

IBD irrespective of its types (Kaplan G, 2015). IBD is basically a lesion or inflammation of the mucosal lining of the gut, occurring 

mainly because of a dysregulated immune system, resulting in gut dysbiosis.  

Crohn’s disease (CD), Ulcerative Disorder (UD), and Inflammatory Bowel Syndrome (IBS) are known for causing chronic 

inflammatory diseases (Kaser et al., 2010). The disorder has been seen across various countries, which is discussed in detail 

regarding the demographics for the prevalence of IBD (Kaplan, G., & Ng, 2017). The influence of this disease is not clearly 

understood, but rather studies show it to be related to host-genetic and some environmental factors. Association analyses identify 38 

susceptibility loci for inflammatory bowel disease and highlight shared genetic risk across populations (Liu et al., 2015). Recent 

advances also hint towards pathogenesis causing these disturbances by some pathogens and decreasing certain other groups of 

commensal microbes (Takahashi et al., 2016) & (Wills et al., 2014).  

In Crohn’s Disease, Bacteroides, Eubacterium, Faecalibacterium, and Ruminococcus are reduced. In particular, Akkermansia 

muciniphila and Faecalibacterium prausnitzii are the most extensively studied bacteria in CD (Fukuda & Fujita, 2014).     

F. Prausnitzii and Escherichia coli in 28 healthy controls, 45 CD patients, 28 UC patients, and 10 IBS patients. They found that F. 

Prausnitzii is a predictor of "health" in patients with CD (and other gut disorders). F. Prausnitzii abundance was decreased in CD 

patients and it was lower than in patients with IBS and healthy controls. When E. coli was added to F. Prausnitzii in the diagnostic 

analysis, it discriminated the ileo-colonic vs. colonic form of CD patients. The combination of certain bacterial groups might 

improve the diagnostic value of gut microbiota analysis (Fukuda et al., 2014). A need to find biomarkers for identifying this disease 

is yet challenging. The influence of IBD across various age groups, drug influence, resistivity, diet and many such unanswered 

questions are left behind by quality tests and studies across various environments is needed. 

Recent findings reflect that not only bacteria but also fungi like Candida species are opportunistic microorganisms, and their 

pathogenic role might be immune stimulation after mucosal barrier dysfunction. Also, in IBD patients, a genetic mutation against 

fungi (e.g., DECTIN-1 and Card9) may increase fungal colonisation and subsequent inflammation (Richard et al., 2015). 
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Virus: Most of the human gut virome is composed of bacteriophages. 68 human gut bacteriophage trials in IBD showed consistent 

results. Although there is a paucity of trials, most of them indicate an increased abundance of Caudovirales and a decreased virome 

diversity (Richard et al., 2015) & (Wagner et al., 2013). Although gut parasites and protozoa are mostly accepted as pathogenic 

microorganisms, there is evidence that parasites can shift mucosal immune response in IBD (Croese, J, 2006). 

Blastocystis species and Dientamoeba fragilis are found in human feces, and they infect humans by the fecal-oral route (Garcia, 

2016) & (Wawrzyniak et al., 2013). A recent trial also found that Blastocystis species are associated with healthy (increased 

diversity) gut microbiota (Brands et al., 2019). Both Blastocystis and D. fragilis were lower in active UD; however, they are 

elevated in remission and healthy controls (Tito et al., 2018). 

 

B. Obesity And Gut Microbiota 

Obesity is a major global health problem which is caused by hereditary and environmental factors. It is a mutual relationship 

between the host and an intestinal microorganism (Liu et al., 2021). The gut contains more than a trillion organisms. Some of these 

microorganisms are like Methanobacteriales, Christenseneliaceae, Lactobacillus, and Bifidobacteria (Castaner et al., 2018). 

According to the world health organisation, whose BMI is greater than 30 is said to be obese. It varies from country to country. 

Obesity is also related to diseases like cardiovascular disease, diabetes, and cancer. The mucus secretion by the gut and dead cells 

serves as their nutrients and increases their population in the gut. The Firmicutes and Bacteroides are dominant in the gut. They 

undergo degradation of polysaccharides and lipopolysaccharides, Lipoprotein lipase (LPL), production of short-chain fatty acids 

(SCFA), vitamins and amino acids (Zhang et al., 2009) & (Shreiner et al., 2015). 

1) The Major Role of gut Microbes in Obesity: The first obvious is to degrade the foods which are not digested by human beings, 

like fermentation of dietary fibers, which results in the production of short-chain fatty acids (SCFA). This SCFA can induce 

lipogenisis and, by molecular pathway, increase the storage of triglycerides. Another relationship is studied in germ-free mice, 

which were transplanted with the gut microbiota of conventionally bred mice. This procedure resulted in the development of 

insulin resistance and increased fat content in germ free mice. By using 16s rRNA gene sequencing, we found evidence for 

obesity in these mice (Davis, 2016). The dominant phyla firmicutes and bacteroides are found to be true in humans as well. 

Similar evidence was later found to be true in humans as well. The gut microbiota is seen as more efficient in obese people 

compared to skinny people. Because of the energy from dietary fiber and fat storage. Obese people have a higher amount of 

SCFA and reduced residual food calories in their stool than skinny people. There is still a knowledge gap regarding the role of 

gut microbiota in obesity. 

2) Gut Microbiota Modification: Diet has a significant impact on gut modification. A slight change in diet profile can increase the 

number of Bacteroidetes in the gut microbiota within 24 hours; for example, a person fed high fat content food can increase the 

number of Bacteroidetes within 24 hours. Diets high in fat and low in fiber can increase the number of Bacteroidetes while 

decreasing the number of plant polysaccharide degrading microorganisms like Ruminococcus bromii (Arumugam et al., 2011). 

 

C. Gut Microbiome and Diabetes 

Diabetes has become a global phenomenon, rapidly growing and has been enlisted as the deadliest disease. According to the IDF's 

2021 survey, approximately 537 million adults (20-80) worldwide are diabetic.3 in 1 adult is for diabetics inhabiting low and middle 

income countries (Sun et al., 2022). Diabetes has caused 6.7 million deaths. The data related to Type 1 Diabetes (T1D) is also 

equally alarming, wherein 1.2 million children and adolescents suffer from this autoimmune disorder. 541 million people are 

suspected to develop Type 2 Diabetes (T2D). Type 1 Diabetes is the major disorder when compared to T1D, which stands at 10. 

A country such as India, with its burden of malnutrition and standard of living, is facing a problem in handling this metabolic 

disorder (Sharma & Tripathi, 2019).  Even the rich country's original western/modern lifestyle includes an incidence of this disorder 

(Mehta et al., 2009). T1D, as previously known, can occur by means of inheritance, lifestyle, and environmental factors. 

So, why the stomach?... It’s been observed that gut dysbiosis is associated with diabetes and obesity (Xu et al., 2016). There’s a 

significant change going on in the gut microflora’s composition. Acidophilus, L.  amylovorus, and others were found to be less than 

usual  (Forslund et al., 2015). T2D and obesity share the inflammatory component in tissues relating to metabolism regulation, such 

as the liver, adipose, and muscles (Pickup & Crook, 1998). This inflammation is caused by dysbiosis, which is characterised by an 

excess of cytokines, interleukin (IL6 & 1), TNF-a.  This causes stress in the insulin signal and results in diabetes (Hotamisligil, G. 

2006). Studies revealed that T2D Subjects had a lower number of clostridiales which were known to produce useful SCFA (Qin et 

al., 2012). Significant changes are also seen in the intestinal flora (Larsen et al., 2010) & (Qin et al., 2012). 
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1) T1D (Type 1 Diabetes): This disorder occurs in infants and is characterised as an autoimmune disorder because the T-cell 

causes annihilation of the insulin-producing beta cells in the pancreas. The gut composition of g+ anaerobes (Lachnospiraceae 

& Ruminococcaceae) is more predominant after period of Breastfeeding (Dominguez et al., 2010), (Koenig J et al., 2010) & 

(Palmer et al., 2007). The healthy subjects had more balanced microbiota, predominantly butyrate-producing sp. Bacteriodetes, 

gut permeability is also an important factor related to fermentation of SCFA, determining the level of permeability (Brown et 

al., 2011), (Van Immerseel et al., 2010). Butyrate's role as an anti-inflammatory is exemplary in the case of T1D, which is less 

and distorted (Sokol et al., 2008). Through current studies, much evidence has been established for the treatment for T1D and 

T2D diabetes. Therapeutics based on diet as prebiotics Probiotics and certain chemotherapeutics (Metfromin) (Wu et al., 2017). 

Extensive studies in the field of diet-based approaches need to be conducted in order to control this disorder. 

 

D. Hypersensitivity and the Gut 

SCFA metabolites like acetate, butyrate, and propionate possess metabolite-sensing G-protein coupled receptors such as GPR43, 

GPR41, and GPR109A. These receptors play a determining role in gut dysbiosis, which ultimately leads to an inflammatory 

response. SCFA’s are end products of digesting fiber by commensal bacteria. Hence, if dysbiosis occurs, it affects the formation of 

SCFA’s. Hence, the role of maintaining gut health is of prime importance (McKenzie et al., 2017). 

Respiratory and food allergies are characterised by a response produced by T lymphocytes producing IL-4, IL-5, IL-13N, and a low 

production of IFN-(TH-2) by some main effector T cells (Akdis, 2016). 

These T cells induce subsequent induction of other effector cells, leading to inflammation, such as mast cells, basophils, and 

eosinophils. Patients with such allergies have become more common in recent decades (Akinbami et al., 2016) (Prescott et al., 

2013), and all of these cases are linked to gut microbiota (Blaser & Falkow, 2009) & (Trompette et al., 2014). There is established 

evidence that the gut microbiome has a central role in allergenicity. They are known to tweak the immune response during organ 

and tissue formation by both interactions of innate and acquired immune systems (Palm et al., 2015). 

The geographical or nutritional changes have contributed to gut dysbiosis in the skin, gut, or lungs, causing compositional change 

and metabolic activity (Hygiene hypothesis) (Strachan D, 1989). Earlier childhood infections are associated with less diverse 

microbiota and could explain the prevalence of atopic disease (Ege et al., 2011). The amount of bacteria present is equal to the total 

number of cells in a human. They contribute to the gene pool of humans, increasing it by 200 times (Turnbaugh et al., 2007). As a 

result, the composition of the gut microbiome is important in the context of human health. 

 

E. Allergies and Food 

Excessive immune response is linked to gut dysbiosis, which leads to asthma and atopy diseases. Regulatory T cells carry antigens 

influenced by dietary factors (Kim et al., 2016). Dysbiosis alters the mucosal lining and disrupts immunological norms, resulting in 

asthma and food allergies (Aitoro et al., 2017). There are extensive studies done to mitigate the allergic responses, which 

predominantly focus on the diet of an individual. 

 

F. Autism and the Gut 

Autism Spectrum Disorder (ASD) is a severe neurological disorder during the developmental stages of an infant. This causes a child 

to socialize less. Children with ASD are frequently correlated with gut dysbiosis (Yang et al., 2018). This causes the gut-brain axis 

to be disrupted and leads to behavioural change in the children. Interestingly, there is evidence that a probiotic and diet-based 

approach to ASD has helped in mitigating the behavioral manifestation in children (Davies et al., 2021).   

 

G. Cardiovascular Diseases 

In many developing and underdeveloped countries, cardiovascular disease is the leading cause of mortality. As per 2018, 17.7 

million deaths per year are related to Cardiovascular Disease (CVD) (Baenjamin et al., 2018) (Shimokawa et al., 2015). More often, 

the gut metabolite TMAO (Trimethylamine-N-oxide) is known to occur in the event of CVD and is widely noticed. There is a 2.5-

fold increase in TMAO levels in individuals with heart ailments (Suzuki et l., 2017) & (Fu et al., 2016). Other significant gut 

metabolites are Indoxyl sulphate and Tryptophanases. This IS reacts in the liver and results in pro-inflammatory and pro-oxidant in 

cardio mycocetes and cardiac fibroblasts (Huć et al., 2018) & (Kimura et al., 2011). These affect the BP or arteries. The intestinal 

bacterial fermentation of dietary fiber results in the production of short-chain fatty acids (SCFA’), which make up a sizeable 

component of the daily energy requirement. Intestinal tract immunological modulation and the development of regulatory T cells are 

both significantly influenced by SCFA’s, particularly butyrate and propionate (Ohira et al., 2017).  
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The increased acetate generation by rodents' gut bacteria activates the parasympathetic neural system, which encourages 

hyperphagia, increased insulin release in response to glucose, and obesity (Ohira et al., 2017). The direct effect of SCFA’s on the 

occurrence and progression of cardiovascular illnesses, however, has not been described in any research. 

When compared to non-CAD patients with coronary risk factors like diabetes, hypertension, or dyslipidemia and healthy volunteers, 

patients with CAD have lower levels of the phylum Bacteroidetes and higher levels of the order Lactobacillales. This was 

discovered using terminal restriction fragment length polymorphism analysis, one of the most dependable and well-established 16S 

rRNA-based techniques. When compared to non-CAD controls, the Firmicutes/ Bacteroidetes ratio, a sign of dysbiosis, rose in the 

CAD patients. Interestingly, our results showed that CAD patients were considerably more likely than non-CAD controls to be 

classified as enterotype, which is distinguished by low levels of Bacteroides. A metagenome-wide association analysis of faecal 

samples from 218 patients with CAD and 187 healthy Chinese people (Jie et al., 2017). 

The gut barrier, which has numerous levels and is made up of innate and adaptive immune cells, mucus, epithelial cells, and gut 

microbiota, plays a significant role in both health and illness. Bacteria can't access the circulatory system through the gut barrier, 

and abnormalities have been linked to gastrointestinal disorders such as celiac disease, inflammatory bowel disease, and colon 

cancer, as well as chronic liver disease, type 1 diabetes, obesity, and food allergies. Patients with periodontal disease may have 

bacteria in their atherosclerotic human plaque. Some atherosclerotic plaque bacterial species, however, are only identified in faeces 

and cannot be found in the mouth, indicating that gut microbes may possibly contribute to the diversity of atherosclerotic plaque 

microbial species (Yin et al., 2015).  

1) Sulfate of P-cresyl: Patients with Heart Failure [HF] had significantly greater levels of P-Cresyl Sulphate (PCS), which 

indicates an increased risk of death or re-hospitalization due to HF (Wang et al., 2016). PCS is a metabolite of tyrosine that 

originates from the gut microbiota. It is processed by at least four different enzymes in four steps, with the first step through the 

third step occurring in the gut microbes to produce intermediates such as 4-hydroxyphenylpyruvate, 4-hydroxyphenylacetate, 

and p-cresol, and the fourth and final step occurring in the gut mucosa or liver to produce PCS (Gryp et al., 2017). In senior 

hemodialysis patients, PCS predicts cardiovascular events and all-cause death (Lin et al., 2013). Similar to indoxyl sulphate, 

PCS stimulates NADPH oxidase activity and reactive oxygen species generation, which contribute to direct cytotoxicity to 

cardiomyocytes, facilitates cardiac death, and causes diastolic dysfunction (Han et al., 2015).  

2) Phenylacetylglutamine: In patients lacking carbamyl phosphate synthetase, phenylacetylglutamine (PAG), which is excreted as 

a nitrogen waste, can take the role of urea (Brusilow et al., 1991). A significant nitrogenous metabolite that builds up in uremia 

is PAG (Zimmerman et al., 1989). It is a co-metabolite of phenylalanine produced by the host and gut microbes. The conversion 

of phenylalanine to phenylacetic acid and the activation of phenylacetic acid to create phenylacetyl-CoA and ligate to glutamine 

are processes carried out in the liver and kidney in humans by aminotransferase and pyruvate ferredoxin oxidoreductase, A 

(PORA) in bacteria. Aminotransferase and are expressed by Clostridium sporogenes. High serum PAG levels are linked to 

overall mortality and CVD in those with chronic renal disease (Dodd et al., 2017) (Moldave et al., 1957) & (Poesen et al 2016). 

More metabolites generated from the gut microbiota were listed in reference, but it is unclear if they play a role in the 

pathogenesis of CVD. 

 

VI. CONCLUSION 

With all the detailed description about how the gut microbiome influences the vital body process we have been enlightened about its 

significance and impact on our health and day to day activities. The more diverse the gut micro flora, the more healthy an 

individual. Gut Microbiome can be literally considered as the second brain of our body. 

Serotonin, dopamine, melatonin, epinephrine and many other paramount chemicals predominantly produced in the gut. According to 

a study, 90% of the seritonin is produced in the gut alone. This significantly shows as the intent with a healthy got influences our 

mood, decision making etc.,  With all these importance or we concerned about the second brains health are saying goes we are what 

we eat and that's true to the fat that the dietary plan we follow tremendously influences the habitat of the gut microbiome. Since 

there are diversified microorganisms colonizing our gut, the diet we follow should necessarily contain everything from proteins to 

fat to fibers. Consumption of any of these components is vital yet needs to be in balanced.  An imbalanced direct would endangered 

the gut micro flora and cause a cascading effect to the health of an individual. Moreover the revival of once lost variety is very 

difficult and sometimes impossible. Thus, the consumption of proper diet and exercise have a significant effect in maintaining the 

gut environment. 

 

 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 

     

763 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

REFERENCES 
[1] Sanmarco, L. M., Wheeler, M. A., Gutiérrez-Vázquez, C., Polonio, C. M., Linnerbauer, M., Pinho-Ribeiro, F. A., Li, Z., Giovannoni, F., Batterman, K. V., 

Scalisi, G., Zandee, S., Heck, E. S., Alsuwailm, M., Rosene, D. L., Becher, B., Chiu, I. M., Prat, A., & Quintana, F. J. (2021). Gut-licensed IFNγ+ NK cells 
drive LAMP1+TRAIL+ anti-inflammatory astrocytes. Nature, 590(7846), 473–479. https://doi.org/10.1038/s41586-020-03116-4 

[2] Chen, J. J., Zeng, B. H., Li, W. W., Zhou, C. J., Fan, S. H., Cheng, K., Zeng, L., Zheng, P., Fang, L., Wei, H., & Xie, P. (2017). Effects of gut microbiota on the 

microRNA and mRNA expression in the hippocampus of mice. Behavioural brain research, 322(Pt A), 34–41. https://doi.org/10.1016/j.bbr.2017.01.021 

[3] Lazar, V., Ditu, L., Pircalabioru, G., Gheorghe, I., Curutiu, C., & Holban, A. et al. (2018). Aspects of Gut Microbiota and Immune System Interactions in 

Infectious Diseases, Immunopathology, and Cancer. Frontiers In Immunology, 9. https://doi.org/10.3389/fimmu.2018.01830  

[4] Kim, M., & Kim, C. H. (2017). Regulation of humoral immunity by gut microbial products. Gut microbes, 8(4), 392–399. 

https://doi.org/10.1080/19490976.2017.1299311 

[5] Bull, M. J., & Plummer, N. T. (2014). Part 1: The Human Gut Microbiome in Health and Disease. Integrative medicine (Encinitas, Calif.), 13(6), 17–22. 

[6] Xu, J., & Gordon, J. (2003). Honor thy symbionts. Proceedings Of The National Academy Of Sciences, 100(18), 10452-10459. 

https://doi.org/10.1073/pnas.1734063100 

[7] Bäckhed, F., Ley, R., Sonnenburg, J., Peterson, D., & Gordon, J. (2005). Host-Bacterial Mutualism in the Human Intestine. Science, 307(5717), 1915-1920. 

https://doi.org/10.1126/science.1104816 

[8] Nicholson, J., Holmes, E., Kinross, J., Burcelin, R., Gibson, G., Jia, W., & Pettersson, S. (2012). Host-Gut Microbiota Metabolic Interactions. Science, 

336(6086), 1262-1267. https://doi.org/10.1126/science.1223813 

[9] Neish, A. (2009). Microbes in Gastrointestinal Health and Disease. Gastroenterology, 136(1), 65-80. https://doi.org/10.1053/j.gastro.2008.10.080 

[10] Thursby, E., & Juge, N. (2017). Introduction to the human gut microbiota. Biochemical Journal, 474(11), 1823-1836. https://doi.org/10.1042/bcj20160510 

[11] BENGMARK, S. (1998). Ecological control of the gastrointestinal tract. The role of probiotic flora. Gut, 42(1), 2-7. https://doi.org/10.1136/gut.42.1.2 

[12] Rowland, I., Gibson, G., Heinken, A., Scott, K., Swann, J., Thiele, I., & Tuohy, K. (2017). Gut microbiota functions: metabolism of nutrients and other food 

components. European Journal Of Nutrition, 57(1), 1-24. https://doi.org/10.1007/s00394-017-1445-8 

[13] (Kaplan G. G. (2015). The global burden of IBD: from 2015 to 2025. Nature reviews. Gastroenterology & hepatology, 12(12), 720–727. 

https://doi.org/10.1038/nrgastro.2015.150 

[14] Kaser, A., Zeissig, S., & Blumberg, R. (2010). Inflammatory Bowel Disease. Annual Review Of Immunology, 28(1), 573-621. doi: 10.1146/annurev-immunol-

030409-101225…2, Khor, B., Gardet, A. & Xavier, R. Genetics and pathogenesis of inflammatory bowel disease. Nature 474, 307–317 (2011). 

https://doi.org/10.1038/nature10209) 

[15] Kaplan, G., & Ng, S. (2017). Understanding and Preventing the Global Increase of Inflammatory Bowel Disease. Gastroenterology, 152(2), 313-321.e2. 

https://doi.org/10.1053/j.gastro.2016.10.020 

[16] Liu, J., van Sommeren, S., Huang, H., Ng, S., Alberts, R., & Takahashi, A. et al. (2015). Association analyses identify 38 susceptibility loci for inflammatory 

bowel disease and highlight shared genetic risk across populations. Nature Genetics, 47(9), 979-986. https://doi.org/10.1038/ng.3359. 

[17] Takahashi, K., Nishida, A., Fujimoto, T., Fujii, M., Shioya, M., & Imaeda, H. et al. (2016). Reduced Abundance of Butyrate-Producing Bacteria Species in the 

Fecal Microbial Community in Crohn's Disease. Digestion, 93(1), 59-65. https://doi.org/10.1159/000441768. 

[18] Wills, E., Jonkers, D., Savelkoul, P., Masclee, A., Pierik, M., & Penders, J. (2014). Fecal Microbial Composition of Ulcerative Colitis and Crohn’s Disease 

Patients in Remission and Subsequent Exacerbation. Plos ONE, 9(3), e90981. https://doi.org/10.1371/journal.pone.0090981. 

[19] Fukuda, K., & Fujita, Y. (2014). Determination of the discriminant score of intestinal microbiota as a biomarker of disease activity in patients with ulcerative 

colitis. BMC Gastroenterology, 14(1). https://doi.org/10.1186/1471-230x-14-49 

[20] Richard, M., Lamas, B., Liguori, G., Hoffmann, T., & Sokol, H. (2015). Gut Fungal Microbiota. Inflammatory Bowel Diseases, 21(3), 656-665. 

https://doi.org/10.1097/mib.0000000000000261. 

[21] Wagner, J., Maksimovic, J., Farries, G., Sim, W., Bishop, R., & Cameron, D. et al. (2013). Bacteriophages in Gut Samples From Pediatric Crohn’s Disease 

Patients. Inflammatory Bowel Diseases, 19(8), 1598-1608. https://doi.org/10.1097/mib.0b013e318292477c. 

[22] Croese, J. (2006). A proof of concept study establishing Necator americanus in Crohn's patients and reservoir donors. Gut, 55(1), 136-137. 

https://doi.org/10.1136/gut.2005.079129 

[23] Garcia, L. (2016). Dientamoeba fragilis, One of the Neglected Intestinal Protozoa. Journal Of Clinical Microbiology, 54(9), 2243-2250. 

https://doi.org/10.1128/jcm.00400-16 

[24] Wawrzyniak, I., Poirier, P., Viscogliosi, E., Dionigia, M., Texier, C., Delbac, F., & Alaoui, H. (2013). Blastocystis, an unrecognized parasite: an overview of 

pathogenesis and diagnosis. Therapeutic Advances In Infectious Disease, 1(5), 167-178. https://doi.org/10.1177/2049936113504754) 

[25] Brands, M., Van de Vijver, E., Haisma, S., Heida, A., & van Rheenen, P. (2019). No association between abdominal pain and Dientamoeba in Dutch and 

Belgian children. Archives Of Disease In Childhood, 104(7), 686-689. https://doi.org/10.1136/archdischild-2018-316383) 

[26] Liu, B. N., Liu, X. T., Liang, Z. H., & Wang, J. H. (2021). Gut microbiota in obesity. World journal of gastroenterology, 27(25), 3837–3850. 

https://doi.org/10.3748/wjg.v27.i25.383  

[27] Castaner, O., Goday, A., Park, Y., Lee, S., Magkos, F., Shiow, S., & Schröder, H. (2018). The Gut Microbiome Profile in Obesity: A Systematic Review. 

International Journal Of Endocrinology, 2018, 1-9. https://doi.org/10.1155/2018/4095789 

[28] Zhang, H., DiBaise, J., Zuccolo, A., Kudrna, D., Braidotti, M., & Yu, Y. et al. (2009). Human gut microbiota in obesity and after gastric bypass. Proceedings 

Of The National Academy Of Sciences, 106(7), 2365-2370. https://doi.org/10.1073/pnas.0812600106 

[29] Shreiner, A. B., Kao, J. Y., & Young, V. B. (2015). The gut microbiome in health and in disease. Current opinion in gastroenterology, 31(1), 69–75. 

https://doi.org/10.1097/MOG.0000000000000139 

[30] Davis C. D. (2016). The Gut Microbiome and Its Role in Obesity. Nutrition today, 51(4), 167–174. https://doi.org/10.1097/NT.0000000000000167 

[31] Arumugam, M., Raes, J., Pelletier, E., Le Paslier, D., Yamada, T., Mende, D. R., Fernandes, G. R., Tap, J., Bruls, T., Batto, J. M., Bertalan, M., Borruel, N., 

Casellas, F., Fernandez, L., Gautier, L., Hansen, T., Hattori, M., Hayashi, T., Kleerebezem, M., Kurokawa, K., Bork, P. (2011). Enterotypes of the human gut 

microbiome. Nature, 473(7346), 174–180. https://doi.org/10.1038/nature09944 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 

     

764 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

[32] Sun, H., Saeedi, P., Karuranga, S., Pinkepank, M., Ogurtsova, K., & Duncan, B. et al. (2022). IDF Diabetes Atlas: Global, regional and country-level diabetes 

prevalence estimates for 2021 and projections for 2045. Diabetes Research And Clinical Practice, 183, 109119. https://doi.org/10.1016/j.diabres.2021.109119 

[33] Sharma, S., & Tripathi, P. (2019). Gut microbiome and type 2 diabetes: where we are and where to go?. The Journal Of Nutritional Biochemistry, 63, 101-108. 

https://doi.org/10.1016/j.jnutbio.2018.10.003 

[34] Mehta, S., Kashyap, A., & Das, S. (2009). Diabetes Mellitus in India: The Modern Scourge. Medical Journal Armed Forces India, 65(1), 50-54. 

https://doi.org/10.1016/s0377-1237(09)80056-7 

[35] Xu, W., Nie, Y., Yang, Z., & Lu, N. (2016). The crosstalk between gut microbiota and obesity and related metabolic disorders. Future Microbiology, 11(6), 

825-836. https://doi.org/10.2217/fmb-2015-0024 

[36] Forslund, K., Hildebrand, F., Nielsen, T., Falony, G., Le Chatelier, E., Sunagawa, S., Prifti, E., Vieira-Silva, S., Gudmundsdottir, V., Pedersen, H. K., 

Arumugam, M., Kristiansen, K., Voigt, A. Y., Vestergaard, H., Hercog, R., Costea, P. I., Kultima, J. R., Li, J., Jørgensen, T., Levenez, F., … Pedersen, O. 

(2015). Disentangling type 2 diabetes and metformin treatment signatures in the human gut microbiota. Nature, 528(7581), 262–266. 

https://doi.org/10.1038/nature15766 

[37] Pickup, J., & Crook, M. (1998). Is Type II diabetes mellitus a disease of the innate immune system?. Diabetologia, 41(10), 1241-1248. 

https://doi.org/10.1007/s001250051058 

[38] Hotamisligil, G. (2006). Inflammation and metabolic disorders. Nature, 444(7121), 860-867. https://doi.org/10.1038/nature05485 

[39] Qin, J., Li, Y., Cai, Z., Li, S., Zhu, J., & Zhang, F. et al. (2012). A metagenome-wide association study of gut microbiota in type 2 diabetes. Nature, 490(7418), 

55-60. https://doi.org/10.1038/nature11450 

[40] Larsen, N., Vogensen, F., van den Berg, F., Nielsen, D., Andreasen, A., & Pedersen, B. et al. (2010). Gut Microbiota in Human Adults with Type 2 Diabetes 

Differs from Non-Diabetic Adults. Plos ONE, 5(2), e9085. https://doi.org/10.1371/journal.pone.0009085 

[41] Dominguez-Bello, M., Costello, E., Contreras, M., Magris, M., Hidalgo, G., Fierer, N., & Knight, R. (2010). Delivery mode shapes the acquisition and structure 

of the initial microbiota across multiple body habitats in newborns. Proceedings Of The National Academy Of Sciences, 107(26), 11971-11975. 

https://doi.org/10.1073/pnas.1002601107 

[42] Koenig, J., Spor, A., Scalfone, N., Fricker, A., Stombaugh, J., & Knight, R. et al. (2010). Succession of microbial consortia in the developing infant gut 

microbiome. Proceedings Of The National Academy Of Sciences, 108(supplement_1), 4578-4585. https://doi.org/10.1073/pnas.1000081107 

[43] Palmer, C., Bik, E., DiGiulio, D., Relman, D., & Brown, P. (2007). Development of the Human Infant Intestinal Microbiota. Plos Biology, 5(7), e177. 

https://doi.org/10.1371/journal.pbio.0050177 

[44] Brown, C., Davis-Richardson, A., Giongo, A., Gano, K., Crabb, D., & Mukherjee, N. et al. (2011). Gut Microbiome Metagenomics Analysis Suggests a 

Functional Model for the Development of Autoimmunity for Type 1 Diabetes. Plos ONE, 6(10), e25792. https://doi.org/10.1371/journal.pone.0025792 

[45] Van Immerseel, F., Ducatelle, R., De Vos, M., Boon, N., Van De Wiele, T., & Verbeke, K. et al. (2010). Butyric acid-producing anaerobic bacteria as a novel 

probiotic treatment approach for inflammatory bowel disease. Journal Of Medical Microbiology, 59(2), 141-143. https://doi.org/10.1099/jmm.0.017541-0 

[46] (Sokol, H., Pigneur, B., Watterlot, L., Lakhdari, O., Bermúdez-Humarán, L., & Gratadoux, J. et al. (2008). Faecalibacterium prausnitzii is an anti-inflammatory 

commensal bacterium identified by gut microbiota analysis of Crohn disease patients. Proceedings Of The National Academy Of Sciences, 105(43), 16731-

16736. https://doi.org/10.1073/pnas.0804812105). 

[47] (Wu, H., Esteve, E., Tremaroli, V., Khan, M., Caesar, R., & Mannerås-Holm, L. et al. (2017). Metformin alters the gut microbiome of individuals with 

treatment-naive type 2 diabetes, contributing to the therapeutic effects of the drug. Nature Medicine, 23(7), 850-858. https://doi.org/10.1038/nm.4345 

[48] McKenzie, C., Tan, J., Macia, L., & Mackay, C. (2017). The nutrition-gut microbiome-physiology axis and allergic diseases. Immunological Reviews, 278(1), 

277-295. https://doi.org/10.1111/imr.12556 

[49] Akinbami, L., Simon, A., & Rossen, L. (2016). Changing Trends in Asthma Prevalence Among Children. Pediatrics, 137(1). https://doi.org/10.1542/peds.2015-

2354 

[50] (Prescott, S., Pawankar, R., Allen, K., Campbell, D., Sinn, J., & Fiocchi, A. et al. (2013). A global survey of changing patterns of food allergy burden in 

children. World Allergy Organization Journal, 6, 21. https://doi.org/10.1186/1939-4551-6-21 

[51] Blaser, M., & Falkow, S. (2009). What are the consequences of the disappearing human microbiota?. Nature Reviews Microbiology, 7(12), 887-894. 

https://doi.org/10.1038/nrmicro2245 

[52] Trompette, A., Gollwitzer, E., Yadava, K., Sichelstiel, A., Sprenger, N., & Ngom-Bru, C. et al. (2014). Gut microbiota metabolism of dietary fiber influences 

allergic airway disease and hematopoiesis. Nature Medicine, 20(2), 159-166. https://doi.org/10.1038/nm.3444) 

[53] (Palm, N., de Zoete, M., & Flavell, R. (2015). Immune–microbiota interactions in health and disease. Clinical Immunology, 159(2), 122-127. 

https://doi.org/10.1016/j.clim.2015.05.014). 

[54] ( Strachan, D. (1989). Hay fever, hygiene, and household size. BMJ, 299(6710), 1259-1260. https://doi.org/10.1136/bmj.299.6710.1259) 

[55] Ege, M., Mayer, M., Normand, A., Genuneit, J., Cookson, W., & Braun-Fahrländer, C. et al. (2011). Exposure to Environmental Microorganisms and 

Childhood Asthma. New England Journal Of Medicine, 364(8), 701-709. https://doi.org/10.1056/nejmoa1007302). 

[56] (Turnbaugh, P., Ley, R., Hamady, M., Fraser-Liggett, C., Knight, R., & Gordon, J. (2007). The Human Microbiome Project. Nature, 449(7164), 804-810. 

https://doi.org/10.1038/nature06244) 

[57] (Kim, K., Hong, S., Han, D., Yi, J., Jung, J., & Yang, B. et al. (2016). Dietary antigens limit mucosal immunity by inducing regulatory T cells in the small 

intestine. Science, 351(6275), 858-863. https://doi.org/10.1126/science.aac5560).   

[58] (Aitoro, R., Paparo, L., Amoroso, A., Di Costanzo, M., Cosenza, L., & Granata, V. et al. (2017). Gut Microbiota as a Target for Preventive and Therapeutic 

Intervention against Food Allergy. Nutrients, 9(7), 672. https://doi.org/10.3390/nu9070672). 

[59] (Aitoro, R., Paparo, L., Amoroso, A., Di Costanzo, M., Cosenza, L., & Granata, V. et al. (2017). Gut Microbiota as a Target for Preventive and Therapeutic 

Intervention against Food Allergy. Nutrients, 9(7), 672. https://doi.org/10.3390/nu9070672). 

[60] Davies, C., Mishra, D., Eshraghi, R., Mittal, J., Sinha, R., & Bulut, E. et al. (2021). Altering the gut microbiome to potentially modulate behavioral 

manifestations in autism spectrum disorders: A systematic review. Neuroscience &Amp; Biobehavioral Reviews, 128, 549-557. 

https://doi.org/10.1016/j.neubiorev.2021.07.001 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 

     

765 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

[61] (Benjamin, E., Virani, S., Callaway, C., Chamberlain, A., Chang, A., & Cheng, S. et al. (2018). Heart Disease and Stroke Statistics—2018 Update: A Report 

From the American Heart Association. Circulation, 137(12). https://doi.org/10.1161/cir.0000000000000558) 

[62] (Shimokawa, H., Miura, M., Nochioka, K., & Sakata, Y. (2015). Heart failure as a general pandemic in Asia. European Journal Of Heart Failure, 17(9), 884-

892. https://doi.org/10.1002/ejhf.319). 

[63] (Suzuki, T., Heaney, L., Jones, D., & Ng, L. (2017). Trimethylamine N-oxide and Risk Stratification after Acute Myocardial Infarction. Clinical 

Chemistry, 63(1), 420-428. https://doi.org/10.1373/clinchem.2016.264853) 

[64] Fu, Q., Zhao, M., Wang, D., Hu, H., Guo, C., & Chen, W. et al. (2016). Coronary Plaque Characterization Assessed by Optical Coherence Tomography and 

Plasma Trimethylamine-N-oxide Levels in Patients With Coronary Artery Disease. The American Journal Of Cardiology, 118(9), 1311-1315. 

https://doi.org/10.1016/j.amjcard.2016.07.071) 

[65] Huć, T., Nowinski, A., Drapala, A., Konopelski, P., & Ufnal, M. (2018). Indole and indoxyl sulfate, gut bacteria metabolites of tryptophan, change arterial 

blood pressure via peripheral and central mechanisms in rats. Pharmacological research, 130, 172-179. https://doi.org/10.1016/j.phrs.2017.12.025.   

[66] Kimura, I., Inoue, D., Maeda, T., Hara, T., Ichimura, A., Miyauchi, S., ... & Tsujimoto, G. (2011). Short-chain fatty acids and ketones directly regulate 

sympathetic nervous system via G protein-coupled receptor 41 (GPR41). Proceedings of the national academy of sciences, 108(19), 8030-8035. 

https://doi.org/10.1073/pnas.1016088108. 

[67] Ohira, H., Tsutsui, W., & Fujioka, Y. (2017). Are short chain fatty acids in gut microbiota defensive players for inflammation and atherosclerosis?. Journal of 

Atherosclerosis and Thrombosis, 24(7), 660-672. https://doi.org/10.5551/jat.rv17006  

[68] Jie, Z., Xia, H., Zhong, S. L., Feng, Q., Li, S., Liang, S., & Kristiansen, K. (2017). The gut microbiome in atherosclerotic cardiovascular disease. Nature 

communications, 8(1), 1-12.) https://doi.org/10.1038/s41467-017-00900-1  

[69] Wang, C. H., Cheng, M. L., Liu, M. H., Shiao, M. S., Hsu, K. H., Huang, Y. Y., ... & Lin, J. F. (2016). Increased p-cresyl sulfate level is independently 

associated with poor outcomes in patients with heart failure. Heart and vessels, 31(7), 1100-1108. https://doi.org/10.1007/s00380-015-0702-0.  

[70] Gryp, T., Vanholder, R., Vaneechoutte, M., & Glorieux, G. (2017). p-Cresyl Sulfate. Toxins, 9(2), 52. https://doi.org/10.3390/toxins9020052 (Lin, C. J., 

Chuang, C. K., Jayakumar, T., Liu, H. L., Pan, C. F., Wang, T. J., Chen, H. H., & Wu, C. J. (2013). Serum p-cresyl sulfate predicts cardiovascular disease and 

mortality in elderly hemodialysis patients. Archives of medical science : AMS, 9(4), 662–668. https://doi.org/10.5114/aoms.2013.36901.  

[71] Han, H., Zhu, J., Zhu, Z., Ni, J., Du, R., Dai, Y., Chen, Y., Wu, Z., Lu, L., & Zhang, R. (2015). p-Cresyl sulfate aggravates cardiac dysfunction associated with 

chronic kidney disease by enhancing apoptosis of cardiomyocytes. Journal of the American Heart Association, 4(6), e001852. 

https://doi.org/10.1161/JAHA.115.001852  

[72] Brusilow S. W. (1991). Phenylacetylglutamine may replace urea as a vehicle for waste nitrogen excretion. Pediatric research, 29(2), 147–150. 

https://doi.org/10.1203/00006450-199102000-00009  

[73] Zimmerman, L., Egestad, B., Jörnvall, H., & Bergström, J. (1989). Identification and determination of phenylacetylglutamine, a major nitrogenous metabolite 

in plasma of uremic patients. Clinical nephrology, 32(3), 124–128. 

[74] Dodd, D., Spitzer, M. H., Van Treuren, W., Merrill, B. D., Hryckowian, A. J., Higginbottom, S. K., Le, A., Cowan, T. M., Nolan, G. P., Fischbach, M. A., & 

Sonnenburg, J. L. (2017). A gut bacterial pathway metabolizes aromatic amino acids into nine circulating metabolites. Nature, 551(7682), 648–652. 

https://doi.org/10.1038/nature24661  

[75] Moldave, K., & Meister, A. (1957). SYNTHESIS OF PHENYLACETYLGLUTAMINE BY HUMAN TISSUE. Journal Of Biological Chemistry, 229(1), 463-

476. https://doi.org/10.1016/s0021-9258(18)70632-7  

[76] Poesen, R., Claes, K., Evenepoel, P., de Loor, H., Augustijns, P., Kuypers, D., & Meijers, B. (2016). Microbiota-Derived Phenylacetylglutamine Associates 

with Overall Mortality and Cardiovascular Disease in Patients with CKD. Journal of the American Society of Nephrology : JASN, 27(11), 3479–3487. 

https://doi.org/10.1681/ASN.2015121302 



 


