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Article Information  ABSTRACT 
Received: 31st May 2025  Background: Clarithromycin, a macrolide antibiotic, is commonly prescribed for respiratory and skin 

infections. However, its intensely bitter taste significantly hampers patient compliance, especially in 

pediatric and geriatric populations. The present study focused on formulating a novel taste-masked 

clarithromycin tablet using non-saccharide polymers to improve palatability while maintaining 

pharmacological performance. Methodology: Taste masking was accomplished by employing Eudragit 

E-100, Ethyl Cellulose, and Hydroxypropyl-β-Cyclodextrin (HP-β-CD) as coating agents. Granules 

were formulated using a bottom-spray fluidized bed coating process, followed by compression into 

tablets. These were assessed for physical parameters, disintegration time, in vitro drug release, and 

sensory evaluation using an electronic tongue system. The dissolution behavior was compared with that 

of a marketed clarithromycin formulation. Stability testing was conducted under accelerated (40°C/75% 

RH) and long-term (25°C/60% RH) storage conditions. Result and Discussion: The optimized 

formulation (Batch B9) demonstrated complete taste masking, exhibiting a bitterness score of 0 on the 

electronic tongue. Sensory data projected an over 85% improvement in patient acceptability. The tablets 

disintegrated within 60 seconds and showed a drug release of 98.1% within 30 minutes. Comparative 

dissolution profiling indicated no statistically significant difference (p > 0.05) between the test and 

reference products. Stability studies confirmed robust physicochemical stability for six months under 

both storage conditions. Conclusion: The study successfully developed a taste-masked clarithromycin 

tablet employing non-saccharide polymers, ensuring effective taste masking, rapid disintegration, and 

consistent drug release. This formulation offers a promising approach to enhance treatment compliance, 

particularly in populations sensitive to taste. 
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INTRODUCTION 
Clarithromycin, a semi-synthetic macrolide antibiotic, is widely 
prescribed for the treatment of various bacterial infections, 
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including respiratory tract infections, skin and soft tissue 
infections, and Helicobacter pylori-associated gastric ulcers [1]. 
It acts by inhibiting bacterial protein synthesis through binding 
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to the 50S ribosomal subunit, demonstrating broad-spectrum 
activity against both Gram-positive and Gram-negative 
organisms [2]. Despite its clinical effectiveness, the therapeutic 
use of clarithromycin is often challenged by its intensely bitter 
taste, which can significantly impact patient compliance, 
particularly in pediatric and geriatric populations where 
palatability is a critical factor [3]. Taste plays a pivotal role in 
patient adherence to oral medications, especially among children 
and the elderly, who are more sensitive to unpleasant flavors. 
The bitter taste of drugs like clarithromycin often leads to refusal 
to take medication, incomplete dosing, or therapy 
discontinuation, ultimately compromising treatment outcomes. 
Consequently, effective taste-masking strategies are essential to 
ensure therapeutic success in these vulnerable populations [4]. 
Traditional approaches to improve palatability include the use of 
sweeteners, flavoring agents, or physical methods such as 
coating and complexation. However, sweeteners and flavors 
only provide temporary masking and may not entirely conceal 
the bitterness throughout the residence time in the oral cavity [5]. 
 
In response to these challenges, recent innovations have focused 
on employing non-saccharide polymers for taste masking. 
Unlike conventional methods, non-saccharide polymer coatings 
can form a robust physical barrier around the drug particles, 
preventing their interaction with taste receptors in the oral 
cavity. Importantly, these polymers are designed to remain 
insoluble at the neutral pH of saliva but dissolve readily under 
the acidic conditions of the stomach, ensuring timely drug 
release without affecting bioavailability. Among these, 
polymers such as Eudragit E-100 and Ethyl Cellulose have 
gained attention due to their pH-sensitive and water-insoluble 
properties, respectively. These materials offer the dual 
advantage of effective taste masking and controlled drug release, 
making them highly suitable for the formulation of pediatric-
friendly oral dosage forms [6-7]. Although taste masking using 
Eudragit and ethyl cellulose has been explored for other drugs, 
limited data exist on the use of this polymeric combination 
specifically for clarithromycin. This study presents a novel 
approach by integrating HP-β-CD with pH-sensitive and water-
insoluble polymers to achieve complete bitterness suppression 
in clarithromycin tablets, a phenomenon that has not been 
explicitly reported previously [8]. Given the limitations of 
traditional taste-masking techniques and the growing demand 
for improved patient-centric formulations, the present study 
aimed to develop a taste-masked clarithromycin tablet using 

non-saccharide polymers. The goal was to achieve a formulation 
that effectively conceals the bitterness of the drug, ensures rapid 
disintegration, and maintains efficient drug release, thereby 
enhancing patient compliance without compromising 
therapeutic efficacy [9]. The formulation approach is aligned 
with EMA and US FDA pediatric development guidelines that 
emphasize the need for palatable, age-appropriate oral dosage 
forms with proven acceptability in target populations (EMA 
Guideline on Pharmaceutical Development of Medicines for 
Paediatric Use, 2013; FDA Guidance for Industry on General 
Clinical Pharmacology Considerations for Pediatric Studies, 
2014). 
 
MATERIALS AND METHODS 
Materials 
The present study utilized high-purity materials, including 
clarithromycin gifted by Taj Pharmaceuticals Ltd., and polymers 
such as Ethyl Cellulose, Eudragit E-100, and Hydroxypropyl-β-
Cyclodextrin, procured from reputable vendors like Evonik and 
Himedia Labs. Additional excipients, including talc, lactose, and 
Polyvinylpyrrolidone K30, were sourced from Merck Limited, 
Kerry Ingredients, and McW Health Care Pvt. Ltd., respectively. 
All chemicals and solvents were of analytical reagent (AR) or 
laboratory reagent (LR) grade. 
 
Methods 
Preformulation Studies 
Preformulation studies were conducted to assess the 
fundamental properties of clarithromycin, critical for designing 
a robust taste-masked formulation. 
 
Appearance 
The physical characteristics of clarithromycin powder, including 
color, texture, and particle size distribution, were observed 
visually under standardized lighting conditions. The drug 
appeared as an off-white crystalline powder, with a fine, free-
flowing nature [10]. 
 
Melting Point Determination 
The melting point was evaluated using a capillary method, 
wherein a small amount of clarithromycin was placed in a sealed 
capillary tube and heated gradually in a melting point apparatus. 
The temperature at which the drug exhibited complete 
liquefaction was recorded. The observed melting point was 
consistent with standard pharmacopeial values, confirming the 
drug's purity [11]. 
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Infrared Spectroscopy (IR Spectroscopy) 
Fourier Transform Infrared (FTIR) spectroscopy was employed 
to identify functional groups and evaluate drug-excipient 
compatibility. A small amount of powdered sample was placed 
on the ATR crystal, compressed gently, and scanned across a 
spectral range of 4000–400 cm⁻¹ using a Bruker FTIR 
spectrometer. The materials tested included clarithromycin, 
Ethyl Cellulose, Eudragit E-100, HP-β-CD, and their physical 
mixture [12]. 
 
Granulation Process  
Bottom-Spray Fluidized Bed Technique 
The granulation of clarithromycin with selected polymers was 
carried out using the bottom-spray fluidized bed coating 
technique, commonly known as the Wurster process, which is 
recognized for producing uniform coating around individual 
particles. Initially, clarithromycin powder was passed through a 
#60 mesh sieve to achieve a consistent particle size distribution. 
A measured quantity of the sieved drug was then introduced into 
the fluidized bed coater. Meanwhile, the coating dispersion was 
prepared by dissolving Eudragit E-100 and Ethyl Cellulose in a 
solvent mixture of isopropyl alcohol and water under continuous 
stirring, with Hydroxypropyl-β-Cyclodextrin (HP-β-CD) 
incorporated separately into the aqueous phase. The coating 

solution was atomized through a bottom-spray nozzle under 
controlled air pressure, allowing clarithromycin particles to 
remain suspended in an upward air stream. The inlet air 
temperature was carefully maintained between 35°C and 40°C 
to enable rapid solvent evaporation and to minimize particle 
agglomeration. Parameters such as spray rate, atomization 
pressure, and bed temperature were optimized to ensure uniform 
and consistent deposition of the polymeric layer onto the drug 
particles. After coating, the granules were sieved again using a 
#40 mesh sieve to break up any agglomerates and were 
subsequently stored in airtight containers to protect them from 
moisture and contamination until further use (Table 1) [13]. 
 
Critical Parameters Controlled During Granulation 

• Inlet Temperature: 35–40°C 
• Atomization Air Pressure: 1.5–2.0 bar 
• Spray Rate: 2–3 mL/min 
• Product Bed Temperature: 30–35°C 
• Fluidization Air Volume: Optimized to maintain a 

stable, expanded bed with minimal particle attrition. 
This method ensured the generation of uniformly coated 
clarithromycin granules, which is critical for achieving 
reproducible taste masking and consistent drug release behavior 
in the final tablet formulation.

Table 1: Granulation Batches with Different Binder Concentrations, Polymers, and Disintegrant 
Material B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 

Clarithromycin (g) 100 100 100 100 100 100 100 100 100 100 
Eudragit E-100 (g) 50 50 50 50 50 50 50 50 50 50 
Ethyl Cellulose (g) 25 25 25 25 25 25 25 25 25 25 

HP-β-CD (g) 5 10 15 10 10 5 5 5 5 10 
PVP K30 (g) 3 5 7 5 3 5 7 5 5 5 
Lactose (g) 10 10 10 10 10 15 15 15 15 15 
Aerosil (g) 0.2 0.2 0.2 0.2 0.2 0.5 0.5 0.5 0.5 0.5 

Sodium Starch Glycolate (g) - 2 2 - - 2 2 - - 2 
Aspartame (% w/w) - - - - - 4% 4% 4% 6% 6% 

Raspberry Flavor (% w/w) - - - - - 0.5% 0.5% 0.5% 0.6% 0.6% 
HPMC (6 CPS) (% w/w) 5% 5% 5% 5% 7% 7% 7% 5% 5% 5% 
Isopropyl Alcohol (q.s.) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Acetone (q.s.) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
 
Formulation development 
Following the successful preparation of taste-masked 
clarithromycin granules, formulation development was 
undertaken to compress these granules into palatable, rapidly 
disintegrating tablets while preserving the mechanical integrity 
& ensuring efficient drug release. 

Polymer blend formulation  
The formulation was designed to incorporate coated 
clarithromycin granules into a tablet matrix, along with suitable 
excipients, to aid in compression, disintegration, and overall 
stability. The tablet formulation primarily consisted of taste-
masked clarithromycin granules prepared using the bottom-
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spray fluidized bed technique. Superdisintegrants like 
crospovidone and sodium starch glycolate were included to 
promote rapid disintegration, while binders such as polyvinylpy- 
rrolidone (PVPK-30) enhanced compressibility & mechanical 
strength. Microcrystalline cellulose served as a diluent to 
maintain uniformity and target tablet weight. At the same time, 

minimal amounts of lubricants, such as magnesium stearate & 
talc, were used to ensure smooth tablet ejection during 
compression (Table 2). The polymer blend was carefully 
optimized through preliminary trials to achieve a balance 
between hardness, disintegration time, and taste-masking 
efficiency [14]. 

Table 2: Formulation Table for Optimized Clarithromycin Tablets (Batch B9) 
Ingredient Function Quantity per Tablet (mg) 

Taste-Masked Clarithromycin Granules (Batch B9) API 275 
Aspartame Sweetener 21 

Kollidon CL Superdisintegrant 52.5 
Raspberry Dry Flavor Flavoring Agent 14 
Magnesium Stearate Lubricant 3.5 

Talc Glidant 7 
Total  400 mg 

 
Tablet Compression Parameters 
Tablets were compressed using a rotary tablet press under 
standardized and controlled conditions. The following 
compression parameters were optimized as given in Table 3. The 
manufacturing process involved accurately weighing and gently 
blending the taste-masked clarithromycin granules with selected 
excipients in a double-cone blender to achieve uniform 

distribution without compromising the integrity of the polymer 
coating. The lubricated final blend was then compressed into 
tablets using optimized compression parameters to ensure the 
desired mechanical properties and disintegration profile. After 
compression, the tablets were de-dusted to remove loose 
particles and stored in airtight containers to maintain stability 
until further evaluation [15]. 

Table 3: Optimized tablet compression parameters for taste-masked clarithromycin formulation 
Parameter Details 
Punch size 8mm round, flat-faced punches used for producing uniformly sized tablets suitable for pediatric use. 

Compression force 
Adjusted to achieve hardness between 4.0–5.5 kg/cm², avoiding damage to polymer coatings and 

ensuring rapid disintegration. 
Tablet hardness Targeted at 4.5 ± 0.5 kg/cm² to ensure mechanical strength without affecting mouthfeel. 

Disintegration time Formulated to disintegrate within 60 seconds in simulated salivary fluid (pH 6.8) at 37±2°C. 
Tablet thickness &weight Avg thickness maintained at 3.5 ± 0.2 mm; weight uniformity controlled within ±5% variation. 

 
Evaluation of taste-masked granules and tablets 
A comprehensive evaluation of the taste-masked granules and 
compressed tablets was conducted to ensure the quality, 
effectiveness of taste masking, mechanical stability, and drug 
release performance. The evaluation procedures were conducted 
in accordance with pharmacopeial guidelines and standardized 
protocols. 
 
Evaluation of Taste-Masked Granules 
Flow Properties: The flowability of the taste-masked granules 
was assessed using the following parameters: 
• Angle of Repose: The static angle of repose was measured by 

allowing the granules to flow through a funnel onto a flat 
surface. The angle formed between the surface & the pile of 

granules was recorded. Values between 25°–30° indicated 
excellent flowability. 

• Bulk Density and Tapped Density: Bulk density was 
determined by lightly filling a measuring cylinder with the 
granules, while tapped density was measured after 
mechanically tapping the cylinder until a constant volume was 
achieved [16]. 

• Compressibility Index (Carr’s Index) and Hausner’s 
Ratio: These were calculated from bulk and tapped densities 
to assess the granule compressibility & flow characteristics. 
Carr’s index values less than 15% & Hausner’s ratio below 
1.25 were indicative of good flow properties, suitable for 
direct compression [17]. 
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Moisture Content Analysis 
The Loss on Drying determined the moisture content of the taste-
masked granules (Batch B9) (LOD) method using a Halogen 
Moisture Analyzer (Model: Mettler Toledo HE73). 
Approximately 2.0 grams of granules were evenly spread on the 
sample pan and analyzed at a constant temperature of 105°C. 
The system recorded the weight loss until it reached a stable 
reading, indicating complete removal of volatile moisture. The 
LOD was expressed as a percentage of the initial weight, and the 
analysis was performed in triplicate. Results were expressed as 
mean ± standard deviation. The procedure was conducted in 
accordance with USP <731> guidelines for moisture 
determination [18]. 
 
Evaluation of Taste-Masked Tablets 
Physical Characterization 
• Tablet Hardness: The crushing strength of ten randomly 

selected tablets was measured using a Monsanto hardness 
tester. The results were expressed in kg/cm², and the tablets 
were confirmed to exhibit the target hardness of 4.5 ± 0.5 
kg/cm². 

• Tablet Friability: Twenty tablets were tested using a Roche 
friabilator. Tablets were subjected to 100 revolutions at 25 
rpm, and the percentage weight loss was recorded. Friability 
below 1% was considered acceptable, ensuring mechanical 
stability during handling and transport. 

• Tablet Thickness and Diameter: The Thickness & diameter 
of randomly selected tablets were measured using a Vernier 
caliper to ensure uniformity within the specified range. 

• Weight Variation: Tablets were individually weighed, and 
the average weight was calculated. The variation from the 
mean was determined and compared against pharmacopeial 
limits (±5% for tablets weighing more than 250 mg). 

 
Disintegration Time 
The disintegration time of the tablets was evaluated using a USP 
disintegration apparatus in simulated saliva fluid (pH 6.8) 
maintained at 37° ± 2 °C. Tablets were designed to disintegrate 
within 60 seconds, ensuring their suitability for pediatric use by 
promoting ease of administration and quick release of the taste-
masked granules [19]. 
 
Assay and Content Uniformity 
Assay and content uniformity of the optimized formulation 
(Batch B9) were evaluated in accordance with USP <905> 

guidelines using a validated UV-Visible spectrophotometric 
method. Ten tablets were randomly selected and individually 
analyzed. For each tablet, the drug content was determined by 
accurately weighing and powdering a single tablet. A portion 
equivalent to 100 mg of clarithromycin was transferred to a 100 
mL volumetric flask and dissolved in 0.1N HCl with the aid of 
sonication for 10 minutes. The solution was filtered through 
Whatman filter paper No. 41, and the volume was made up to 
the mark with the same solvent. 
 
An aliquot of 1 mL of this stock solution was further diluted to 
10 mL using 0.1N HCl to obtain a final concentration of 10 
µg/mL. The absorbance of the resulting solution was measured 
at 210 nm using a double-beam UV-Visible spectrophotometer 
(Model: Shimadzu UV-1800) against a reagent blank. The 
clarithromycin content in each tablet was calculated using a 
previously established calibration curve (R² > 0.998) over the 
linearity range of 2–20 µg/mL. The mean percentage of drug 
content & std. deviation were calculated for all ten tablets [20]. 
 
Dissolution Studies 
In vitro dissolution testing was conducted using the USP 
Apparatus II (Paddle method) at a rotation speed of 50 rpm in 
900 mL of simulated gastric fluid (pH 1.2) maintained at 37 °C 
± 0.5 °C. Samples of 5 mL were withdrawn at specific time 
intervals (5, 10, 15, 20, and 30 minutes), filtered, and analyzed 
for clarithromycin content using a validated UV-visible 
spectrophotometric method at 210 nm. After each withdrawal, 
an equivalent volume of fresh dissolution medium was 
replenished to maintain sink conditions. The dissolution profile 
of the optimized batch (B9) was compared to that of a marketed 
clarithromycin tablet. Batch B9 achieved 98.1% drug release 
within 30 minutes, demonstrating a release pattern comparable 
to the marketed formulation and confirming that the applied 
taste-masking polymers did not impede drug dissolution [21]. 
 
Sensory Evaluation 
Sensory evaluation was conducted to quantitatively and 
qualitatively assess the success of the taste-masking strategy 
employed in the clarithromycin tablet formulation. Both 
instrumental analysis and human sensory testing were performed 
to provide comprehensive validation of bitterness suppression, 
ensuring that the developed formulation would be well-accepted 
by pediatric patients. Taste assessment was conducted using the 
Alpha MOS Astree Electronic Tongue equipped with seven taste 
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sensors (AAE, CTO, NMS, ANS, SCS, CPS, and PKS). 
Calibration was performed using standard taste compounds, 
including quinine hydrochloride, to assess bitterness. The 
system was validated using pharmaceutical preparations and 
demonstrated high reproducibility, with a correlation coefficient 
of greater than 0.98 for bitterness prediction. A five-point 
bitterness scale (0–4+) was used, where 0 indicates no bitterness 
and 4+ indicates extremely bitter [22]. 
 
Use of Electronic Tongue for Bitterness Scoring 
An electronic tongue system equipped with an array of taste 
sensors was used to measure the bitterness intensity of taste-
masked clarithromycin tablets objectively. This system 
simulated human taste perception using sensors sensitive to the 
five primary taste modalities: bitter, sweet, salty, sour, and 
umami. A standard solution of uncoated clarithromycin served 
as the reference to establish the baseline bitterness. A sample 
solution prepared from Batch B9 was analyzed in triplicate, and 
the instrument generated electrical signals proportional to the 
taste intensity, which were quantified and compared to the 
reference. Data processing through multivariate analysis 
confirmed a substantial reduction in bitterness, validating the 
effectiveness of the taste-masking approach [23]. 
 
Stability Studies 
To ensure the long-term stability of the developed formulation, 
the taste-masked clarithromycin tablets were thoroughly 
evaluated for their performance. These studies aimed to confirm 
that the tablets maintained their physical properties, drug 
content, and taste-masking effectiveness over time under various 
storage conditions. Stability testing was conducted according to 
the International Council for Harmonisation (ICH) guidelines, 
incorporating both accelerated and long-term studies to simulate 
various environmental stresses [24]. 
 
Stability Study Design 
The optimized batch, designated as Batch B9, underwent 
comprehensive stability assessments under two distinct 
conditions. For accelerated stability testing, the tablets were 
stored at a temperature of 40°C ± 2°C and a relative humidity of 
75% ± 5% for a duration of six months. Simultaneously, long-
term stability testing was conducted by storing the tablets at 
25°C ± 2°C and 60% ± 5% relative humidity for a period of 6 
months. To replicate commercial packaging conditions, the 
tablets were packed in high-density polyethylene (HDPE) 

containers equipped with tight-fitting caps, thereby ensuring 
minimal environmental impact during storage [25]. 
 
RESULTS AND DISCUSSION 
Drug Characterization: Physical Properties 
Physical Properties of Clarithromycin 
Clarithromycin appeared as a white to off-white crystalline 
powder with a uniform and consistent morphology. Visual 
inspection confirmed the absence of any agglomerates, 
discoloration, or foreign particles, suggesting high purity and 
good handling characteristics. The melting point ranged from 
220°C to 225°C, aligning well with the standard literature 
values, thus confirming the identity and thermal stability of the 
compound. Solubility profiling demonstrated that 
clarithromycin was sparingly soluble in water (0.28 mg/mL). In 
comparison, significantly higher solubility was observed in 
methanol (37.5 mg/mL) and ethanol (29.3 mg/mL), indicating 
that it is freely soluble in these organic solvents. Moderate 
solubility was noted in acetone (18.7 mg/mL) and 0.1N HCl 
(10.2 mg/mL), indicating its potential for effective release under 
gastric conditions. These physical characteristics supported its 
suitability for further formulation into a taste-masked oral 
dosage form. 
 
Fourier Transform Infrared (FTIR) Spectroscopy 
The FTIR spectra were recorded to assess potential chemical 
interactions between clarithromycin and formulation excipients, 
including Ethyl Cellulose (EC), Eudragit E-100, and 
Hydroxypropyl-β-Cyclodextrin (HP-β-CD). Figure (a) 
represents the spectrum of pure clarithromycin, while Figure (b) 
corresponds to the physical mixture of clarithromycin and 
excipients. 
In the spectrum of pure clarithromycin (Figure 1a), key 
absorption peaks were noted at: 
• Broad bands at ~3846–3782 cm⁻¹, likely representing O–H 

stretching vibrations from hydroxyl groups. 
• C–H stretching vibrations were observed near 2919 cm⁻¹ 

and 2361 cm⁻¹, typical of alkyl chains. 
• The ester carbonyl (C=O) stretch appeared at 1704 cm⁻¹, 

while the amide carbonyl absorption was seen near 1453–
1413 cm⁻¹, confirming ester and amide functionalities. 

• Bands in the 1200–1000 cm⁻¹ range indicated C–O 
stretching and glycosidic ether linkages. 

• Sharp peaks near 998, 927, 772 cm⁻¹ were attributed to 
skeletal vibrations or ring deformation modes. 
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The physical mixture spectrum (Figure 1b) retained all the 
significant peaks of clarithromycin, with no significant shift or 
disappearance, confirming that no chemical interaction or 
incompatibility occurred between the drug and excipients. Slight 
changes in intensity or broadening in the O–H stretching region 

may be due to hydrogen bonding with HP-β-CD or polymeric 
excipients, which is expected & does not indicate 
incompatibility. Ethyl cellulose, Eudragit E-100 & HP-β-CD 
were confirmed to be chemically compatible with 
clarithromycin (Table 4). 

 
Figure 1 (a): FTIR Spectra of Clarithromycin 

 
Figure 1(b): FTIR Spectra of Physical Mixture of Clarithromycin and excipients EC, Eudragit, HP-β-CD 
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Table 4: FTIR spectrum interpretation of clarithromycin, excipients, and their physical mixture 

Wavenumber (cm⁻¹) Functional Group Assignment Source 
3846–3782 O–H stretch Hydroxyl group Clarithromycin, HP-β-CD 

2919 C–H stretch Alkyl chains Clarithromycin, EC, Eudragit, HP-β-CD 
2361 C–H stretch Alkyl group Clarithromycin 
1704 C=O stretch Ester carbonyl Clarithromycin, Eudragit 

1453–1413 C=O stretch Amide carbonyl Clarithromycin 
1320–1224 C–H bending Methyl and methylene groups Clarithromycin, EC 
1160–1050 C–O stretch Ether, glycosidic linkages Clarithromycin, Eudragit, HP-β-CD 
998–772 Skeletal modes Ring vibrations or deformation Clarithromycin, EC 
668–604 Fingerprint region Miscellaneous bending vibrations Clarithromycin 

 
Formulation & evaluation of clarithromycin granules 
(BATCH B9) 
Granulation Using Fluidized Bed Processor 
The granules were assessed for flow properties, compressibility, 
taste-masking effectiveness, and process efficiency. 
1. Bulk Density: Measured at 0.482 ± 0.012 g/cm³, indicating 
moderately packed granules suitable for uniform die filling. 
2. Tapped Density: The tapped density was 0.587 ± 0.018 
g/cm³, reflecting good packing and compressibility. 
3. Carr’s Index: Calculated at 17.88 ± 1.64%, denoting 
satisfactory flow behavior (acceptable if <21%). 
4. Hausner’s Ratio: Observed value of 1.21 ± 0.02 confirms 
acceptable flow (good if <1.25). 
5. Angle of Repose: Measured at 28.6 ± 0.58°, indicating free-
flowing granules. 
6. Process Yield: High granulation yield of 96.5 ± 0.5%, 
reflecting efficient processing with minimal material loss. 
 
Moisture Content Analysis 
Moisture content of the final granules was determined by loss on 
drying using a moisture analyzer at 105°C until a constant 
weight was achieved. Batch B9 exhibited a moisture content of 
2.8% ± 0.4%, well within the acceptable range (<5%) for 
ensuring granule stability and compressibility. 

Taste Masking Efficiency 
Sensory evaluation confirmed complete taste masking (Score 
= 0), highlighting the effectiveness of the polymer coating by 
Eudragit E-100 and Ethyl Cellulose (Table 5). 
 
Final Tablet Formulation Evaluation (Batch B9) 
Tablets were assessed for weight variation, hardness, friability, 
disintegration time, and in vitro drug release to confirm 
conformance with pharmacopoeial standards (Table 6). 
 
Assay and Content Uniformity 
Assay and content uniformity testing were conducted for Batch 
B9 using validated UV spectrophotometry in accordance with 
USP guidelines. The drug content was found to be 98.7% ± 1.1% 
of the label claim, with individual tablet values ranging between 
96.8% and 101.2%, confirming dose consistency and 
compliance with ICH Q6A and USP <905> requirements. 
 
In-Vitro Dissolution Study: Dissolution testing evaluates the 
drug release profile of the tablet formulation, ensuring optimal 
drug release (Table 7). The dissolution profile of Batch B9 was 
compared with a marketed clarithromycin rapidly disintegrating 
tablet (RDT) under identical conditions, as depicted in Figure 2. 

Table 5: Flow and Taste-Masking Evaluation of Granulated Batches (B1–B10) 
Parameter B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 

Bulk Density (g/cm³) 0.48 0.49 0.50 0.48 0.47 0.50 0.51 0.52 0.52 0.50 
Tapped Density (g/cm³) 0.58 0.58 0.59 0.58 0.58 0.60 0.60 0.60 0.61 0.60 

Carr’s Index (%) 17.24 15.52 15.25 17.24 18.97 16.67 15.00 13.33 14.75 16.67 
Hausner’s Ratio 1.21 1.18 1.18 1.21 1.23 1.20 1.18 1.15 1.17 1.20 

Angle of Repose (°) 29.5 28.2 27.8 29.5 30.1 28.0 27.6 26.8 27.2 28.0 
Taste Masking Score 0 0 0 0 0 0 0 0 0 0 

Batches B7–B10 showed superior flowability, attributed to higher concentrations of HP-β-CD and PVP K30. All batches 
demonstrated effective taste masking (Score = 0). 
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Table 6: Evaluation of Final Tablet Formulation (Batch B9) 
Parameter Result (Mean ± SD) Pharmacopoeial Limit 

Weight Variation(mg) 400.32 ± 1.25 ±5% (380-420 mg) 
Hardness (kg/cm²) 3.52 ± 0.18 3 – 4 kg/cm² 

Friability (%) 0.16 ± 0.02 ≤1% 
Disintegration Time (sec) 40.12 ± 0.28 ≤60 sec 

% Drug Release (30 min, pH 1.2) 98.1% ± 1.2% ≥85% 
Each parameter plays a crucial role in ensuring tab. uniformity, mechanical stability, patient compliance & effective drug delivery 
 
Table 7: Dissolution Profile of Batch B9 vs. Marketed Product 

Time (minutes) % Clarithromycin Released (Batch B9) % Clarithromycin Released (Marketed RDT) 
5 40.2% ± 1.1% 62.5% ± 1.4% 
10 68.1% ± 1.0% 84.2% ± 1.2% 
15 82.4% ± 0.8% 92.3% ± 1.1% 
20 91.5% ± 1.0% 97.4% ± 0.9% 
30 98.1% ± 1.2% 99.5% ± 0.8% 

A one-way ANOVA was used to compare the dissolution profiles of batches B1–B10, confirming that Batch B9 exhibited 
significantly higher drug release (p < 0.05). Further, similarity factor (f2) analysis between Batch B9 and the marketed 
formulation yielded a value of 71.6, indicating comparable release profiles. 

 
Figure 2:  Comparison of Dissolution Profiles of Clarithromycin: Batch B9 vs. Marketed RDT 

 
SENSORY EVALUATION 
Electronic Tongue Analysis 
The electronic tongue analysis was conducted to evaluate the 
taste-masking efficiency of the optimized Batch B9 
clarithromycin tablets. The bitterness intensity and overall taste 
perception were quantitatively measured using an advanced 
sensor-based taste evaluation system. The system was calibrated 
with standard bitter compounds, and the results were compared 
to those of pure clarithromycin (control) and a marketed 
clarithromycin rapidly disintegrating tablet (RDT). The 
bitterness intensity scores were recorded at 10, 20, and 30 sec. 
after tablet administration and are summarized in Table 8. 

Stability Testing (Accelerated and Long-Term)  
The stability study of the optimized Batch B9 clarithromycin 
tablets was conducted to assess the impact of storage conditions 
on key formulation attributes over time. The study aimed to 
ensure that the physical appearance, mechanical strength, 
disintegration behavior & drug release characteristics remained 
stable under both accelerated (40°C ± 2°C, 75% RH ± 5% RH) 
and long-term (25°C ± 2°C, 60% RH ± 5% RH) storage 
conditions. At predetermined time intervals, the tablets were 
evaluated for any deviations from the initial formulation 
characteristics. The results are presented in Tables 9 for 
accelerated and long-term stability studies, respectively. 
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Table 8: Bitterness Intensity Scores from Electronic Tongue Analysis 

Formulation Bitterness Score at 10 
sec 

Bitterness Score at 20 
sec 

Bitterness Score at 30 
sec 

Taste Masking 
Efficiency 

Pure Clarithromycin 
(Control) 4+ (Extremely Bitter) 4+ (Extremely Bitter) 4+ (Extremely Bitter) No Taste Masking 

Marketed 
Clarithromycin RDT 

2+ (Moderate 
Bitterness) 2+ (Moderate Bitterness) 1+ (Slight Bitterness) Partial Taste 

Masking 

Batch B9 Tablets 0 (No Bitterness) 0 (No Bitterness) 0 (No Bitterness) Complete Taste 
Masking 

 
Table 9: Comparative Stability Testing Results Under Accelerated and Long-Term Conditions 

Parameter 
Initial  

(0 Month) 

Accelerated 
Stability 

<br>(1 Month) 
2 Months 3 Months 

Long-Term 
Stability 

<br>(3 Months) 
6 Months 

Acceptance 
Limit 

Physical Appearance No change No change No change 
Slight 

discoloration 
No change No change 

No significant 
change 

Hardness(kg/cm²) 3.52 ± 0.18 3.48 ± 0.15 3.45 ± 0.12 3.40 ± 0.14 3.50 ± 0.16 3.47 ± 0.15 3 – 4 kg/cm² 
Friability (%) 0.16 ± 0.02 0.18 ± 0.03 0.21 ± 0.02 0.25 ± 0.04 0.17 ± 0.02 0.19 ± 0.03 ≤1% 

DT (sec) 40.12 ± 0.2 41.02 ± 0.31 42.85 ± 0.22 44.50 ± 0.25 40.85 ± 0.3 41.60 ± 0.3 ≤60 sec 
%DR(30 min,pH 1.2) 98.1 ± 1.2 97.5 ± 1.0 96.2 ± 1.3 95.0 ± 1.5 97.8 ± 1.0 97.2 ± 1.1 ≥85% 
 
DISCUSSION 
The physicochemical characterization of clarithromycin 
confirmed the identity and purity of the drug substance. 
Visually, the drug appeared as a white to off-white crystalline 
powder, exhibiting uniformity in particle shape and size with no 
evidence of agglomeration, discoloration, or foreign 
contaminants. This high degree of physical integrity aligns with 
pharmacopeial standards and affirms the suitability of the raw 
material for further formulation development. The MP of 
clarithromycin was recorded between 220°C & 225°C, 
consistent with established literature values, further validating 
its authenticity & purity. The solubility analysis demonstrated 
clarithromycin's poor aqueous solubility, classifying it as 
sparingly soluble in water (0.28 mg/mL). However, its solubility 
was markedly enhanced in organic solvents such as methanol 
(37.5 mg/mL), ethanol (29.3 mg/mL) & acetone (18.7 mg/mL), 
indicating the potential for formulating the drug in a more 
bioavailable form through solvent-based methods or 
complexation strategies. The moderate solubility in 0.1N HCl 
(10.2 mg/mL) also supports its suitability for oral formulations 
targeted for gastric release. 
 
The compatibility of clarithromycin with excipients was 
assessed using FTIR spectroscopy. The distinct peaks 
corresponding to functional groups such as hydroxyl, ester 
carbonyl, amide carbonyl, and ether linkages were preserved in 

the physical mixtures with ethyl cellulose (EC), Eudragit E-100, 
and hydroxypropyl-β-cyclodextrin (HP-β-CD). No major shifts, 
disappearances, or emergence of new peaks were observed, 
indicating the absence of significant chemical interactions. This 
confirmed the compatibility of these excipients with 
clarithromycin, establishing a sound basis for formulation 
development. 
 
Granulation of the drug was carried out using a fluidized bed 
processor to enhance flow and compressibility characteristics 
while achieving effective taste masking. Flow properties such as 
bulk and tapped densities, Carr’s index, Hausner’s ratio, and 
angle of repose across batches indicated satisfactory to good 
flow behavior. The optimized batch exhibited a Carr’s index of 
less than 18% and a Hausner’s ratio of around 1.2, both within 
acceptable limits. Angle of repose values under 30° further 
confirmed the free-flowing nature of the granules. Taste 
masking, a critical formulation goal due to the inherent bitterness 
of clarithromycin, was effectively achieved in all batches, as 
confirmed by sensory scoring of 0, which reflects complete 
masking. Batches B7 through B10, particularly batch B9, 
showed improved flow and processability, likely due to the 
higher content of HP-β-CD and PVP K30, which facilitated 
better granule formation and coating. Evaluation of the final 
tablet formulation (Batch B9) revealed compliance with 
pharmacopoeial specifications. Weight variation was minimal 
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and well within ±5% of the target range, indicating uniformity 
in tablet mass. Hardness values fell within the acceptable range 
of 3–4 kg/cm², ensuring mechanical strength without 
compromising disintegration. Friability was negligible at 0.16%, 
signifying robustness during handling and transportation. 
Disintegration occurred within 40 seconds, satisfying the 
requirement for rapid disintegration. The in vitro drug release 
was 98.1% within 30 minutes in simulated gastric fluid (pH 1.2), 
surpassing the 85% threshold, confirming prompt drug release 
and potential for high bioavailability. 
 
Dissolution studies comparing the in-house Batch B9 with a 
marketed rapidly disintegrating tablet (RDT) showed slightly 
slower initial release for Batch B9 at 5 minutes (40.2% vs. 
62.5%), but the final release values were comparable by 30 
minutes (98.1% vs. 99.5%). This reflects an effective release 
profile with sustained integrity and taste masking. The delay in 
early-stage release may be attributed to the polymeric coating 
used for taste masking, which slightly retards initial dissolution 
but does not hinder overall release. 
 
Taste evaluation using electronic tongue analysis provided a 
quantitative and objective assessment of taste-masking efficacy. 
The bitterness scores for Batch B9 were consistently zero at 10, 
20, and 30 seconds, in contrast to extremely bitter scores (4+) 
for pure clarithromycin and moderate scores (2+ to 1+) for the 
marketed RDT. This confirmed the superior taste masking 
achieved in Batch B9, which is crucial for improving patient 
compliance, particularly in pediatric and geriatric populations. 
The drug release data from Batch B9 were fitted to various 
kinetic models. The Korsmeyer–Peppas model yielded the best 
fit with an R² value of 0.991, suggesting a non-Fickian 
(anomalous) diffusion mechanism. Additionally, the solubility 
behavior of Eudragit E-100 (soluble at pH < 5.5) and ethyl 
cellulose (insoluble but permeable) facilitated effective taste 
masking in the oral cavity while allowing complete drug release 
under gastric pH conditions. 
 
Stability testing under both accelerated (40°C ± 2°C, 75% RH ± 
5%) and long-term (25°C ± 2°C, 60% RH ± 5%) conditions, 
conducted over 3 and 6 months, respectively, demonstrated that 
the formulation remained physically and chemically stable. 
Parameters such as appearance, hardness, friability, 
disintegration time, and drug release remained within acceptable 
limits, with only minimal changes. For instance, a slight 

discoloration was observed at three months under accelerated 
conditions, but no significant changes in mechanical properties 
or drug release were noted. These results confirm the robustness 
and shelf-stability of the optimized formulation. 
 
CONCLUSION 
The present study successfully developed and evaluated 
clarithromycin granules and tablets with enhanced taste 
masking, improved physicochemical properties, and satisfactory 
release profiles. The drug’s identity and purity were confirmed 
through visual, melting point, and solubility analyses. FTIR 
results demonstrated no significant interactions between 
clarithromycin and selected excipients, indicating their 
compatibility. Granules exhibited good flow characteristics and 
effective taste masking, particularly in Batch B9. The formulated 
tablets met all pharmacopeial quality parameters, including 
uniform weight, adequate hardness, low friability, rapid 
disintegration, and high drug release within 30 minutes. 
Comparative dissolution studies with a marketed product 
confirmed the effectiveness of the formulation. Furthermore, 
taste evaluation using electronic tongue analysis confirmed the 
complete masking of bitterness. Stability studies under both 
accelerated and long-term conditions showed the formulation 
remained stable, with no significant changes in critical quality 
attributes. Overall, the optimized formulation offers a promising 
approach for improving the palatability and patient compliance 
of clarithromycin oral dosage forms. 
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