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 Abstract 

The gut microbiota plays a crucial role in drug metabolism, significantly influencing pharmacokinetics, efficacy, 

and toxicity. In paediatric patients, the gut microbiome is dynamic and undergoes continuous maturation, 

differing from that of adults in composition and function. These developmental variations impact drug 

absorption, biotransformation, and excretion, often leading to altered therapeutic responses. This review 

explores the interplay between gut microbiota and drug metabolism in children, emphasizing microbial 

enzymatic activities such as hydrolysis, reduction, and deconjugation that modulate drug bioavailability and 

therapeutic outcomes. Furthermore, gut microbiota interactions with hepatic and intestinal drug-metabolizing 

enzymes, including cytochrome P450 enzymes and phase I/II reactions, are discussed. Specific case studies of 

microbiota-mediated drug metabolism, such as the metabolism of antibiotics, immunosuppressants, and 

chemotherapeutic agents, are highlighted. A better understanding of microbiome-driven drug metabolism in 

paediatric patients is essential for optimizing pharmacotherapy, minimizing adverse drug reactions, and 

advancing precision medicine approaches tailored to the developing gut microbiome. 

 Keywords:  Gut microbiota, Paediatric pharmacokinetics, Drug metabolism, Microbiome-driven 

biotransformation, Pharmacotherapy in children, Drug-microbiota interactions, Microbial enzymatic 

activity, Paediatric gut microbiome, Bioavailability modulation 

 Introduction 

The gut microbiota, a complex community of microorganisms residing in the gastrointestinal tract, plays a 

critical role in various physiological processes, including digestion, immune system development, and drug 

metabolism. In recent years, growing evidence has highlighted the influence of gut microbiota on drug 

pharmacokinetics, affecting absorption, distribution, metabolism, and excretion (ADME). While these 

interactions have been extensively studied in adults, their role in paediatric patients remains less explored (1)  

Paediatric patients exhibit distinct gut microbiome compositions that undergo significant developmental 

changes from infancy to adolescence. These variations can result in age-specific differences in drug metabolism, 

impacting therapeutic efficacy and safety. The gut microbiota contributes to drug metabolism primarily through 

microbial enzymatic activities such as hydrolysis, reduction, and deconjugation, which can either activate, 

inactivate, or alter the toxicity of certain drugs. Additionally, the gut microbiota can influence host metabolic 

enzymes, including cytochrome P450, altering drug clearance and bioavailability. 

Understanding microbiota-driven drug metabolism in paediatric patients is crucial for optimizing 

pharmacotherapy, minimizing adverse drug reactions, and advancing personalized medicine. This review 

explores the intricate relationship between gut microbiota and drug metabolism in children, focusing on 

microbial enzymatic processes, drug interactions, and their implications for paediatric pharmacotherapy.(2) 
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1. Gut microbiota role: 

 

 

 

 

 

 

 

 

 

1.1. Metabolism of drug:  

Gut microbiota can metabolize drugs by a direct, enzymatic alteration of drug molecules. Several bacteria 

produce enzymes that can activate prodrugs (in their inactive form) to their active form, while numerous others 

can deactivate or change the structure of a given drug to effect its action. This microbial metabolism can have 

consequences on the efficacy and toxicity of drugs. (4) 

For example, as KD Tripathi points out, certain gut bacteria can metabolize drugs like digoxin. Gut microbiota 

can inactivate digoxin by hydrolysis, which decreases its therapeutic effects. 

 

Table: Role of Gut Microbiota in Drug Metabolism 

Role Mechanism Examples 

Drug Activation Gut bacteria enzymatically convert 

prodrugs into active forms 

Sulfasalazine (activated by 

azoreductase) 

Drug Inactivation Microbial metabolism leads to 

drug degradation or reduced 

efficacy 

Digoxin (inactivated by 

Eggerthella lenta) 

Alteration of Drug 

Absorption 

Gut microbiota influences 

intestinal permeability and drug 

solubility 

Metformin (affected by 

SCFA production) 

Modification of Drug 

Toxicity 

Microbial metabolites modulate 

drug-induced toxicity 

Irinotecan (SN-38 

reactivated by β-

glucuronidase) 

Influence on Host Metabolic 

Enzymes 

Microbial metabolites regulate 

liver enzyme activity (e.g., 

cytochrome P450) 

Acetaminophen metabolism 

(affected by gut microbiota) 

Production of Bioactive 

Metabolites 

Bacteria-derived compounds 

interact with drug targets or host 

receptors 

Short-chain fatty acids 

(SCFAs), bile acids 

Microbial Enzyme-

Mediated 

Biotransformation 

Gut enzymes modify drug 

structure, affecting bioavailability 

Camptothecin (processed by 

gut bacteria) 

Regulation of Drug 

Transporters 

Gut microbiota influences drug 

efflux and uptake transporters 

P-glycoprotein modulation 

by gut bacteria 

 

1.2 Impact on drug absorption:  

Gut bacteria can affect how drugs are absorbed by changing the environment in the intestines. Alterations in the 

microbiota can modify intestinal permeability and the levels of transporters and enzymes that play a role in drug 

absorption. This variability can lead to differences in how much of a drug is available in the body, which in turn 

http://www.ijrti.org/
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influences both how quickly and how strongly the drug works. For example, with levodopa, a medication for 

Parkinson’s disease, the activity of microbes can impact its absorption and conversion into dopamine, ultimately 

affecting the treatment's effectiveness. (5) 

.The gut microbiota plays a significant role in drug metabolism and toxicity, primarily by influencing the host's 

drug metabolism and how drugs are processed in the body, as well as competing with bacterial-derived 

metabolites for pathways involved in xenobiotic metabolism. Additionally, the therapeutic drugs can have both 

positive and negative effects on the gut microbiota, potentially leading to unexpected health outcomes. Many 

drugs are metabolized by the gut microbiota, and this metabolic process can be affected by the specific 

composition and activity of the gut microbiota.  

 

1.3 Microbiota and first pass metabolism: 

The first-pass metabolism or first-pass effect encompasses the processes that occur to a drug during its initial 

passage through the liver and intestines after oral administration. Some drugs are never completely absorbed 

into the bloodstream as they are partially broken down by gut microbes before entering the circulatory system. 

These processes can either improve or deter the drug's bioavailability. (6) 

The gut microbiome can also influence drug metabolic processes and biotransformation in phase I and phase II. 

For instance, some microbes can synthesize enzymes such as β-glucuronidase, which can cleave conjugated 

drugs that have undergone hepatic metabolism, thereby liberating the parent drug or its active metabolites. (7, 

3) 

 

1.4. Influence on Drug Efficacy:  

The gut microbiota plays a significant role in modulating drug efficacy, which refers to the effectiveness of a 

drug in achieving its intended therapeutic effect. This modulation occurs through various mechanisms that 

involve complex interactions between the gut microbiome and pharmacological agents. (8) 

Metabolism of Drugs: Gut microbiota can directly metabolize drugs, leading to either activation or inactivation 

of their pharmacological properties. 

For example, some antibiotics are activated by specific gut bacteria, while others may be rendered ineffective 

through microbial metabolism. 

Production of Metabolites: Microbial metabolism results in the production of metabolites that can influence 

drug action. 

For instance, short-chain fatty acids produced by gut bacteria can affect inflammation and immune responses, 

potentially enhancing the efficacy of anti-inflammatory medications 

 Immune System Interaction: Gut microbiota interacts with the host’s immune system, influencing systemic 

inflammation and immune responses that can affect drug efficacy. For example, certain microbial populations 

may enhance immune-mediated responses to immunotherapy drugs used in cancer treatment, thereby improving 

their effectiveness. (9) 

 

1.4   Influence on Drug Toxicity:  

Gut microbiota may also influence the toxicity of drugs. The drug interactions with microorganisms can be 

toxic to some extent or they can change the rate of elimination of drugs. For instance, certain bacterial strains 

can produce toxins that are hazardous, especially if the drugs under consideration have narrow therapeutic 

windows.  

For example, the toxic potential of acetaminophen. The microbiota can modulate the generation of reactive 

metabolites that contribute (10) 
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1. Development of the gut microbiota : 

 

 

 

 

 

 

 

 

 

Neonates are born sterile, but many parts of their bodies are colonized by various microorganisms thereafter. 

The composition of the gut microbiota is dynamic, with drastic changes occurring during infancy and childhood 

[4]. The temporal progression of the composition of the gut microbiota and how the composition influences 

human diseases are currently under intensive investigation. (11) 

The gut microbiota of infants is a direct result of food. However, multiple factors, including host genetics, 

gestational age, modes of delivery, and medication, especially antibiotics, also profoundly affect the 

development of the gut microbiota in infants.  

The microbiota of the mother and other family members or even household pets might play some roles as well.  

A cohort study involving more than 6000 children revealed increased odds of developing type 1 diabetes 

mellitus in children with indoor exposure to dogs [6], which affected the host gut microbiota and subsequently 

dysregulated the immunity and caused diabetes mellitus. (12) 

 2.1. Diet 

 Unsurprisingly, the gut microbiota is related to milk ingested by babies. Many studies reported a relatively 

richer abundance of Bifidobacterium and Lactobacillus in breastfed infants' gut microbiota than babies fed with 

infant formula. Some factors, such as human milk oligosaccharides contained in breast milk, might assist the 

growth of Bifidobacterium. On the other hand, formula-fed infants are more frequently colonized by 

Clostridium, including Clostridium difficile. Studies have shown that bacterial communities in germ-free mice 

are rapidly altered by diet [9]. It was reported that the Bacteroides enterotype was associated with the 

consumption of animal protein and saturated fat, whereas the Prevotella enterotype was associated with a 

carbohydrate-rich diet. 

2.2. Antibiotics  

Antibiotic treatment leads to changes in the composition of the gut microbiota. The growth of otherwise 

dominant bacterial phylain in the human gut may be influenced significantly. Fouhy showed that infants exposed 

to ampicillin and gentamicin shortly after birth tend to harbor a higher abundance of Proteobacteria, 

Actinobacteria, and Lactobacillus than unexposed children for up to 4 weeks after the conclusion of treatment. 

(12) 

Probiotics: 

live microorganisms that confer health benefits when consumed in adequate amounts play a significant role in 

modulating the gut microbiota, which in turn can influence drug metabolism in pediatric patients. The gut 

microbiota is involved in the metabolism of various medications, affecting their efficacy and safety profiles. 

(13) 

In children, the gut microbiota is still developing, and its composition can be influenced by factors such as diet, 

environment, and antibiotic use 

http://www.ijrti.org/
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Clinical studies have demonstrated that specific probiotic strains can reduce gastrointestinal disorders and 

enhance immune responses in pediatric populations. For example, Lactobacillus rhamnosus and Saccharomyces 

boulardi are effective in preventing antibiotic-associated diarrhea in children, which can indirectly affect drug 

absorption and metabolism. (14) 

Prebiotics:- 

Prebiotics are non-digestible food ingredients that help promote the growth of beneficial gut bacteria. 

A prebiotic was described as “a non-digestible food ingredient that beneficially affects the host by selectively 

stimulating the growth and/or activity of one or a limited number of bacteria in the colon, and thus improves 

host health”. This definition was almost unchanged for more than 15 years. 

EX:- Prebiotics are in foods such as whole grains, bananas, greens, onions, garlic, and soybeans. (15) 

3. Gut microbiota composition in paediatrics patients:-  

The gut microbiome changes dramatically in children as they grow: 

A . Neonatal Stage (0-6 months): The gut is first colonized by bacteria like Escherichia coli and Enterococcus 

spp. 

B. Infant Stage (6-12 months): Beneficial bacteria such as Bifidobacterium and Lactobacillus begin to dominate. 

C. Early Childhood (1-3 years): The microbiome starts to resemble that of an adult, with increased Firmicutes 

and Bacteroidetes. 

D. Late Childhood & Adolescence: The microbiome stabilizes but continues evolving. 

E. Mechanism of gut microbiota-driven drug metabolism (16) 

 

4.1: Gut bacteria influence drug metabolism through various biochemical reactions: 

Reduction:-  

  Process: Reduction reactions involve the addition of electrons (or hydrogen) to a drug molecule, which can 

modify its chemical structure and, thus, its activity. Some gut bacteria have the enzymatic capability to reduce 

certain drug compounds, often leading to the formation of more potent or inactive metabolites. 

 Example: Some antibiotics (e.g., nitroimidazoles like metronidazole) undergo bacterial reduction in the gut, 

converting them from their inactive forms to active metabolites, which are necessary for their therapeutic action. 

Some bacteria (Clostridium, Bacteroides) chemically reduce drugs, affecting their absorption. (17) 

 

Hydrolysis:  

 Process: Hydrolysis is the enzymatic cleavage of drug molecules through the addition of water, breaking 

chemical bonds to form smaller molecules. Gut bacteria produce various hydrolase enzymes that can break 

down drugs, which can either activate or deactivate them. 

Example: Prodrugs like enalapril (an ACE inhibitor) are hydrolyzed by bacterial enzymes into their active 

forms in the gut. Some antibiotics, such as penicillins, also undergo hydrolysis by bacterial enzymes in the gut 

 Bacterial enzymes, such as β-glucuronidase, break down drug conjugates, leading to reabsorption 

(enterohepatic circulation). (18) 
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Deconjugation: 

Process: Deconjugation refers to the enzymatic removal of conjugated groups (e.g., glucuronide, sulfate, or 

amino acid groups) from drug molecules. These conjugates are typically added to drugs during phase II 

metabolism in the liver to facilitate their excretion. However, gut bacteria can deconjugate these compounds, 

leading to the reactivation or recycling of the drug. 

 Example: Bile acid conjugates can be deconjugated by gut bacteria, altering their absorption or reabsorption 

into the bloodstream. Similarly, some drugs, such as acetaminophen, may be deconjugated and reabsorbed in 

the intestines. 

Microbes can reactivate certain drugs or produce toxic byproducts. (19) 

 

Biotransformation:  

Process: Biotransformation refers to the chemical modification of drugs by enzymes produced by gut bacteria, 

altering their structure and pharmacological properties. This process can involve reduction, oxidation, 

hydrolysis, and conjugation/deconjugation, ultimately resulting in a more polar (water-soluble) compound for 

excretion or a modified version of the drug that is more or less active. 

 Example: Some flavonoids and phytochemicals from dietary sources undergo biotransformation by gut 

microbiota, altering their bioavailability and pharmacological effects. Similarly, some corticosteroids and 

antidepressants can undergo microbial biotransformation, changing how the drug interacts with the body 

Bacteria convert drugs into different chemical forms, sometimes altering their effectiveness or toxicity. (20) 

5. Example of microbiota influenced drug metabolism in pediatrics:-  

 

Drug Effect of gut microbiota Clinical implication 

Acetaminophen Deconjugate ion by beta-glucuronidase 

producing bacteria 

Increase toxicity risk 

Digoxin Inactivation by eggerthellalenta Reduced therapeutic efficasy 

Antibiotics  Disrupt microbiota affecting drug 

metabolism 

Alters metabolism co-

administered drugs 

Chemotherapy Reactivation by bacteria beta-

glucuronidases 

Increased toxicity ( diarrhea) 

   

 

6. Future research and challenges:-  

6.1. Longitudinal studies: 

Longitudinal studies are essential for understanding the dynamics of the human microbiome over time. These 

studies track changes in microbial composition and function in individuals across various life stages, health 

conditions, and environmental exposures. Such research can reveal how factors like diet, medication, and 

lifestyle influence microbiome stability and diversity. By examining these changes over extended periods, 

researchers can identify patterns that correlate with health outcomes or disease states. This information is crucial 

for developing effective microbiome-based therapeutics that are tailored to individual needs. (21) 

The challenges associated with longitudinal studies include maintaining participant engagement over long 

durations, ensuring consistent sample collection methods, and accounting for confounding variables that may 

affect microbiome composition. Additionally, the complexity of analyzing large datasets generated from these 

studies requires advanced bioinformatics tools to interpret the results accurately. (22) 
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6.2. Microbiome-Based Therapeutics: 

Microbiome-based therapeutics represent a promising frontier in medicine, aiming to manipulate the gut 

microbiota to improve health outcomes. Current approaches include fecal microbiota transplantation (FMT), 

probiotics, prebiotics, and engineered microbes designed to produce therapeutic compounds. The potential 

benefits of these therapies range from treating gastrointestinal disorders to modulating immune responses and 

even influencing mental health through the gut-brain axis. (23) 

However, several challenges hinder the development of effective microbiome-based therapeutics. One 

significant issue is the variability in individual microbiomes; what works for one person may not work for 

another due to differences in microbial composition influenced by genetics, diet, and environment. Furthermore, 

ensuring stable colonization of introduced microbes is critical for therapeutic efficacy but remains a challenge 

due to competitive exclusion by resident microbiota or host immune responses. 

Safety concerns also arise with novel therapies involving live microorganisms or genetic modifications. 

Regulatory frameworks must evolve to address these issues while ensuring patient safety and the efficacy of 

treatments. (24) 

6.3. Integration with Pharmacogenomics: 

Integrating microbiome research with pharmacogenomics—the study of how genes affect a person’s response 

to drugs—holds great promise for personalized medicine. The gut microbiota can influence drug metabolism 

and efficacy; thus, understanding an individual’s microbial profile could inform more effective treatment 

strategies tailored to their unique biological makeup. 

Challenges in this integration include the complexity of interactions between drugs, genes, and the microbiome. 

Identifying specific microbial taxa responsible for drug metabolism requires extensive research and validation 

across diverse populations. Additionally, developing standardized methodologies for assessing both 

pharmacogenomic data and microbiome profiles will be necessary to facilitate clinical applications. (25) 

In summary, future research on longitudinal studies will enhance our understanding of microbial dynamics; 

advancing microbiome-based therapeutics will require overcoming individual variability and safety concerns; 

integrating pharmacogenomics with microbiome science presents opportunities for personalized medicine but 

faces significant complexities (26) 

 

 Future Research Directions: 

1. Microbiome Developmental Dynamics: More studies are needed to map the longitudinal changes in gut 

microbiota from infancy to adolescence and their impact on drug metabolism at different stages of 

development. 

2. Microbiota-Drug Interaction Mechanisms: A deeper understanding of microbial enzymatic pathways 

involved in drug metabolism, including specific bacterial species and their metabolic capabilities, is crucial. 

3. Personalized Paediatric Pharmacotherapy: Advances in metagenomics and metabolomics can help tailor 

drug dosages based on individual microbiome compositions, improving therapeutic outcomes and 

minimizing adverse effects. 

4. Microbiome Modulation for Drug Efficacy: Investigating the potential of probiotics, prebiotics, and 

dietary interventions to enhance drug efficacy and reduce toxicity in children is an emerging area of interest. 

5. Clinical Trials and Microbiome-Based Biomarkers: Large-scale pediatric clinical trials incorporating 

microbiome profiling could help establish microbiota-based biomarkers for predicting drug response and 

safety. (27) 

 Challenges: 

1. Limited Data in Paediatric Populations: Ethical and practical concerns restrict paediatric clinical studies, 

resulting in a lack of comprehensive data on microbiota-driven drug metabolism in children. 

http://www.ijrti.org/
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2. Interindividual Variability: The gut microbiome is highly variable among individuals due to genetic, 

dietary, and environmental factors, making it difficult to establish standardized drug response models.(28) 

3. Complexity of Microbiome-Host Interactions: The interplay between microbial metabolism, host 

enzymes, and immune responses is complex, requiring advanced computational and experimental models 

to dissect. 

4. Regulatory and Safety Concerns: Incorporating microbiome-based approaches into paediatric drug 

development faces regulatory hurdles, necessitating standardized guidelines for clinical implementation. 

5. Impact of Antibiotic Use: The widespread use of antibiotics in early life alters microbiota composition, 

potentially affecting drug metabolism and long-term therapeutic responses. (29) 

 Perspective 

The gut microbiota plays a pivotal role in modulating drug toxicity, metabolism, absorption, and therapeutic 

efficacy by either activating or deactivating the pharmacological properties of drugs and microbial-derived 

metabolites. According to existing literature, the drug metabolism process can be influenced by gut microbiota 

through several mechanisms:(30) 

1. Interaction between drug metabolism and microbial metabolites – Various microbial byproducts, such 

as short-chain fatty acids (SCFAs), bile acids (BAs), indole derivatives, and polyamines, can interfere with 

drug metabolism, altering their pharmacokinetic and pharmacodynamic properties. 

2. Impact of microbial enzymes on drug transformation – Enzymes produced by gut microbes facilitate 

biotransformation, influencing drug activation, degradation, or modification. 

3. Regulation of drug-metabolizing genes and enzymes in the host – Microbial metabolites and enzymatic 

activity can modulate host drug-metabolizing enzymes, particularly in hepatic and intestinal tissues, thereby 

affecting drug clearance and efficacy.(31) 

For example, certain classical metabolites function as extracellular signaling molecules, interacting with cell-

surface G-protein-coupled receptors (GPCRs). The recognition of metabolites as ligands for specific GPCRs 

expands our understanding of metabolic signaling pathways and unveils novel drug targets for therapeutic 

intervention. By elucidating these complex interactions, future research can pave the way for microbiome-

informed precision medicine, optimizing drug therapy based on an individual’s gut microbial composition.(32) 

 Conclusion  

Gut microbiota plays a crucial role in drug metabolism, influencing drug efficacy, bioavailability, and toxicity 

in pediatric patients. The dynamic and evolving nature of the gut microbiome in children introduces significant 

variability in drug responses, necessitating a deeper understanding of microbiota-driven biotransformation. 

Microbial enzymatic activities such as hydrolysis, reduction, and deconjugation modulate drug metabolism, 

while microbial metabolites interact with host metabolic pathways, further affecting drug disposition. (33) 

A more comprehensive exploration of microbiota-drug interactions in paediatric populations is essential to 

improve therapeutic strategies, minimize adverse drug reactions, and develop microbiome-based personalized 

medicine. Future research should focus on integrating microbiome profiling into paediatric pharmacotherapy, 

identifying microbial biomarkers for drug response prediction, and exploring microbiota-targeted interventions 

to enhance drug efficacy and safety. Understanding and harnessing the gut microbiota’s potential could lead to 

significant advancements in paediatric medicine, optimizing drug treatments for young patients.(34,35) 
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