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ABSTRACT

Ondansetron is a common antiemetic prescribed in the treatment of nausea and vomiting that comes with
chemotherapy, radiotherapy, and even after surgery. However, due to the taste that is bitter in nature, it poses a
major challenge in administration to children, and this leads to low compliance rates. ODTs are now an available
dose form in children as they dissolve fast in the mouth without water. However, taste masking is an important
need that must be effectively addressed so as to make it acceptable and therapeutically conformant. The reviewed
content is concentrated on modern taste-masking approaches which are utilized in the production of ondansetron
orodispersible pediatric tablets to deliver drugs orally. Different methods of formulation such as ion-exchange
resins, microencapsulation, polymer coating, inclusion complexation and solid dispersion are mentioned in
connection with their mechanism, merits, and limitations. Special stress is laid on higher microencapsulation
technologies and ion-exchange resin complex which are effective in avoiding the release of the drug to the oral
cavity and allowing fast release in the gastrointestinal tract. Besides this, the review also cites the influence of
superdisintegrants, excipient choice, and formulation optimization in the rapid disintegration of tablets and the
acceptable taste masking. Moreover, recent progress in the design of formulations in pediatrics, regulatory factors,
and quality assessment parameters of orodispersible systems are outlined. Together, these approaches can show a
lot of promise in enhancing palatability, patient adherence and therapeutic outcomes of children. The combination
of novel taste-masking technology solutions with innovative methods of formulating ODTs can possibly lead to
the creation of more successful and patient-centred antiemetic treatments.
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1. Introduction

1.1 Burden of Nausea and Vomiting in Pediatric
Patients

One of the most commonly presented symptoms in
pediatrics, especially in a disease like gastroenteritis,
after surgery, undergoing chemotherapy, or
radiotherapy is nausea and vomiting. Not only do
these symptoms cause discomfort, but they can also
cause other complications including dehydration,
electrolyte imbalance, and nutrition deficiency
unless they are successfully treated. Constant
vomiting in children may fast cause loss of fluid and

metabolism due to their relatively small body fluid
volumes. Proper antiemetic treatment, in its turn, is
an essential aspect of the clinical practice in the
pediatric setting (1).

The nausea and vomiting in children pose even
greater challenges to the management of the same in
adults. Children also experience a challenge in
explaining the intensity of nausea, thus making the
process of early detection and immediate treatment
more complicated. Besides, vomiting may decrease
the retention period of orally administered drugs,
which might lead to a decrease in the effectiveness
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of treatment. This has brought the need to use the
drug delivery systems that are fast acting and easily
administerable and capable of relieving the
symptoms quickly (2).

The selective serotonin (5-HT3) receptor antagonist
ondansetron, and other antiemetic agents have
shown high efficacy in the management of
chemotherapy induced and postoperative and acute
vomiting induced by gastroenteritis in children.
Nevertheless, in pediatric patients, regardless of its
clinical efficacy, the administration of ondansetron
is highly dependent on the acceptability of the
dosage form. Consequently, the formulation of
children friendly pediatric formulations capable of
delivering a quick absorption of the drug and better
patient adherence is a significant goal in drug
research (3).

1.2 Importance of Patient-Friendly Oral Dosage
Forms

The most desirable form of drug delivery is oral drug
administration because it is convenient, non-
invasive, and has a high acceptance by patients. The
appropriateness of the oral dosage forms in pediatric
patients is, however, highly affected by the ease of
swallowing, palatability, ability to vary dose, as well
as quick action induction. Traditional tablets and
capsules are usually hard to swallow by young
children and may lead to lack of compliance and
100% adherence (4).

To address these shortcomings, the pharmaceutical
industry has been keen on production of oral dosage
forms that are friendly to the patient, such as syrups,
suspensions, chewable tablet and, more recently,
orodispersible tablet (ODTs). The fact that ODTs
dissolve in the mouth cavity without requiring water
makes them especially beneficial in the area of
pediatric  treatment. This makes them very
convenient to children particularly in circumstances
where there might be limited access to water, or
where the patients find it hard to swallow normal
tablets (5).

Besides enhancing convenience, patient-friendly
dosage forms have the potential to contribute highly
to the therapeutic outcomes through enhancing
medication adherence. Enhanced palatability, fast
disintegration and ease of administration are useful
to ensure that the target dose is delivered and
retained successfully. This has led to the formulation
of new methods of delivery via oral doses and
specifically designed as pediatric doses becoming
one of the focal points of the current pharmaceutical
formulation studies (6).

1.3 Problems of Pediatric Drug Administration
The treatment of pediatric patients with medication
offers a set of peculiarities which cannot be
compared with the ones observed in adult
populations.  Children show differences in
development levels with regard to swallowing
capabilities, sensation of taste, gastrointestinal and
metabolic functions. All these aspects have the
potential to affect the safety and effectiveness of
drugs formulations. Indicatively, young children
usually have a hard time swallowing the solid types
of dosages, and may result in choking episodes or
medication withdrawal (7).

The other significant issue is palatability of drugs as
children are quite sensitive to bad taste and smell.
Active pharmaceutical ingredients are known to
have the unpleasant taste of bitter or metallic, which
can result in spit up of the drug. Of particular
concern is the cases of drugs whose method of
administration is via the mouth and as such the taste
of the drug is immediately noticeable when
administering the drug (8).

Moreover, the administration of drugs in pediatrics
should be attentively done in relation to dose
accuracy and safety. Children need to be dosed on
weight or age-specifically unlike adults, and when
overdosed or underdosed, children may experience
underdosing or overdosing. Thus, pharmaceutical
scientists have to formulate such models that are
effective as well as palatable and administerable and
be able to deliver the required doses in pediatric
populations (9).

1.4 Significance of Taste Masking in Pediatric
Formulations

Taste is a very important consideration concerning
the acceptability of oral drugs, especially to pediatric
patients. The fact that children have a higher number
of taste buds as compared to adults makes them have
high sensitivity to bitter tastes. Consequently, there
is poor patient compliance, refusal of drug or
incomplete drug intake especially in drugs that have
bitter properties in nature. This issue may eventually
affect the efficacy of the treatment process (10).
Taste masking should then be considered as an
indispensable approach in the development of
pediatric oral dosage forms. To minimize or avoid
the negative sensation of drug flavor several
methods have been established among them being,
microencapsulation, ion-exchange resin
complexation,  polymer  coating, inclusion
complexation, and use of sweeteners or flavoring
agents. These methods strive to block the
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stimulation of the drug to the taste receptors in the
mouth and yet still facilitate the fast absorption of
the drug in the gastrointestinal system (11).
Effective taste masking is of particular significance
in the circumstances of orodispersible tablets due to
the fact that during the process of tablet
disintegration, the drug is released directly in the
mouth. In the absence of proper taste masking, the
patients will develop a strong bitter feeling that will
deter them in future consuming the medication.
Hence, the combination of sophisticated taste
masking will be an important requirement of the
effective development of pediatric-friendly ODT
formulations (12).

1.5 Scope and Objective of the Review

The creation of pediatric friendly pharmacological
formulations has increasingly gained significant
interest in contemporary drug delivery studies.
Orodispersible tablets of ondansetron are also one of
such promising factors in enhancing the treatment of
nausea and vomiting in children. Nevertheless, the
high bitterness of ondansetron is a significant
obstacle to attaining palatability acceptable levels,
and thus compelling the use of suitable taste
masking technologies (13).

The aim of this review is to offer an in-depth review
of the number of formulation methods employed to
hide the bitter taste of ondansetron in orodispersible
tablets intended to deliver drugs to children. The
particular focus is made on the most current methods
that include microencapsulation and ion-exchange
resin complexation that have demonstrated
considerable promise in enhancing the palatability
of bitter drugs without affecting the drug release
properties (14).

Moreover, the review elaborates the principles of
taste perception, considerations of formulation in
ODT development as well as the evaluation methods
to determine taste masking effectiveness. This
article will be useful to scientists and formulators
who seek to create better drug delivery systems to
children by summarizing the current research and
new technology developments in the area (15).

2. Ondansetron: Drug Profile and Therapeutic
Importance

Ondansetron is an antagonist of the selective 5-
hydroxytryptamine type-3 (5-HT3) receptor with a
broad range of applications in the prevention and
treatment  of  chemotherapy, radiotherapy,
postsurgical, and acute gastroenteritis vomiting and
nausea.
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Figure 1: Chemical Structure of Onadosterone
Its potent antiemetic activity and good safety profile
has seen it become one of the most widely used
agents in the adult and pediatric clinical practice.
The mechanism of action of the drug consists of the
inhibition of serotonin-mediated stimulation of
neural pathways that promote the production of the
emetic reflex and, therefore, in the inhibition of
nausea and vomiting (16, 17).

Ondansetron has specific value in pediatric patients
and is especially helpful in the management of
vomiting in cases of acute gastroenteritis and
lowering  dehydration rates and  hospital
hospitalization. Clinical studies have revealed that
ondansetron therapy by mouth is effective and it
reduces vomiting episodes and increases the chances
of oral rehydration success in children.
Nevertheless, the bitterness of the drug per se and its
moderate oral bioavailability potentially impact
patient compliance, which highlights the necessity
to develop drug dosage forms that are palatable and
effective like taste-masked orodispersible tablets
(18).

2.1 Mechanism of Action of Ondansetron
Ondansetron exerts its antiemetic action by selective
5-HT3 receptor antagonism found on vagal afferent
neurons of the gastrointestinal tract and located in
the chemoreceptor trigger zone (CTZ) and vomiting
center of the brainstem. The activation of these
receptors occurs due to the release of serotonin
produced by the enterochromaffin cells of the
intestine in response to chemotherapeutic agents or
to gut irritation to cause the vomiting reflex (19).
Ondansetron prevents emesis by competitively
blocking 5-HT3 receptors and interrupting the
serotonin-mediated neural transmission between
gastrointestinal tract and the central nervous system,
thus preventing the release of emesis. This bi dual
peripheral and central effect is why it is so effective
in managing chemotherapy induced, postoperative
and gastroenteritis induced vomiting. Notably,
ondansetron has low affinity to dopamine,
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histamine, or muscarinic receptors, and thus low
chance of neurological adverse effects is confirmed
as compared to older antiemetic medications (20,

21).
2.2 Physicochemical Formulation Relevant
Properties

The  chemical structure of  ondansetron
hydrochloride is that of white crystalline with a
molecular weight of about 365.9 g/mol. The drug
has moderate aqueous solubility, pH-dependent
dissolution properties, with greater solubility at
acidic pH. The properties shape the release profile of
the drug and also the perception of the drug in the
mouth during administration (22).

The key formulation issue related to ondansetron is
that this medication is very bitter and this can be a
significant problem in patient acceptability
especially in children. The strategies used in the
formulation process, including microencapsulation,
polymer coating, and complexation of the drug with
ion-exchange resin, are therefore normally adopted
to avoid interacting with the taste receptors and
release the drug rapidly in the gastrointestinal tract
(23).

Moreover, ondansetron is metabolized by the liver
during the first-pass, which means that the oral
bioavailability of the medication is about 55-60
percent. Thus, when it comes to delivering
medications to children, high disintegration dosage
forms like orodispersible tablets are frequently
considered to enhance rate of disintegration, patient
compliance, as well as speed of effect (24).

Table 1: Clinical Applications and Limitations of
Conventional Ondansetron Dosage Forms in
Pediatric Therapy
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nal g
Tablets traditional
tablets or
capsules.
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Onset of nal oral therapeuti
Action tablets c effect
require during
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before
drug
absorption.
Dose Fixed-dose | Risk of (34)
Adjustme | formulatio | dosing
nt ns may not | inaccuracy
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S match pediatric
pediatric therapy.
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dosing
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3. Orodispersible Tablets (ODTs) in Pediatric
Drug Delivery

Orally disintegrating tablet (ODT or fast-dissolving
tablet) Orally disintegrating tablets (also known as
orally disintegrable tablet or oral disintegrable tablet
or slow-dissolving tablet) are solid dosage forms
that are designed to quickly disintegrate in the mouth
without water. Pharmacopeial definitions suggest
that ODTs will readily break down in the mouth
between 30 seconds and 3 minutes and the drug can
be easily swallowed under the influence of saliva.
This peculiar feature predisposes ODTs to be
especially appropriate to use with pediatric,
geriatric, and dysphagic patients who might not be
able to swallow traditional pills and capsules (35,
36)

OTDs have received a lot of attention in pediatric
drug delivery since they combine features of solid
dosage forms and liquid formulations. They are
more accurate in dose administration, are more
stable than liquid preparations, and are more
convenient to the patient. The quick dissolution and
dissolution of the tablet makes it to be able to
achieve a quicker action in treatment and is
particularly crucial in ones that demand prompt
reduction of symptoms like nausea and vomiting (5,
37).

In addition, the formulation technologies that have
led to the production of ODTs include direct
lyophilization,  spray  drying,
sublimation, and molding process. The methods
allow the manufacture of extremely porous tablets
that are quickly chewed in saliva and dissolve in the

compression,

mouth. As a result, there is an increased interest in
the ODT formulations in applications as drugs that
are administered in children treatment such as
antiemetics, antihistamines, analgesics, and
antiepileptic drugs (5, 38).

3.1 ODTs concept and benefits

The basic idea of ODT technology is to come up
with a tablet which is prone to rapidly dissolve in the
mouth releasing the drug into the mouth cavity to be
swallowed or partially absorbed through oral
mucosa. This is done by incorporation of specialized
excipients which include superdisintegrants, high
porosity carriers and hydrophilic polymers that
allow quick breakage of tablets when they come into
contact with saliva (36).

ODTs have a number of benefits compared with
traditional oral dosage. The convenience of taking is
also one of the greatest advantages since the tablet
can be swallowed without using water. The feature
can be useful especially with children, geriatric
patients and those who are finding it hard to swallow
conventional tablets. Moreover, ODTs enhance
patient adherence and convenience particularly in
the case of emergency or traveling where water is
scarcely available (38).

The other wuseful beneficial effect of ODT
formulations is the speed of action. The rapid
dissolution and break up of the tablet promote the
availability of drugs in the gastrointestinal tract and
this may speed up therapeutic response. In addition,
ODTs offer precise dosing, improved chemical
stability in comparison to liquid preparations, and
minimized chances of dosing errors commonly
linked with syrup or suspension preparations (39).
3.2 Patient Compliance in Pediatric Populations
Compliance in pharmacotherapy among patients is
another vital consideration in cases involving
pharmacotherapy of children since they do not like
taking drugs that have a bad taste, bad smell, or large
pill sizes. Lack of adherence to medication may
result into failure of treatment, long illness or more
cost of healthcare provision. Thus, the need to
develop easy-to-deliver and acceptable dosage form
in children is critical in the pediatric drug delivery
(40).
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ODTs are considerably effective at improving the
medication adherence of the pediatric patients
because they disintegrate fast, administered easily
and with a better palatability. As the tablet is small
and dissolves rapidly in the mouth, it also reduces
the problem of difficulty in swallowing and phobia
related to taking of the medication. The trait is
especially handy when used in young children and
patients with nausea or vomiting (41).

Also, factors like taste masking, tablet size,
mouthfeel, and flavor are to be taken into
consideration when coming up with pediatric
formulations in order to make them acceptable. ODT
dosage forms usually include sweeteners, taste
masking technologies and flavoring agents in order
to enhance palatability. Consequently, ODTs are
now a favorable route of delivery in pediatrics where
they are used in various therapeutic agents such as
antiemetics, analgesics, and antiallergics (42).

3.3 Important Excipients in ODT Formulation
The achievement of ODTs is strongly dependent on
the choice of the suitable excipients that can be
disintegrated quickly, taste acceptable, and have
sufficient mechanical properties. These include
superdisintegrants which are important towards
enhancing quick tablet disintegration when in
contact with saliva. Such superdisintegrants as
crospovidone, croscarmellose sodium, and sodium
starch glycolate are commonly used, and they absorb
water quickly and increase in size to trigger the
disintegration of the pills (38).

Filler or diluent, however, is also a significant
ingredient of ODTs. Mannitol, lactose and sorbitol
are often used water-soluble excipients since they
enhance mouthfeel and promote tablet palatability.
Mannitol specifically is highly utilized because of its
cool effect and good taste hence very suitable in
pediatric preparations (43).

Other excipients like binders, lubricants, flavoring
agents and sweeteners are added to promote
sufficient strength of the tablet and acceptance by
the patient. Aspartame, sucralose, and saccharin are
frequently used as sweeteners to impart a foul taste
whereas flavoring agents enhance the overall flavor
of the formulation. These excipients are chosen and
optimized with care in order to make the tablets
stable, palatable, and able to disintegrate quickly
(44).

3.4 ODTs in Bitter Drugs Development Problems
Although the benefits are apparent, ODTs
formulation of bitter drugs has a number of
challenges. The tablet is getting broken in the oral

cavity, thus, the drug may easily touch the taste
receptors, causing an unpleasant bitter flavor. The
problem is especially important when it comes to
pediatric patients who are extremely sensitive to
bitter flavor and who can refuse to take the
medication in case of an unpleasant taste (38).

To eliminate this drawback, other forms of taste-
masking techniques are utilized in the formulation
formulation. The methods employed to avoid the
interaction of drugs with taste receptors include
microencapsulation, ion-exchange resin
complexation, polymer coating, and inclusion
complex formation with cyclodextrins that are
frequently employed (45).

The other issue that comes with the development of
the ODT is the ability to balance mechanical
strength and quick disintegration. The porous tablets
can be both very fragile and prone to breaking, and
be overcome easily when it comes to breaking down
in the short run, during processing, in packaging, or
during transportation. Consequently, the formulation
scientists should thoroughly balance the excipient
composition and the manufacturing process to create
ODTs that are hard enough, stable, and easily
disintegrate (46).

4. Drugs Tasting and Drug Bitterness Mechanism
Perception of taste is very important when it comes
to acceptability of oral medicines, which is
especially true among children. Out of all the five
central modalities of taste, sweet, sour, salty, bitter,
and umami bitterness, the last is most likely the most
widespread taste of pharmaceutical substances. The
active pharmaceutical ingredients (APIs) of many
compounds have intrinsically bitter properties due to
the formation of interactions between the molecular
structure and the taste receptors on the tongue. This
bitter taste may greatly decrease patient compliance
particularly with children with a high sensitivity to
bitter stimuli (10, 47).

The problem of bitterness in the oral dosage form
like orodispersible tablets is even more pronounced
since the drug is being absorbed in the mouth cavity
directly as the tablets disintegrate. When the drug
molecules have dissolved in the saliva, their
molecules attach to the taste receptors, located on
the taste buds, which sends a neural signal to the
brain, which interprets this signal as bitterness.
Therefore, effective strategies of taste-masking are
required to enhance the palatability and acceptability
of oral formulations in children (48).

The physiological perspective of the perception of
taste and the molecular processes that govern the
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interaction of drugs and taste receptors therefore has
significance in the design of pharmaceutical
preparations that reduce bitterness and maintain
therapeutic activity. The development of sensory
science and molecular biology has also rendered
some helpful information about the mechanism of
activating the taste receptors by drugs and how the
strategy of formulation can be exploited to avoid
these reactions (49).

4.1 Physiology of Taste Perception

The sense of taste is conducted by special sensory
constructions called the taste buds which are mostly
located on the tongue though found on the soft
palate, pharynx, and epiglottis as well. A bunch of
taste receptor cells are present in each of the taste
buds and these cells have the ability to detect various
modalities of taste. The dissolved substance in saliva
is then diffused into the taste pores and once this has
interacted with the receptors on the surface of the
cells of the senses, the process of taste perception
starts (50).

There are various categories of papillae in the human
tongue, the fungiform, foliate, and circumvallate
papillae, where the taste buds that detect the
stimulus of taste are located. The activation of the
taste receptor cells sends electrical impulses via
cranial nerves which are mainly, the facial (VII),
glossopharyngeal (IX), and vagus (X) nerves to the
gustatory cortex of the brain where the sense of taste
is produced (51).

The number of taste buds in children is usually
higher than in the adult, that is the reason why
children are more sensitive to bitter tastes. The
sensitivity may result in rejection of bitter drugs.
Hence, pharmaceutical scientists need to take into
account the mechanisms of perception of taste
during drug development in children with the aim of
acceptable palatability (52).

4.2 Mechanism of Drug-Taste Receptor
Interaction

The mediated drug bitterness is predominated by a
set of receptors referred to as T2R bitter taste
receptors, classified in G protein -coupled receptor
(GPCR) family. They are expressed as surface
receptors on the taste receptor cells and have the
capacity of detecting structurally different bitter
compounds. An event that occurs in response to the
binding of a bitter drug molecule to a T2R receptor
causes the activation of intracellular signaling
pathways leading to the ultimate generation of a
neural response that is perceived as bitterness (53).

When the receptor is activated, G-protein that is
coupled with the receptor is gustducin which
activates downstream signaling cascades that
include phospholipase C and calcium release into
the cell. This is a signaling pathway that causes the
cell of the taste receptors to depolarize and release
signals to the sensory neurons linked to the gustatory
pathway. This signal is then understood by the brain
as a bitter taste feeling (54).

Due to the similar structural characteristics in
activation of T2R receptor by many drug
compounds, an inherited problem during oral drug
formulation is bitterness. As a result, the technique
of encapsulation of drugs, polymer coating, and
complexation methods are commonly utilized to
avert the contact of drug molecules and taste sensors

in the mouth cavity (55).
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Figure 2 : Taste Perception and Mechanism of
Drug Bitterness

4.3 Factors Influencing Drug Bitterness
Various factors such as physicochemical and
physiological ones affect the perceived intensity of
bitterness of a drug. The ability of the drug to
dissolve in saliva is one of them. Drugs that are
highly soluble are absorbed quickly in the mouth and
tend to interact more with the receptors of taste and
become more bitter (56).
The other significant consideration is the molecular
structure and functional groups which are present in
the drug molecule. The bitter taste is believed to be
common among certain structural features like
aromatic rings, alkaloid structures and heterocycles
that involve the presence of the nitrogen atom. The
level of the drug and the amount of time that the drug
remains in contact with the taste receptors also have
significant role in determine the intensity of
bitterness (57).
Besides drug-related ones, other patient-related
variables including age, genetic differences in terms
of taste receptors, and salivary composition may also
have effects on bitterness perception. Taste-masking
of a pediatric oral product is also underlined by the
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fact that pediatric patients usually have a higher
sensitivity to bitter taste (58).

5. Taste Masking Strategies of Ondansetron
Orodispersible Tablets

One of the most important factors to consider in
creation of oral dosage forms of children drugs is
taste masking, especially in regards to drugs that
have an unwanted bitter taste like ondansetron. The
drug content in orodispersible tablets (ODTs) is
released directly into the mouth cavity as the tablet
is disintegrated so that the drug molecules in the
tablet come into immediate contact with the taste
receptors on the tongue. Such a contact may lead to
unwanted bitterness that will decrease patient
acceptability and compliance. Thus, effective taste-
masking interventions must be incorporated to
enhance ondansetron ODT formulations palatability
(59).

Many pharmaceutical technologies have been
pioneered so that they can disguise the bitter nature
of medicines without the need to affect their
medicinal efficacy. The purpose of these strategies is
to avoid dissolving the drugs in the saliva or
neutralizing the contact of drug molecules and taste
receptors. Examples of common methods are ion-
exchange resin complexation, microencapsulation,
polymer coating, inclusion complex formation, solid
dispersion techniques as well as using sweeteners
and flavoring agents. Each of the methods has
certain benefits based on the physicochemical
attributes of the drug and the desired properties of
release of the formulation (45).

When using ondansetron ODTs, a combination of
highly developed tastes masking technology and fast
disintegrating excipients can be used to generate
both an efficient bitterness reduction process and
instant drug delivery into the gastrointestinal tract.
Drugs that are soluble, stable, administered orally,
and acceptable to the patient are the factors affecting
the choice of a suitable taste-masking strategy (60).
5.1 Overview of Taste Masking Technologies
Taste masking technologies are meant to block the
sense of bitter taste either by lowering the solubility
of the drug in saliva or by physically extracting the
drug off the taste receptors. Such technologies could
be grouped into physical, chemical, and
physiological technologies. Physical methods entail
coating or covering drug particles whereas chemical
methods entail complexation of drugs with other
molecules in order to make them less available in
saliva (61).

The modern taste-masking methods are
microencapsulation, polymer coating, ion-exchange
resin complex, inclusion complex and solid
dispersions. Such approaches aid in the regulation of
the discharge of the drug into the oral cavity and the
speedy discharge into the gastrointestinal tract on the
ingestion. Combination of such methods with the
ODT formulation technologies has tremendously
augmented the palatability of bitter drugs in the
pediatric therapy (62).

Sensory modifiers like sweeteners, flavoring agents
and cooling excipients are also very common in
formulation to increase further in taste masking.
Such agents are not able to remove the bitter, but
decrease its perception by modifying the
formulation sensory profile (63).

5.2 Ion-Exchange Resin Complexation
Pharmaceutical It is quite common in
pharmaceutical preparations to use ion-exchange
resin to mask the taste and release drugs in a
controlled manner. These are water-insoluble
polymers of resin, which have ionizable functional
groups that can form reversible complexes with drug
molecules that have opposite charges. When a drug
like ondansetron comes into contact with an ion-
exchange resin, it will produce a drugresin complex,
which is sometimes known as a resinate (45).

The formed complex cannot be dissolved in saliva,
as a result, the drug is not released immediately in
the mouth and is not exposed to taste receptors. But,
when the complex enters the acidic conditions of the
stomach the drug is then released based on an ion-
exchange process with the gastric ions of the
hydrogen or sodium ion (64).

The ion-exchange resin technology in particular is
good when dealing with ODT formulations since the
resin is effective in rendering the preparations bitter
on the one hand and fast to dissolve after intake on
the other hand. Practically well researched resins
include Amberlite IRP64 and Indion resin which
they employ to add a bitter drug with an oral delivery
(65).

5.3 Microencapsulation Techniques

Another technique that is commonly used in order to
mask the taste of bitter drugs is microencapsulation.
In this method, the drugs are encased with a slight
coating on the surface, in the form of a microscopic
capsule, which consists of polymers or lipids, which
shields the drug against the taste receptors in the
mouth (58).

The outer layer or enveloping matter serves as a
protective coat enabling the drug not to dissolve in
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the saliva within the limited duration of the
remainder of the mouth. The coating disintegrates or
breaks upon exposure to the gastrointestinal tract,
thereby releasing the active drug in the system.
Microencapsulated drug particles are usually
prepared using different techniques which are spray
drying, coacervation, solvent evaporation and
fluidized-bed coating (66).

Microencapsulation is most advantageous to ODT
formulations in that bitter drugs can be incorporated
into tablets that disintegrate quickly without
affecting the taste. Moreover, the method is capable
of enhancing stability of drugs and the release
properties (60).

5.4 Polymer Coating Technologies

Polymer coating is also a popular physical method
of taste-masking whereby drug particles are coated
with solubility-insoluble or saliva-inert polymers.
These are polymers which help to protect the drug
against dissolving in the saliva and release of the
drug in the gastrointestinal system (67).

The most popular polymers in the taste masking
applications are ethyl cellulose, hydroxypropyl
methylcellulose (HPMC), Eudragit polymers, and
polyvinyl acetate. The coating operation is normally
carried out through methods like fluidized-bed
coating, pan coating or spray coating, which permit
homogeneous layer of polymer to cover drug
particles (68).

The polymer coating thickness and composition can
be optimized to give the required trade off between
masking of the taste and drug release. Polymer-
based drug particles are often added to ODTs in
order to offer enhanced palatability and patient
compliance.

5.5 Inclusion Complexation (Cyclodextrins)
Cyclodextrins These are cyclic oligosaccharides that
are able to enter an inclusion complex with drug
molecules. These complexes can be thought of as the
hydrophobic part of the drug molecule being caged
in a hydrophobic pocket of the cyclodextrin, and the
hydrophilic outer surface of the drug is free to the
surrounding aqueous (69).

Such a complexation can minimize the contact of the
drug molecule with taste receptors and thus bitter
taste can be neutralized. Some commonly used
cyclodextrins used in pharmaceutical preparations
include 2  -cyclodextrin, hydroxypropyl -
cyclodextrin and methylated cyclodextrins (69).
Taste masking with cyclodextrin is especially
applicable with drugs whose molecular structure has
hydrophobic regions. Besides taste masking,

cyclodextrin complex may enhance oral formulation
drug solubility, stability, and bioavailability (70).
5.6 Solid Dispersement Techniques

Solid dispersion technology is where a poorly
soluble/bitter drug is dispersed inside a hydrophilic
carrier matrix that has the ability to modify the
dissolution properties of the drug and also decrease
the sense of bitterness. Solid dispersions are usually
carried using carriers that include
polyvinylpyrrolidone (PVP), polyethylene glycol
(PEG), and sugars (71).

A common method in these systems is to disperse
the drug on the carrier matrix on a molecular scale,
thereby avoiding direct contact with the taste
receptors in an oral delivery. Also, solid dispersions
have the potential to enhance the rate of dissolution
and Dbioavailability of drugs, thereby being
applicable in the ODT formulations (72).

There are some methods of obtaining solid
dispersions such as fusion (melting) methods,
solvent evaporating, and hot-melt extrusion, which
allow the drug to be evenly distributed throughout
the carrier matrix (73).

5.7 Sweeteners and Flavoring Agents

Flavoring agents and sweeteners are usually added
to the oral preparations in order to increase
palatability and minimize the sensation of bitterness.
These agents do not chemically alter the drug but
alter the sensory experience, thus the formulation is
more palatable to the patients (44).

Artificial sweeteners like aspartame, sucralose,
sodium saccharin and acesulfame potassium have
gained popularity in ODT preparations because of
their good sweetness rating and calorie-free
properties. Other types of natural sweeteners like
sorbitol, mannitol and xylitol are also commonly
used since they offer a good mouthfeel and cooling
effect (74).

The introduction of flavoring agents like fruit flavor,
mint flavor, and wvanilla flavor flavors is also
common to add sweeteners and enhance the overall
flavor profile of the formulation. These sensory
modifiers when added with a state of the art taste-
masking systems are important determiners of
improved acceptability of pediatric oral dosage
forms (75, 76).
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Figure 3: Schematic Representation of Taste-
Masking Strategies Used in Orodispersible
Tablet Formulations

6. Formulation Strategies for Ondansetron
Orodispersible Tablets

Development of ondansetron orodispersible tablets
(ODTs) needs to be formulated carefully to ensure
rapid disintegration of the tablet, good taste masking
and reasonable mechanical strength. ODTs are
supposed to dissolve rapidly in the mouth and do not
require the use of water, therefore, the choice of
excipients and production methods is important in
defining the efficacy and appealing nature of the
dosage form. Development of strategies has to
comply with fast disintegration, consistent drug
distribution, acceptability, and adequate hardness of
tablet to facilitate its handling and packaging (77).
Taste masking in an ondansetron ODT formulation
is also an urgent need besides its quick disintegration
since the compound was bitter. The formulation
should thus contain a combination of
superdisintegrants, taste-masking systems and
streamlined excipient systems in order to attain a
proper combination of fast drug release and
reasonable  palatability. ~The  progress in
pharmaceutical technologies like direct
compression, lyophilization and sublimation have
also contributed to the improvement of the
development of ODTs which possess greater
performance qualities (78).

It is also necessary to optimize the formulation
parameters to ensure the balance between the
strength of the tablet and its ability to disintegrate.
High porosity can cause weak tablets and low
porosity can slow down the disintegration of the
tablet. Thus, the development of ondansetron ODTs
must be planned such that the excipients,
manufacturing, and processing conditions are
optimised to achieve the targeted quality of the
product and therapeutic outcomes (77).

6.1 Selection of Superdisintegrants

One of the important ingredients used in the ODT
formulations is the superdisintegrants which enable

the tablet to break up very rapidly on coming in
contact with saliva. The mechanism of action of
these materials includes swelling, wicking and the
recovery of deformation, which facilitate the
penetration of saliva into the pill matrix and speed
up the action of disintegrating the pills (79).

Some of the common superdisintegrants used in
ODT are crospovidone, croscarmellose sodium, and
sodium starch glycolate. The crospovidone is
effective especially since it enhances quick
absorption of water and swellings without the
formation of a viscous gel layer hence allowing
rapid disintegration of the tablet. Sodium starch
glycolate and croscarmellose sodium also have good
swelling properties that enable the dosage form to
disintegrate fast (80).

The concentration and the nature of the
superdisintegrant needs to be optimized in order to
have the required time of disintegration and yet
integrity of the tablet. High concentrations can cause
reduced hardness of the tablets, and low
concentrations can retard tablet disintegration. As
such, the correct choice of superdisintegrants is one
of the most important determining factors of the
success of the ondansetron ODT formulations (81).

6.2 Choice of Taste Masking Agents

The concept of taste masking is a necessary factor in
the ondansetron ODT formulations due to the fact
that the drug has a bitter taste that may reduce patient
compliance especially in pediatric patients. There
are different taste-masking substances and
technologies that are added to the formulation to
avoid drug contact with taste receptors in the oral
cavity (82).

The typical methods would be ion-exchange resin,
polymer coating, cyclodextrin complex, and
microencapsulation. The ion-exchange resins create
drug resin complexes which are insoluble in saliva,
and are dissolve in the acidic gastric environment. In
the same light, the ability of drug-coated particles
caused by polymers forms a physical barrier, which
reduces the dissolution of the drug in the mouth (83).
Besides these technologies, sweeteners and
flavoring agents are usually added so as to enhance
palatability. Aspartame, sucralose, mannitol and
other sweeteners are used common in the ODT
formula since they add a pleasant sweet flavor and
mouthfeel to the blend. Both sensory modifiers and
good strategies to mask the taste contribute greatly
to the acceptability of ondansetron ODT
formulations (84).

6.3 Tablet manufacturing techniques
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A number of manufacturing methods have been
devised to prepare the ODTs and each of them has
certain benefits based on the required properties of
the formulation. Direct compression is one of the
most widely employed techniques which is done by
mixing the drug with appropriate excipients and
pressing the mixture into tablets. This is an easy and
inexpensive approach, which is popular among
industrial manufacturing (85).

The lyophilization (freeze-drying) method is another
method of tablets preparation applied in ODT
formulation that creates highly porous tablets and
that dissolve fast in the oral cavity. Despite its
extreme speed of disintegration, the tablets are also
weak and must be packaged in a special manner
(86).

Other methods which include sublimation, spray
drying and molding have been applied as well to
create ODT preparations with enhanced porosity and
quick disintegration properties. These production
methods facilitate the creation of tablets which break
down easily and at the same time, they have
adequate mechanical capability to be manned and
transported (86).

6.4 Formulation Parameters Optimization

In order to come up with the desired performance
characteristics of ondansetron ODTs, formulation
parameters should be optimised. The main
parameters are the hardness of the tablet, its time to
disintegrate, consistency in the content of the drug
and the rate at which it dissolves and all these
parameters can be used to determine the quality and
effectiveness of a dosage form (87).

As a means of optimizing formulation variables,
Design of Experiments (DoE), factorial and
response  surface methodology (RSM) of
experimental design are regularly employed. Such
statistical programs can be used to find the best
excipient and processing conditions that would give
the quickest disintegration rates but not lessen the
tablet strength (88).

Ondansetron ODTs can be formulated using a
combination of systematic efforts in optimizing
formulation constituents and processing conditions
to produce disintegrating ondansetron which show
good taste masking, acceptable mechanical strength,
and enhanced patient compliance. Pediatric drug
delivery In this context, ease of administration and
palatability are important (particularly during the
delivery of therapeutic agents) through such
optimized formulations (77, 89).
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Formulation Strategy for Ondansetron
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7. Evaluation of Taste-Masked Orodispersible
Tablets

The orodispersible tablets (ODT) assessment is an
important process in formulations development to
ascertain the quality of a product, fast disintegration,
excellent masking of taste, and favorable
mechanical strength. As the ODTs are aimed to
dissolve quickly in the mouth without any
requirements to use water, the multiple pre-
compression and post-compression parameters are
to be thoroughly considered to ensure that the
formulation is well-suited in terms of pharmacopeial
and performance. These conditions can be used to
establish the nature of the formulation in terms of its
power flow characteristics, high tablet strength, fast
disintegration, and a steady release of the drug (90).
Besides the usual quality control tests, one may need
to use special evaluation methods in determining the
taste-masking effectiveness of the formulation. This
involves human sense evaluation and the
instrumental methods like electronic tongue system,
which is a method that is employed in quantitative
measures of taste perception and intensity of
bitterness. Such analysis techniques are used to
make sure that the formulation is made palatable but
at the same time makes it palatable without
compromising the performance of therapeutic
efficacy (91, 92).

The entire process of ODT formulations is thus a
mix of pre-compression powder analysis, post-
compression quality tests, dissolution tests and
sensorial analysis process. All these studies are
aimed at making sure that the formulation that is
developed fits regulatory requirements and offers
better patient acceptability especially when pediatric
populations are concerned (93).

7.1 The parameters to be evaluated during pre-
compression include
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Pre-compression testing entails testing of powder
blends prior to compression to give appropriate flow
and compression properties. These parameters are
necessary to take control of similar weights of pills,
consistent drug dispersion, and effective production
output (94).

The parameters that are commonly considered to be
are bulk density, tapped density, angle of repose,
Carr compressibility index and Hausner ratio. Bulk
and tapped density gives us the data regarding the
packing behavior of the powder particles whereas
the angle of repose gives us the data regarding the
powder flow behavior. The index, and ratio of Carr
and Hausner are common measures of powder
compressibility and flowability, which is extremely
important in even dispensing of die during the
process of tablet production (95, 96).

OTD formulations that have been made using direct
compression methods are also sensitive to good
powder flow properties because poor flow properties
can cause a difference in weight and drug content in
a tablet. Consequently, the pre-compression
parameters should be critically considered in order
to guarantee the reproducibility and uniform quality
of the end product (97).

7.2 Post-compression Quality Control Tests

Once the compression of the tablets is done there are
a number of quality control tests conducted to check
the physical and mechanical properties of the dosage
form that is completed. The tests are made to assure
that the pills are pharmacopeial compliant and are
strong enough to handle, package, and transport
(98).

Other parameters to be paid attention to after
compression are tablet hardness, friability, tablet
thickness, weight change, and uniformity of the drug
content. Hardness testing is used to ascertain the
mechanical strength of the tablet whereas friability
testing is used to determine the resistance to abrasion
and mechanical stress during handling. The tests on
weight variation and content uniformity are
conducted to provide uniform dose of drug in every
unit of tablet (98, 99).

In the case of ODT formulations, other tests that are
especially critical to these formulations include
wetting time and in-vitro disintegration time since
they directly affect how the dosage form performs in
the oral cavity. The rapid disintegrating tablet is
supposed to disintegrate within a short time so as to
release the drug fast and conveniently to the patient
(100).

7.3 In-vitro Disintegration/Dissolution

The stability of release of the taste-masked ODTs
requires in-vitro disintegration and dissolution
investigations. The disintegration testing is used to
determine the duration it takes to disintegrate a tablet
into minute particles when exposed to a liquid
medium. Rapidity is one of the main properties of
ODT preparations, which is required to guarantee
rapid therapeutic effect initiation (101).

Dissolution research is done to establish the rate and
extent of release of drug by the dosage form under
simulated physiological conditions. This is normally
done by performing these studies with USP
dissolution equipment under appropriate dissolution
media and agitation conditions. Dissolution profile
is information that assists greatly on the availability
of the drug to get absorbed once it has been
administered (102).

In the case of the taste-masked preparation, the
dissolution tests are also useful in ensuring that the
taste-masking barrier does not hinder the drug
release in the gastrointestinal tract to a substantial
extent. As such, there should be an ideal equilibrium
between good taste obscuration in the mouth and
quick release of drugs in the stomach (103).

7.4 Taste Evaluation Methods (Human Panel /
Electronic Tongue)

The evaluation of taste is an important aspect of
determining the taste-masked pharmaceutical
formulations. Conventionally, human taste panels
have been utilized to test the palatability of oral
formulations through measuring intensity of
bitterness, mouthfeel and overall acceptability. The
reliability of this method can, however, be restrained
by the ethical reasons and individual differences
(104).

In order to address these shortcomings, such
instrumental methods as the electronic tongue (e-
tongue) have been created. Electronic tongue is a
sensor based analytical apparatus which emulates
the human sensory aspect of taste by identifying
chemical reaction between taste compounds and
sensor bank. It offers objective and reproducible
assessments of the intensity of bitterness and
masking efficiency of the taste (105).

Human sensory assessment and electronic tongue
determination offer a holistic method of determining
taste masking in the pharmaceutical formulations.
These techniques are especially useful in the
formulation of oral dosage forms in children, where
palatability has a significant influence on both
patient compliance and curative effect (106).
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8. New Developments in Pediatric Orodispersible
Formulations

The pharmaceutical technology has evolved recently
to show great promise when it comes to the
designing of orodispersible formulations that are
pediatric friendly. The existing ODT technologies
have been upgraded by adding new taste-masking
methods, the application of the nanotechnology-
driven drug delivery systems, and additive
technologies like 3D printing. The objectives of
these developments include enhanced palatability of
drugs, flexibility in dose, and adherence in the
patients who tend to have problem of swallowing the
traditional tablets (5, 107, 108).

Personalized pediatric medicine is also a modern
formulation strategy of which the dosage forms can
be designed to meet the specific needs of the patient
based on the age, body weight, and therapeutic
requirements. Nanocarriers and 3D printing
technologies allow moving towards drug loading
accuracy, regulation of drug release, and increased
taste masking. The developments are a significant
move towards patient-oriented pharmaceutical
design in children (109).

8.1 New technologies in masking of tastes
Current study has paid attention to elevated
technological methods of taste-masking that
involves polymeric coating, ion-exchange resin
complexes, lipid-based vehicles, and multi-layered
microencapsulation. Such methods will help to
avoid the dissolution of drug in the saliva and
achieve the rapid release in the gastric environment.
Ion-exchange resin complexes are very useful since
they attach the drug molecule and do not release it at
the neutral pH of the oral cavity effectively make the
drug bitter (110).

Moreover, there are the multi-layer coating and
microencapsulation methods which have been
developed to offer better taste masking and
controlled drug release. These technologies enable
the drug to be contained when it is being
administered orally and fast released in the
gastrointestinal tract after it is swallowed (111).

8.2 Nanotechnology-Based Approaches

The young field of nanotechnology has achieved
strong potential in masking of taste and delivery of
drugs in pediatric formulations. Bitter drugs can be
carried in nanoparticles, liposomes, solid lipid
nanoparticles and polymeric nanocarriers so that
they do not interact directly with taste receptors.
Such systems also have the capacity of enhancing

the drug solubility, bioavailability, and stability
(112).

Moreover, nanocarriers provide regulated release of
drugs and better pharmacokinetics. By changing the
particles size and surface properties, scientists are
able to customize drug delivery systems to realize
improved therapeutic effect and improved
compliance among children in formulations (113).
8.3 Pediatric Dosage Forms 3D Printing

One of the most original technologies used in the
delivery of pediatric drugs is three-dimensional (3D)
printing. It also allows the on-demand production of
tailored dosage forms, wherein the dose of the drug,
its shape of a tablet, and the ability to disintegrate
can be altered as per the needs of the particular
patient (114).

Fused deposition modeling (FDM), inkjet printing,
and semi-solid extrusion are the technologies of 3D
printing that are frequently applied in the
manufacture of orodispersible tablets and films. The
technologies are able to increase drug palatability
using taste-masking excipients and changing the
structure of the tablets to allow them to disintegrate
fast. Also, individual dosing by 3D printing can be a
important advance in pharmacotherapy in childhood
(115).

Table 2. Recent Advances and Patents in
Pediatric Orodispersible Formulations
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9. Regulatory Considerations for Pediatric
Formulations

Pharmaceutical formulations that are designed and
developed by a pediatrician should be done in a
manner that is sensitive to the regulatory rules to be
considered in order to achieve safety, effectiveness,

and quality of medications used among children.
The regulatory agencies underscore the importance
of age-specific dosage forms which are specially
intended to address the physiological and
developmental requirements of the pediatric
patients. Children are unlike adults and make a
heterogeneous population with different metabolic
rates, maturity of the organs and different dosing
needs. Thus, control mechanisms should mandate
that pharmaceutical companies ought to test the
dosage form among various pediatric age groups
such as neonates, infants, children, and adolescents.
Pediatric drug development has one of the biggest
regulatory imperatives in the establishment of
palatability and administration ease. As
unacceptable taste and ability to swallow can play an
important role in medical compliance among
children, regulatory authorities promote the creation
of patient-friendly dosage, which includes oral
liquids, chewable tablets, and orodispersible tablets.

Excipients choice also has to be considered as some
excipients that are safe in adults may not be the same
in children population.

Along with safety and palatability concerns,
regulatory agencies establish a high level of
requirements regarding the accuracy of the dosage,
stability, and quality of manufacturing. The
formulations to be used by pediatrics must have
flexible dosage especially to drugs that need
adjustment of dose according to weight. Stability,
bioavailability, and quality control tests have to be
conducted to maintain the provision of the desired
therapeutic effect by the formulation in a consistent
manner. The regulatory factors are very important in
making sure that pediatric medicines are safe, and
also effective to be used in clinic.

10. Prospective Conclusions and Research
Prospects

Pediatric drugs delivery is the developing sphere
that acquires the new efficient pharmaceutical
technologies aimed at enhancing the
pharmacological adherence and treatment results.
Orodispersible tablets have a potential to be a
superior medium of drug delivery in children since
it embodies the benefits of prompt disintegration,
ease of swallowing, and precise dosage. It is
anticipated that future studies will involve the
creation of improved formulation strategies that will
add to the existing designation of palatability,
stability and acceptability by the patient.

The next generation of pediatric dosage forms is
likely to have significant contributions of emerging
technology like nanotechnology, sophisticated
methods  of  taste-masking, and additive
manufacture. Nanocarrier systems could provide a
better drug solubility, controlled drug release and
bioavailability. Likewise, the opportunities in the
development of personal medicines, using
adjustable doses and adjustable tablet structures with
customizable structures are offered by the
technologies of three-dimensional printing.

The other aspect that future research ought to be
guided by is the development of personalized and
patient-centric ~ pediatric ~ medicines. = New
possibilities in digital health technologies, artificial
intelligence, and precision medicine can be used to
optimize the dose more accurately and provide
customized treatment. Besides, more studies must be
conducted to come up with safer excipients, better
technologies to mask the taste, and come up with
dosage forms that will suit the specific physiological
requirements of pediatric patients.
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On the whole, future advances in the pharmaceutical
formulation science and drug delivery technologies
will be relevant in enhancing the availability of safe,
effective and child-friendly drugs in the future.

11. Conclusion

ODTs have become a significant and convenient
mode of administering drug in pediatric care
especially when the medication delivered (eg
ondansetron) is a popular treatment for nausea and
vomiting. ODTs disintegrate quickly in the mouth
cavity, and therefore, it does not require the use of
water and thus administration can be easily done, a
feature that is particularly useful in children who
usually have trouble swallowing the typical tablets.
Consequently, ODT preparations would enhance the
medication compliance and treatment results among
pediatric populations highly.

Nevertheless, the bitter nature of ondansetron poses
a significant obstacle in the preparation of attainable
pediatric dosages. lon-exchange resin complexion,
microencapsulation, polymer coating, inclusion
complex formation and incorporation of sweeteners
and flavoring agents have been investigated as
various methods of improving palatability. These
methods assist in avoiding interplay of the drug with
the taste receptors in the mouth cavity and at the
same time rapid release of the drug in the
gastrointestinal tract.

Besides taste masking, precise choice of excipients
and superdisintegrants optimization and application
of appropriate manufacturing procedures are
essential in the development of successful
ondansetron ODTs to achieve high rates of rapid
tablet disintegration and good mechanical strength.
Extensive assessment procedures such as pre-
compression analysis, post-compression quality
testing, dissolution studies and taste evaluation are
necessary in order to make sure the final formulation
is of high quality and performance.

The newest trends in the pharmaceutical
technologies and  innovation, such  as
nanotechnology of the delivery systems and three-
dimensional  printing, have created new
opportunities of the creating of the personalized and
more efficient pediatric formulations. The
innovations could also enhance further the drug
palatability, flexibilities in dosing and effectiveness.
In general, combining hi-tech taste-masking
schemes, streamlined formulation plans, and novel
technologies of drug delivery bears huge potential of
creating safe, effective, and patient-friendly
ondansetron orodispersible tablets that can be used

in the treatment of children. It is hoped that further
research in this area will continue to help advance
the drug delivery process in pediatrics and help in
the creation of more acceptable and convenient
pharmaceutical ~formulations that could be
administered to children.
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