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Current Status of Pediatric Formulations for Chronic and Acute
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Infants and other children can be affected by various acute, chronic and many of them rare ill-

nesses. Developing drugs for children is very challenging since they cannot intake tablets or hard
oral solid dosage forms. Besides, most of the prescribed pediatric medications are unlicensed.
The biggest issue that clinicians have to solve is that dosing in children is not based on weight
or surface area of the body, as it happened in adults but is related to age variations in drug
absorption, distribution, metabolism, and elimination. Thus, for pediatric patients, various the-
rapeutic approaches have been proposed so as to develop suitable formulations such as liquid
dosage forms, flexible capsules, milk-based products, etc. In addition, the administration of cur-
rent pharmaceutical products to children might lead to some serious side effects which can also
happen in adults but with a lower risk. Especially, infants are at high risk of getting poisoned by
taking drugs used for adults. Moreover, children are very sensitive to the taste and smell of some
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pharmaceutical vehicles and can resist to intake them and this situation leads parents to search b=] derya.buyukkayhan@sbu.edu.tr
for tasteless and odorless medications. In this studly, the current formulations for various diseases

intended to be used in pediatric patients as well as various chronic and acute diseases of child- P. Siafaka
hood are summarized. Authors believe that this review can help professionals who want to work ORCID: 0000-0003-0317-4113
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Cocuklar ve bebekler, cogunun nadir oldugu cesitli akut ve kronik hastaliklardan etkilenebilir- ORCID: 0000-0001-6975-8096
ler. Cocuklar icin ilac gelistirmek, tabletleri veya sert oral kati dozaj formlarini alamadiklari icin N. Ustundag Okur
cok zordur. Bunun disinda cocuklar icin recete edilen ilaclarin cogu ruhsatsizdir. Klinisyenlerin ORCID: 0000-0001-6975-8096

¢6zmesi gereken en bliylik sorun, cocuklarda dozlamanin yetiskinlerde oldugu gibi agirlik veya
Yylizey alanina bagli olmamasi, ilac emilimi, dagilimi, metabolizmasi ve eliminasyonundaki yas
varyasyonlari ile ilgili olmasidir. Bu nedenle, pediyatrik hastalar icin sivi dozajlar, esnek kapstiller,
stit bazli olan drtinler gibi uygun formiilasyonlar gelistirmek icin cesitli terapdtik yaklasimlar 6ne-
rilmistir. Ayrica, mevcut tibbi triinlerin cocuklara uygulanmasi, yetiskinlerde ortaya cikabilecek
ancak daha ytiksek risk tastyan bazi yan etkilere neden olabilir. Ozellikle bebeklerin yetiskinler
icin kullanilan ilaclar alarak zehirlenme riski yiiksektir. Dahasi, cocuklar bazi ilag araclarinin tadina
ve kokusuna karsi cok hassastirlar ve bu durum ebeveynleri tatsiz ve kokusuz ilaclar aramaya
yoneltmektedir. Bu calismada, cocuk hastalarda kullanilmasi amagclanan cesitli kronik ve akut
cocukluk hastaliklarr icin giincel formiilasyonlar 6zetlenmistir. Yazarlar, bu incelemenin, pediyat-
rik formtilasyonlarla calismak isteyen profesyonellerin daha verimli ve cocuga uygun ilac tastyici
sistemlerin tasarlamalarina yardimci olabilecegine inaniyor.
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INTRODUCTION

The development of safe and effective formulations
for pediatric patients is a major challenge since
they have different pathophysiologic and
pharmacokinetic mechanisms compared to
adults. Infants and other children might absorb,
distribute, eliminate, and discrete drugs in
different ways compared to adults'. Therefore,
current medications prescribed for adults cannot
be used for young people. Drug absorption
in childhood is highly affected by changes in
accordance with the gastric pH and stomach
emptying time?. Especially, the gastric pH is
neutral at birth and decreases in two to three
days after birth. This process continues for weeks
or years until being reached to the gastric pH of
an adult stomach®. It was reported that gastric
emptying time is slower at six to eight month-
old infants as a result of the immaturity of the
neuroregulation of gastric motility*. In addition,
a child’s body contains higher amount of water
and therefore lower plasma protein concentration
when compared to an adult. This situation causes
different drug distribution rates in the organs of a
child. Another important factor to be considered
is the possibility of the presence of metabolic
disorders in infants that may result in reduced
drug excretion and prolonged drug half-life.
Especially in infants, renal clearance decreases as
a result of immature glomerular filtration, tubular
secretion, and tubular reabsorption?®. As a result,
it is very important to effectively determine the
safe and adequate doses of drugs intended for
prescribing to children, newborns, and infants.
Thus, it is highly necessary to understand the
pharmacokinetics and pharmacodynamics of
drugs to achieve adequate concentration when
used in children'. Clinicians should evaluate the
above parameters and the unique clinical signs
of each pediatric patient to administer the best
and adequate dosage. There are various routes
of drug administration for children such as oral®,
dermal-transdermal’, rectal, intramuscular, and
inhalation®.

The oral route is the most preferred route of
administration of the drug formulations in
case of chronic diseases, because it is easy to
administer compared to other drug formulations,
whereas the intravenous route is an important
route of administration for acute disorders.
However, when using oral dosage forms the
main problem is how children will swallow or
accept taking the medicine without complaint.
In addition, the ability to swallow in children can
be obtained around the age of six. Therefore, it
is recommended to use liquid formulations at
earlier ages, as the unpleasant odor or taste of the
drug can be masked by various sweeteners and
flavors®. Nonetheless, still many oral medications
are available as tablets or larger forms and these
medications are difficult to swallow and also cause
unpleasant child behavior. For this reason, doctors
and parents can contemplate different routes
of administration, such as crushing, breaking,
or mixing the drug into meals, which may lead
to a decrease in the therapeutic efficacy of the
drug'®''. In order to overcome this problem,
granules or orodispersible tablets can be used, but
the taste of the excipients in these formulations
should be within acceptable limits for pediatric
patients. Another route of administration with
various advantages is transdermal application. As
the largest organ of the human body, the skin is
an alternative route in pediatric drug applications
due to its high surface area. According to the
transdermal route, the drugs can reach systemic
circulation by passing through the dermal layers.
However, the skin acts as a barrier limiting
dehydration and drug entry, especially in infants
and older children. On the other hand, such a
barrier function may be advantageous in order
to achieve adequate therapeutic concentrations
without risks of toxicity’. Today, although not for
all drugs, various transdermal patches containing
active drug ingredients such as fentanyl,
clonidine, scopolamine are applied to pediatric
patients’. Inhalation products are mostly used for
the treatment of asthma and Chronic Obstructive
Pulmonary Disease (COPD) in pediatric patients.
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Intramuscular route is another important route
for the delivery of a pediatric drug. This route has
some disadvantages in terms of pharmacokinetic
parameters such as the time to achieve the desired
drug concentration. It is especially not reliable in
infants. On the other hand, drug molecules like
aminoglycosides and ampicillin show similar
pharmacokinetic behaviors in infants, children,
and adults; like the time which is needed to
reach the maximum plasma concentration'2.
Rectal administration is preferred for patients
who cannot use oral dosage forms because
the rectum is well vascularized leading to the
desired adsorption'?. Figure 1 summarizes the
most frequently used pediatric formulations and
their routes of administration. Ocular and nasal
formulations can of course be administered to
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pediatric patients with caution and according to
their toxicity profiles.

Although new pediatric formulations are
desperately needed, it can be said that researchers
do not focus on their development. This fact can
be related to the cost-effectiveness of pediatric
products. Also, many medicines offer flavors
unacceptable to children, and masking the
bitterness or strange taste or smell of medicines
with sweeteners or other means can require
application of expensive methods. However,
pediatricians, caregivers, and parents will be
happy with the development of drug formulations
specifically designed for children. This review
aims to assist the pharmaceutical technologists
or other scientists by summarizing the current

Most frequent used pediatric formulations and preferable
administration routes

Oral dosages

Intravenous-Intramuscular formulations

USolid (tablets, pills)
QLiquid (syrup, suspensions)
UChewable tablets

Transdermal patches
WUMicroneedles

Ulontophoretic

UDrug in adhesive

Rectal formulations

UCreams-ointments
USuppositories
UFoams

USprays

QOEnemas

Ulnjections
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J
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Chewable capsules
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Tablets, capsules

Injectable systems

Transdermal patches

Rectal suppositories and creams

Figure 1. A summary of the current pediatric formulations and their administration routes.
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Dose accuracy Administration ability Excipients and drug safety
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Efficient Pediatric Formulation

7 1\
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characteristics

Type of Formulation Taste, Flavor, Smell

Figure 2. Various factors which should be considered to
develop a pediatric formulation.

formulations used for pediatric patients and their
diseases in target.

Chronic and Acute diseases of childhood

Childhood s called to the age from birth till puberty,
including adolescence. Because children can easily
socialize, and vulnerable to various diseases due
to environmental factors. Table 1 summarizes the
most common diseases of children. Obesity is the
main risk for children, especially today. A major
concern is that children who are suffering from
obesity which has been associated with increased
mortality, risk of metabolic and cardiovascular

syndromes, cancer, and so on are multiplying day
by day!3. The second frequently seen disease that
should be taken into consideration is diabetes
mellitus (DM). DM is a syndrome commonly
found in children and adolescents where insulin
secretion is relatively decreased or peripheral
resistance to the action of insulin is impaired'.
Type 1 DM occurs in the pancreatic islets where
insulin-producing beta cells are destroyed by
autoimmunity, resulting in abnormal glucose
tolerance and eventually ketoacidosis whereas
Type Il DM is characterized by hyperglycemia and
insulin resistance as well as relative impairment in
insulin secretion'®.

Viral infections are quite common during childhood
and adolescence. At present, some viral infections
can be prevented by vaccination while others
can be treated by managing the symptoms. Viral
diseases that can be prevented by vaccination
are: a) measles caused by the rubeola virus, b)
rotavirus (RV) infection which is acommon cause of
childhood gastroenteritis, c) varicella-zoster virus
which commonly causes varicella (chickenpox),
mumps, and d) hepatitis A and B virus infections.
The viruses that are causing pediatric infections
that can be treated by using medications include

Table 1. The most common diseases, their symptoms, and possible treatments.

Name Symptoms

Treatments

Common cold

Runny nose, congestion, sneezing, sore throat,
coughing

Fluids, rest, and time

Roseola

Irritability, sore throat, fever, small red spots

Acetaminophen or ibuprofen and time

Parvovirus B19- fifth disease

Lacy red rash, low-grade fever. =

Pain relievers if the rash is painful

Gastroenteritis

Vomiting, diarrhea or loose stools, fever

Time, fluids

Strep throat

High temperature, sore throat, red tonsils/throat,
swollen covered by white patches, inflamed taste
buds, appetite loss, nausea, rash, muscle /joint
aches

Antibiotics

Flu (influenza)

High fever, great fatigue, sore throat, cough, hea-
dache and body aches, nausea, vomiting, diarrhea

Ibuprofen or acetaminophen, time,rest

Viral, bacterial, allergic conjunctivitis

Pink/red eye

Ocular drops

Hand-Foot-Mouth Disease

Low fever, headache, sore throat, sores in the
mouth, palate and/or tonsils, appetite loss, spotty
rash, blisters on hands, feet and/or bum

Acetaminophen
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the cytomegalovirus, herpes simplex virus, and
influenza. In addition, respiratory syncytial virus
(RSV) is associated with bronchiolitis and often
causes hospitalization in the first year of life.
Human rhinovirus is the common source of the
cold while noroviruses are associated with cases
of gastroenteritis. Epstein-Barr Virus is the most
common etiologic agent of acute parvovirus B19
infection, whereas enteroviruses are the causative
agents of up to 90% of diagnosed cases of viral
meningitis'®.

Otitis is one of the common infections in children.
Acute otitis media is an infection of the middle ear
fluid that causes acute, suppurative disease and
inflammation of the mucosa covering the middle
ear space. The most commonly isolated pathogens
in children suffering from acute otitis media
are Streptococcus pneumoniae, Haemophilus
influenza, and Moraxella catarrhalis'®. Acute otitis
externaisageneralizedinflammation ofthe external
auditory canal and leads to duct skin cellulitis.
The pathogens detected in cases with acute otitis
externa are mostly Pseudomonas aeruginosa and
Staphylococcus aureus'’. Tonsillopharyngitis is
also very common in pediatric populations. The
most common pathogen isolated in this infection
is Streptococcus pyogenes which must be treated
using antibiotics'®. Acute bacterial sinusitis is
a bacterial infection of the paranasal sinuses
that occurs due to a viral infection of the upper
respiratory tract'’. Pneumonia and pneumonitis are
inflammatory conditions of the lungs and they can
be caused by viruses, bacteria, or fungi'®. Asthma
is a chronic syndrome that causes inflammation in
the middle and small airways, increased bronchial
smooth muscle constriction and hypersensitivity,
edema and mucosal degradation, as well as
obstruction of the airway lumen by mucus?®.
Children are also suffering from eye infections. One
of these infections is conjunctivitis. Staphylococcus
aureus, Streptococcus pneumoniae, Haemophilus
influenzae, and Moraxella catarrhalis are the main
pathogens of the eye infections such as bacterial
conjunctivitis?'. Various skin conditions such as
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atopic dermatitis, pityriasis alba, tinea versicolor,
and so on could occur in pediatric populations
as well?2, The skin disorders described above
may affect the self-esteem of the child?. Atopic
dermatitis and eczema are the most common
types of skin disorders?*.

In general, there are numerous disorders that
children can be affected by. Diseases or sensitivities
such as autoimmune diseases, disorders with
unknown etiology, food allergies, celiac disease,
gluten allergy, and lactose intolerance can be
seen during childhood. The most important point
for parents is to be alerted and to identify possible
health problems of their children and communicate
their concerns with their pediatricians.

Pharmaceutical products for pediatric delivery

As it was reported above, limited pharmaceutical
products have been approved as pediatric
formulations. It is quite important to recognize that
most of the formulations used by children are not
licensed by any authority, but the dosage limit is
set by crushing tablets when solid oral products are
used, or by other methods for liquid formulations.
Children may complain about the taste or smell of
the dosage form and could refuse to take the drug
because of these reasons. In this regard, infants
are most frequently treated by using syrups
while neonates with suppositories. Children in
their second to the fifth year of their life, use oral
solutions, syrups, and suspensions. Older children
(6-11 years) are treated with disintegrating or
chewable tablets and thin strips while adolescents
mainly use oral tablets, capsules, powders, etc?®.
Liquid forms are the most popular since they
can be easily administered by the caregiver®. In
the following section, the most important, and
indispensable characteristics of the ingredients of
the pediatric formulations are discussed.

Characteristics and properties of pediatric
formulations

In general, pediatric formulations need to have
several baseline properties to be approved



P. Siafaka et al. Current Status of Pediatric Formulations for Chronic and Acute Children’s Diseases: Applications and Future Perspectives

and accepted by children (Figure 2). More
specifically, pharmaceutical products should
offer efficient and predictable bioavailability. In
addition, both active molecules and excipients
should demonstrate toxicologically safe profile
and uniform drug dosage. Furthermore, they
should present desirable properties such as
palatability, handling, easy administration, safe
packaging, and accurate information for use?.
According to the European Medical Agency
(EMA), several considerations must be taken into
account to design an effective medicinal product
for pediatric use. Some of these considerations
are the target age group, critical dose regimen,
maximum duration of treatment, and dosing
frequency as well as characteristics and behavior
of the child and the caregiver?®. In addition, given
the low solubility of most drugs and the use of
salt forms, it should be considered that the form
intended for use in children will be different from
that used for adults. In addition, EMA guidelines
suggest that the development of fixed-dose
combinations can be developed as alternative
therapeutic approaches for pediatric patients
with chronic (HIV or tuberculosis) disease who
are currently being treated with single agents.
The recommended dosing frequency should
be adjusted according to the active molecule,
the pharmacokinetics as well as the indication,
the convenience, and therapeutic compliance
of the child or the caregiver?®. Thus, the use of
prolonged-release formulations as transdermal
patches might be a solution for reducing dosing
frequency. Preservatives should be used carefully
since limited data are available for their possible
toxicity to children?.

One of the most challenging aspects when
designing pediatric formulations is which
excipients are best suited. The excipients have
to be carefully selected as they must be non-
toxic, patient-friendly, and functional. Coloring
agents, flavors, preservatives, and sweeteners
must be used with caution and justified for any
possible allergic reactions they may trigger. It

has already been reported that active molecules
or other compounds added to pharmaceutical
formulations may have a bitter taste. This is
the reason why the addition of sweeteners
(xylitol, sorbitol, and others) is widely used in
the preparation of pharmaceutical products. The
use of sweeteners is not always desirable as it
will lead to the development of caries and other
dental problems, given that children with chronic
diseases may be exposed to higher levels of sugar
load?®. Also, obese and diabetic patients should
consume a limited amount of sugar; therefore,
adding sweeteners will be detrimental to them.
Another method of masking the bitter taste of the
ingredients in the formulation is to use sodium
salts because the salt taste is preferred by children
compared to adults. Among others, the use of
phosphatidic  acid-p-lactoglobulin, glutamate,
adenosine monophosphate are also being used
to mask the bitter taste?. Flavoring agents should
be selected effectively since children are quite
strict with their flavors. Coloring agents accepted
for pediatric formulations are quite limited; i.e.
while based on recommendations use of azo-
dyes in pediatric medicines is forbidden , natural
coloring agents have been associated with
allergic reactions®*®. Another issue that should
be considered is the usage of lactose as a binder
and filler. Lactose can intrigue hypersensitivity or
allergic reactions to infants and other children?'.
Finally, the use of solubility enhancers such as
ethanol and glycerol should be limited, because
large amounts of ethanol are associated with
undesirable symptoms in the central nervous
system?°.

Recently approved pediatric formulations
Currently, limited number of formulations
are specifically licensed for administration to
infants, other children, and adolescents. Some
of them are recommended for use in patients of
a certain age. Table 2 summarizes the recently
approved FDA products for pediatric medical
use.
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Table 2. Some of the recently FDA-approved pediatric medicaments

Name of drug Disease Formulation Year
Ixekizumab Plaque psoriasis(moderate-severe) Injectable 2020
Crisaborole Atopic dermatitis (mild moderate) (3 months <2 years old) Ointment 2020
Sofosbuvir/velpatasvir Chronic hepatitis C virus (genotypes 1, 2, 3, 4, 5, or 6) (=6 years old) Oral tablets 2020
Vilazodone hydrochloride Depression Oral tablets 2020
Fidaxomicin Clostridium difficile- diarrhea (>6 months- 17 years old) Oral tablets 2019
Micafungin Candidemia, acute disseminated candidiasis (<4 months) Injectable 2019
Levamlodipine Hypertension (>6 years old) Oral tablets 2019
Insulin aspart Diabetes mellitus Injectable 2019
Tazarotene Acne Topical 2019
Paclitaxel Recurrent or refractory pediatric solid tumors Injectable 2019
Calcipotriene Scalp and body plaque psoriasis (>4 years old) Topical 2019
Minocycline Acne vulgaris lesions (moderate-severe) (=9 years old) Topical 2019
Ravulizumab-cwvz Atypical hemolytic uremic syndrome to inhibit complement-mediated Injectable 2019

thrombotic microangiopathy (>1 month old)
Cobicistat Along with darunavir for HIV-1 (Mass> 35 kg) Oral tablets 2019
AbobotulinumtoxinA Upper limb spasticity (>2 years old) Injectable 2019
Ceftaroline fosamil Acute Bacterial Skin and Skin Structure Infections (birth -< 2 months) Injectable 2019
Mixed salts of a single-entity amphetamine Attention Deficit Hyperactivity Disorder Capsules 2019
Glucagon Severe hypoglycemia (22 years of age and older) Injectable 2019
Pregabalin Treatment of partial-onset seizures Oral solution 2019
Pitavastatin Heterozygous familial hypercholesterolemia for decrement of elevated Oral tablets 2019

Total Cholesterol, Low Density Lipoprotein-C, and Apolipoprotein B (=8

years of age and older)
Belimumab Systemic lupus erythematosus (SLE) (5-17 years of age and older) Injectable 2019
Ceftazidime/ avibactam Complicated urinary tract infections and intra-abdominal infections Injectable 2019

(3 months to <18 years)

Pharmaceutical pediatric formulations under
development

Today, the drugs for pediatric patients are dosage
forms delivered through various administration
routes, mostly used for adults. The main routes of
administration are oral, parenteral, transdermal,
nasal, rectal, and ocular; however, limited data
are available for acceptability and safety of such
pediatric formulations. The most important factor
to be considered is whether the excipients used
for the preparation of the formulations are safe
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during the developmental course. Moreover,
limited research examining pediatric formulations
and preparation methods are available in the
literature. The most recent studies are presented
as follows.

Oral formulations

Oral administration of drugs is among the most
preferred routes for both adults and children. Oral
routes of drug delivery can be used for a variety
of acute or chronic illnesses. The development
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of pediatric oral formulations is very difficult,
especially in terms of producing a dosage form
in which the administration dose can be based
on body weight?. The available oral formulations
include solutions, syrups, suspensions, powders,
capsules, granules, tablets, orally disintegrating
tablets, chewable or dispersible tablets, oral
thin strips, chewing gums, suspensions, oral
drops, etc®. Minitablets are dosage forms that
show the flexibility of dosing as well as the easy
administration of the drugs to the the pediatric
population®*. It was shown that tablets smaller
than two mm can be administrated to infants
older than six months. In addition, vigorously
dissolving small tablets of two mm size can be
administered in the early period®>°, The most
commonly used oral formulations are syrups and
suspensions. However, while pediatric patients
may complain of unpleasant taste or odor,
manufacturing processes can be affected by the
solubility and stability of these dosage forms?.
Most importantly, liquid formulations are desirable
for neonates, infants, and young children, taking
care to avoid the risk of choking®. In addition,
chewable formulations such as chewable tablets,
soft chews, and chewing gums are developed to
assist the disintegration and/or dissolution of the
active molecules in the mouth?.

Recently, Silva Goes et al. have produced an oral
liquid formulation for the administration of captopril
to pediatric patients. Captopril is recommended
for children with heart failure; thus, the research
group designed a stable captopril liquid dosage
form using EDTA, citric acid, dihydrate sodium
citrate, and sucralose as excipients. Sucralose
played the role of the sweetener. According to
stability studies, it was revealed that the most
influencing factor on the stability of formulations
is their pH. Moreover, the type of water and
EDTA concentration also affected the stability.
Mineral water improved the stability of captopril.
Subsequently, the stable liquid formulation was
produced using 0.08% EDTA at pH 3.8538.
Cinnarizine is used for vertigo and travel sickness.

Aman et al.** prepared cinnarizine-loaded
microspheres as oral formulations. Microspheres
prepared by ionic gelation showed enhanced
stability, organoleptic properties, and easy
administration. The natural polymer, chitosan was
cross-linked with tripolyphosphate anion and
the developed microspheres showed improved
physicochemical properties. Besides, the oral
bioavailability study of the microspheres for rats
showed an improved degree of bioavailability with
a long mean residence time when nanocarriers
(190 nm) were loaded with almost 74.3% of the
drug. Clarithromycin is an antibiotic widely used
for the treatment of various infections. Akre et al.*°
prepared microspheres with clarithromycin, as a
pediatric dry suspension. As a microencapsulation
method, the simple solvent evaporation process
was applied. They chose Eudragit L100 as a
taste masking agent. According to the results,
the suspension showed acceptable parameter
limits such as sedimentation volume, flocculation
degree, drug content, and pH. In addition, a better
release profile and taste compared to the marketed
preparation were depicted. Padmavathi et al.*!
produced dispersible tablets to be administered
as a fixed-dose combination in pediatric HIV
patients (one to eight years of age). The developed
tablets combined with stavudine, lamivudine, and
nevirapine were used for the administration of the
correct weight-related doses. The formulations
were produced by a direct compression method
using various concentrations of super disintegrants
such as croscarmellose sodium, sodium starch
glycolate, as well as crospovidone. It was revealed
that the tablet developed with croscarmellose
sodium exhibited great in vitro dispersion
time and drug release. Recently, Omar et al.*?
prepared griseofulvin loaded b-cyclodextrin-
based nanosponges as pediatric formulations.
The dosage forms showed improved bitter taste
masking properties, dissolution rate, and oral
bioavailability. The authors also performed in vivo
pharmacokinetic studies on rats revealing that
the nanosponges provided great improvement
in dissolution efficiency, as well as increment in
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Cmax and AUCO-48 compared to a plain drug.
Granisetron is a 5HT3 receptor antagonist used to
prevent nausea and vomiting before radiotherapy
and chemotherapy. Kadhim et al.>’ developed
granisetron-loaded novel pediatric oral jelly
formulations. The authors aimed to improve
patient compliance and to achieve maximum
therapeutic efficacy. While heat and congealing
methods were chosen in the preparation of jelly
products, gelatin and carrageenan were used as
natural gelling agents. As an ideal candidate, the
jelly formulation with 4.5% gelatin was selected
since it showed the highest drug release rate
of 99.4% in 15 min. and the most favorable
physicochemical parameters. An oral powder
for the pediatric delivery of theophylline was
developed and characterized by Nese et al.*?
Milk-based powders developed by spray drying
can be applied for oral administration of various
molecules as they have showed good stability.

Other administration routes of formulations
Although oral administration seems to be the most
preferred and easy route of administration, other
alternative routes can also be used. The rectal route
is suitable for its either local (eg management of
constipation, hemorrhoids, pain) or systemic (eg,
management of pain, infection, and central nervous
system diseases) effects. In addition, it skips
hepatic first-pass metabolism considering that
the active molecules could be absorbed through
systemic circulation®*. According to a study, anal
fissure treatment in children can be benefited by
the topical administration of poly(ethylene glycol)
and diltiazem*.

Intranasal administration of pediatric formulations
is another preferred route, as it will act rapidly,
similar to intravenous therapy®. Bhuva et
al.* developed a xylometazoline nasal spray
formulation for children. The optimized nasal
product comprised 0.105 g sodium cholate and
1.35 ml poly(ethylene glycol) 400. The stable
formulations offered improved in vitro release
properties compared to the marketed product
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and could therefore alternatively be used for
nasal congestion. Several ocular forms, as drops,
ointments, gels, and inserts are frequently used
in pediatric patients especially in the treatment
of common eye infections, inflammation allergy,
uveitis and glaucoma, and conditions such as
myopia, amblyopia, and strabismus®. Dreno
et al.*’ developed eye drops containing 0.2%
phenylephrine hydrochloride as an active
ingredient, disodium hydrogen phosphate as a
buffering agent in sterile water for injection, and
sodium chloride as an isotonic agent in order to
use in the retinal examination of newborns and
premature infants. The results of the study showed
that the developed ocular solutions were stable
for at least 60 days.

Since the drug can be released sustainably from
transdermal products for days, they can also be
useful for the management of chronic diseases.
For example, the methylphenidate transdermal
system was applied for the management of
Attention-Deficit Hyperactivity Disorder in one
study. The drug-loaded adhesive patch showed
advantageous properties as the dose was
administered once a day and flexible usage times
were reported®, In another study, 2% ozenoxacin-
loaded cream formulation was applied topically
to 644 pediatric patients with impetigo to
investigate the effectiveness of the cream. The
result of the study stated that the cream applied
was an effective and safe treatment for impetigo in
patients between two months and 18 years old*.
Karlsson et al.*° studied porcine xenograft or a
silver-foam dressing for the treatment of children
with partial-thickness scalds. Fifty-eight children
were included in the study. It was demonstrated
that wound healing was faster, less changes were
made in wound dressing, and also dressing times
were also shorter.

CONCLUSIONS

This article focuses on the current aspects of
the design and development of pediatric drug
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formulations. Pediatric patients (neonates, infants,
children, and adolescents) cannot use the same
formulations as adults because of their different
body functions. The drug dosing differs greatly
even between adults and children who have
the same illness. Also, the drug adsorption and
excretion, leading to undesirable side effects, is
significantly different from that of an adult. At the
same time, children are not as tolerant of the smell
or taste of the drugs as adults. Children would
refuse to get drugs with a bitter taste or irritating
smell. Hence, novel and promising therapeutic
formulations targeting pediatric diseases should
be designed and developed. Recently, new
pediatric formulations were approved by the FDA
for various diseases. Despite this, the development
of pediatric formulations is still at an early stage.
It was only in recent years that more and more
products got a license to be used for children.
In most cases, clinicians recommended adult
medications and adjusted the dose with various
methods. In addition, when the pediatric patient
does not comply, oral formulations are difficult to
administer, this is the reason why administration
routes that can be handled more easily should
be proposed by pharmaceutical technologists.
Since transdermal drug delivery is cost-effective
and easy to use, it can play an important role
in producing long-term drug release products,
especially in children with chronic diseases. To
conclude, scientists from all over the world should
work closely to develop safe pediatric formulations
for both chronic and acute illnesses.
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