
 

∗ Corresponding author: Rakshana V 

Copyright © 2024 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

JOURNAL OF PHARMA INSIGHTS AND RESEARCH                                                                                           ISSN NO. 3048-5428 

REVIEW ARTICLE  

Recent Advances and Challenges in the Development of 
Pediatric Formulations 
 
Jaya Shree S*1, Saranya P1, Vivek A1, Srikanth B1, Rakshana V*2, Srinivasan R3 

 

1UG Scholar, Bharath Institute of Higher Education & Research, Chennai, Tamil Nadu India 
2Assistant Professor, Bharath Institute of Higher Education & Research, Chennai, Tamil Nadu India 
3Dean and Professor, Bharath Institute of Higher Education & Research, Chennai, Tamil Nadu India 

Publication history: Received on 27th July; Revised on 4th August; Accepted on 14th August 2024 

Article DOI: 10.69613/bmyefb11 

 

 

Abstract: Pediatric formulation development is a critical area of pharmaceutical research aimed at creating safe, effective, and 
acceptable medications for children. This field faces unique challenges due to the physiological and developmental differences 
between children and adults. The gastric pH, metabolic rates, and organ functions in children vary significantly from adults, 
necessitating specialized approaches to drug formulation. Dosage form selection is a key consideration, with liquid formulations 
often preferred for younger children and solid forms for older ones. Taste masking remains a crucial aspect, as palatability directly 
impacts medication adherence in pediatric patients. Regulatory bodies have established guidelines to ensure the safety and efficacy 
of pediatric formulations, offering incentives to encourage research in this area. Recent advancements include the application of 
nanotechnology to enhance drug delivery and bioavailability, and the emergence of personalized medicine approaches tailored to 
individual genetic profiles. Novel drug delivery systems, such as controlled-release formulations, are improving the management 
of chronic conditions in children. However, challenges persist, including limited clinical trial data and the need for age-appropriate 
dosage forms. Future research should focus on developing innovative taste-masking technologies, creating more robust and 
versatile dosage forms, and integrating advances in biotechnology. Collaboration among pharmaceutical companies, regulatory 
agencies, and healthcare professionals is essential to address the evolving needs of pediatric patients and improve overall 
healthcare outcomes in this vulnerable population.  
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1. Introduction 
Pediatric formulation development is a crucial yet complex field in pharmaceutical sciences, addressing the unique needs of children 
from infancy through adolescence [1]. Unlike adults, children represent a heterogeneous group with distinct physiological, 
pharmacokinetic, and pharmacodynamic characteristics that evolve rapidly with growth and development [2]. These differences 
necessitate specialized approaches to drug formulation and delivery, ensuring both safety and efficacy across various age groups 
[3].The challenges in pediatric formulation are multifaceted. Children's physiological differences, such as higher gastric pH in infants 
and varying metabolic rates, significantly impact drug absorption, distribution, metabolism, and excretion [4]. Moreover, the 
selection of appropriate dosage forms is critical, as children's abilities to swallow tablets or capsules develop gradually [5]. Palatability 
is another key factor, as taste and texture can greatly influence medication adherence in young patients [6]. Regulatory bodies 
worldwide have recognized the importance of pediatric-specific formulations, implementing guidelines and incentives to promote 
research and development in this area [7]. These initiatives have spurred innovation, leading to advancements in taste-masking 
technologies, novel drug delivery systems, and the application of nanotechnology in pediatric formulations [8]. Despite progress, 
significant challenges remain. Limited clinical trial data in pediatric populations, the need for flexible dosing options, and the 
complexity of developing age-appropriate formulations continue to present obstacles [9]. The aim of this review is to 
comprehensively explore the current landscape of pediatric formulation development, examining recent advancements, persistent 
challenges, and future directions in this critical field of pharmaceutical research. [10,11] 

2. Physiological Considerations in Pediatric Formulations 

2.1. Age dependent changes in drug pharmacokinetics 

The pharmacokinetics of drugs in pediatric patients undergo significant changes as children grow and develop. These age-dependent 
variations profoundly influence drug absorption, distribution, metabolism, and excretion (ADME) processes [10]. 

http://creativecommons.org/licenses/by/4.0/deed.en_US
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2.1.1. Absorption 

In neonates and infants, gastric pH is generally higher (pH 6-8) compared to adults (pH 1-3), which can affect the ionization and 
subsequent absorption of weakly acidic or basic drugs [11]. Gastric emptying time is also prolonged in neonates, potentially delaying 
drug absorption. As children age, these parameters gradually approach adult values, typically by 2-3 years of age [12]. (Illustrated in 
Figure 1) 

 

Figure 1. Physiological variations in pediatric formulation development 

2.1.2. Distribution 

Body composition changes markedly during childhood. Neonates have a higher proportion of total body water and lower fat content 
compared to adults. This affects the distribution of hydrophilic and lipophilic drugs differently [13]. For instance, water-soluble 
drugs may have a larger volume of distribution in neonates, potentially requiring higher doses to achieve therapeutic concentrations. 
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2.1.3. Metabolism 

Hepatic enzyme systems mature at different rates. Cytochrome P450 (CYP) enzymes, crucial for drug metabolism, show variable 
developmental patterns. For example, CYP3A7 is predominant in fetal liver but declines rapidly after birth, while CYP3A4 increases 
to become the dominant isoform in adults [14]. This transition can significantly impact the metabolism of drugs that are substrates 
for these enzymes. 

2.1.4. Excretion 

Renal function in neonates is immature, with glomerular filtration rate (GFR) and tubular secretion reaching adult levels by 6-12 
months of age [15]. This immaturity can lead to prolonged half-lives of renally excreted drugs in young infants 

Table 1. Age-dependent Changes in Pharmacokinetic Parameters 

Parameter Neonate Infant Child 

Gastric pH 6-8 months 4-5 months 1-3 months 
Total Body Water 75-80% 60-65% 60% 

Body Fat 10-15% 20-25% 15-20% 
CYP3A4 Activity Low Increasing Adult-like 

GFR (% of adult) 30-40% 50-80% 100% 
 

2.2. Impact of Growth and Development on Drug Response 

The physiological changes accompanying growth and development not only affect pharmacokinetics but also influence 
pharmacodynamics, leading to age-specific drug responses [16]. 

2.3. Receptor Expression and Sensitivity 

The expression and sensitivity of drug targets, such as receptors and enzymes, can vary with age. For instance, the gamma-
aminobutyric acid (GABA) receptor system, targeted by many sedatives and anticonvulsants, undergoes significant changes during 
early development, potentially altering drug efficacy and safety profiles [17]. 

2.3.1. Organ Maturation 

The functional maturation of organs can impact drug response. For example, the blood-brain barrier is more permeable in neonates, 
potentially increasing central nervous system drug exposure and associated risks [18]. 

2.3.2. Homeostatic Mechanisms 

The development of homeostatic mechanisms affects the body's response to drugs. Immature thermoregulation in neonates, for 
instance, can alter the response to drugs affecting body temperature [19]. These developmental changes necessitate careful 
consideration in pediatric drug formulation and dosing strategies to ensure optimal therapeutic outcomes while minimizing adverse 
effects 

3. Dosage form selection for pediatric patients 

3.1. Liquid Formulations 

Liquid formulations remain the most widely used dosage form in pediatric patients, especially for younger age groups [20]. They 
offer several advantages: 

• Flexibility in Dosing: Liquids allow for easy dose adjustments based on a child's weight or body surface area. 
• Ease of Administration: They are easier to swallow for infants and young children who cannot manage solid dosage forms. 

3.1.1. Types of Liquid Formulations 

• Solutions: Provide uniform drug distribution but may have stability issues. 
• Suspensions: Offer better taste masking but require shaking before use to ensure dose uniformity. 
• Emulsions: Useful for delivering lipophilic drugs but may have stability concerns. 



Journal of Pharma Insights and Research, 2024, 02(05), 028-038 

  
Rakshana V et al 31 

 

3.1.2. Challenges 

• Stability: Many drugs are less stable in liquid form, requiring careful formulation and storage conditions. 
• Taste Masking: Bitter drugs in solution form often require extensive taste-masking efforts. 
• Preservatives: The need for preservatives in multi-dose formulations may raise safety concerns in pediatric populations 

[21]. 

3.2. Solid Oral Dosage Forms 

As children grow, solid oral dosage forms become more appropriate and offer several advantages: 

• Stability: Generally more stable than liquid formulations. 
• Portability: Easier to transport and store. 
• Taste Masking: Often easier to mask unpleasant tastes. 

3.2.1. Types of Solid Oral Dosage Forms 

• Tablets: Conventional, chewable, and dispersible tablets. 

• Capsules: Including sprinkle capsules that can be opened and mixed with food. 

• Orally Disintegrating Tablets (ODTs): Rapidly dissolve in the mouth without water. 

3.2.2. Challenges 

• Swallowability: Children may have difficulty swallowing conventional tablets or capsules. 

• Dose Flexibility: Fixed doses may not be suitable for all pediatric age groups. 

• Choking Hazard: Particularly for younger children [22]. 

3.3. Novel Delivery Systems 

Innovative drug delivery systems are being developed to address the unique needs of pediatric patients: 

• Mini-tablets: Small tablets (typically 2-3 mm in diameter) that are easier for children to swallow and can provide flexible 
dosing [23]. 

• Oral Films: Thin, flexible sheets that dissolve quickly in the mouth, suitable for drug delivery without water [24]. 
• Chewable Gels: Soft, chewable formulations that combine the advantages of solid dosage forms with ease of administration 

[25]. 

Table 2. Comparison of Dosage Forms for Pediatric Use 

Dosage Form Advantages Disadvantages Age Suitability 
Liquid Formulations Flexible dosing 

Easy to swallow 
Stability issues 
Taste masking 

0-12 years 

Conventional Tablets/Capsules Stable 
Portable 

Swallowing difficulties >6 years 

ODTs No water needed 
Easy to take 

Limited drug loading >2 years 

Mini-tablets Flexible dosing 
Easy to swallow 

Production challenges >2 years 

Oral Films Rapid dissolution 
No water needed 

Dose limitations >2 years 

4. Taste Masking Strategies in Pediatric Formulations 
Taste masking is a critical aspect of pediatric formulation development, as palatability directly influences medication adherence in 
children [26]. Unpleasant taste can lead to medication refusal, incomplete dosing, or even therapeutic failure. Various strategies have 
been developed to address this challenge, each with its own advantages and limitations. 
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4.1. Flavor Enhancement Techniques 

Flavor enhancement is often the first line of approach in taste masking, particularly for liquid formulations. This method aims to 
overcome the unpleasant taste of drugs by adding flavoring agents, sweeteners, or a combination of both [27]. 

4.1.1. Flavoring Agents 

Natural and artificial flavors are used to mask or complement the taste of the active pharmaceutical ingredient (API). Common 
flavors in pediatric formulations include fruit flavors (e.g., strawberry, grape, cherry), mint, and bubblegum [28]. The selection of 
flavors often varies by region and cultural preferences. 

4.1.2. Sweeteners 

Both natural and artificial sweeteners are employed to improve palatability. Sucrose, glucose, and fructose are traditional choices, 
while artificial sweeteners like aspartame and sucralose are used for sugar-free formulations, particularly important for diabetic 
patients [29]. 

4.1.3. Flavor Blending 

Combining multiple flavors can create a more complex taste profile that effectively masks the drug's taste. For instance, a 
combination of vanilla and fruit flavors might be more effective than a single flavor [30]. 

Challenges: 

• Interaction with API: Some flavoring agents may interact with the drug, affecting stability or efficacy. 
• Regulatory Concerns: The use of certain artificial sweeteners and flavors in pediatric formulations may face regulatory 

scrutiny. 
• Individual Preferences: Children's taste preferences can vary widely, making universal acceptability difficult to achieve. 

4.2. Coating Technologies 

Coating is a widely used technique for solid oral dosage forms, providing an effective barrier between the drug and taste buds [31]. 

4.2.1. Film Coating 

A thin polymer film is applied to tablets or pellets. This can be designed to dissolve quickly in the mouth or to remain intact until 
the formulation reaches the stomach [32]. 

4.2.2. Microencapsulation 

 The API is encapsulated within a polymer matrix, forming microspheres. This technique is particularly useful for masking the taste 
of bitter drugs in liquid or reconstitutable formulations [33]. 

4.2.3. Hot-melt Coating 

This method involves coating drug particles with molten materials that solidify upon cooling, creating a physical barrier. It's 
particularly effective for moisture-sensitive drugs [34]. 

Challenges: 

• Process Complexity: Coating processes can be complex and may require specialized equipment. 
• Impact on Dissolution: The coating must be designed to not significantly delay drug release or absorption. 
• Scalability: Some coating techniques may face challenges in large-scale production. 

4.3. Molecular Modification Approaches 

These advanced techniques involve modifying the drug molecule itself to reduce its interaction with taste receptors [35]. 

4.3.1. Prodrug Formation 

The API is chemically modified to create a tasteless precursor that converts to the active form in the body. This approach can 
significantly reduce bitter taste while maintaining therapeutic efficacy [36]. 
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4.3.2. Cyclodextrin Complexation 

Cyclodextrins form inclusion complexes with drug molecules, effectively encapsulating them and reducing their interaction with 
taste buds. This method is particularly useful for poorly water-soluble drugs [37]. 

4.3.3. Ion Exchange Resins 

These polymers can bind to ionized drug molecules, forming insoluble complexes that minimize taste perception. The drug is 
released from the resin in the gastrointestinal tract [38]. 

Challenges 

• Regulatory Hurdles: Molecular modifications may be considered as new chemical entities, requiring extensive safety 
and efficacy studies. 

• Bioavailability Concerns: The modified form must ensure adequate bioavailability of the active drug. 
• Cost: These approaches often involve complex processes and may increase production costs. 

Table 3. Comparison of Taste Masking Strategies 

Strategy Advantages Limitations 
Flavor Enhancement Simple to implement 

Cost-effective 
Suitable for liquids 

May not mask intense bitterness 
Potential allergens 

Coating Technologies Effective for solids 
Can provide additional benefits (e.g., GI protection) 

May affect dissolution 
Process complexity 
Cost considerations 

Molecular Modification Highly effective 
Can improve other properties (e.g., solubility) 

Regulatory challenges 
Potential impact on pharmacokinetics 
Higher development costs 

5. Recent Advancements in Pediatric Formulation 

5.1. Nanotechnology Applications 

Nanotechnology has emerged as a promising field in pediatric drug delivery, offering solutions to various formulation challenges 
[40]. 

5.1.1. Nanoparticles 

 These submicron-sized particles can enhance drug solubility, improve bioavailability, and facilitate targeted delivery. For instance, 
polymeric nanoparticles have been used to deliver drugs across the blood-brain barrier, potentially improving treatments for 
pediatric brain tumors [41]. 

5.1.2. Nanoemulsions 

These systems can improve the oral bioavailability of lipophilic drugs and enhance palatability. A study on a nanoemulsion-based 
formulation of vitamin D showed improved absorption and acceptability in infants compared to traditional oil-based drops [42]. 

5.1.3. Nanocrystals 

Drug nanocrystals can enhance dissolution rates of poorly soluble drugs, potentially reducing dose requirements and improving 
therapeutic outcomes in pediatric patients [43]. 

Challenges include ensuring the long-term safety of nanomaterials in developing organs and addressing potential manufacturing 
complexities [44]. 

5.2. Personalized Medicine Approaches 

The concept of personalized medicine is gaining traction in pediatric pharmacotherapy, aiming to tailor treatments based on 
individual patient characteristics [45]. 
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5.2.1. Pharmacogenomics 

Genetic testing is being increasingly used to guide drug selection and dosing in pediatric patients. For example, genotyping for 
CYP2D6 can help optimize dosing of codeine and other opioids in children [46]. 

5.2.2. 3D Printing 

This technology allows for the production of personalized dosage forms with precise drug content and release profiles. A study 
demonstrated the feasibility of 3D printing chewable tablets with varying doses of levetiracetam for pediatric epilepsy patients [47]. 

5.2.3. Microbiome-based Approaches 

Research is exploring how the gut microbiome influences drug metabolism in children, potentially leading to more personalized 
dosing strategies [48]. While promising, challenges include the need for rapid, cost-effective diagnostic tools and the complexity of 
interpreting genetic data in developing children [49]. 

5.3. Controlled-Release Formulations 

Controlled-release formulations are being adapted for pediatric use to improve dosing convenience and adherence [50]. 

5.3.1. Multi-particulate Systems 

These systems, consisting of drug-loaded pellets or mini-tablets, offer flexible dosing and can be dispersed in liquids for easier 
administration to young children [51]. 

Transdermal Delivery: Advanced patch technologies are being developed for sustained drug delivery in pediatric patients, 
particularly for conditions requiring long-term treatment [52]. 

Implantable Devices: For certain chronic conditions, implantable drug delivery devices are being explored to provide long-term, 
controlled release of medications in pediatric patients [53]. 

6. Challenges in Pediatric Formulation Development 
Challenges include ensuring that the release kinetics are appropriate for children's physiology and that the formulations can 
accommodate a wide range of doses [54]. 

6.1. Limited Clinical Trial Data 

The scarcity of pediatric-specific clinical trial data remains a significant challenge in pediatric drug development [55]. 

6.1.1. Ethical Considerations 

Conducting trials in children raises complex ethical issues, leading to hesitancy in enrolling pediatric patients in studies [56]. 

6.1.2. Heterogeneity of Pediatric Population 

The wide age range and developmental stages in pediatrics make it challenging to design studies that are applicable across all 
subgroups [57]. 

6.1.3. Lack of Appropriate End-points 

Many adult clinical trial endpoints may not be relevant or measurable in children, necessitating the development of pediatric-specific 
outcomes [58]. To address these issues, regulatory bodies have implemented initiatives to encourage pediatric clinical trials, such as 
the Pediatric Research Equity Act in the United States [59]. 

6.2. Dosing Flexibility and Accuracy 

Providing accurate and flexible dosing across the pediatric age spectrum is a persistent challenge [60]. 

6.2.1. Weight-based Dosing 

Many pediatric medications require dosing based on body weight or surface area, necessitating formulations that allow for precise 
dose adjustments [61]. 
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6.2.2. Dosing Devices 

Ensuring the accuracy of liquid medication administration devices, such as oral syringes and dosing cups, is crucial to prevent 
medication errors [62]. 

6.2.3. Dose Division 

For solid oral dosage forms, the ability to divide doses accurately without compromising the integrity of the formulation is essential 
[63]. 

Innovations like multi-particulate systems and mini-tablets are being developed to address these challenges, but their widespread 
implementation remains limited [64]. 

6.3. Stability and Shelf-life Considerations 

Ensuring the stability of pediatric formulations throughout their shelf-life presents unique challenges [65]. 

6.3.1. Environmental Factors 

Pediatric formulations, especially liquids, may be more susceptible to degradation from light, temperature, and humidity [66]. 

6.3.2. Excipient Interactions 

The use of taste-masking agents and other excipients can potentially affect drug stability, requiring careful formulation design [67]. 

6.3.3. In-use Stability 

For multi-dose formulations, maintaining stability after opening is crucial, particularly for reconstituted oral suspensions [68]. 

7. Conclusion 
Pediatric formulation development remains a critical and evolving field in pharmaceutical sciences, addressing the unique 
physiological and pharmacological needs of children. Recent advancements in nanotechnology, personalized medicine approaches, 
and controlled-release formulations offer promising solutions to longstanding challenges in pediatric drug delivery. However, 
significant hurdles persist, including limited clinical trial data, the need for flexible and accurate dosing, and stability concerns 
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