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Purpose: The aim of this study was to formulate stable film-coated montelukast sodium (MS) 

tablets using Opadry® yellow 20A82938 (Montikast® tablets) and to evaluate their in vitro and 

in vivo release profile.

Methods: MS core tablets were manufactured using a direct compression method. Opadry 

yellow 20A82938 aqueous coating dispersion was used as the film-coating material. Dissolution 

of the film-coated tablets was tested in 900 mL of 0.5% sodium lauryl sulfate solution and the 

bioequivalence of the tablets was tested by comparing them with a reference formulation – 

Singulair® tablets. In vitro–in vivo correlation was evaluated. The stability of the obtained 

film-coated tablets was evaluated according to International Conference on Harmonisation of 

Technical Requirements for Registration of Pharmaceuticals for Human Use guidelines.

Results: The efficiency of the film coating was determined by subjecting the coated tablets to 

gastric pH and drug release was analyzed using high-performance liquid chromatography. The 

coated tablets had no obvious defects. MS release met the study criterion of not less than 80% 

dissolved after 30 minutes in 0.5% sodium lauryl sulfate solution. Statistical comparison of the 

main pharmacokinetic parameters clearly indicated no significant difference between test and 

reference in any of the calculated pharmacokinetic parameters. Level A correlation between in 

vitro drug release and in vivo absorption was found to be satisfactory.

Conclusion: These findings suggest that aqueous film coating with Opadry yellow 20A82938 

is an easy, reproducible, and economical approach for preparing stable MS film-coated tablets 

without affecting the drug-release characteristics.

Keywords: coating, stability, aqueous dispersion, release, bioequivalence

Introduction
Montelukast sodium (MS) (R,E)-2-(1-((1-(3-(2-(7-chloroquinolin-2-yl)vinyl)

phenyl)-3-(2-(2-hydroxypropan-2-yl)phenyl)propylthio)methyl)cyclopropyl)acetic 

acid, monosodium salt (Figure 1) is a potent selective cysteinyl leukotriene receptor 

(cys-LT1) antagonist that is used for the maintenance treatment of asthma and to 

relieve symptoms of seasonal allergies.1

It is administered orally and has been shown to block LTD4-induced bronchocon-

striction in patients with mild asthma,2 prevent exercise-induced asthma, and to improve 

baseline pulmonary function in patients with chronic asthma.3–5 The oral bioavailabil-

ity of MS administered as a 10 mg film-coated tablet in adults is around 58%–66%.6 

Presence of food in the gastrointestinal tract does not affect bioavailability when the 

tablet is administered with a standard meal in the morning. Biliary excretion has been 

found to be the predominant pathway for elimination of MS and its metabolites.7 MS in 

solution is unstable when exposed to light and the major photoproduct that results is its 
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cis-isomer. A 20% reduction in potency has been shown after 

exposure of its solid state to daylight for a week. The unpacked 

chewable tablets showed a 10% reduction of the formulation 

upon exposure to daylight for 2 weeks resulting in montelukast 

S-oxide as a major photo-oxidation product. Film-coated tablets 

either unpacked or in their immediate pack showed excellent 

stability under the same conditions.8 Thus, tablets containing 

MS should be film coated to protect the drug from light. Film-

coated tablets should maintain the immediate release dissolution 

profile when stored under standard International Conference 

on Harmonisation of Technical Requirements for Registration 

of Pharmaceuticals for Human Use (ICH) stability conditions.9

Opadry® yellow 20A82938 (Colorcon, West Point, PA, 

USA and Dartford, UK), an immediate release, pigmented, 

film-coating system, has been identified to protect MS from 

the effect of light for an extended period without interfer-

ing with the immediate release profile of MS.10 It is a fully 

formulated, aqueous film-coating system comprised of poly-

mer (based on hydroxypropylmethyl cellulose, a plasticizer, 

and pigment), which meets compendial requirements of 

the United States Pharmacopeia/European Pharmacopoeia/

Japanese Pharmacopoeia (USP/EP/JPE) for pharmaceutical 

applications.11 It possesses the excellent strength and modulus 

of elasticity typical of other commercial Opadry film-coating 

systems. It is a ready-to-use formulation, is simple to prepare, 

requires only a short time for preparation and application, 

and uses standard coating equipment that is easily cleaned. 

It provides consistent, reproducible immediate release 

profiles that ensure excellent product performance.

The aim of this study was to formulate stable film-coated 

MS tablets (Montikast®; Pharmacare, Ramallah, Palestine) 

using Opadry yellow 20A82938 and evaluate their in vitro 

and in vivo release profile.

Materials and methods
Materials
Acetonitrile (ACN) was purchased from (BDH, UK), metha-

nol was obtained from Merck KGaA (Darmstadt, Germany), 

ammonium dihydrogen orthophosphate was purchased from 

Riedel-de Haën (Seelze, Germany), and double-distilled high-

purity water was used. Human plasma was harvested from 

donors. The high-performance liquid chromatography (HPLC)-

grade solvents ACN and methanol were used as received. All 

other reagents were of analytical grade. MS (batch number 

QC/MRV/WS001/06, manufacturing date August 2006) and 

mefenamic acid (batch number CAS 1938, internal standard) 

were supplied by Pharmacare. Opadry yellow 20A82938 was 

bought from Colorcon. The produced test tablets, Montikast 

film-coated tablets (10 mg MS/tablet), had the batch number 

RD-10H07 and expiry date of August 2009. Singulair® tab-

lets (10 mg MS/tablet) were obtained from Merck Sharp and 

Dohme (Haarlem, Netherlands; batch number NE 27350; 

expiry date July 2009) to use as the reference formulation.

Chromatographic analysis
A validated HPLC assay method for the determination of 

MS in the study samples was performed. A summary of the 

chromatographic conditions is presented in Table 1.

Preparation of calibration standards
A volume of 25 µL was taken from each working solution 

and from the internal standard solution and transferred into a 

set of test tubes. After evaporation of the methanolic solution, 

0.25 mL of blank plasma was added to each tube to form a 

set of calibration standards with concentrations of 2, 1, 0.5, 

0.2, 0.1, 0.05, 0.025 µg/mL. The retention times of MS and 

the internal standard (mefenamic acid) were 5.0 ± 0.5 and 

2.9 ± 0.5 minutes, respectively.

Preparation of samples for HPLC determination
From each study sample, 25  µL was transferred into a 

clean test tube. The study samples were dealt with in the 

Cl N

HO

S COO−Na+

H3C
H3C

Figure 1 Chemical structure of montelukast sodium.

Table 1 Summary of chromatographic conditions

Parameter Condition/s

HPLC system Shimadzu Scientific Instruments (Columbia, SC, USA)
Column 250 × 4.6 mm, 5 μm Hypersil® (Thermo Fisher 

Scientific, Waltham, MA, USA) BDS C18

Mobile phase 20 mM sodium dihydrogen phosphate buffer  
(pH 3):acetonitrile (20:80)

Flow rate 1.8 mL/min
Detector  
and injector

Ultraviolet detector, model SPD-10AVP, UV-VIS 
detector (Shimadzu Scientific Instruments) and an 
automatic injector, model LC-10 VP

Detection  
wavelength

345 nm

Data analysis  
software

Class-VP™, model LC-10 VP (Shimadzu Scientific 
Instruments)

Abbreviation: HPLC, high-performance liquid chromatography.
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same manner as the calibration standards after addition of 

mefenamic acid.

Validation procedures
To assess linearity, drug-free plasma was spiked with known 

amounts of the drug to achieve serial concentrations in the 

range of 0.025–2.0 µg/mL. The performance of the assay 

during analysis of the study samples was evaluated by 

analysis of the quality control (QC) samples. The QC samples 

were prepared to have three MS concentrations (0.05, 0.25, 

and 1 µg/mL).

Formulations and evaluation of tablets
Formulations and evaluation of core tablets
Several trials were undertaken to develop suitable MS core 

tablets with the desired hardness, friability, weight, content 

uniformity, and appearance (Table 2). All ingredients were 

accurately weighed and sieved through a 24-mesh sieve. 

The core tablets contained lactose anhydrous and mannitol 

as fillers and magnesium stearate as a lubricant. Avicel® 

PH 102 (FMC Corporation, Philadelphia, PA, USA) was 

used as a filler and as a disintegrant along with Ac-Di-Sol® 

(FMC Corporation). After mixing the first three materials, 

the final mixture was lubricated with magnesium stearate 

(Magnesia GmbH, Lüneburg, Germany), and colloidal silicon 

dioxide (Aerosil®; Evonik Industries AG, Hanau-Wolfgang, 

Germany) was added as a glidant. The obtained flowable 

granules were directly compressed using a Manesty compres-

sion machine (type D3B; Bosch Packaging Technology Ltd, 

Knowsley, UK). All manufacturing steps were carried out 

in a dark room to minimize exposing the MS to light. These 

core tablets were assessed for physical appearance, thickness, 

hardness, friability, weight variation, identification, disinte-

gration, and dissolution, and assayed.12 Weight uniformity 

was assessed using an electronic balance (Precisa 205 ASCS, 

Precisa Gravimetrics, Dietikon, Switzerland). Thickness was 

evaluated using a vernier caliper. Hardness was determined 

using the PTB311E “3-in-1” Tester (Pharma Test, Hainburg, 

Germany), while friability was evaluated using a TA-100 

Friabilator (ERWEKA, Heusenstamm, Germany). Assay 

and identification were carried out according to the reported 

HPLC validated method using a Merck Hitachi apparatus 

(pump L7100, diode array detector, L7450, auto sampler 

L7200, interface D7000, column oven L7300; Tokyo, Japan). 

Disintegration testing was carried out using an ERWEKA 

ZT 221 disintegration tester. Dissolution was also carried 

out according to US Food and Drug Administration (FDA) 

guidelines using an ERWEKA Dissolution Tester DT 70 

apparatus in 900 mL 0.5% sodium lauryl sulfate (SLS) solu-

tion maintained at 37°C with the paddle apparatus operated 

at 50 rpm for 30 minutes.13 After judging that the tablets 

were of satisfactory quality according to the above tests, the 

decision was made to coat the core MS tablets.

Film coating of MS (10 mg/tablet)
Preparation of Opadry yellow 20A82938 dispersion  
for film coating
Opadry yellow 20A82938 (4.2 kg) was mixed with 30.0 kg 

of purified water inside a mixing tank for approximately 

45  minutes. Following this, the aqueous dispersion was 

passed through a 250-micron sieve prior to the coating 

process. The dispersion was continuously stirred during the 

coating process.

Coating methodology
Tablet coating was performed in an Accela-Cota® coating 

pan of 150  kg capacity (Thomas Engineering, Hoffman 

Estates, IL, USA) using one spray gun. The coating pan had 

been previously cleaned using water and alcohol 95%. The 

core tablets (120 kg) were loaded into the coating pan. The 

tablet cores were pre-heated to about 40°C using a dryer and 

high-pressure air spray gun. Warm air was introduced into the 

coating pan (temperature 45°C–55°C) during the entire coat-

ing process. The spray gun was filled with the Opadry yellow 

aqueous dispersion and operated with a flow rate according 

to manufacturer’s instructions. The pan was set into motion 

and the seal-coating dispersion was sprayed onto the tumbling 

cores under a suitable air pressure (1.7 bar). The air heater 

was switched off and tablets air-dried for 20–25 minutes in 

the coating pan. Following the coating process (conditions 

shown in Table 3), the weight of the core tablets was found to 

have increased by about 3%. The obtained coated tablets were 

packaged in double-aluminum blisters using an Uhlmann 

200 packing machine (Laupheim, Germany). The produced 

tablets were coded “Montikast” (10 mg MS/tablet).

Table 2 Composition of formulations F1 to F6 (in grams)

Ingredient F1 F2 F3 F4 F5 F6

Montelukast sodium 107 104 104 104 104 104
Lactose anhydrous 1260 1260 1260 1260 – 1260
Avicel PH102 330 – 330 – 200 –
Mannitol – 330 – 330 130 –
Starch – – – – – 330
Aerosil® (Evonik Industries AG, 
Hanau-Wolfgang, Germany)

30 30 30 30 30 30

Ac-Di-Sol® (FMC Corporation, 
Philadelphia, PA, USA)

36 36 36 36 36 36

Magnesium stearate 40 40 40 40 40 40
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Characterization of MS film-coated tablets
The properties of the film-coated tablets, including physical 

appearance, thickness, weight uniformity, hardness, disinte-

gration, dissolution, related substances, were determined and 

assayed. Weight uniformity of coated tablets was evaluated 

according to the United States Pharmacopeia, 30th edition 

(USP 30),12 method and the average weight obtained was 

186% ± 7.5% mg, which means that the average weight gain 

of 3% resulted from the film coat. The diameter and thick-

ness of ten tablets were determined using a vernier caliper. 

Hardness of the coated tablets was also examined according 

to USP 30 procedures.12 The dissolution of coated tablets was 

determined according to the recommended dissolution method 

suggested by the FDA.13 Assay to determine the content of the 

MS tablets was performed according to the validated assay 

method to evaluate content uniformity.12 A random selection 

of 20 tablets from each of three study batches was tested at 

different time intervals during the study.

Stability of film-coated tablets
Samples of MS-coated tablets were blister packed in 

aluminum. These samples were then subjected to stability 

studies according to ICH guidelines.9 The samples were des-

ignated as time 0, 3, 6, 9, and 12 months. Samples designed 

for room temperature (RT) storage were kept at 25°C ± 2°C 

and 60%  ±  5% relative humidity. Additional samples 

were subjected to accelerated stability study and stored at 

40°C ± 2°C and 75% ± 5% relative humidity in a humid-

ity chamber (type 3734009900310, #980233; BINDER, 

Tuttlingen, Germany). The samples were tested at initially, 

then at 3- and 6-month intervals. Samples were evaluated for 

their physical appearance, disintegration, dissolution, hard-

ness, friability, and related substances, such as any product 

of degradation, and assayed using the previously described 

procedures to evaluate the stability of the coated tablets.

In vitro release of MS from film-coated 
tablets
The in vitro release of MS from Montikast 10 mg film-

coated tablets and Singulair 10  mg coated tablets was 

studied. The tablets were placed in the vessels of the 

dissolution apparatus containing 900 mL of 0.5% w/v SLS 

in water, using paddles at a speed of 50 rpm.13 The tem-

perature was maintained at 37°C during the 30 minutes of 

dissolution. Samples (5 mL) were taken at 1, 2, 3, 4, 5, 10, 

15, 20, and 30 minutes. Fresh dissolution medium (5 mL) 

was added to the vessels after each sample was taken. 

A standard was prepared of 0.011  mg/mL in 0.5% SLS 

solution. The samples (study and standard) were filtered 

through a 0.45 µm Millipore filter. A sample of 0.25 µL 

was injected into the HPLC apparatus.

In vivo study of MS film-coated tablets
Volunteers and clinical protocol
The study protocol and informed consent forms were 

approved by the Ethical Committee of Tanta University 

Hospital (Tanta, Egypt). The whole study, which met the 

requirements of the Declaration of Helsinki, was conducted in 

accordance with the current ICH Guideline for Good Clinical 

Practice and Guideline for Good Laboratory Practice. 

Twenty-four young adult male volunteers, nonsmokers, aged 

18–30 years old and weighing 62–80 kg, participated in the 

present study. The volunteers were not taking any concomi-

tant medications and were free from significant diseases, as 

determined 4 weeks prior to the beginning of the study by 

way of medical histories and physical examinations. The 

health condition of each volunteer was determined through 

physical examination, laboratory tests, and medical history. 

The physician reviewed all preclinical laboratory tests for 

each volunteer to determine if the volunteers were fit to 

participate in the study.

All volunteers were given a written informed consent 

form to sign, which explained the nature of the study. All 

subjects were informed to abstain from taking drugs and 

alcohol for at least 3 days prior to the study and throughout 

the study period. On the night before starting the study, the 

volunteers were asked to fast for at least 10 hours before 

drug administration.

The study had an open-label randomized two-period 

crossover design with a 1-week washout period between 

doses. Subjects were arbitrarily divided into two equal groups 

of 12 volunteers. A blank blood sample was withdrawn from 

each volunteer on the morning of the experiments. Each of 

the 24 volunteers were then given either two Montikast 10 mg 

Table 3 Coating conditions

Parameter Condition

Coating polymer Opadry yellow 
20A82938

Amount of dispersion 34.2 kg
Spray rate 200 g/min
Pan rotation speed 8.0 rpm
Air pressure 1.7 bar
Temperature of tablet bed during coating 45°C–55°C
Distance between gun spray tip and tablet bed surface 30 cm
Diameter of spray tip 1.2 mm
Weight of core batch that was coated 120 kg
Inlet temperature 55°C–65°C
Time 4 hours
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tablets or two Singulair 10 mg tablets followed by 200 mL 

of water. Blood samples for drug-plasma quantitation were 

collected. Samples were obtained at 0.0, 0.25, 0.5, 0.75, 1, 

1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, and 24 hours after drug admin-

istration and placed in heparinized tubes. The separation of 

plasma from each sample was carried out by centrifugation 

at 3000 rpm for 10 minutes, after which they were stored 

at −20°C until assayed.

Four hours after drug administration, the subjects were 

allowed to eat a standard breakfast of bread, jam, potatoes, 

low-fat white cheese, and water (150 mL). They were then 

allowed controlled access to water and other nonalcoholic 

beverages. The volunteers had their second meal (a standard 

lunch of grilled chicken, rice, and vegetables) 4 hours later. 

After a washout period of 1 week, subjects received the 

alternate formulation.

Pharmacokinetics and statistical analysis
The statistical analysis was performed using Minitab Statisti-

cal Package (v 13; Minitab Inc, State College, PA, USA) to 

detect any significant differences (P , 0.05) between both 

products.

The maximum MS plasma concentration (C
max

) and the 

corresponding time to peak plasma concentration (T
max

) were 

taken directly from the slope of the semi-logarithmic plot of 

the terminal phase of the plasma concentration–time curve 

calculated by linear regression. The elimination half-life (T
1/2

) 

was derived by dividing natural logarithm of 2 (ln
2 
) by the 

elimination rate constant (K
e
). The areas under the MS plasma 

concentration–time curves from 0 to 24 hours (AUC
0–24

) and 

0 hours to infinity (AUC
0–∞) were calculated using the linear 

trapezoidal method. Extrapolation to infinity was done by 

adding the value Ct/K
e
 to the calculated AUC

0–24
 (where “Ct” 

is the last detectable concentration of MS). For the purpose 

of bioequivalence analysis, one way analysis of variance was 

used to assess the effect of formulations, periods, sequences, 

and subjects on AUC
0–24

, AUC
0–∞, and C

max
.

In vitro–in vivo correlation (IVIVC)
Level A IVIVC was elaborated at different time intervals 

to assess whether a correlation existed between the in vitro 

drug release and the in vivo absorbed drug using the Wagner–

Nelson equation.14

Results
The analytical method used was demonstrated to be a 

validated analytical method for the analysis and quantita-

tion of MS. In fact, the correlation coefficient was always 

greater than 0.99 during the course of the validation. The 

within-day coefficient of variation ranged from 0.099% 

to 13.59%, while the between-day coefficient of variation 

ranged from 1.498% to 12.50%, indicating that the method 

is precise. The accuracy of the method was proven since 

the between-day accuracy was in the range of 1.498% to 

12.50% and the within-day accuracy was in the range of 

0.099%–13.59% during the entire range of the calibration 

curves.

The stability of the drug in plasma at RT was determined 

by preparing three different plasma samples for each drug 

concentration and then injecting the samples immediately 

into the HPLC system. The samples were kept at RT and 

were injected again after 24 hours. The difference in the 

drug concentrations between the two analyses was always 

less than 10%, indicating the stability of MS in the plasma 

samples at RT. The stability of the drug in frozen plasma 

was also investigated. There was no trend in the change in 

the drug concentration in frozen plasma stored at −20°C 

during the study period, indicating the stability of MS in 

frozen plasma. The limit of quantification of MS in this 

assay was 0.025 µg/mL, which gave a coefficient of vari-

ance of less than 15%. The retention times of the drug in 

the standard and the study samples were identical. There 

were no peaks for endogenous compounds that appeared at 

the same retention time of the drug or the internal standard. 

Three QC samples were incorporated with each analysis run 

and were treated as unknown samples. The analysis run was 

accepted, since the three QC samples were within 20% of 

nominal concentration.15

With respect to the manufacturing of core tablets, the 

excipients utilized in the formulation of the core tablets 

were selected in order to obtain the optimum formulation. 

Lactose anhydrous was chosen as a filler so as to obtain a 

formula more stable to moisture. Mannitol, also used as a 

filler, is water-soluble and has a low hygroscopicity and 

gives a pleasant mouth-feel and is sweet to the taste. Avicel 

PH 102 was used as a filler and disintegrant, in addition to 

Ac-Di-Sol.

The obtained tablets had good mechanical strength 

and an average hardness of 9 kP. Their friability was less 

than 1%. Physical appearance, weight variation, and drug 

content were found to be satisfactory under pharmacopeial 

standards of tablet evaluation (USP 30).12 The tablets were 

then coated, without creating any visual defects such as 

roughness, orange peel appearance, chipping, cracking, or 

other undesired effects. Although traditional aqueous coat-

ing formulations may require many component mixing steps 
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before the coating process is begun, this new formulation 

was dispersed in the minimum amount of time and produced 

acceptable weight gains. The coated tablets were found to 

be robust and had no obvious defects or signs of peeling or 

chipping and all their specifications were within the accept-

able limits. The average weight of the final core tablets was 

about 180 mg. The immediate release characteristics of the 

obtained film coat were determined by subjecting the coated 

tablets to gastric pH, and drug release was analyzed using the 

HPLC system. The tablets also showed sufficient MS release. 

In fact, the release of MS met the criterion outlined in this 

study of not less than 80% dissolved after 30 minutes in 

0.5% SLS solution. Results of the long-term and accelerated 

stability studies were satisfactory, showing no significant 

variation in terms of physical characteristics, color, assay, 

dissolution, friability, hardness, or disintegration time of the 

coated tablet, as reported in Tables 4 and 5.

In vitro drug-release studies were carried out since these 

are considered the best tool for assessing in vivo drug behav-

ior. The in vitro release of MS from the Montikast tablets 

was within the acceptable limits. The release of MS from 

both Singulair and Montikast tablets was more than 85% 

after 15 minutes, as reported in Figure 2, meaning that there 

was no need to use the similarity factor (f1) and difference 

factor (f2) to compare their profiles. The obtained coated 

tablets were stable, indicating that MS is highly compatible 

with the coating material. All data indicated that the film 

coat was essentially unchanged and provided the desirable 

protection. Three batches of coated MS were prepared, and 

the previously mentioned parameters were tested under the 

same conditions. The results obtained from the three batches 

showed no significant differences between the batch samples, 

indicating that this manufacturing process is reliable and 

reproducible.

As for the in vivo study results, the C
max

 following the 

administration of two Montikast tablets ranged from 0.443 

to 1.652 µg/mL, with a mean value of 1.104 ± 0.332 µg/mL 

whereas the C
max

 following the administration of two Sin-

gulair tablets ranged from 0.365 to 1.693  µg/mL, with 

a mean value of 1.114  ±  0.368  µg/mL. The mean T
max

 

after administration of the two Montikast tablets was 

4.250 ± 1.359 hours, whereas the mean time to reach the 

mean T
max

 after administration of the two Singulair tablets 

was 4.770  ±  1.601  hours. The AUC
0–∞ after administra-

tion of the two Montikast tablets ranged from 2.741 to 

18.99 µg ⋅ hr/mL (mean 12.21 ± 4.270 µg ⋅ hr/mL) and after 

administration of the two Singulair tablets ranged from 3.131 

to 18.40 µg ⋅ hr/mL (mean 12.17 ± 4.169 µg ⋅ hr/mL).

The relative bioavailability of the MS from the two 

Montikast tablets compared with the two Singulair tablets 

was found to be 100.32%, as determined from the ratio of 

the AUC
0–∞ of both products (Table  6 and Figure 3). The 

90% confidence limit of the difference between the Log 

transformed mean values of C
max

 and AUC
0–∞ of MS fell 

between 96.9% and 106.5% of the reference mean for the 

two Montikast tablets and between 96.4% and 106.2% of the 

reference mean for two Singulair tablets. These confidence 

limits fall within the FDA-specified bioequivalent limit 

(80%–125%), indicating that the two products are bioequiva-

lent, as summarized in Table 6. High level A IVIVC was 

found between the amount of absorbed drug and the amount 

released at the used time intervals. The correlation coefficient 

between the dissolved and absorbed drug was 0.988 and the 

P value was 0.002.

Discussion
Aqueous-based film-coating materials for oral solid dosage 

forms, which contain mainly water-soluble polymers and 

other additives, aim to improve the quality and performance 

of the film coat. The most commonly used water-soluble 

film-coating polymers are cellulose derivatives such as 

hypromellose and hyprolose (HPC).16 These products are 

present in most of Opadry film-coating formulations.10,11 

The commercially produced Singulair tablet coating con-

tains hypromellose and HPC as film-coating polymers. The 

Opadry used in our formulation does not contain HPC, 

which may result in the final product costing less.17 Further, 

the commercially produced Singulair tablets also have a 

Table 4 Long-term stability study of film-coated Montikast® 10 mg/tablet (Pharmacare PLC, Ramallah, Palestine)

Tests Time (months)

0 3 6 9 12

% assay 102.5 ± 3.3 102.0 ± 1.3 102.3 ± 2.7 101.7 ± 3.3 102.3 ± 1.9
% dissolution 97.3 ± 1.3 100.5 ± 3.1 94.6 ± 2.4 94.9 ± 3.2 104.2 ± 1.4
Disintegration (minutes) 2.0 2.4 2.5 2.5 2.3
Appearance test Complies Complies Complies Complies Complies
Hardness (kP) 14.0 ± 0.014 12.5 ± 8.0 12.1 ± 13.0 13.3 ± 5.0 13.0 ± 7.0
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final top coat of carnauba wax. As the tablets produced in 

this study waived this last step and the sub-coating step, 

they were quicker and less expensive to produce than the 

commercially produced branded tablets, yet the MS for-

mulation was just as stable and therapeutically effective. 

To summarize, the results of this study show that the coated 

tablets produced were highly stable without a sub-coating 

layer, meaning significant savings in terms of both time 

and material cost and the coating obtained maintained its 

properties.

Tablet coating was carried out using an Accela-Cota 

coating pan. During coating, certain parameters, such as tem-

perature of the coating pan and the spray rate of the coating 

dispersion, were maintained carefully in order to obtain 

the desired smoothness and uniformity of the film coat. Some 

process parameters, including the two just mentioned, have 

been investigated by other researchers.18–20 According to these 

studies, the temperature of the coating pan had no effect on 

the smoothness of the obtained coat when a low spray rate 

was used. Conversely, smoother films were obtained at higher 

spray rates and higher temperatures. In another study, pan 

speed and coating duration were identified as variables that 

significantly affect content uniformity.21 It was shown that 

Table 5 Accelerated stability study of film-coated Montikast® 
10 mg/tablet (Pharmacare PLC, Ramallah, Palestine)

Tests Time (months)

0 3 6

% assay 104.3 ± 3.1 103.4 ± 2.3 103.3 ± 2.6
% dissolution 102.5 ± 1.1 99.3 ± 2.3 100.3 ± 4.0
Disintegration (minutes) 2.0 2.2 2.2
Appearance test Complies Complies Complies
Hardness (kP) 14.0 ± 0.4 10.2.0 ± 6.0 12.3 ± 1.5
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Figure 2 In vitro dissolution profile of Montikast® (Pharmacare PLC, Ramallah, 
Palestine) and Singulair® (Merck Sharp and Dohme, Haarlem, Netherlands) (10 mg 
montelukast sodium [MS]/tablet).

Table 6 Pharmacokinetic parameters calculated for montelukast 
sodium after a single oral dose administration of two tablets 
(each containing 10 mg montelukast sodium) to 24 healthy male 
volunteers

Pharmacokinetic  
parameter

Montikast®  
(Pharmacare PLC,  
Ramallah, Palestine)

Singulair® (Merck 
Sharp and Dohme 
Haarlem, Netherlands

AUC0–24 (μg ⋅ h/mL) 11.25 ± 4.009 11.29 ± 3.93
AUC0–∞ (μg ⋅ h/mL) 12.21 ± 4.270 12.17 ± 4.169
Cmax (μg/mL) 1.104 ± 0.332 1.114 ± 0.368
Tmax (h)   4.25 ± 1.359   4.77 ± 1.601
T1/2 (h) 5.289 ± 1.183 5.918 ± 1.181
Ke (h

−1) 0.138 ± 0.039 0.121 ± 0.025

Abbreviations: AUC0–24, area under the curve from 0 to 24 hours; AUC0–∞, area 
under the curve from 0 hours to infinity; Cmax, maximum concentration; Tmax, time to 
maximum plasma concentration; T1/2, half-life; Ke, elimination rate constant.
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Figure 3 Mean plasma concentration of montelukast sodium (MS) (±standard 
deviation) versus time for 24 volunteers after a single oral dose administration of two 
Montikast® (10 mg MS/tablet; Pharmacare PLC, Ramallah, Palestine) or two Singulair® 
(10 mg MS/tablet; Merck Sharp and Dohme, Haarlem, Netherlands) tablets.

high inlet-air temperature and low spray rate would result 

in the coated tablets potentially having lower drug-release 

rates. Further, increasing the temperature for certain times 

to remove water and solvent affects the properties of the 

final product.22

The obtained Montikast tablets were considered high 

quality, since, when compared with the Singulair tablets, 

the in vitro dissolution profile and in vivo drug absorption 

showed that both formulations were well tolerated by all 

subjects at the administered dose. Unexpected incidents 

that could have influenced the outcome of the study did 

not occur and all volunteers were discharged from the 

hospital in good health. Statistical comparison of the main 

pharmacokinetic parameters – AUC
0–24

, AUC
0–∞, C

max
, and 

T
max

 – clearly indicates no significant difference between 

the test and reference 10 mg tablets. The high level A of 

IVIVC indicates that the dissolution method of MS tablets 
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can be used as an important tool to save time and money in 

any future production of MS tablet batches. The obtained 

values were in good agreement with the FDA requirements 

for bioequivalence of generic drugs.23,24 Since the AUC
0–∞ 

and C
max

 mean ratios were within the 80%–125% interval, 

it was concluded that the tested Montikast tablets were 

bioequivalent in terms of both extent and rate of absorption 

to the Singulair tablets.

Conclusion
The validated HPLC method employed here proved to be 

simple, fast, reliable, selective, and sensitive enough to 

be used in clinical pharmacokinetic studies of MS use in 

humans. Aqueous film coating was successfully conducted 

on an industrial scale and the produced tablets were accept-

able in terms of appearance and drug availability. Statistical 

analysis of the results, performed on AUC
0–48

, AUC
0–∞, and 

C
max

 using the analysis of variance method showed that 

both the test tablets, Montikast, and the reference tablets, 

Singulair, are bioequivalent, since they deliver equivalent 

amounts of MS to the systemic circulation at equivalent 

rates for both AUC
0–24

 and C
max

 ratios within the 80%–125% 

interval proposed by the FDA. These results demonstrate 

that this new generic tablet is well formulated, an essential 

condition not only for achieving good therapeutic benefits 

but also to avoid any potential problems that may arise due 

to poor formulation.
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