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The development of pediatric-specific dose forms is particularly difficult due to a variety of factors relating to
pediatric population differences from adult populations. The buccal dosage form is considered a good alternative to
oral dosage form if the latter cannot be used in pediatric patients. Both oral and buccal dosage formulations uphold

great application qualities for pediatric patients.

pediatrics dosage form formulation development

| 1. Introduction

Pediatric patients have traditionally been treated with off-label adult pharmaceuticals or extemporaneous
compounding, which is not optimal for pediatric patients due to a lack of product safety and efficacy. In addition, off-
label drug usage becomes much more complicated when it comes to neonates and children under the age of two.
This is also applicable to children with rare or chronic disorders or acutely ill children. New drugs are frequently
approved for adults without even a minuscule quantity of expertise in pediatric patients. Due to the absence of
information, practitioners are commonly obliged to prescribe medications off-label, using poorly defined dosage
methods. Half the medicine in the United States alone is not labeled for use among children . Over one-third of
pediatric hospitalizations (36.7%) were associated with off-label use of analgesics that have not been labeled for

use in children 21,

The Best Pharmaceuticals for Children Act (BPCA) and the Pediatric Research Equity Act (PREA) are aimed to
encourage more pediatric medication studies. The major objectives of these regulations include increasing in the
number of medications clinically tested for pediatric use as well as ensuring these medications are available to the
market with appropriate formulations and doses . In addition to promoting the development of pediatric drugs,
there are other peculiarities for pediatric patients that must be considered. As a result, many therapeutic medicines
continue to lack pediatric-friendly dosage forms. Although the legislative decisions provided by the BCPA and the
PREA benefit the pediatric research of new drugs and their labeling, these mandates can be outweighed by
medications previously on the market. Medications made before the application of the legislative regulations
provided by the BCPA and PREA are prone to not benefiting from these efforts.

It can be challenging to construct pediatric formulations, especially those suitable for young infants. There is a lack
of data on the acceptability of different dosage forms, administration volume, dosage form size and taste, and the
safety of formulation excipients in relation to age and development status. Moreover, factors such as dosing,

variances in disease processes, study design, and placebo response are all linked to failures in pediatric trials [41. It
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is critical to understand the reasons for failed studies and consider new strategies to design better pediatric trials in
the future. Wharton et al. reported that pediatric labeling was not established for 78 medications out of 189

products under pediatric exclusivity (1998—2012), which is a failure rate of 42% [,

The oral route tends to be most favorably used in pediatric formulations. Oral pediatric formulations are oftentimes
provided in powder forms for reconstitution. These forms require purified water for reconstitution and sometimes
require unique storage conditions in a refrigerated environment; yet these requirements cannot always be met.
Liquid and powder forms may be unpalatable and difficult to swallow, which makes them problematic for pediatric
patients. Children’s swallowing abilities may vary from adults’; however, it is usually hard for children to swallow
solid dosage forms. Children younger than five years old are generally unable to safely swallow solid capsules and
tablets larger than 10 mm . |t must also be taken into consideration that children may reject medication
regardless of tablet size if the flavor is unpleasant. Clarithromycin, for example, is characteristically bitter [J and
has poor palatability when compared to other antibiotics. As a result, medications with similar unpleasantness
regarding flavoring may cause conflict with dose scheduling and adherence. In place of the presence of vomiting or
nausea via the oral route, despite being less common, the rectal route may be used as an alternative . There is a
multitude of rectal dosage forms present within markets, including suppositories, creams, enemas, and ointments;
yet, administering them can most often be uncomfortable for children. In case of emergencies or oral route
difficulty, the parenteral route may be adopted due to its speed. Despite the advantage of speed, the parenteral
route comes with many limitations, such as the need for a trained professional to administer, the invasiveness of
the process, the risk of blood-borne infections, and the presence of injury or pain induced by injections &. To
achieve the rapid onset of action and high bioavailability goals in treatment, clinicians tend to choose the parenteral
route. This approach has several drawbacks, including patient acceptability, sterility limits, and the availability of
medical experts to administer. Regarding the listed challenges, the buccal route is far more appealing. In addition,
the buccal route can be much more suitable in cases such as seizures, where the oral, rectal, or parenteral routes

are all limited.

In addition, pediatric patients with cancer suffer from severe breakthrough episodes of pain and are in need of
prompt and efficient pain treatment. The oral route, in this situation, is a poor choice, as it may take a prolonged
period before eliminating discomfort. However, it could be of benefit for maintenance treatment of pain to have a
sustained-release effect of medication over a prolonged period. Buccal medication delivery is an appealing
administration route for pediatric pain management since it has a quick onset of action and has no hepatic first-
pass metabolism. Although oral and buccal dosage formulations uphold great application qualities for pediatric
patients in comparison to other commonly used dosage forms, there are still many challenges related to those
dosage forms, which can be summarized into three major areas related to physiological considerations, regulatory

expectations, and formulation development consideration (Figure 1).
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Figure 1. Challenges associated with developing pediatric-friendly dosage forms.

| 2. Physiological Considerations

Pediatric patients are defined as patients aged from birth to less than 16 or 18 years old (Table 1) 9. The
classification is dependent on the individual's age. However, categorizing pediatric patients into distinct age groups
for drug administration is essentially arbitrary, as it does not consider pharmacokinetic parameters, such as renal or
hepatic function, volume of distribution, lipophilicity, relative blood volumes, etc. This is an issue, as certain
formulations are age-specific or must be given according to body weight. As a result, the acceptability of different
dose forms for different age groups must be carefully considered.

Table 1. Classification of pediatric age categories 29,

Class Age Group
Neonate Birth to 27 days
Infant and Toddlers 28 days to 23 months
Children 2to 11 years
Adolescent 12 to 16-18 years

The following are some of the clinical and physiological issues to consider while developing buccal pediatric dose
forms:

2.1. Heterogeneity among Pediatric Patients

Variability among children (0-17 years) is a significant challenge in developing age-appropriate pediatric-friendly

formulations, as this group differs in taste preferences, medicine-related side effects, and patient medical case—all
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of which can influence doses and dosage forms required 19, Pediatric patients have different responses to the

active ingredients and excipients due to changes in their body physiology.

2.2. Age-Related Compliance

Age-related compliance is an important challenge to consider in formulation design. Compliance is complicated,
and sometimes it is caregiver dependent, especially when considering the younger ages and varying disease
states. Pediatric patients have different cognitive levels during their growth, which will affect compliance for
formulation. There is also a dependency on caregivers to play a role in the administration of the designed formula
(11 Age-appropriate formulations must be utilized to enhance the taste preferences of the children who are

accommodated 121,

2.3. Saliva-Flow Rate

For oral and oral transmucosal dosage forms, the presence of saliva is imperative for drug absorption. Saliva
provides a relatively aqueous environment to facilitate drug release, dissolution, and absorption. Over the life span
of a human, both the saliva-flow rate and composition tend to change 131, The flow rate tends to increase up until

around 5 to 6 years, and then, the saliva flow rate declines, whereas the mean electrolyte content rises 24!,

The rate of saliva secretion in the buccal mucosa was found to be significantly lower in children (0.22—0.82 mL/min)
than in adults (0.33—1.42 mL/min) [LSI16]17],

There is a direct correlation between the degree of hydration via saliva and the objectionable drug swallowing.
Premature medication swallowing, on the other hand, may occur in patients with a high saliva-flow rate (the “saliva
washout effect”). This action may result in non-uniform medication dispersion in saliva as well as decreased drug

absorption by mucosal tissues, resulting in wide-ranging systemic bioavailability 18],

2.4. Gastrointestinal Tract (GIT) pH Values and Drug Absorption

The pH of the GIT varies depending on the location of the tissue and the patient’'s age. It has a significant impact
on the solubility and diffusion of drug forms, preferring the unionized form. Other factors that impact the pH of the
oral mucosa include disease, drug use, nutrition, and saliva-flow rate. In general, as the rate of saliva-flow
increases, so does the pH 2220 The intra-gastric pH of newborns is higher than 4, and intestinal cytochrome p450
activity increases with age [21. The mean pH value of the oral mucosa is (6.78 + 0.04) and (6.64 + 0.44) in healthy
adults and pediatric patients, respectively 221291,

There is also significant variability in the pharmacology of drug and dosage forms between adult and pediatric
populations. This is due to differences in the absorption, allocation, metabolic activity, and excretion (ADME) profile

in pediatric populations, particularly within a child’s first few years 22,
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