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urinary alkalinization and the management of hypocitraturia; however, conventional
dosage forms, such as large extended-release tablets, often result in poor patient
compliance due to their size and associated gastrointestinal (GI) side effects [2]. This
review explores the formulation and evaluation of potassium citrate into a medicated
gummy dosage form. By utilising a hydrocolloid gelling matrix, these gummies offer a
palatable, chewable alternative that eliminates the need for water and improves the
overall patient experience. Key evaluation parameters, including weight variation,

texture profile analysis (TPA), and drug content uniformity, are discussed to ensure
pharmaceutical quality and therapeutic efficacy.

INTRODUCTION

Nephrolithiasis, or kidney stone disease, is a
complex crystalline disorder affecting roughly
12% of the global population [3]. The most
common stone compositions involve calcium
oxalate and uric acid. Potassium citrate therapy is
utilised to increase urinary pH and citrate levels,
thereby inhibiting the nucleation and growth of
these crystals [4].

Despite its efficacy, the "pill burden" associated
with potassium citrate is a major hurdle. Patients
are often required to take multiple large tablets
several times a day. Furthermore, the high salt
content can lead to "salty" aftertastes and gastric
irritation [5]. Medicated gummies have emerged
as a novel "Patient-Centric Drug Design" (PCDD)
to address these issues. They provide a soft,
chewable texture and allow for better taste-
masking of saline active
ingredients (APIs) [6].
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Mechanism of Calcium Oxalate Stone

Formation

Supersaturation of Urine — Stone Formation
(Short Explanation):

Urinary stone formation begins when the
concentration of substances such as calcium and
oxalate rises beyond their solubility threshold,
creating a supersaturated environment. Under
these conditions, initial crystal particles are
generated through nucleation. These small crystals
progressively enlarge as additional ions deposit
onto their surfaces, a process known as crystal
growth. Subsequently, individual crystals combine
to form larger aggregates. When these aggregates
are not effectively eliminated through urine flow,
they remain within the kidney and gradually
develop into detectable renal stones.
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Figure 2: Role of Citrate in Prevention

Anti-Urolithiatic Mechanism of Citrate

Calcium ions (Ca*") combine with oxalate ions to
form insoluble calcium oxalate crystals, which are
the primary components of kidney stones. Citrate
acts as an inhibitor by binding with calcium ions
to form a soluble calcium—citrate complex. This
reduces the availability of free calcium, thereby
crystal

preventing formation and stone

development.
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Figure 3: Formulation of Citrate-Based Chewable
Matrix

Development Process of Chewable Matrix

The chewable matrix is prepared by combining
citrate salt with suitable polymers, sweeteners, and
flavouring agents to ensure stability and
palatability. The ingredients are first uniformly
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blended, followed by granulation to improve flow
and compressibility. The granules are then shaped

through compression or moulding to obtain the
final chewable dosage form.

Evaluation of Chewable Matrix

The developed formulation is systematically
evaluated to ensure its quality and performance.
Initially, physical properties such as hardness,
friability, and thickness are assessed to confirm
mechanical strength. This is followed by chemical

Fiure 4: Physicochemical Characterisation Workflow

evaluation, including pH and drug content
determination. Performance testing, such as
disintegration and dissolution studies, is then
conducted to understand the release behaviour.
Finally, the data obtained are analysed using
release kinetics models to characterise the drug
release mechanism.

Figure 6: Mechanism of Drug Release from Matrix

Upon administration, saliva penetrates the
chewable matrix, initiating hydration of the
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polymer. This leads to matrix swelling, which

creates a gel-like structure. Citrate then gradually
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diffuses out of the swollen matrix, resulting in a
controlled and sustained release of the active
ingredient.

2. MATERIALS AND FORMULATION
METHODOLOGY

2.1 Formulation Components

The success of a medicated gummy depends on the
synergy between the API and the gelling matrix

[7].

e Active Ingredient: Potassium Citrate ( mEq
per unit).

e Gelling Agents: Gelatin is commonly used
for its elastic texture, while Pectin (citrus-
derived) is preferred for its stability at higher
temperatures and vegan-friendly profile [8].

o Sweeteners and Bulking Agents: Sucrose,
liquid glucose, or sugar-free alternatives like
Sorbitol provide the necessary body and mask
the bitterness of the potassium ions [9].

e Humectants: Glycerin is added to maintain
moisture and prevent the gummies from
becoming brittle over time [10].

2.2 Manufacturing Process

The fabrication typically follows the "Moulding
Method" [11]:

1. Hydration Phase: The gelling agent is
hydrated in purified water at.

2. Syrup Phase: Sweeteners are heated
separately to create a concentrated base.

3. Integration: The potassium citrate 1is
dissolved in the syrup base. This mixture is
then combined with the hydrated gel under
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constant low-shear stirring to prevent air
entrapment [12].

4. Final Additives: Citric acid (to adjust pH)
and flavouring agents are added at the "cool-
down" stage.

5. Casting: The slurry is poured into starch or
silicone moulds and allowed to cure for 24 to
48 hours [13].

3. EVALUATION PARAMETERS

To ensure the gummy functions as a reliable drug
delivery system, several pharmaceutical tests must
be conducted:

e Weight Variation: According to USP
standards, 20 gummies are weighed
individually to ensure manufacturing

consistency [14].

e Texture Profile Analysis (TPA): This is
critical for patient acceptance. Parameters
include hardness (force of first bite),
cohesiveness, and springiness [15].

e Drug Content Uniformity: The gummy is
dissolved in a suitable solvent and analysed
via Flame Photometry or HPLC to ensure the
potassium concentration meets the labelled
claim () [16].

e In-vitro Dissolution: Using a USP Type Il
apparatus, the release rate of citrate is
measured. A successful formulation should
release the drug within 30 minutes in
simulated gastric fluid [17].

4. DISCUSSION AND CLINICAL
SIGNIFICANCE
The transition from tablets to gummies

significantly lowers the threshold for patient
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adherence. Because the gummy is masticated, the
API is pre-diluted with saliva before reaching the
gastric mucosa, which may reduce the localized GI
irritation often seen with concentrated potassium
tablets [18]. challenges remain
regarding the sugar content for diabetic patients
and the stability of the gel matrix in humid
climates like India [19].

However,

S. CONCLUSION

The formulation of potassium citrate medicated
gummies represents a viable and
alternative to conventional oral dosage forms.
Through careful selection of polymers and

superior

sweeteners, it is possible to create a product that is
both therapeutically effective and highly palatable.
This approach not only manages the physiological
symptoms of nephrolithiasis but also addresses the
psychological barriers to long-term medication
[20].
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