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Abstract: The metabolome is mentioned to small molecules inside the biological sample. The 

metabolome includes endogenous metabolites such as natural compounds such as nucleic acids, amino 

acids, vitamins, fatty acids, sugars, and exogenous compounds such as food additives, environmental 

toxicants, drugs xenobiotics. Human disease is induced by external factors e.g., pathogens or internal 

dysfunctions e.g: hypersensitivity, immunity disorders, autoimmune disorders, immunodeficiency, and 

allergy. There are 6 different types of human diseases: human acquired disease, human acute disease, 

human chronic disease, human congenital disease, human genetic disease, and incurable human disease. 

Human acute disease is appears suddenly and persists for a short human time.  Human acute diseases 

such as influenza virus and the disease symptoms include fever. Human chronic diseases remain for 1 

year or more and need continuing medical precaution or limit activities of human dailydaily human life 

activities. Human chronic diseases include heart diseases, cancers, and diabetes that cause human death 

or disability. Human congenital disease can be developed in the fetal growth stage or from the parents' 

genetic transfer. Genetic disease is a human health problem induced via one or more defects in the 

genome. The genetic disease is induced via one or more defects in the genome. In conclusion, the 

metabolome plays an important role in the therapeutic basis of all the above mentioned human diseases. 
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1. Introduction 

The metabolome is mentioned to small molecules inside the biological sample [1]. The 

metabolome includes both endogenous metabolites such as natural compounds secreted by an 

organism, e.g., nucleic acids, amino acids, vitamins, fatty acids, sugars, antibiotics, etc. The 

metabolome also contains exogenous compounds e.g., food additives, environmental toxicants, 

drugs, and xenobiotics. So, the metabolome includes both an endogenous metabolome and an 

exogenous metabolome. The endogenous metabolome is divided into primary and secondary 

metabolome. The primary metabolite includes normal reproduction, growth, and development. 

The secondary metabolite includes antibiotics and pigments. The research of the metabolome 

is termed metabolomics [2, 3]. The metabolome refers to metabolite and chromosome i.e., 

metabolites are controlled by genes or act on genes. The metabolome was first appeared in 

1998 [1, 4]. The metabolome is the 4th generation following genome, proteome, and 

transcriptome. There is a connection between lipidome, proteome, and metabolome [5-8]. The 

metabolome is a connection between the genome and the environment. Nuclear magnetic 

resonance (NMR) and mass spectrometry (MS) are the famous techniques used in the 
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metabolome. The human metabolome database (HMDB) is an available, open-access database 

of human metabolites that possesses higher than 40,000 metabolites identified inside the human 

body. The HMDB contains chemical, clinical, and biochemical data. The chemical data contain 

higher than 40,000 metabolite structures. The clinical data contains 10,000 metabolite-biofluid 

concentrations. The biochemical data contains 6000 protein structures and 5000 biochemical 

reactions.  

Diseases are medical cases correlated with definite symptoms and syndromes. Humans' 

disease is accompanied by distress, pain, social problems, dysfunction, or death. There are 6 

different types of human diseases: human-acquired disease, human acute disease, human 

chronic disease, human congenital disease, human genetic disease, and incurable human 

disease. The acquired disease is a disease that is initiated at any time of the human lifetime. 

This disease is different from another disease that occurred at human birth (congenital disease). 

Human acute disease is appears suddenly and persists for a short human time. This disease is 

varied from chronic diseases (which grow slowly and sustains for many human months or until 

the human end of life). Human acute diseases such as influenza virus and the disease symptoms 

include fever. Human chronic diseases are remained for 1 year or more and need continuing 

medical precaution or limit activities of daily human life. Human chronic diseases include heart 

diseases, cancers, and diabetes that cause human death or disability. The human congenital 

disease is a medical state that is occurred at or before human birth. This disease can be 

developed in the fetal growth stage or from the genetic transfer from the parents. Genetic 

disease is a human health problem induced via one or more defects in the genome. This disease 

is induced by a mutation through a single gene (monogenic) or many genes (polygenic) or by 

a chromosomal aberration.  

This review aims to focus on the therapeutic basis of human diseases based on 

metabolome-related knowledge. 

2. Metabolome 

The metabolome includes both endogenous metabolites such as natural compounds 

secreted by an organism e.g., nucleic acids, amino acids, vitamins, fatty acids, sugars, 

antibiotics, etc. The metabolome also contains exogenous compounds e.g., food additives, 

environmental toxicants, drugs, and xenobiotics. So, the metabolome includes both an 

endogenous metabolome and an exogenous metabolome. The endogenous metabolome is 

divided into primary and secondary metabolome. The primary metabolite includes normal 

reproduction, growth, and development. Metabolomics studies show that not all metabolites 

are created equally in aging biology. The hub metabolites are created as central mediators of 

aging. The hub metabolites are α-ketoglutarate, nicotinamide dinucleotide phosphate, 

nicotinamide adenine dinucleotide, and β-hydroxybutyrate. These hub metabolites include co-

factors or intermediates of carbon metabolism [9]. Metabolome study provides a good detection 

of more than 800 metabolites, flagging the way towards understanding variations in metabolites 

in different conditions and designing involvements for controlling the levels of circulating 

metabolites [10]. In the microbial process, a human gastrointestinal tract is a place to an 

extremely microbes. These microbes capture energy in an anaerobic condition. The breakdown 

of dietary stuff and gut microbiota produces many metabolic products that accumulate to high 

amounts in the gut. These chemicals influence host biology in 2 ways; (1) by an act on cells 

within the gastrointestinal tract and (2) enter the blood circulation and exert their effects within 

the body [11]. The bacteria are associated with a decline of 50 human proteins and free amino 
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acids while increasing bacterial fermentation such as acetate and succinate. The fermentation 

of amino acids provides a mechanism for the initial growth of Escherichia coli in an anaerobic 

condition [12]. Metabolome analysis reveals a tissue-specific control of metabolism. 

Metabolome detects correlation of both central and peripheral metabolites with Alzheimer's 

disease. There is little connection between blood and brain metabolome in Alzheimer's disease 

[13]. Metabolome study reveals that leptin is correlated with lipolysis and substrate utilization, 

which leads to negative energy balance. The leptin's effects on branched-chain amino acids and 

steroid metabolites and consequently lead to decline caloric consumption [14]. Circadian 

disorder is associated with metabolic disturbance such as energy or redox imbalances. 

Circadian disorder is associated with sleep loss. The metabolic significances are explored by 

metabolomic analysis of circadian biology and sleep [15]. Blood metabolome analysis is used 

in the medical field. In metabolome study, the blood samples from healthy persons rise to a 

healthy person's metabolomic image. It allows researchers to draw a map for human blood 

metabolome with the normal state. A 99% of the metabolic processes that occur in the blood 

plasma are evaluated. In an abnormal state, the metabolomic image allows getting the value of 

these deviations of metabolic processes [16]. The gut microbiome is one of the major players 

in the metabolome. The changes in metabolite state due to variations in the gut microbiome 

occur due to a cause or consequence of renal diseases. The renal-metabolome-microbiome link 

has a major role in the diagnosis and control of renal diseases [17]. Metabolome study is very 

important in detecting children with food allergy which occurs in the presence of asthma. There 

is a decline in children with food allergies in ceramides and sphingolipids levels, and these 

observations reflect the metabolomic alterations. These observations mentioned the connection 

between an altered microbiota and immunity in the gut [18]. Metabolome, transcriptome, and 

proteome play an important role in the connection beween pathogen and the host in human 

diseases. The infection diseases include many biological processes such as variation of the host 

immunity, homeostasis, and host's metabolic process with the microbiome [19]. Metabolome 

analysis provides a good tool for the Mulberry plant, which has used in traditional medicine. 

The results reveal that this plant contains 124 metabolites, and their chemical structures have 

been detected and deposited in the database [20]. Metabolome study is used to explore plant 

metabolites such as glucosinolates, carotenoids, and terpenoids. Metabolome data helps the 

researchers understand the importance of cell constituent detection of metabolite-protein 

complexes [21]. Metabolome study help to understand the therapeutic effect of Bushen Tiansui 

Formula (is a traditional Chinese medicine to treat Alzheimer's disease). Metabolome identifies 

the active components and mechanisms related to this traditional Chinese's pharmacological 

effects [22]. Metabolome analysis identifies early-stage biomarkers in Alzheimer's disease and 

age-related cognitive decline to develop preventative treatments [23]. Metabolome study in 

soybean helps to understand the response of soybean to different stresses such as heat, flooding, 

drought, salinity, chilling, and heavy metal stresses. Also, the metabolites detected in response 

to different stresses provide a reference for metabolomics applications in soybean research 

[24]. 

3. Role of Metabolome in Human Diseases 

 Human disease is an abnormal case that negatively affects the structure and function of 

one organism of the whole human body. Diseases are medical cases correlated with definite 

symptoms and syndromes. Human disease is induced by external factors e.g., pathogens, or by 

internal dysfunctions, e.g., hypersensitivity, immunity disorders, autoimmune disorders, 
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immunodeficiency, and allergy. Humans' disease is accompanied by distress, pain, social 

problems, dysfunction, or death. So, human diseases are associated with disabilities, 

syndromes, injuries, disorders, infections. Human diseases are physical or mental. There are 6 

different types of human diseases such as; acquired disease (begins at any time of human life), 

acute disease (is a short-time disease), chronic disease (long time disease e.g. six months or 

whole human life), congenital disease (diseases occurs at birth), genetic disease (induced by 

one or more genetic mutations), incurable disease (disease without any treatment). The 

metabolome represents a new and accurate method to detect ovarian cancer in the early stage. 

Metabolome is applied through using serum, urine, tissue, plasma, ascites, or exosomes. The 

early diagnosis of ovarian cancer has a potential role in the disease curing. The metabolites and 

metabolism possess an important role in both cancer biology and biomarkers discovery [25]. 

Metabolome affects the pro-inflammatory reaction of microglia, and this reaction explain the 

mechanism of many neurodegenerative diseases. The toll-like receptor-4 or triggering 

receptors expressed on myeloid cells-2 and pro-inflammatory signaling paths initiate the 

caspase-associated immune reaction of microglia [26]. The metabolomic analysis is a 

biomarker of bronchopulmonary dysplasia and other neonatal diseases, which explores the 

effect of acylcarnitine, amino-acids, and fatty acids in lung damage and healing. These 

nutrients, such as lipids, amino acids, and vitamins, possess an effect on lung structure and 

function and consequently affect acute and chronic respiratory disturbance development. 

Human milk inhibits bronchopulmonary dysplasia in children through inflammation variation 

and repairs antibiotic therapy-facilitated microbiome disturbance [27]. Metabolome analysis of 

stool obtained from ileum examines the role of primary bile acids in intestinal inflammation. 

The mechanism includes decline deoxycholic acid and lithocholic acid levels, and genes 

transform primary bile acids to secondary bile acids. Secondary bile acids decline intestinal 

inflammation [28]. Metabolome analysis is very important to detect the metabolic profile of the 

brain in Parkinson's disease. The dopamine content of the brain, myo-inositol, dehydroascorbic 

acid, and glycine are declined, while threonine is increased in the mesencephalon area of the 

brain of Parkinson's disease. In Parkinson's disease, mannose and fructose are increased while 

urea and glycine are decreased [29]. Metabolomics analysis explores the mechanisms of 

autoimmune diseases and identifies new therapeutic agents for these diseases. The metabolome 

gives more details on the concept of "skilled immunity" to increase autoimmunity and auto-

inflammatory treatments [30]. Metabolome analysis is a suitable method to detect the 

mechanism involved in breast cancer. The mitochondrial serine pathway pushes the faster 

multiplying of breast cancer through increases in purine synthesis. In human breast cancer, the 

expression of genes in the mitochondrial serine is correlated with disease consequences. This 

case also occurs in adrenocortical carcinoma and kidney chromophobe cell carcinoma. So, 

mitochondrial serine possesses an important role in increasing cancer development [31]. 

Metabolome analysis in breast milk analysis discovers its metabolic pathways. This enables 

researchers to investigate its effect on newborn growth. The metabolome is also useful to 

identify breast milk-associated stem cell markers, possessions, and differences in different 

lactation stages, to explore milk's role in the healing field [32]. Metabolomic analysis of gut 

microbiota is used in 11 patients with non-small cell lung cancer. The results reveal 4/11 

patients possess early development, while 7/11 possess cancer development after 12 months. 

The tridecane and 2-Pentanone metabolites components are correlated with early cancer, while 

short-chain fatty acids such as butyrate, propionate, lysine, and nicotinic acid are correlated 

with useful properties [33]. The metabolome is a suitable method to investigate the effect of  
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Dichlorodiphenyltrichloroethane (DDT) on human health. There are many changes in human 

metabolites due to DDT exposure, e.g., amino acids such as arginine possess a strong 

correlation with DDT exposure in humans and animals. Also, lipids and acyl-carnitine 

intermediates strongly correlate with DDT exposure in humans which refers to mitochondrial 

damage. Consequently, serine and fatty acid metabolism have a vital role in DDT disease 

initiation [34]. The human diseases include acquired disease, acute disease, chronic disease, 

congenital disease, genetic disease, and incurable disease as follows:- 

3.1. Role of the metabolome in human acquired disease. 

The acquired disease is a disease that is initiated at any time of the human lifetime. This 

disease is different from another disease that occurred at human birth (congenital disease). The 

acquired disease is means acquired disease after birth. Metabolome analysis is a suitable 

method to investigate the gene expression mechanism in Alzheimer's disease, such as trigger 

receptor expressed inside myeloid cells-2 (TREM-2) in the human brain. The TREM-2 is an 

immunity receptor expressed in microglia and increases Alzheimer's disease initiation. The 

TREM2-deficient microglia myelin occurs in Alzheimer's disease and leads to cholesteryl ester 

increase and diminishes brain cholesterol transport [35]. The metabolome used in the detection 

of hepatocellular carcinoma. The hepatitis C and B viral infections are the main threat factors 

for hepatocellular carcinoma that causes chronic liver disease. The hepatocellular carcinoma 

induces chemical changes of 194 compounds' structure. The most changed compounds are the 

class of sugar alcohols. In hepatocellular carcinoma tissues, sugar alcohols were the most 

differentiating compounds in hepatocellular carcinoma tissues. The change of sugar alcohol in 

liver tissues detects in the early stage of hepatocellular carcinoma. So, the increase in sugar 

alcohol level refers to the vital role of aldo-keto reductases in hepatocellular carcinoma [36]. 

Metabolome analysis reveals that alveolar macrophages improved from pneumonia have new 

activities and changed responses to infection. The acquired lung protection following minor 

bacterial respiratory infections includes changes of remodeling of the alveolar macrophage to 

be long-lasting infection resistance [37]. Metabolome analysis explores the change in opioid 

receptors due to morphine exposure, leading to disturbance in gastrointestinal tract barrier 

function and, consequently, increases the translocation of gastrointestinal tract commensal 

bacteria. This study established a positive correlation between opioid drug use/abuse and an 

increased threat of infections and leads to an increase in the susceptibility to hospital-acquired 

infection [38]. The cytokine causes changes in metabolome factors. This concept helps in the 

treatment of inflammatory and autoimmunity diseases. The T helper 17 cells are very important 

in autoimmunity and cancer. The metabolome is very important to develop and observe the 

new biomarkers. The biomarkers possess a vital role in treating patients with cancer, i.e., early 

discovery of the disease, threat stratification, diagnostic precision, treatment, and disease 

follow-up. The biomarkers are divided into 4 groups: (1) cytogenetic abnormalities, (2) protein 

antigens, (3) gene expression, and (4) genetic polymorphisms [40]. Metabolome analysis plays 

an important role in investigating the sulfur role in protein structure and function and redox 

state and signaling in humans. Human physiology and pathophysiology depend on hydrogen 

sulfide (H2S) and sulfane sulfur (SS). Human diseases are correlated with abnormal levels of 

H2S/SS in blood and tissues. The treatment by H2S intake is used for disease avoidance and as 

anti-aging factors [41]. Metabolome analysis gives more detail about human microbiota and 

their roles in the homeostasis of human health. In acquired human disease, the microbial genes 

structures and functions are changed to sustain human health and diseases [42]. Metabolome 
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analysis is very important in human health and disease such as asthma. Metabolome research 

includes sample collection, analysis, and reading of asthma patients [43]. Metabolome analysis 

occurs in human disease such as high cholesterol level is correlated with the many diseases 

such as neurodegenerative and metabolic disturbances, cardiovascular diseases, and tumors. 

The oxidation of cholesterol to oxysterols occurs in human disease. Oxysterols play an 

important role in the diagnosis and treatment of human diseases [44]. 

3.2. Role of the metabolome in human acute disease.  

Human acute disease is appears suddenly and persists for a short human time. This 

disease is varied from chronic diseases (which grow slowly and sustains for many human 

months or until the human end of life). Human acute diseases such as influenza virus and the 

disease symptoms include fever. The role of fibroblast growth factor 23 in kidney damage is 

investigated by metabolome analysis. The fibroblast growth factor controls blood phosphate 

levels through increasing renal phosphate excretion and declining vitamin D formation. The 

acute kidney damage increases fibroblast growth factor level, which increases the circulating 

glycerol-3-phosphate [45]. Metabolome analysis focuses on autophagy (lysosomal deprivation 

system), which possesses a protective role in kidney damage. The rubicon autophagy regulator 

increases the transfer of phospholipids from cells to lysosomes through increases in autophagy. 

The kidney epithelial cells and oleic acid increases fatty acids transport to mitochondria. The 

kidney epithelial cells increase triglyceride accumulation in hepatocytes which increases fatty 

acids movement from the kidney epithelial cells, and consequently, the metabolic syndrome 

occurs [46]. Metabolome helps researchers to realize the functional role of gastrointestinal tract 

microbial changes in human diseases such as inflammatory bowel disease. In inflammatory 

bowel disease in humans, amino acids are the major control key in this disease [47]. The 

metabolome is used to explore the existence of many biological states in the case of ischemic 

heart failure, which correlated with the variations in the lipid and hydrolase levels. Also, this 

study demonstrates that an activity-based protein tool is a suitable method to investigate the 

enzyme activity in human samples, leading to new drug and biomarker discovery in the future 

[48]. The inositol hexakisphosphate kinase 1 protein content in muscle is increased following 

lean meat intake in obese persons. This result refers to that inositol hexakisphosphate kinase 1 

protein content in muscle leads to nutrient intake disturbances in skeletal muscle. Metabolome 

analysis proved that there are no differences in metabolites among obese, overweight, and lean 

persons [49]. Metabolome researches help in the understanding of many human diseases and 

consequently direct the scientists for clinical diagnostics. Metabolome results revealed a 

greater rise of immune cells to the human infected place to provide this place with the required 

energy supply and demand. The increase of T cells in human disease increases both glucose 

intake and glycolytic effect [50]. The metabolome analysis explores the human response to 

coronavirus infection. There are many circulating lipids, such as phosphatidylethanolamine, 

phosphatidylcholine, and phosphatidylcholine. These lipids serve as biomarkers of the 

coronavirus infection. There are increases in triglycerides and free fatty acids (oleic acid and 

arachidonic acid) associated with disease danger cases. The severity of the disease is 

accompanied by an increase in gluconeogenesis and the metabolism of porphyrins which lead 

to the development of the infection [51]. Metabolome analysis reveals the role of seizure 

protein 6 is related to many neurodegenerative diseases such as Alzheimer's disease. The 

seizure protein 6 controls cell surface localization and glycosylation of kainate receptors. So, 

help the researchers to understand the role of seizure protein 6  in neurologic and psychiatric 
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diseases [52]. Metabolome helps scientists to investigate the mechanism involved in 

cardiovascular diseases. The results proved that the RNA interfering directing the natural 

anticoagulants antithrombin and protein C in human cardiovascular disease. In cardiovascular 

diseases, the proteins greatly affect the disease, especially the proteins related to erythrocyte 

function [53]. 

3.3. Role of the metabolome in human chronic disease.  

Human chronic diseases remain for 1 year or more and need continuing medical 

precaution or limit activities of human dailydaily human life activities. Human chronic diseases 

include heart diseases, cancers, and diabetes that cause human death or disability. The 

phosphatase and tensin protein is overexpressed in human tumors. The chemotherapy is cancer 

inhibition depends on myeloid-cell phosphatase and tensin protein. This protein is important 

for chemotherapy to stimulate the pyrin domain containing 3 inflammasome and antitumor 

immunity [54]. Metabolome analysis is required to investigate the diminished fatty acid 

desaturation and lipid mediator difference inside the mesenteric adipose tissue, which leads to 

prolonged inflammation in Crohn's disease. The healing role of fatty acid desaturase-2 is to 

lead to recovery of Crohn's disease [55]. Metabolome technique is applied in prolonged 

inflammation to investigate the role of tryptophan and kynurenine at the beginning of human 

depression. In human depression, the anthranilic acid level is increased while the tryptophan 

level is declined, but the kynurenine, kynurenic acid, 3-hydroxyanthranilic acid, and 3-

hydroxykynurenine levels are unchanged [56]. Liver fibrosis is the extreme accumulation of 

proteins in chronic liver disease. Ubiquitination is the process of chronic liver fibrosis 

pathophysiological process. This ubiquitin system has occurred in many human diseases. The 

metabolome technique proved that carbon tetrachloride caused liver fibrosis, which stimulates 

liver metabolome changes (sphingolipids and glycerophospholipids). The ubiquitination is 

included in the control of cell death, lipid metabolism, cell function, and DNA healing. So, the 

hepatic ubiquitome process leads to new therapeutic factors for the clinical managing of liver 

fibrosis [57]. The intestinal microbiota affects maturation and homeostasis of host immunity 

and sustains epithelial integrity with small metabolites. The immune cells obtain signals from 

microbiota which lead to the formation of a host-bacterial mutualism. The variations in the 

microbiota structure occur in patients with many disturbances such as inflammatory bowel 

disease [58]. The metabolome analysis proves the different role of erythrocyte hypoxic 

metabolic system in normal humans at high altitude. The patients with chronic kidney disease 

and sickle cell disease patients focus on the specific treatment to neutralize hypoxia among 

these groups [59]. The metabolome technique explores the Kai-Xin-San possesses 

antidepressant effect by controlling the signaling paths in lipid metabolism disturbances. The 

lipid metabolites are potential biomarkers of depression and specific places for Kai-Xin-San 

treatment of depression [60]. Metabolome analysis detected 79 metabolites, 27 of which were 

changed in the sciatic nerve. In the sciatic nerve, the glucose level is increased 2.6 times while 

glucose 6-phosphate is unchanged. The sciatic nerve declines the glycolytic activity and 

glycogen accumulation in skeletal muscle and leads to increased intramuscular glucose and 

polyol path intermediates [61]. 
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3.4. Role of the metabolome in human congenital disease. 

The congenital disturbance is a medical state that is occurred at or before human birth. 

This disease (also mentioned to birth defects) can be developed in the fetal growth stage or 

from the genetic transfer from the parents. Metabolome analysis is very useful to study the role 

of monosodium urate and calcium pyrophosphate crystals which induce metabolic redoing in 

the aerobic glycolysis path through the increase in glucose transporter 1 plasma membrane 

expression and glucose take on macrophages. Also, neutrophils taken from human synovial 

fluid during gout flare expressed glucose transporter 1 at their plasma membrane more 

regularly than neutrophils taken from the bloodstream [62]. The metabolome is a suitable tool 

to study nevoid basal cell carcinoma syndrome (Gorlin syndrome). This is a rare genetic 

disturbance that possesses obvious susceptibility to cerebral calcification, childhood 

medulloblastoma, basal cell carcinoma, maxillary keratocyst, and many soft and skeletal tissue 

developing irregularities. This disease contains the alteration of extracellular matrix, 

overexpression of growth factors, specific microRNAs, and basement membrane 

configuration, higher cytokines, and pro-angiogenic factors [63]. Metabolome study helps the 

researchers investigate the lysosomal storage disorder, including an increase of many 

substances such as mucopolysaccharides, sphingolipids, and oligosaccharides. The lysosome 

has a key role in the autophagy, where the combination of lysosome and autophagosome 

increases the breakdown of amino acids. The missing of lysosomal function leads to many 

indicators such as neurovisceral disturbances. This disease affects the human at birth and 

becomes symptomatic in childhood [64]. The metabolome study explores the deformity in 

cystathionine β-synthase deficit patients who have a decline in lysophosphatidylcholine and 

phosphatidylcholine, including an increase of polyunsaturated fatty acids and docosahexaenoic 

acid in lysophosphatidylethanolamine and phosphatidylethanol- amine. 

The change in plasma S-adenosylhomocysteine and S-adenosylmethionine levels are 

correlated with phospholipid dysregulation. The docosahexaenoic acid plays an important role 

in thrombosis prevention. A decline of phosphatidylcholine contains docosahexaenoic acid in 

cystathionine β-synthase deficit patients. It helps the scientists investigate cardiovascular 

patients who possess homocystinuria [65]. The metabolome detects the changed small particles 

in nitric oxide exposure.  The change in nitric oxide exposure contains the tricarboxylic acid 

cycle, nucleotide biosynthesis, and glutamine metabolism. The glutathione metabolites are 

increased with a decline in the glutathione precursor (glutamine). This process occurred with 

an increase in antioxidant enzymes. The glutamine deficiency is similar to that in human 

cytomegalovirus replication and mitochondrial respiration through nitric oxide exposure. So, 

nitric oxide restricts glutaminolysis through transporting of glutamine to glutathione. Nitric 

oxide interrupts many cellular processes and increasing of metabolic intermediates. 

Consequently, nitric oxide plays an important role in decreasing the human cytomegalovirus 

replication by many processes associated with viral replication inside the cell [66]. Metabolome 

technique helps to human diagnosis purpose. This technique investigates 268 distinguished 

metabolites in a group of 115 plasma samples. So, the metabolome method assists in applying 

metabolic diagnosis results, which improve diagnostic accuracy [67]. The metabolome analysis 

of oligodendrocyte and Schwann cell differentiation defects proves a decline in myelin basic 

protein level in the nervous system and development of defasciculated peripheral nerves. So, 

metabolome helps the researchers understand the hypomyelination (decline manufacture of 

myelin sheets by glial cells), including abnormal peripheral nerve transmission, hypotonia, 
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cerebral hypomyelination, areflexia, and hypertrophic peripheral nerves [68]. Metabolome 

enables the accurate results of metabolites from cells, organs, tissues, or biofluids. Metabolome 

focus on the metabolism and the role of small molecule metabolites in many biological 

processes. These metabolites act as immune modulators, endogenous toxins, signaling 

molecules, and environmental sensors. So, metabolome improves the understanding of normal 

physiology and the pathophysiology of many human diseases through the metabolites affecting 

immune function, nutrient sensing, organ function, and gastrointestinal tract physiology [69].  

3.5. Role of the metabolome in human genetic disease. 

Genetic disease is a human health problem induced via one or more defects in the 

genome. This disease is induced by a mutation through a single gene (monogenic) or many 

genes (polygenic) or by a chromosomal aberration. Metabolome analysis explores the mutation 

of mitochondrial DNA that occurs in aging and human pathological conditions such as 

inherited errors of metabolism, tumors, and neurodegenerative diseases. The inhibitors of 

mitochondrial transcription damage DNA transcription mutation and cause inhibition of 

mutation of DNA expression [70]. Metabolome technique is a suitable method to apply in 

hormone receptor of breast cancer that induces breast cancer-associated deaths, which helps 

develop the therapeutic agents. In breast cancer, there is an increase in type I interferon 

secretion by malignant cells and consequently stimulation of immune effector cells. So, 

nicotinamide is a good agent applied in the prevention and treatment of hormone receptors of 

breast cancer [71]. Metabolome used to measure the expression of G protein receptor 55 in 

hepatic patients with nonalcoholic fatty liver disease.  Metabolome study also the effects of l-

α-lysophosphatidylinositol and genetic disruption of G protein receptor 55 in animal and 

human cells. The results obtained showed that l-α-lysophosphatidylinositol and G protein 

receptor 55 are expressed in nonalcoholic steatohepatitis patients. The l-α-

lysophosphatidylinositol increases both liver stellate cells through stimulating G protein 

receptor 55 and acetyl-coenzyme A carboxylase [72]. The metabolome approach investigates 

the short telomeres (major and essential key of telomere biology disturbances such as 

dyskeratosis congenital. In dyskeratosis, congenital, minor, and imbalance of nicotinamide 

adenine dinucleotide level is found. The intake of the nicotinamide adenine dinucleotide 

precursor (nicotinamide riboside) recovers the nicotinamide adenine dinucleotide homeostasis, 

which prevents telomere damage cell growth delay, and incomplete mitochondrial formation 

[73]. Metabolome enables researchers to study fatty acid synthesis in 2 ways; (1) in the 

cytoplasm (catalyzed by fatty acid synthase, FASN) and (2) in the mitochondria mutation of 

fatty acids (mtFAS). The mtFAS shows alternative metabolic effects such as reductive 

carboxylation. Also, the mtFAS damage stops the diversity of skeletal myoblasts in vitro. The 

mtFAS causes fatty acid synthesis and oxidation of carbon fuels [74]. Metabolome analysis 

shows that 13% of the lipids detected possess day and night cycles. These lipids are 

diacylglycerols and glycerophospholipids.  The diacylglycerols are the biggest molecules. The 

diacylglycerols levels possess a day and night cycle with a peak at 4 AM and a trough at 1 PM 

[75]. Metabolome study reveals a relation is found between apolipoprotein E4 and Alzheimer's 

disease. apolipoprotein E4 affects many biological processes in the human brain, such as 

bioenergetics [76]. The metabolome is a suitable tool to investigate the gut microbiota effects 

on human health. Any changes in the microbiome metabolism affect human body homeostasis 

and correlated with many human neuropsychiatric and neurodegenerative disturbances such as 

Huntington's disease, autism spectrum disturbance, Parkinson's disease, Alzheimer's disease, 

https://doi.org/10.33263/BRIAC121.405419
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC121.405419  

 https://biointerfaceresearch.com/  414 

bipolar disturbance, post-traumatic stress disturbance, depression, and schizophrenia. The gut 

microbiota plays an important role in oxidative stress, inflammation, and gut permeability [77]. 

Metabolome analysis reveals the primary cilium distracts many signaling paths and leads to the 

dysfunction of many human organs. The primary cilium is included in many biological 

processes such as tissue growth and matures tissues. The primary cilium induces kidney 

disease, so the primary cilium possesses an important role in kidney homeostasis. Metabolome 

is used to analysis of human urine. So, metabolome helps the scientist to understand the disease 

pathophysiology and in the detection of biomarkers [78]. 

3.6. Role of the metabolome in incurable human disease. 

Incurable diseases are disturbances of infectious and non-infectious, autoimmune, 

genetic, neoplastic, or metabolic disease that have not any medical therapy. Incurable diseases 

contain many diseases such as late-stage of cardiac disease, AIDS, and tumors. Alzheimer's 

disease is an incurable neurodegenerative disease that is occurred higher in women. The 

metabolism is completely different in both males and females, so Alzheimer's disease is higher 

in females. In Alzheimer's disease, mitochondrial complex I-specific damage in cortical 

synaptic brain mitochondria in females but not males. In Alzheimer's disease, glial-increased 

and mitochondria in the hippocampus, cortex, and complex II-dependent respiration increased 

in females but not males. Metabolome technique reveals that systemic and brain metabolic re-

shifting from glucose to lipid metabolism in Alzheimer's disease in humans and animals. In 

Alzheimer's disease, there is an increase in glucose-6-phosphate. The glucose-6-phosphate is 

an inhibitor of hexokinase in the pentose phosphate path [79]. Gene therapy is a suitable factor 

for incurable diseases treatment. The gene possesses a major role in gene therapy techniques. 

So, the viral vectors act as a hyper-efficient method for gene therapy, such as adenoviral vectors 

which are applied in gene therapy in humans. The genes possess higher tendency to genes 

capability, efficiency, and expression. Consequently, adenoviral vectors must be controlled 

under good manufacturing practice methods before used in clinical trials [80]. Multiple 

myeloma is an incurable disease occurred within the bone marrow. The disease transports from 

premalignant stage (monoclonal gammopathy of undetermined significance) to intermediate 

stage (smoldering) to late-stage (multiple myeloma). The alterations of multiple myeloma cells 

to hypoxic situations in the bone marrow are responsible for multiple myeloma growth. 

Metabolome results of multiple myeloma lead to the detection of 6218 proteins. These proteins 

correlated with metabolic variations of the multiple myeloma cells, and this result will help in 

emerging therapeutic agents for multiple myeloma disease progression [81]. 

4. Conclusion 

Metabolome mentioned to small molecules inside the biological sample. The 

metabolome includes both an endogenous metabolome and an exogenous metabolome. Human 

disease is an abnormal case that negatively affects the structure and function of one organism 

of the whole human body. Human disease is induced by external factors e.g., pathogens, or 

internal dysfunctions, e.g., hypersensitivity, immunity disorders, autoimmune disorders, 

immunodeficiency, and allergy. Humans' disease is accompanied by distress, pain, social 

problems, dysfunction, or death. There are 6 different types of human diseases: acquired 

disease, acute disease, chronic disease, congenital disease, genetic disease, an incurable 
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disease. In conclusion, the metabolome plays an important role in the above-mentioned human 

diseases' therapeutic basis. 
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