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Abstract 

Levetiracetam (LEV), an antiepileptic compound with a bitter taste, is used to treat different types of epilepsy in both adult 

and pediatric patients. While a wide range of doses is required for various age groups, some patients have difficulties in 

swallowing large solid dosage forms. Therefore, this study aimed to prepare and evaluate taste-masked LEV coated pellets 

with immediate and extended release behavior for flexible drug dosing, ease of swallowing, and higher patient compliance. 

LEV core pellets were prepared using the extrusion-spheronization technique and evaluated in terms of physical properties. 

In the next step, two coating processes were performed separately on the optimal formulation using different polymers to 

prepare a taste-masked immediate release formulation and to achieve an extended release product. Further experiments were 

conducted on the coated pellets, such as dissolution, morphology, and taste-masking evaluations. 

Based on the results, optimum LEV-loaded core pellets with suitable physical properties were prepared with the size, aspect 

ratio, and projection sphericity of 1.18 mm, 1.08, and 0.92, respectively. Coating the pellets with Eudragit E, while having 

appropriate dissolution in an acidic medium, provided an acceptable taste-masking, confirmed by in-vitro and in-vivo analysis. 

Extended release LEV pellets were obtained by coating the core pellets with a proper Eudragit RL/RS combination. Desirable 

dissolution profiles were achieved using 30 % coating polymer on the surface of the pellets. In addition to the advantages of 

taste-masked immediate and extended release LEV pellet formulations, it should be pointed out that preparing these multi-

particulate systems by coating similar core pellets with various polymers can be cost-effective from the production point of 

view. 
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1. Introduction  

Levetiracetam (LEV), a second-generation antiepileptic 

drug with multiple mechanisms and broad-spectrum 

efficacy, is used to treat different types of epilepsy in 

adults and children [1]. It is a BCS (biopharmaceutics 

classification system) class I compound, with high 

solubility and permeability [2]. This drug is rapidly 

absorbed orally [3, 4] and has a relatively short 

elimination half-life of 6-8 hrs [5]. Conventional solid 
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medications of LEV, available in 250 to 1000 mg 

strength, are associated with difficult swallowing in 

elderly patients with dysphagia, as well as children, due 

to the large tablet size. On the other hand, liquid 

preparations, which are easier to swallow, could face 

limitations such as packaging, high cost, and inaccurate 

dosing [6]. LEV has a bitter taste that reduces long-term 

patient compliance, especially in children. 

Pellets, consisting of fine powders bonded by the 

binding solution, are spherical particles commonly with 

a diameter of 0.5 to 1.5 mm [7]. These are multi-

particulate delivery systems with several advantages 

such as good flow, less friability, lower probability of 

dose dumping [8, 9], reduced gastric transit time 

following oral administration, and less gastrointestinal 

tract irritation [10]. Due to the flexible dose 

fractionation, one of the problems related to dosing in 

pediatrics can be easily solved using these systems [11]. 

At the same time, ease of swallowing compared to other 

solid dosage forms is an important feature, leading to 

better patient compliance [12, 13]. On the other hand, 

coating the pellets with suitable polymers, while 

covering the unpleasant taste, could control the drug 

release rate. The in-vivo behavior of coated pellets is an 

advantage of this system over monolithic matrices when 

modified drug release is desired. 

Different methods could be applied for pellet 

preparation, including extrusion-spheronization. This 

technique has been considered by researchers as well as 

the pharmaceutical industry for different reasons, such as 

easy operation, high efficiency, uniformity of the 

particles (narrow size distribution), high drug loading 

capability [9], and more appropriate physical properties 

of the pellets [14, 15]. Considering that most active 

ingredients do not have appropriate physico-mechanical 

properties for making pellets, using different additives in 

their formulations is often necessary. These additives 

play an important role in improving the production 

process. However, minimizing the use of additives is 

essential for higher drug loading.  

The present study aimed to formulate high drug-

loaded LEV pellets and to investigate the effect of 

different additives on their physical properties. Then, the 

optimal pellet formulation with suitable physical 

characteristics in terms of appearance and in vitro drug 

dissolution was coated with Eudragit (Eud) E, the acid 

soluble polymer, for taste-masking purpose or a 

combination of Eud RL, and Eud RS, cationic 

ammonium methacrylate copolymers, to prepare a taste-

masked extended release (ER) formulation. Considering 

that LEV is used as two dosage forms of immediate 

release (IR) and ER, the possibility of preparing both 

formulations only by different coatings applied on 

similar core pellet particles could be considered as one 

of the advantages of this study. 

2. Materials and Methods  

2.1. Materials 

LEV was obtained from Hetero Pharmaceuticals Ltd, 

Hyderabad, India. The microcrystalline cellulose (MCC, 

Avicel PH-101), starch, lactose, polyvinyl pyrrolidine 

(PVP), sodium starch glycolate (NaSG), sodium lauryl 

sulphate (SLS), propylene glycol, talc, and isopropyl 

alcohol were all purchased from Merck (Germany). The 

coating polymers, including Eudragit E100 (Eud E), 

Eudragit RL (Eud RL), and Eudragit RS (Eud RS), were 

obtained from Evonika (Germany). 

2.2. Preparation of pellets 

LEV pellets were prepared using an extrusion-

spheronization method based on the following steps. 

Specific amounts of LEV, MCC, lactose, starch, and 

NaSG were well mixed following passing through a 

sieve with a mesh size of 40, and the powder mixture was 

prepared. The amount of active ingredient in the powder 

mixture was kept constant at 70 % to achieve particles 

with high drug loading. SLS (as an anionic surfactant) 

and PVP (as a binder) were dissolved in deionized water 

and used as the granulation (wetting) liquid to prepare 

the paste.  

Granulation liquid was added to the powder mixture 

until a suitable wet mass was formed. The mixing time 

of the wet mass was kept constant for all formulations. 

The prepared wet mass was inserted into the axial-type 

extruder (Dorsa Tech, Iran) equipped with a 1.2 mm die. 

The extrudates were spheronized using a spheronizer 

with a speed of 600 rpm for 15 min, which was kept 

constant for all formulations. The composition of 

different pellet formulations is presented in Table 1. The 

obtained pellets were dried and analyzed in terms of 

physical properties.  
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Table 1. Composition of the prepared pellet formulations 
 

Formulation 
MCCa 

(%) 
Lactose 

(%) 
Starch (%) NaSGb (%) PVPc (%) 

Granulation liquidd (%) 

0.1% SLSe 

solution 
0.5% SLS 

solution 
1% SLS 

solution 

F1 _ _ 27 1 1 12 _ 16 

F2 _ _ 21 1 1 _ 12 16 

F3 _ _ 25 1 1 8 _ 20 

F4 _ _ 23 1 1 _ 8 20 

F5 _ _ 25 1 1 4 _ 24 

F6 _ _ 25 1 1 _ 4 24 

F7 _ _ 25 1 1 _ _ 28 

F8 _ _ 27 1 1 _ _ 28 

F9 _ _ 29 1 1 _ _ 28 

F10 25 _ _ 1 1 _ _ 28 

F11 25 _ _ 2 1 _ _ 27 

F12 25 _ _ 1.5 1 _ _ 27.5 

F13 _ 25 _ 1.5 1 _ _ 27.5 

F14 _ 25 _ 1 1 _ _ 28 
 

 

a MCC: Microcrystalline cellulose, b NaSG: Sodium starch glycolate, c PVP: Polyvinyl pyrrolidine, d Aqueous solution added as a percentage 

of the total dry weight of each formulation, e SLS: Sodium lauryl sulphate. 

 

 

2.3. Preparation of coating formulations 

A) Eud E: The polymer was dissolved in isopropyl 

alcohol as the organic solvent by stirring until a 10 % 

solution was prepared. Talc (4 %) as an anti-tacking 

agent, and propylene glycol (1 %) as a plasticizer [16], 

were also added to the above mixture. The prepared 

formulation was applied to the core pellets for taste-

masking. 

B) Eud RL/RS: To prepare the ER pellet formulations, 

LEV core pellets were subjected for coating using 25 % 

w/v organic solution of Eud RL, and RS with the ratios 

of 1:1, 2:3, and 3:2, respectively (F1:1, F2:3, and F3:2). 

Polymers were dissolved in isopropyl alcohol using a 

magnetic stirrer. Then, other components, including talc 

and propylene glycol, were added to the above solution 

and mixed thoroughly.  

2.4. Coating process 

LEV core pellets (10 g) were subjected to coating using 

a conventional laboratory-scale coating pan with a 

diameter of 17 cm and a rotation speed of 10 rpm. The 

coating solution was sprayed at the rate of 0.2 mL/min 

on the rotating pellets using a spray gun. Inlet air at a 

temperature of 50-60 oC was used to evaporate the 

solvent. The coating process was continued until a 

uniform coating layer formed on the surface of the 

particles, and the required coating level was obtained  

(5 % for the Eud E-coated IR pellets, and 20 % and 30 % 

for the Eud RL/RS-coated ER pellets). 

2.5. Characterization of pellets 

2.5.1. Shape and particle size 

An image analysis system was used to evaluate the 

particle size and shape of the pellets. The images of the 

pellets were taken by a microscope (Optika, B810, Italy) 

equipped with a camera. The pellets were placed on a 

black background, and an overhead light source was used 

to reduce the effect of shadows on image processing. The 

information of the prepared images (under 40-fold 

magnification) was processed using ImageJ software. 

Image analysis was performed on 50 pellets of each 

formulation sample. The aspect ratio (AR), a most 

common shape factor and indicator of particle 

elongation, was then calculated by dividing the 

maximum by minimum Feret diameters for each pellet. 

In addition, the projection sphericity of the particles was 

calculated by the following equation [17]:  
 

Eq. 1        Projection sphericity (PS)= 4A/πd2  
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where d is the maximum diameter and A is the area 

of the two-dimensional particle outline. The maximum 

Feret diameter of the pellets was reported as the particle 

size. A perfect spherical pellet has AR and PS values 

equal to 1. As the pellet sphericity decreases, the AR 

becomes larger, and the PS becomes smaller than unity. 

The sphericity of the core pellet particles is an essential 

factor in creating a uniform coating layer. 

2.5.2. Friability test 

A sample of pellets equal to 3 g was placed inside the 

abrasion wheel of the friability tester, combined with 50 

glass beads with a diameter of 4 mm, equivalent to 3 g. 

The chamber was rotated on a horizontal axis for 4 min 

at a speed of 25 rpm, and the pellets were affected by the 

impact of falling, colliding with each other, and with 

glass beads. Then, the pellets were placed on a sieve with 

a mesh size of 45 for 4 min on a shaker to remove their 

fine particles, and the samples above the sieve were 

weighed accurately [18]. 

The friability (F) percentage was calculated using the 

following equation based on the change in the weight of 

the pellets after the experiment (W2) compared to the 

initial weight (W1). 
 

Eq. 2           F% = ((W1-W2) ÷W1) ×100     
 

2.5.3. Disintegration time (DT) 

To measure the disintegration time, six samples, each 

weighing 250 mg of the pellet formulations, were placed in 

disintegration tester tubes (Erweka, ZT6-1-D, Germany) 

along with a disc to apply stress to the pellets during testing. 

The bottom of the tubes was covered with mesh 40. The 

tubes moved uniformly up and down in 0.1 N hydrochloric 

acid at 37 ±0.2 °C. The passage of all particles from the 

mesh was recorded as the endpoint [19, 20]. 

2.5.4. Flow properties 

To determine the flowability of the prepared pellets, the 

following three methods were used: 

A) Flow time 

A flowmeter was used to determine the flow time of the 

pellets (Erweka GmbH, Germany). The pellets were 

placed in the flowmeter, and the time required for the 

sample to flow through the funnel was measured [21]. 

B) Density and Carr’s index 

Pellet samples were poured into a measuring cylinder, 

and the initial volume (Vb) was recorded. Then, the 

cylinder was tapped 1250 times (until no further change 

in the volume), and the tapped volume (Vt) was obtained. 

Bulk (Db) and tapped densities (Dt) were calculated by 

dividing the mass of the pellets by Vb and Vt, 

respectively [22]. The Carr’s index was also calculated 

according to the following equation [23]:  

Eq. 3        Carr’s index (%) = ((Dt - Db) ÷Dt) ×100 

  

C) Angle of repose 

For this purpose, a cone of pellets was formed on a 

surface by passing the sample through a small funnel 

installed at a fixed height. The cone height and the base 

radius were measured and used to calculate the angle of 

repose as follows [21]: 

Eq. 4    Angle of repose = tan-1 (Cone height /Base radius) 

2.5.5. Residual moisture content 

The residual moisture content of the optimum dried 

pellets was determined by a thermogravimetric method 

using a moisture analyzer (Ohaus, MB45, US). A sample 

of pellets equivalent to 10 g (M1) was placed on the 

sample pan and heated at a constant temperature (80 °C) 

until no weight change was observed (M2).  The 

percentage of moisture content of the pellets was 

calculated by ((M1–M2)/M2)×100 [24]. 

2.5.6. Drug assay 

A pellet sample equivalent to 250 mg of LEV was ground 

in a mortar and transferred to a 100 mL volumetric flask 

containing water and acetonitrile in a ratio of 80:20 and 

stirred on a magnetic stirrer for three hours. The mixture 

was then filtered through a 0.45 µm membrane filter, 

diluted, and analyzed for the drug content using high-

performance liquid chromatography (HPLC, Smartline, 

Knauer, Germany) by the method described in the USP 

[22]. Chromatography was performed on an L1 column 

(4.6 × 250 mm; 5 μm). As a mobile phase, a potassium 

phosphate monobasic solution (1.4 g/L) containing 0.6 

g/L sodium 1-heptanesulfonate, adjusted to pH 2.8 by the 

addition of phosphoric acid, was mixed with acetonitrile 

in a ratio of 92:8. The flow rate was set at 2 mL/min. 

Detection was accomplished using a UV detector at  

220 nm. This experiment was carried out in triplicate.  
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2.5.7. Dissolution test 

A) IR pellets 

In vitro dissolution studies for IR pellets were performed 

using a USP type-II apparatus (Erweka DT6R, Germany) 

with a stirring rate of 50 rpm, adapted from the USP 

dissolution test no. 1 for the IR tablet of LEV. Uncoated 

and Eud E-coated pellets, equivalent to 250 mg of LEV, 

were dispersed in 900 mL water and 0.1 N hydrochloric 

acid (pH 1.2) medium at 37 ±0.5 °C for 60 min, 

respectively. Sampling was carried out at predetermined 

time intervals and replaced with an equal volume of fresh 

medium. The collected samples were centrifuged for 20 

min at a speed of 14000 rpm, and the drug concentration 

was determined by the HPLC method (column L1) at the 

wavelength of 220 nm. The mobile phase was made by 

mixing monobasic potassium phosphate buffer solution 

(pH=5.6) and acetonitrile in the ratio of 85:15, with the 

flow rate set at 1.2 mL/min. 

B) ER pellets 

In vitro dissolution of ER pellets was carried out using 

USP type-I apparatus in 900 mL monobasic potassium 

phosphate buffer solution (pH=6) as dissolution medium 

(37 ±0.5 °C), adapted from the USP dissolution test no. 

4 for ER tablet of LEV. Pellets equivalent to 500 mg of 

LEV were placed in the baskets, rotating at 100 rpm. 

Samples were withdrawn and analyzed for drug content 

using the HPLC method at a wavelength of 210 nm. 

Other test conditions were similar to the method 

mentioned for IR pellets. 

To evaluate the effect of the composition and percentage 

of the coating layer on the release behavior of the pellets, 

the mean dissolution time (MDT) was calculated for the ER 

formulations by the following equation [17]:  

Eq. 5                  MDT= 
∑ ti ∆Mi n

i=1

∑ ∆Mi n
i=1

  

  

where ∆Mi is the fraction of drug released in time ti 

(calculated by (ti+(ti−1)/2), n is the number of 

dissolution sample times, and i is the sample number. 

2.5.8. Taste evaluation 

A) In vitro analysis 

To cover the bitter taste of LEV, the optimal pellets were 

coated with Eud E as a cationic polymer, which is not 

dissolved at the pH of the oral cavity (6.8). Therefore, no 

significant release was expected from the coated pellets 

in that medium.  

A sample equal to 250 mg of uncoated and Eud E-

coated pellets was added to a beaker containing 250 mL 

phosphate buffer solution (pH=6.8) at 37 ±0.5 °C and 

stirred for 5 min [25, 26]. Then, the mixture was filtered 

and analyzed for the amount of drug released from both 

samples by the HPLC method.  

B) In vivo analysis 

To evaluate the taste of the above coated pellets more 

accurately, 10 healthy volunteers, including 5 females 

and 5 males within the age group of 23 to 30 years, were 

selected, and all of them were informed about the study. 

Uncoated pellets equivalent to 300 mg LEV were placed 

on the tongue of each volunteer. After 60 seconds, the 

mouths were rinsed with 200 mL of distilled water. The 

same experiment was also performed on coated pellets at 

30-min intervals. Finally, the bitterness level of the 

pellets was scored by the volunteers based on four 

degrees: 0 (no bitter taste), 1 (slight bitterness), 2 

(medium bitterness), and 3 (strong bitterness) [27]. The 

Wilcoxon statistical test was used to evaluate the results. 

This was a single-blind experiment approved by the 

ethics committee of Shahid Beheshti University of 

Medical Sciences (approval no. 

IR.SBMU.PHARMACY.REC.1398.159). 

2.5.9. Surface morphology 

A scanning electron microscope (SEM; FEI Quanta 200) 

was used to study the shape and surface morphology of 

the prepared pellets. A gold coating layer of 10 nm was 

applied on the surface of coated and uncoated pellets 

using a sputter coater (COXEM SPT-20) before 

observation.  

3. Results and Discussion 

3.1. Core pellet preparation and characterization 

First, the effect of various additives on the quality of the 

pellets was investigated. Due to the fabrication of high 

drug-load pellets, a reduced portion of the formulations 

was allocated to the additives. Therefore, their types and 

concentrations were more significant in achieving the 

desired formulation.  
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As presented in Table 1, MCC, lactose, and starch 

were the main additives used in the formulations. PVP 

(as a binder) and NaSG (as a disintegrant), were used in 

the formulations along with the above pelletization aids. 

SLS was added to the granulation liquid to increase the 

uniformity of moisture distribution in the wet mass and 

reduce its adhesion to the extruder. The amount of 

granulation liquid and rheological properties of the wet 

mass play an important role in the quality of the pellets. 

In fact, for successful extrusion-spheronization, there 

must be a balance between the plasticity and brittleness 

of the wet mass. Therefore, the amount of granulation 

liquid in each formulation may vary depending on the 

type of powder mixture and the properties of the obtained 

wet mass. Following the preparation and evaluation of 

the initial pellets (F1-F6), formulations of F7 to F14 were 

made and studied to investigate the effect of the 

percentage and the components (surfactant and binder) 

of the granulation liquid on the pellets’ properties. The 

SLS concentrations in the recent formulations were equal 

to 0.1, 0.5, and 1% (w / v), and the amount of PVP varied 

between 1, 1.5, and 2 %. Table 2 shows the results of the 

shape and physical evaluation of formulations F1 to F14. 

In formulations F1-F6, various concentrations of 

lactose and starch were used along with MCC as a 

principal pelletization aid. Lactose-containing 

formulations were more elongated in shape. As shown in 

Table 2, the presence of lactose in the formulations resulted 

in the formation of large particles, which decreased in size 

as the lactose concentration was reduced (F2, F4, and F6). 

Comparable results have been reported previously [28], 

which was attributed to the structure of MCC acting as a 

sponge molecule. The porous molecular structure of MCC 

highly influences the properties of the extrudates and the 

pellets. At low lactose concentrations, its molecules may 

reside in these pores, reducing their effect on the properties 

of the pellets. However, at higher concentrations, the 

influence of lactose on particle properties increases, 

affecting the MCC performance. Using lactose in the 

formulations also led to the higher friability, followed by 

pellet fracture, and dust formation, which are undesirable 

for the film coating process. The presence of starch in the 

formulations reduced the brittleness of the extrudates in the 

spheronizer and caused the formation of large particles. It 

must be noted that increasing the pellet DT in these 

formulations can have a negative effect on the drug 

dissolution rate from IR pellets. 

 

 

Table 2. Results of the shape analysis and physical properties of the pellets (mean±SD) 

DTc 

(sec) 

Friability 

(%) 
PSb ARa Mean particle size (mm) Formulation 

416.33±6.09 1.23 0.68±0.07 1.54±0.08 2.16±0.44 F1 

78.33±2.81 1.31 0.73±0.07 1.48±0.09 2.25±0.53 F2 

296.10±4.19 0.88 0.63±0.06 1.69±0.08 1.92±0.46 F3 

62.83±1.94 0.94 0.77±0.04 1.33±0.06 1.91±0.49 F4 

46.83±2.48 0.71 0.89±0.04 1.14±0.03 1.42±0.36 F5 

35.83±1.47 0.87 0.88±0.03 1.16±0.03 1.70±0.42 F6 

25.50±1.52 0.46 0.89±0.02 1.14±0.02 1.28±0.18 F7 

26.33±1.75 0.37 0.90±0.02 1.12±0.03 1.25±0.17 F8 

26.27±0.97 0.44 0.91±0.02 1.08±0.04 1.34±0.21 F9 

16.00±1.79 1.15 0.92±0.02 1.07±0.02 1.18±0.12 F10 

31.17±1.47 0.63 0.89±0.02 1.13±0.02 1.41±0.27 F11 

16.50±1.52 0.72 0.91±0.02 1.09±0.02 1.26±0.16 F12 

23.33±1.51 0.56 0.92±0.01 1.08±0.02 1.18±0.15 F13 

19.17±1.84 0.89 0.93±0.02 1.07±0.02 1.16±0.12 F14 

a AR: Aspect ratio; b PS: Projection sphericity; c DT: Disintegration time 
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The results show that with increasing the percentage 

of MCC, the shape factor and sphericity of the pellets 

improved significantly (p=0.011). In addition, the 

average particle size decreased from 2 mm to about 1.2 

mm with more uniformity. Increasing the amount of 

MCC in the pellet formulations was associated with a 

significant reduction in friability and faster pellet 

disintegration (p = 0.036). Finally, the friability and 

appearance of the pellets, such as particle size and AR, 

were improved by the presence of 28 % MCC in the 

formulation F7. MCC has good physical properties such 

as moisture retention, cohesiveness, plasticity, and the 

appropriate rheological properties of its wet mass [29], 

which are essential factors in improving pellets 

sphericity, particle size distribution, and mechanical 

properties (low erosion) [30]. 

According to Table 2, by increasing the liquid content 

of F8 and F9, although the AR and PS values were slightly 

improved compared to F7, the mean particle size 

increased. The significant effect of the solvent content on 

particle size and sphericity of the pellets has been reported 

previously [31, 32]. Increasing the size along with 

improving the shape of pellet particles due to the use of 

higher amounts of granulating liquid could be attributed to 

the higher plasticity of the wet mass, leading to the 

agglomeration of fine particles as well as the ease of 

forming spherical particles during the spheronization 

process. Based on the results, the liquid percentage of 25% 

(as used for F7) was selected as the optimal due to the 

appropriate size and acceptable sphericity. 

The amount of SLS in the formulation F10 was 

increased to improve the shape and uniformity of the 

particles, which led to the higher friability. This could be 

attributed to the reduced surface tension caused by 

higher SLS concentration, and therefore, less adhesion 

force between the wet particles. In the wet mass, surface 

tension and capillary forces are the main factors for 

particles agglomeration [33]. Excessive reduction of 

these forces could weaken the bonds between the 

particles and, in turn, enhance the friability. 

In the next step, different concentrations of PVP were 

added to the formulations to improve the adhesion and 

cohesion of the solid particles and, therefore, reduce the 

pellets friability. Increasing the amount of PVP from 1% 

to 2 % (F11), despite decreasing the friability, adversely 

affected the other properties of the particles, including an 

enhancement of mean particle size and an almost 

doubling of the DT value. The use of 1.5 % PVP (F12), 

while improving the strength of the particles, had no 

significant effect on the PS and DT of the pellets 

compared to F10. Meanwhile, reducing the SLS 

concentration from 1 % to 0.5 % led to the formation of 

particles with better properties. These particles had more 

uniformity in shape, acceptable friability, and DT value. 

Therefore, F13 was selected as the optimal core pellet 

due to its better and more desirable properties compared 

to the other formulations. 

In the next step, further studies were performed on F13. 

According to the results obtained from the flowmeter, the 

flow rate of these core pellets was 10.83 g/s, which 

indicated the desirable flowability [21]. This was confirmed 

by the angle of repose, which was equal to 21.66 ±1.52 

degrees. There was no major difference between the bulk 

and tapped densities of the pellets (Db= 0.684 g/cm3, Dt = 

0.696 g/cm3). Carr’s index is a flow indicator, and values 

equal to or less than 10 indicate high flowability. The Carr’s 

index for the prepared particles was calculated to be  

1.72 ±0.08 %, which showed the excellent flowability of 

the pellets [7]. 

The residual moisture content of the pellets was  

0.62 ±0.05 %, indicating their proper drying. Based on 

the results, the drug assay was equal to 93.99 ±0.58 %, 

which was within the United States Pharmacopoeia limit 

(90-110 %). 

The dissolution profiles of F13, performed in both 

aqueous and 0.1 N HCL media, are depicted in Figure 

1A. As the results show, the profiles were almost 

superimposed, which was expected due to the pH-

independent solubility of LEV [34]. The drug was 

dissolved entirely within the first 15 min, following the 

pellets rapid disintegration. This was in accordance with 

the USP dissolution criteria for the LEV immediate 

release tablet (at least 70 % in the first 15 min) [22]. 

Since the core pellets had desirable characteristics, in the 

next step, they were subjected to the coating process 

using various polymers for different purposes, which are 

discussed below.  

3.2. Immediate release (IR) pellets 

The prepared core pellets had fast and acceptable 

dissolution, which was required for the IR formulation of 

LEV. However, due to the unpleasant taste of the drug, 

they needed to be coated with a suitable polymer. The 
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application of Eud E as the coating layer on the surface 

of the pellet particles was for this purpose. 

Based on the results, the drug assay of coated pellets 

was 93.34 ±1.07 %, which was in the acceptable range. 

The release profiles of LEV from Eud E-coated pellets in 

0.1 N HCl (pH 1.2) and water are shown in Figure 1B. 

Due to the solubility of Eud E in an acidic medium, the 

coating layer dissolved within a short time after the 

beginning of the experiment. Then, 80 % of the drug 

dissolved in the medium in the first 10 min, which was 

in accordance with the USP criteria for the IR tablet form 

of LEV mentioned above. On the other hand, the drug 

dissolution from coated pellets was delayed in water 

compared to the acidic medium, and a lower amount of 

the drug was released, especially at the beginning of the 

study. This was expected because of the insolubility of 

Eud E in water. Only 11 % of LEV was dissolved during 

the first 10 min, which might be by the diffusion 

mechanism.  

Comparing the dissolution profiles of the uncoated 

and Eud E-coated pellets in HCl (Figure 1A-B) reveals 

that the dissolution of LEV from coated particles was 

significantly (p<0.001) lower than that of the uncoated 

pellets (11 % and 93 % in 10 min, respectively). This 

feature is essential to reduce the perception of unpleasant 

taste by preventing the contact between the dissolved 

drug and the taste receptors [35]. 

3.3. Extended release (ER) pellets 

At this step, ER pellets of LEV were prepared using Eud 

RL and RS in combination as coating polymers. The drug 

release behavior from the coated particles depends on 

different factors, such as the amount of the coating layer 

on the surface of the particles (coating thickness) and the 

polymer type applied in the coating formulation. 

Considering the characteristics of the two above 

polymers, including different water permeability [17], it 

seems that using their suitable combination could result 

in an appropriate LEV release profile. Also, since Eud 

RL and RS are pH-independent water-insoluble 

polymers [36], it was expected that the coating layer, 

while controlling the drug release rate, would also cover 

the unpleasant taste of the pellets. 

Nasiri et al. reported that the use of up to 15 % Eud 

RL/RS (2:1) as a coating layer failed to control the initial 

burst drug release from the pellets [36]. The high ratio of 

Eud RL to Eud RS and the reduced coating layer 

thickness could be considered the most probable reasons 

for this occurrence. Therefore, in the present study, 

different polymer ratios and coating levels were used to 

enhance the possibility of controlling the drug release 

rate and achieving the ER system. Therefore, three 

different ratios of Eud RL/RS (1:1, 2:3, and 3:2) with two 

levels (20 % and 30 % based on the weight of pellets) 

were used for coating the pellet particles.  

 

 

A 

 

B 

 

Figure 1. LEV dissolution profiles in water and 0.1 N HCl, A) 

uncoated F13 pellets, B) Eud E-coated F13 pellets (n=3) 

 

The release profiles of LEV from Eud RL/RS-coated 

pellets with different ratios are depicted in Figure 2. 
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Based on the results, the pellets coated with 20 % 

polymer showed a rapid release, and 51-76 % of the drug 

dissolved in the medium during the first hour of the 

experiment, which was more than the USP acceptable 

limits for the ER tablet of LEV (22-42 %). Meanwhile, 

increasing the ratio of Eud RS to RL (F2:3 20), despite 

the slight decrease in drug release rate, was not effective 

in achieving a suitable release profile. The MDT values 

obtained for F3:2, F1:1, and F2:3 (Eud RL/RS 20 %, 

Figure 2A) were equal to 31.15, 57.06, and 66.05 min, 

respectively. As is apparent, with increasing the amount 

of Eud RS in the polymer mixtures, the drug release rate 

decreased, and the MDT values increased by more than 

2 times. The fastest release was obtained for the 

formulation with a higher amount of Eud RL (F3:2 20) 

due to having more ammonium groups and, therefore, 

higher permeability than Eud RS [17, 37]. 

 
 

A 

 

B 

 

 

Figure 2. LEV release profiles from Eud RL/RS coated pellets 

with different ratios, A) 20 % and B) 30 % coating level (n=3) 

As shown in Figure 2B, by increasing the coating 

level to 30 %, drug release decreased significantly 

(p<0.01) to 25-56 % in the initial hour. The release rate 

in the following hours was also slower than that of the 

pellets with a 20 % coating layer. In other words, 30 % 

coating performed much better in reducing the release 

rate and the burst release compared to that of 20 %. 

Changing the polymer ratios in these formulations 

caused noticeable differences in the MDT values (87.31, 

130.87, and 138.02 min for F3:2, F1:1, and F2:3 (Eud 

RL/RS 30 %, Figure 2B), respectively). The drug release 

was controlled appropriately in the formulations F1:1 

and F2:3 over the 8 hours of the experiment. The 

cumulative percentages of drug released from the above 

formulations after 1, 2, 4, and 8 hrs were 25-34 %,  

53-45 %, 76-74 %, and more than 90 %, respectively. 

These values were within the acceptable limits based on 

the USP monograph for the ER tablet [22]. Therefore, 

the two above-mentioned formulations were selected as 

LEV ER pellets. It must be mentioned that the drug 

assays of those pellets (F1:1 30 and F2:3 30) were equal 

to 93.08 ±0.51 % and 93.17 ±0.83 %, respectively. 

3.4. Taste masking evaluation 

A) In vitro analysis 

If the pellet particles were coated properly, no significant 

drug release would be expected at higher pH in the first 

minutes of the experiment, due to the insolubility of the 

coating polymers in that medium. The dissolution of 

LEV from coated and uncoated pellets in phosphate 

buffer solution (pH = 6.8, similar to the oral cavity) was 

evaluated and compared over 5 min. Based on the results, 

the dissolved drug from coated particles (≤2.7 %) was 

significantly (p<0.0001) lower compared to that of the 

uncoated core pellets (81 %), indicating the efficiency of 

the coating layers in protecting the drug from being 

released at oral pH. A release of less than 10 % of the 

active ingredient from the above-mentioned coated 

pellets ensured adequate taste masking, which is in 

accordance with the literature [38]. 

B) In vivo analysis 

The taste-masking efficiency of the developed coated 

pellets was evaluated in vivo with the assistance of ten 

healthy volunteers. The results obtained from the in vivo 

0

20

40

60

80

100

0 2 4 6 8

D
ru

g
 d

is
so

v
le

d
 (

%
)

Time (hr)

F1:1 20

F2:3 20

F3:2 20

0

20

40

60

80

100

0 2 4 6 8

D
ru

g
 d

is
so

lv
ed

 (
%

)

Time (hr)

F1:1 30

F2:3 30

F3:2 30

https://creativecommons.org/licenses/by-nc/4.0/


Immediate/ Extended Release Levetiracetam Coated Pellets     226  

 This open-access article is distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-NC 4.0). 

study revealed that LEV uncoated pellets had medium to 

strong bitterness (3.7 ±0.48), while the coated pellets had 

no bitter taste to the volunteers. Wilcoxon statistical 

analysis, performed to compare the results of the above 

types of pellets, showed significant (p<0.01) suppression 

of the bitter taste for coated pellets, which confirmed the 

results of the in vitro analysis. 

3.5. Surface morphology 

The morphology of particles can play an important role 

in their coating. Irregularly shaped particles with poor 

strength are more difficult to coat. Therefore, the coating 

layer used for taste-masking or the drug release 

modification will not be as effective as intended [38].  

SEM micrographs of uncoated and coated pellets with 

two different magnifications are depicted in Figure 3. 

The good shape and sphericity of the core pellet with 

some pores on its surface could be observed. It seems 

that the coating process did not have an undesirable 

effect on the shape of the particles. In other words, the 

particles were not eroded during the coating processes 

and kept their structures, which was expected based on 

the friability study. A smoother texture of the surface of 

the coated pellets, and also a relatively uniform coverage 

of the core particles and related surface pores could be 

observed following coating with both polymer series. 

4. Conclusion 

Pellets as multi-particulate systems are increasingly used 

to formulate various medications, which is an influential 

step for drug delivery, especially in children and elderly 

patients. LEV pellets were successfully formulated in the 

present study using the extrusion-spheronization 

technique. The selection of appropriate formulation 

variables led to the formation of high drug-loaded pellets 

with low friability, good disintegration, and desirable 

appearance. ER and IR dosage forms with suitable 

characteristics were prepared by coating similar core 

pellets, which could be very cost-effective due to the 

absence of a need for separate formulations. Taste-

masking of the pellets was well achieved by coating 

layers, confirmed by in vitro and in vivo analysis. Dosing 

flexibility and easy swallowing could be mentioned as 

other features of LEV immediate and extended release 

pellet formulations. 

 

 

 

 

Figure 3. SEM micrographs of the uncoated and coated pellets at two magnifications: A: ×150, and B: ×2000 

 

A 

    

B 

    

 Uncoated pellets Eud E-coated pellets 
Eud RL/RS-coated pellets 

(F1:1 30) 

Eud RL/RS-coated pellets 

(F2:3 30) 

https://creativecommons.org/licenses/by-nc/4.0/


227   Paktinat P. et al. / IJPS 2025; 21 (1): 217- 228 

 This open-access article is distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-NC 4.0). 

 

Acknowledgments 

The authors would like to thank the research deputy of 

Shahid Beheshti University of Medical Sciences for 

providing the financial support to conduct this study (no. 

19220). 

Conflict of Interests 

The authors declare that they have no conflicts of 

interest. 

Athors Orcid numbers: 

Parham Paktinat: 0009-0001-0879-4939 

Seyed Mohsen Foroutan: 0000-0003-2234-2434 

Noushin Bolourchian: 0000-0002-8178-1624 

Using artificial intelligence chatbots 

There was no use of artificial intelligence in the making 

of this article. 

 

References 

1. Contreras-García, I.J., et al., Levetiracetam 

mechanisms of action: from molecules to systems. 

Pharmaceuticals, 2022. 15(4):  475-516. 

2. Liu, Y., et al., Bioequivalence and Safety of 

Levetiracetam Granules and Oral Solution: A 

Randomized, Single‐Dose, 2‐Period Crossover 

Study in Healthy Chinese Volunteers Under a 

Fasting Condition. Clin. Pharmacol. Drug Dev., 

2022. 11(3): 372-378. 

3. Patsalos, P.N., Clinical pharmacokinetics of 

levetiracetam. Clin. Pharmacokinet., 2004. 43(11): 

707-724. 

4. Yamamoto, Y., et al., Clinical value of therapeutic 

drug monitoring for levetiracetam in pediatric 

patients with epilepsy. Brain Dev., 2023. 45(5): 

285-292. 

5. Chappell, K., et al., Levetiracetam 

pharmacokinetics in critically ill patients 

undergoing renal replacement therapy. J. Crit. 

Care, 2021. 61: 216-220. 

6. Schiele, J.T., et al., Difficulties swallowing solid 

oral dosage forms in a general practice population: 

prevalence, causes, and relationship to dosage 

forms. Eur. J. Clin. Pharm., 2013. 69(4): 937-948. 

7. Nasiri, M.I., et al., Investigation on release of 

highly water soluble drug from matrix-coated 

pellets prepared by extrusion–spheronization 

technique. J. Coat. Technol. Res., 2016. 13(2): 333-

344. 

8. Agrawal, S., et al., Quality aspects in the 

development of pelletized dosage forms. Heliyon, 

2022. 8: e08956. 

9. Siebel, F. and Kleinebudde P., Croscarmellose 

sodium as pelletization aid in extrusion-

spheronization. AAPS PharmSciTech, 2024. 25(6): 

147. 

10. Pápay, Z.E., et al., Development of oral site-

specific pellets containing flavonoid extract with 

antioxidant activity. Eur. J. Pharm. Sci., 2016. 95: 

161-169. 

11. Chen, T., et al., Tablets of multi-unit pellet system 

for controlled drug delivery. J. Control. Rel., 2017. 

262: 222-231. 

12. Mistry, P., Batchelor H., and S.U. project, Evidence 

of acceptability of oral paediatric medicines: a 

review. J. Pharm. Pharmacol., 2017. 69(4): 361-

376. 

13. Thi, T.H.H., et al., Feasability of a new process to 

produce fast disintegrating pellets as novel 

multiparticulate dosage form for pediatric use. Int. 

J. Pharm., 2015. 496(2): 842-849. 

14. Trivedi, N.R., et al., Pharmaceutical approaches to 

preparing pelletized dosage forms using the 

extrusion-spheronization process. Crit. Rev. Ther. 

Drug Carr. Syst., 2007. 24(1): 1-40. 

15. Muley, S., Nandgude T., and Poddar S., Extrusion–

spheronization a promising pelletization technique: 

In-depth review. Asian J. Pharm. Sci., 2016. 11(6): 

684-699. 

16. Lin, S. Y., Chen K. S., and Run-Chu L., Organic 

esters of plasticizers affecting the water absorption, 

adhesive property, glass transition temperature and 

plasticizer permanence of Eudragit acrylic films. J. 

Control. Rel., 2000. 68(3): 343-350. 

17. Qazi, F., et al., QbD based Eudragit coated 

meclizine HCl immediate and extended release 

multiparticulates: formulation, characterization and 

pharmacokinetic evaluation using HPLC-

Fluorescence detection method. Sci. Rep., 2020. 

10(1): 14765. 

18. Lam, M., Ghafourian T., and Nokhodchi A., Liqui-

pellet: the emerging next-generation oral dosage 

form which stems from liquisolid concept in 

combination with pelletization technology. AAPS 

Pharmscitech, 2019. 20: 1-16. 

19. Dukić-Ott, A., et al., Immediate release of poorly 

soluble drugs from starch-based pellets prepared 

via extrusion/spheronisation. Eur. J. Pharm. 

Biopharm., 2007. 67(3): 715-724. 

20. Abdalla, A. and Mäder K., Preparation and 

characterization of a self-emulsifying pellet 

https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0009-0001-0879-4939
https://orcid.org/0000-0003-2234-2434
https://orcid.org/0000-0002-8178-1624


Immediate/ Extended Release Levetiracetam Coated Pellets     228  

 This open-access article is distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-NC 4.0). 

formulation. Eur. J. Pharm. Biopharm., 2007. 

66(2): 220-226. 

21. Sinha, V., Agrawal M., and Kumria R., Influence 

of formulation and excipient variables on the pellet 

properties prepared by extrusion spheronization. 

Curr. Drug Deliv., 2005. 2(1): 1-8. 

22. USP, United States Pharmacopeia and the National 

Formulary. 40th edition United States 

Pharmacopeia Convention. 2017. 

23. Jadhav, N., et al., Extrusion-spheronization of talc 

using microcrystalline cellulose as a pellet aid: Part 

I. J. Pharm. Innov., 2014. 9(4): 321-330. 

24. Qazi, F., et al., Lipids bearing extruded-

spheronized pellets for extended release of poorly 

soluble antiemetic agent—Meclizine HCl. Lipids 

Health Dis., 2017. 16(1): 75. 

25. Pawar, H.A. and Joshi P.R., Development and 

evaluation of taste masked granular formulation of 

satranidazole by melt granulation technique. J. 

Pharm., 2014. 789676. 

26. Bora, D., Borude P., and Bhise K., Taste masking 

by spray-drying technique. Aaps Pharmscitech, 

2008. 9(4): 1159-1164. 

27. Samprasit, W., et al., Formulation and evaluation of 

meloxicam oral disintegrating tablet with 

dissolution enhanced by combination of 

cyclodextrin and ion exchange resins. Drug 

Development and Industrial Pharmacy, 2015. 

41(6): 1006-1016. 

28. Sinha, V., Agrawal M., and Kumria R., Influence 

of formulation and excipient variables on the pellet 

properties prepared by extrusion spheronization. 

Current Drug Del, 2005. 2(1): 1-8. 

29. Xia, Y., et al., Approaches to developing fast 

release pellets via wet extrusion-spheronization. 

Pharm. Dev. Tech., 2018. 23(5): 432-441. 

30. Liew, C.V., et al., Functionality of cross-linked 

polyvinylpyrrolidone as a spheronization aid: a 

promising alternative to microcrystalline cellulose. 

Pharm. Res., 2005. 22(8): 1387-1388. 

31. Boutell, S., et al., The influence of liquid binder on 

the liquid mobility and preparation of spherical 

granules by the process of 

extrusion/spheronization. Int J Pharm, 2002. 238(1-

2): 61-76. 

32. Gurram, R.K., Gandra S., and Shastri N.R., Design 

and optimization of disintegrating pellets of MCC 

by non-aqueous extrusion process using statistical 

tools. Eur J Pharm Sci, 2016. 84: 146-156. 

33. Lavanya, K., Senthil V., and Rathi V., Pelletization 

technology: a quick review. Int. J. Pharm. Sci. Res., 

2011. 2(6): 1337. 

34. Petruševska, M., et al., Biowaiver monographs for 

immediate release solid oral dosage forms: 

levetiracetam. J Pharm Sci, 2015. 104(9): 2676-

2687. 

35. Drašković, M., et al., In vitro and in vivo 

investigation of taste-masking effectiveness of 

Eudragit E PO as drug particle coating agent in 

orally disintegrating tablets. Drug Dev Ind Pharm, 

2017. 43(5): 723-731. 

36. Nasiri, M.I., et al., Formulation development and 

characterization of highly water-soluble drug-

loaded extended-release pellets prepared by 

extrusion–spheronization technique. J. Coat. 

Technol. Res., 2019. 16(5): 1351-1365. 

37. Bolourchian, N. and Bahjat M., Design and In Vitro 

Evaluation of Eudragit-Based Extended Release 

Diltiazem Microspheres for Once-and Twice-Daily 

Administration: The Effect of Coating on Drug 

Release Behavior. Turk. J. Pharm. Sci., 2019. 

16(3): 340-347. 

38. Simšič, T., Planinšek O., and Baumgartner A., 

Taste-masking methods in multiparticulate dosage 

forms with a focus on poorly soluble drugs. Acta 

Pharm, 2024. 74(2 (Special Issue)): 177-199. 

 

 

 

 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/

