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Abstract
 Lansoprazole degrades rapidly in an aqueous solution at low pH values. Degradation rate increases 
at pH values below 4 .The aim of this study was development of enteric coated pellets containing Lansopra-
zole by an extrusion/ spheronization technique. Eight different formulations based on lactose and six differ-
ent formulations based on mannitol, consisting of different portions of other excipients including sucrose, 
hydroxy propyl methyl cellulose, magnesium carbonate, and sodium lauryl sulfate have been prepared. Feret 
diameter, shape factor, and amount of drug released were determined for each formulation. Among different 
formulations, F14, which consists of mannitol, sucrose, HPMC, talc, magnesium carbonate, and lansopra-
zole, is considered to be the best formulation. Six other different formulations for the preparation of enteric 
coatings based on Eudragit S100, Eudragit L100, triethyl citrate, and talc were prepared and coating proce-
dure on pellets (F14) was performed using coating pan. In vitro drug release tests in acidic media (pH=1.2) 
and buffer media (pH=6.8) were performed for pellets, coated with each coating formulation and dissolution 
profile for each formulation was prepared. The pellets coated by formulation F.C 4, consisting of Eudragit 
L 100, triethylcitrate, and talc, showed a proper in vitro drug release profile. Accelerated stability tests were 
performed on coated pellets according to USP, and data suggested that pellets will be stable for 2 years.

Keywords: Coated Pellets, Extrusion/ Spheronization Technique, Lansoprazole, Filler, Enteric Coating.
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1. Introduction
 The formulation of multi-particulate phar-
maceutical dosage forms as pellets is of great in-
terest, and extensive studies have been done on 
this area recently. Spherical pellets have many ad-
vantages, such as low surface area to volume ratio, 
good flow properties, and uniform packing. Pel-
lets can be coated for several purposes, including 
protection of active components from harsh envi-
ronments and also creation of the sustained release 
pattern for the release of active components (1,2).
 Among different methods for preparation 
of pellets, extrusion/ spheronization technique is 
...........................................................................................................................
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widely studied, and several successful commercial 
products have been produced by this technique (3, 
4). This process involves two steps. In the first step 
called extrusion, wet mass consisting of filler and 
binder with or without an active ingredient is con-
verted to thin and long rods called extrudates  by 
means of an extruder. In the second section, called 
spheronization, extrudates produced by the first 
step is sphronized by means of a spheronizer, to 
produce uniform spherical pellets. In most cases, 
microcrystalline cellulose (MCC) is used in pellet 
formulations produced by extrusion/ spheroniza-
tion, because of facility in granulation and ability 
to keep water on its spongy structure. Different 
binders, such as sucrose, hydroxyl propyl meth-
yl cellulose (HPMC) , hydroxy propyl cellulose 
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(HPC), polyvinyl pyrolidon (PVP), sodium algi-
nate are also used in combination with MCC (5,6). 
 Pellets containing drug is produced by two 
methods. In the first method, called matrix pellet 
preparation, the active ingredient is incorporated 
to wet mass in combination with different excipi-
ents and homogenously distributed throw a pellet 
sphere (7), the second method, called coating pro-
cedure, the spherical pellets without active ingre-
dients, called non-pareil seeds (NPS) are prepared 
and then the active ingredient is coated with the 
spherical pellets by different methods of coating, 
such as pan coating and fluid bed coating (8, 9, 10, 
11, 12).
 Lansoprazole is classified as a proton 
pump inhibitor (PPI) and has a benzimidazole 
structure, which is used for acid-peptic disor-
ders, such as duodenal ulcer, gastric ulcer, GERD, 
Zollinger-Ellison syndrome, erosive esophagitis, 
and eradication of Helicobacter pylori (13,14). 
Lansoprazole is sensitive to acidic media and is 
degraded in the acidic pH of stomach. Therefore, it 
is formulated as enteric coated granules (15). Stud-
ies have shown the structural changes in Lansopra-
zole upon exposure to acidic media (16).
 The aims of this study are: 1) Production of 
a suitable formulation for matrix pellets containing 
Lansoprazole as an active agent, 2) Investigation 
of the formulation variables, such as type of filler, 
type of binder, amount of binder on prosperities of 
pellets, and 3) Development of a suitable coating 
formulation for the enteric coating of pellets.

2. Materials and Methods
2.1. Materials 
 Lansoprazole USP was obtained from 
Sigma-Aldrich Co. (U.S). Hydroxy propyl methyl 
celloluse (HPMC) was purchased from Samsung 
fine chemical co. (S. Korea). Lactose monohy-
drate was supplied from Meggle Co. (Germany); 
pharmaceutical grade Talc from Fujian Sannong 
Co. (China); Eudragit S100 & L100 from Rohm 
Pharma (Germany); mannitol from Helm AG 
(Germany); microcrystaline cellulose (Avicel PH 
102)  from FMC biopolymer (Belgium); sucrose 
from NP Pharm (France); sodium lauryl sulfate 
from Rohm Pharma (Germany); and magnesium 
carbonate from Lehmann & Voss Co. (Germany).  

 All other materials were of pharmaceuti-
cal and analytical grade and were used as received.

2.2. Preparation of pellets 
 Different formulations of pellets contain-
ing 10 %( w/w) of lansoprazole were prepared by 
extrusion/ spheronization technique. Pellets were 
categorized to two groups based on their formula-
tions: the first, formulations based on lactose and 
the second, formulation based on mannitol . Other 
excipients were mixed with lactose or mannitol on 
a planetary mixer. Then, a solution containing suit-
able amount of sodium lauryl sulfate (SLS) and 
hydroxy propyl methyl cellulose (HPMC) in de-
ionized water, as the granulation liquid, was added 
to the powder blend and mixed until a cohesive 
plastic mass was obtained. Then, resulting wet 
mass was processed in an extrusion/ spheroniza-
tion equipment. Table 1 and Table 2 show the eight 
formulations (F1-F8) based on lactose and six for-
mulations (F9-F14) based on mannitol. In these 
formulations, mannitol and lactose act as fillers. 
On the other hand, microcrystalline cellulose and 
HPMC are considered to be binders. Because of 
low solubility of lansoprazole in aqueous media, 
sodium lauryl sulfate (SLS) was added to the for-
mulation as a solubility enhancer. Previous studies 
have shown the effect of SLS on the enhancement 
of bioavailability and drug release in insoluble 
drugs (17-19). Since lansoprazole is considered 
to be an instable agent, magnesium carbonate was 
added to the formulation as an alkaline stabilizer. 
Previous studies have shown improvement of sta-
bility of enteric granules containing lansoprazole 
by magnesium carbonate (15).
 The extrusion/ spheronization process 
were as follows: 
 1) Extrusion of wet mass in an extruder 
(WLS Gabler Gum & pharma equipment, Germa-
ny) equipped with perforations of 1.5 mm in diam-
eter. 
 2) Spheronization of extruded mass in a sphe-
ronizer (WLS Gamler Gum & pharma equipment,  
Germany) for 10 minutes. 
 Wet mass was dried on a tray, in an air dry-
er at 50 °C for 1 hour. Different methods of dry-
ing such as fluid bed drying and microwave were 
reported in the literature (20). 
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2.3. Characterization of pellets 
 PPellets produced by extrusion/ spheroni-
zation technique were characterized using im-
age analysis (21), connected to a black and white 
camera. Feret diameter and shape factor were also 
determined. Shape factor, indicating degree of 
roundness, was calculated according to the formu-
la (n=10 for each formulation) (Eq. 1).

Shape factor=
2

4 A
P
π                                           Eq. 1 

Where: 
A: area of particle.
P: perimeter of particle.
 Different pellet formulations were test-
ed for the amount of release in phosphate buffer 
medium (pH=6.8) in 45 minutes (n=10 for each 
formulation). After 45 minutes, a sample of super-
natant related to each pellet formulation was col-
lected and assayed for the amount of lansoprazole 
by HPLC.
 According to the data achieved in this 
step, the best formulation for non-coated lansopra-
zole pellets was obtained.

2.4. Statistical analysis 
 Statistical analysis for determination of 
differences  in the measured properties-i.e. Feret 
diameter, shape factor, and amount of drug re-
leased in 45 min-between different pellet formula-
tions were accomplished by one-way analysis of 
variance, performed with SPSS® ver.11.5. Dif-
ferences were considered to be statistically sig-
nificant when P value<0.05, then different groups 

were identified by LSD post hoc test, performed 
by SPSS® Ver.11.5. 

2.5. Particle size analysis
 Particle size analysis was accomplished 
for the best pellets (F.14) by sieving method. The 
pellets were sieved throw a nest of sieves of dif-
ferent aperture sizes to give a progression from 
280µm to 2800 µm. 150 g of non-coated pellets 
were applied to the nest of sieves and agitated for 
10 min via a shaker. After 10 minutes, the sieves 
were taken apart and weighted. By subtracting the 
final weight of each sieve from tare weight, the 
amount of sample entrapped in each sieve was ob-
tained. 

2.6. Preparation of coating solution and coating  
procedure
 Lansoprazole is an acid sensitive agent and 
maybe degraded in acidic pH of stomach. There-
fore, lansoprazole pellets should be enteric coated. 
Eudragit S 100 and Eudragit L 100 as enteric coat-
ing polymers were used in this study. Eudragit L 
100 may dissolve in media with pH values above 
6, but Eudragit S 100 will dissolve in pHvalues 
above 7 (22, 23). Because of degradation of the 
drug in pellets due to the interaction between acid-
ic carboxylic groups of Eudragit and  lansoprazole, 
a sub-coat formulation containing  hydroxy propyl 
methyl celloluse (HPMC) 2% (W/W) in a suitable 
amount of ethanol, were applied on pellets (F14) 
by pan coating equipment. 
 After subcoating, six different formula-
tions were prepared for main coating, based on 

Table 1. Formulation  and measured properties of pellets prepared based on lactose.
No. Lactose

(%)

Avicel

(%)

Sucrose

(%)

HPMC

(%)

SLS

(%)

MgCO3

(%)

Lanzoprazole

(%)

Mean Feret 
diameter 
(mm±SD)

Shape 
factor±SD

Release in 45 
min±SD

(%)
F1 64 20 5 -- -- 1 10 1.699 ±0.437 0.82 ±0.13 12.28±0.06
F2 66 20 3 -- -- 1 10 0.725 ±0.480 0.71±0.21 18.63±0.12
F3 56 30 3 -- -- 1 10 0.848 ±0.690 0.61 ±0.22 34.72±0.07
F4 69 20 -- -- -- 1 10 0.421±0.493 0.52 ±0.26 28.54±0.14
F5 59 30 -- -- -- 1 10 0.402±0.464 0.39 ±0.20 32.48±0.10
F6 65.5 20 2 1 0.5 1 10 0.811±0.474 0.86 ±0.12 37.12±0.05
F7 65.5 20 1 2 0.5 1 10 0.729 ±0.409 0.72 ±0.18 45.92±0.12
F8 65.5 20 -- 3 0.5 1 10 0.703 ±0.492 0.54 ±0.13* 57.39±0.06
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Eudragit S 100 and Eudragit L 100, also triethyl-
citrate and talc as plasticizer and glidant, respec-
tively. The details of each formulation are shown 
on Table 3. 

2.7. HPLC analysis 
 An isocratic HPLC method have been es-
tablished for determination of lansoprazole in pel-
lets.
 Samples were analyzed using HPLC-UV 
at 285 nm.
 Chromatography was based on USP 30/
NF 25. Briefly, isocratic elution was performed 
using a mixture of water, acetonitrile, and triethyl-
amine (60:40:1) adjusted with phosphoric acid to 
pH value of 7.
 The column used was a C18 stainless steel 
column (4.6 mm*25 cm that contained 5µm  pack-
ing). The flow rate and injection volume were 1ml/
min and 20 µl, respectively. Lansoprazole was de-
tected at the retention time of 8.1 min.

2.8. Method validation 
 According to ICH guidelines, the valida-
tion of an analytical method consists of selectivity, 
accuracy, precision, LOD and LOQ determination, 
linearity and range. Selectivity was evaluated by 

comparing chromatograms of 3 blank samples 
from three different sources to make sure there 
were no significant interfering peaks at retention 
time at LOQ of the lansoprazole. The within-run 
precision and accuracy were determined by analy-
sis of a set of samples (n=3) for all five concentra-
tions in calibration curve. The between–run preci-
sion and accuracy were studied on a set of set of 
samples (n=3) at 3 consecutive days at five points 
of the calibration curve. The assay precision was 
evaluated by determining of the RSD. Accuracy 
was evaluated by the relative error (mean calculat-
ed*100/concentration spiked). For lansoprazole, a 
r2 value greater than 0.99 was found, in the range 
of 5-25 μg/ml. LOD and LOQ was defined using 
ICH guidelines based on signal to noise by injec-
tion of spiked plasma samples. The concentrations 
related to signals greater than 3 and 10 times of 
noise, were considered as LOD and LOQ, respec-
tively.

2.9. In vitro drug release studies
 In vitro dissolution tests were performed 
according to the USP basket method using a dis-
solution tester (Erweka, Germany). 
 For determining the resistance of coated 
pellets in acidic media, the coated pellets were 

Table 2. Formulation  and measured properties of pellets prepared based on manitol.
No. manitol

(%)

Avicel 

(%)

Sucrose

(%)

HPMC

(%)

SLS

(%)

MgCO3

(%)

Lanzoprazole

(%)

Mean Feret 
diameter 

(mm±SD)

Shape 
factor±SD

Release 
Rate±SD

F9 63.5 20 5 -- 0.5 1 10 1.836 ±0.455 0.87 ±0.11 (%)
F10 65.5 20 3 -- 0.5 1 10 0693±0.420 0.78±0.2 51.17±0.09
F11 55.5 30 3 -- 0.5 1 10 0.890±0.531 0.66 ±0.17 62.56±0.06
F12 68.5 20 -- -- 0.5 1 10 0.414 ±0.434 0.47 ±0.19 60.94±0.14
F13 65.5 20 2 1 0.5 1 10 0.749±0.418 0.83 ±0.10 65.17±0.11
F14 65.5 20 1 2 0.5 1 10 0.736±0.409 0.85 ±0.12 87.32±0.08

Table 3. Formulations  for  enteric coating of pellets prepared by F14.
Coating Formulation 

No. 
Eudragit L 100 

(%)
Eudragit S 
100 (%)

Triethylcitrate 
(%)

Talc (%) Ethanol 
(%)

Solid content (%)

F.C.1 4.5 -- 0.93 0.75 93.82 6.18
F.C.2 8.5 -- 1.76 1.4 88.34 11.66
F.C.3 12.5 -- 2.5 2 83 17
F.C.4 15.5 -- 3.1 2.51 78.89 21.11
F.C.5 -- 4.5 0.93 0.75 93.82 6.18
F.C.6 -- 8.5 1.76 1.4 88.34 11.66
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studied for drug release in 900 ml of HCL 0.1 N 
with pH 1.2, at 37 °C as dissolution medium. The 
basket was rotated at 100 rpm. The condition was 
set as in a sink condition. After 2 hrs, the medium 
was changed and pellets were transferred to 900 
ml phosphate buffer pH 6.8, at 37 °C for 45 min. 
The basket was rotated at 100 rpm. 
 For determination of drug release, samples 
were collected at 30, 60, 120, 125, 130, 135, 145, 
155, and 165 minutes and an equal amount of fresh 
medium was replaced to the media at each sam-
pling point. Samples were analyzed by HPLC for 
determination of lansoprazole. This experiment 
was done in triplicate for each coating formula-
tion. 

3. Results and Discussions
3.1. Preparation and characterization of pellets
 Two different types of pellets-i.e. lactose 
based and mannitol based-with different amounts 
of excipients and a constant amount of lansopra-
zole (10% w/w) were prepared, and their Feret di-
ameters and shape factors were determined. 
 Table 1 and Table 2 show the properties 
of pellet formulations. As predicated, the amount 
of release is increased when SLS was added to 
the formulation of lansoprazole. As shown in the 
tables, the mean amounts of drug release are high-
er in pellets based on mannitol. We suppose that 
this phenomenon has occurred due to the higher 
solubility of mannitol in aqueous media compared 
to lactose, so mannitol can be the better candidate 

for improvement of dissolution of insoluble drugs 
such as lansoprazole. Further discussion about the 
obtained results will be found in the below. 

3.2. Statistical analysis 
 A statistical analysis was performed 
for the measured factors of different formu-
lations (F1-F14). The results show that Fe-
ret diameters of F1 and F9 is not statistically 
different from all of the other formulations  
(P value>0.05) but shape factor for F1 and F9 are 
statistically higher than F2 and F10, respectively 
(P value<0.05). In accordance to our results, stud-
ies have reported that a higher concentration of 
binder does not influence the size of pellets (24). 
We suppose that an increase in the sphericity of 
pellets in formulations containing a high propor-
tion of microcrystalline cellulose maybe due to a 
high binding capacity of formulation.
 On the other hand, the results indicated 
that F4, F5, and F12 had significant small Feret 
diameters compared to the other formulations  
(P value<0.05). Moreover, the pellets produced 
by these formulations have been easily crushed. 
These pellets were also dumbbell shaped and 
showed a significant reduction on shape factors  
(P value<0.05). These properties maybe justified 
by a low binding capacity. 
 Microcrystalline cellulose (MCC), as 
filler and binder, facilitate the granulation pro-
cess  due to creation of a spongy structure (6), but 
a high amount of MCC in the formulation cause 
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an increase in spheronization time, production of 
dumbbell shaped pellets, and also a reduction in 
size (25, 26). These are the reasons for the lower 
shape factor of F5 compared to F4. Moreover, as 
indicated in previous studies, the amount of water 
required for granulation is linearly increased with 
an increase of MCC content in the formulation due 
to the development of spongy structures.
 Hydroxypropyl methylcellulose (HPMC) 
was added to the formulation as binder and sol-
ubility enhancer. Formulations that contained  
HPMC (F6,F7,F8,F13, and F14) showed signifi-
cant higher amounts of  release compared to the 
other formulations. Higher amounts of HPMC in 
the formulation cause increases in the drug release 
(P value<0.05). Although F8 showed the highest 
amount of release among lactose-based pellets, it 
had a low sphericity due to the low binding capac-
ity resulted from lack of sucrose in the formula-
tion. 
 Based on the data that are shown in Table 
2 and 3, F14 was considered to be the best for-
mulation, so further studies were accomplished on 
F14. 

3.3. Particle size analysis 
 F14 was considered as the best pellet. Its 
particle size analysis was done by sieving meth-
od. The results are shown in Table 4. For this test, 
different sieve sizes were used (from 280 µm to 
2800 µm) and the amount of sample in each sieve 
size, the percentage of sample that was entrapped 
in each sieve size and the cumulative percentage 
over size were reported. As seen in the table, all 
pellets fell in a size range between 280-1400 µm, 
and most of the pellets were entrapped in the sieve 
No.4 (710-1000 µm), which was in accordance 

with the mean Feret diameter reported for F14. 

3.4. Method validation 
 Table 5 indicates the precision and accura-
cy of the method for within-day and between-day 
assays of all 5 concentrations used for calibration. 
As indicated, the highest RSD% for within-day as-
says was 2.98% that belonged to the concentration 
of 25 µg/ml of lansoprazole. Moreover, the high-
est RSD% for between-day assays were 4.20% 
that belonged to the concentration of 20 µg/ml of 
lansoprazole. The calibration curve showed a lin-
ear relationship between peak area and concentra-
tion. The equation that was used for determination 
of concentrations have been derived from Micro-
soft Excel and is as follows: Y=0.0139X+0.0069, 
where Y is the peak area of lansoprazole and X is 
the concentration of lansoprazole, LOD and LOQ 
were calculated to be 0.25 µg/ml and 0.83 µg/ml, 
respectively. 
 The concentrations of lansoprazole were 
investigated in real analytical samples and were 
shown to be in the range of 4.67-9.25 μg/ml. 
Therefore, all real samples were in the calibra-
tion line curve. Considering LOD and LOQ, this 
method has sufficient sensitivity for determination 
of lansoprazole in real samples.

3.5. In vitro drug release studies 
 Pellets formulated by F14 and coated 
with different coating formulations, were stud-
ied for in vitro drug release. Data are shown on  
Figure 1. As shown in the figure, F.C.1 and F.C.2 
released all of their active agents in the acidic 
media because of insufficient amount of Eudragit 
L100 as enteric coating polymer. F.C.3 released 
50% of its active agent in the acidic medium. F.C.5 

Table 4. Results of particle size analysis by sieve method for un-coated pellets prepared by F14.
No. Sieve Size (μm) Amount of sample in each sieve (g) Cumulative percentage oversize(%)
1 <300 21.77 100
2 300-500 4.95 85.47
3 500-710 8.5 82.17
4 710-1000 75.64 76.51
5 1000-1400 39.14 26.09
6 1400-2000 0.00 0.00
7 2000-2800 0.00 0.00
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Table 5. Accuracy and precision of HPLC method.
Concentration added 

(µg/ml)
Error% CV% Concentra-

tion Found 
(Mean±SD; 

µg/ml)

Concentration 
added (µg/ml)

Error% CV% Concentration 
Found (Mean±SD; 

µg/ml)

whithin-day (n=3)5 2.4 1.75 5.12 ±0.09 Between-day 
(n=3)5

-0.8 1.20 4.96±0.06

10 2.5 2.73 10.25±0.28 10 1.5 1.37 10.15±0.14
15 -2.46 2.87 14.63±0.42 15 -0.86 1.34 14.87±0.2
20 2.35 4.2 20.47±0.86 20 0.75 1.93 20.15±0.39
25 -2.16 2.69 24.46±0.66 25 1.72 2.98 25.43±0.76

and F.C.6 released a few amount in the acidic me-
dia, but due to the incorporation of Eudragit S100 
that dissolves in pH values above 7, less than 50% 
of active agent was released in buffer medium. 
Eudragit S100 may be considered as a suitable 
polymer for colon targeted drug delivery (20, 27). 
Among all these coated formulations, F.C.4 seems 
to be the best enteric coating formulation that has 
a few release in acidic media with pH value of 1.2 
and suitable release in buffer media with pH value 
of 6.8. 

4. Conclusion
 Among different pellet core formulations, 
that have been studied in this research, F14, con-
tains mannitol (65.5% W/W), microcrystalline 
cellulose (20% W/W), sucrose (1% W/W), HPMC 
(2% W/W), SLS (0.5% W/W), magnesium car-
bonate (1% W/W), and lansoprazole (10% W/W) 

seems to be the best formulation and poses proper 
shape, size and amount of  release.
 Among different enteric coating for-
mulation, F.C.4, which contains Eudragit L100 
(15.5% W/W), triethylcitrate (3.1% W/W), and 
talc (2.51% W/W), seems to be the best formula-
tion with a proper dissolution profile. Accelerated 
stability studies indicate that this formulation is 
stable for 2 years. 
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