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Abstract To develop a montelukast sodium-loaded clear

oral solution with enhanced stability that was bioequivalent

to commercial granules in rats for the treatment of asthma,

various montelukast sodium-loaded solutions were pre-

pared with various amounts of solubilizers and stabilizer,

and their solubility and stability were investigated. Fur-

thermore, the dissolution and pharmacokinetic studies were

carried out in rats with the optimised formulation and the

commercial montelukast sodium-loaded granules. Among

the solubilizers tested in this study, hydroxypropyl-b-cy-
clodextrin (HP-b-CD) was selected because it greatly im-

proved the drug solubility and stability. Furthermore,

EDTA sodium was used as a stabilizer because it gave

excellent stability. In particular, the montelukast-loaded

oral solution, an aqueous clear solution containing mon-

telukast sodium, HP-b-CD, methylparaben sodium, pro-

pylparaben sodium and EDTA sodium at w/v percentages

of 1.04/156/1.8/0.2/1, gave similar dissolution to the

commercial granules in 0.5 % (w/v) sodium lauryl sulphate

in water, FDA-regulated dissolution medium. This oral

solution gave similar plasma concentrations and pharma-

cokinetic parameters to the commercial granules, suggest-

ing that it was bioequivalent to the commercial granules in

rats. Moreover, it was physically and chemically stable at

25 �C/60 % RH and 40 �C/75 % RH for at least

12 months. Thus, this oral solution is strongly recom-

mended as an alternative to the oral montelukast-loaded

product for the treatment of asthma.

Keywords Montelukast sodium � Hydroxypropyl-b-
cyclodextrin � Oral solution � Stability � Solubility �
Bioequivalence

Introduction

Asthma is an inflammatory airway obstructive disease with

symptoms of dyspnea and severe cough caused by swelling

of the bronchial mucosa due to bronchial inflammation, and

bronchial obstruction due to bronchial muscle spasm [1–3].

Asthma is a problematic disease that is prevalent world-

wide, and about 200 million asthma patients are estimated

to be present. Half of childhood asthma cases persist until

adulthood and continue as adult asthma [4]. Therapeutic

agents of asthma are mainly divided into disease-control-

ling agents and symptom-alleviating agents [5, 6]. The

disease-controlling agents are used for controlling symp-

toms of asthma mainly by anti-inflammatory effects. The

symptom-alleviating agents are medications to alleviate

symptoms in a short time-period by rapidly dilating the

airway, which are used when necessary [7].

Montelukast, [1-[[[(1R)-1-[3-[(E)-2-(7-chloroquinolin-

2-yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1-methylethyl) phenyl]

propyl]sulphanyl]methyl]cyclopropyl]acetate (Fig. 1), is
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an oral selective leukotriene receptor antagonist that

specifically inhibits cysteine leukotriene [8]. This drug is

well tolerated in the treatment of chronic asthma and the

relief symptoms of seasonal allergies in children and adults

[3, 5]. However, this drug has low aqueous solubility of

0.2 lg/ml [9] and high membrane permeability with a log P

of 8.98, indicating that it is a class II molecule as per the

Biopharmaceutics drug Classification System (BCS) [10,

11]. Moreover, it is a light-sensitive compound, which

must be protected from light [12, 13]. Recently, a com-

mercial product (Singulair�; Astellas Pharm. Co., Surrey,

UK) that contains montelukast sodium equivalent doses of

10, 4–5 and 4 mg montelukast based on tablets, chewable

tablets and granules, respectively, for once-daily oral ad-

ministration was made available on the market [14–17].

However, this drug is sensitive to light, humidity and heat,

leading to a degraded product, montelukast sulphoxide

(Fig. 1) [18, 19]. It was reported that, on exposure of

Singulair� chewable tablet to light or 0.1 M HCl solution

for 6 h, the contents of montelukast sulphoxide in this

commercial product increased to 2.4 % [12, 20]. Thus, it is

not easy to maintain the stability of montelukast containing

products over time. In particular, the commercial mon-

telukast sodium-loaded granule is usually taken by children

aged 6 months to 2 years. However, this fine granule form

has a disadvantage in that it should be taken directly or

mixed in soft foods followed by immediate administration

within 5 min due to fast degradation of montelukast [5,

17]. Therefore, in this study, a montelukast sodium-loaded

clear oral solution with enhanced stability has been de-

veloped as an alternative to commercial granules (Singu-

lair�; Sharp & Dohme Co.) for the treatment of asthma.

Materials and methods

Materials

Montelukast sodium was obtained from Hanmi Fine Che-

mical Co. (Siheung, South Korea). Hydroxypropyl-b-cy-
clodextrin (HP-b-CD) was purchased from Ashland Co.

(Schaffhausen, Switzerland). Soluplus� (polyvinylcapro-

lactam-vinyl acetate-ethylene glycol graft copolymer),

Kolliphor� (RH40 polyoxyhydrogenated castor oil) and

polyvinylpyrrolidone (PVP, Kollidon� K-30) were pur-

chased from BASF Co. (Ludwigshafen, Germany).

Ethylenediaminetetraacetic acid sodium (EDTA sodium),

methylparaben sodium and propylparaben sodium were

supplied by Hanmi Pharm. Co. (Seoul, South Korea). The

montelukast sodium-loaded commercial granules (Singu-

lair�) were purchased from Merck Sharp & Dohme Co.

(Whitehouse station, NJ, USA). All other chemicals were

of reagent grade and were used without further purification.

Animals

Sprague–Dawley male rats, weighing 250–280 g, were

obtained from Orient Bio (Seongnam, South Korea). They

were fasted for 15 h before the experiments but allowed

free access to water at 20–24 �C and 55 ± 10 % RH. The

procedures for the animal studies were implemented con-

sistent with the NIH Policy and Animal Welfare Act under

the approval by the Institutional Animal Care and Use

Committee (IACUC) at the Hanmi Research Centre.

Preparation of montelukast sodium-loaded oral

solutions

Various amounts of solubilizers, preservatives and EDTA

sodium were completely dissolved in 100 ml distilled

water. Soluplus, Kolliphor, PVP and HP-b-CD were used

as solubilizers. Methylparaben sodium and propylparaben

sodium were used as preservatives. Then, montelukast

sodium was added into these solutions and stirred for 1 h,

leading to the montelukast sodium-loaded oral solutions.

The drug solubility and stability tests were carried out with

these solutions as mentioned below.

Fig. 1 Chemical structure of montelukast sodium (a), montelukast

sulphoxide (b) and montelukast d6 (c)

480 J Incl Phenom Macrocycl Chem (2015) 82:479–487

123



Drug solubility

For determining the drug solubility in the montelukast

sodium-loaded oral solutions, these solutions were filtered

through a Whatman nylon filter (0.45 lm) and diluted with

the mobile phase [21, 22]. The concentrations of drug in

these diluted solutions were determined using an HPLC

system (Hitachi L-2000 series; Hitachi, Tokyo, Japan)

consisting of an octylsilane analytical column (Inertsil�

C8, 4.6 mm 9 15 cm, 5 lm). As a mobile phase, a mix-

ture of phosphate buffer (pH 6.6) and acetonitrile (40:60,

v/v) was used with the following conditions: injection

volume of 10 ll, flow rate of 1.0 ml/min and UV detection

at 225 nm [23].

Stability of drug in the montelukast sodium-loaded

oral solutions

To check the stability of the drug in the montelukast

sodium-loaded oral solutions, these solutions were kept

under the controlled condition of 40 �C and 75 % RH for

2 months [24, 25]. At 0, 1 and 2 months, their appearance

and precipitation were visually observed. Furthermore, the

content of degraded product of montelukast, montelukast

sulphoxide, was assayed as follows. The samples were

filtered through a Whatman nylon filter (0.45 lm) and di-

luted with the mobile phase. The concentration of degraded

product in these diluted solutions was assessed with an

HPLC system (Hitachi L-2000 series; Hitachi, Tokyo, Ja-

pan) consisting of a phenyl analytical column (Zobax� SB-

Phenyl, 4.6 mm 9 25 cm, 5 lm). The eluent A (distilled

water containing 0.1 % trifluoroacetic acid) and eluent B

(acetonitrile containing 0.1 % trifluoroacetic acid) was

used as the mobile phase. The wavelength for UV detection

was 238 nm, the injection volume was 40 lL and the flow

rate was 1.5 ml/min [19].

Dissolution

The dissolution tests were carried out with montelukast

sodium-loaded commercial granules (Singulair�) and oral

solution (equal to 10 mg drug) in the dissolution apparatus

(PTWS 1210, Pharma Test; Hainburg, Germany) at

37 ± 0.5 �C using the paddle method [22, 25]. As the

dissolution media, 900 ml of distilled water, pH 1.2, pH

4.0, pH 6.8 and 0.5 % (w/v) sodium lauryl sulphate in

water were used. The paddle speed was adjusted to 50 rpm.

Each sample (1 ml) was collected at predetermined time

intervals, filtered through a Whatman nylon filter

(0.45 lm) and assayed for the content of montelukast using

the HPLC method as mentioned above.

Pharmacokinetics

Oral administration and blood collecting

Ten Sprague–Dawley male rats were divided into two

groups. A rat anaesthetised in an ether-saturated chamber

was tied to a surgical board in the supine position with

threads. A polyethylene tube was passed into the right

femoral artery of the rat. The montelukast sodium-loaded

commercial granule (Singulair�) and oral solution at the

montelukast base dose of 2 mg/kg was orally administered.

After administration, 0.2 ml of blood was withdrawn from

the cannulated right femoral artery of the rat at the pre-

determined timepoints [37, 39, 40]. The blood sample was

centrifuged at 14,0009g at 4 �C for 3 min using a 5415C

centrifuge (Eppendorf, Hauppauge, NY, USA) and plasma

was separated from the blood. The collected plasma was

stored at -80 �C before subsequent analysis.

Sample preparation and drug assay

Plasma samples (50 ll) were vortex-mixed with 20 ll of
internal standard (montelukast d6, 1 lg/ml in acetonitrile)

(Fig. 1) and 200 ll of acetonitrile for 5 min. After cen-

trifugation at 12,0009g for 3 min, the supernatants were

evaporated under a nitrogen stream at 40 �C. The residue

was reconstituted with 300 ll of 50 % acetonitrile, which

was then vortexed for 4 min and centrifuged at

12,0009g for 3 min. Each supernatant (10 ll) was injected
into the ultra-performance liquid chromatography tandem

mass spectrometry (UPLC-MS/MS) system for assaying

the concentration of montelukast in rat [11]. The separation

was performed on a C18 column (Acquity UPLC HSS T3,

100 9 2.1 mm, 1.7 lm; Waters Co., Milford, MA, USA)

at a flow rate of 0.4 m//min. Acetonitrile/distilled water

(8:2, v/v) with 0.1 % formic acid was used as the mobile

phase. Moreover, a XEVO TQD triple quadrupole mass

spectrometer (Waters Co.; Milford, MA, USA) equipped

with an electrospray ionization (ESI) interface was used for

mass spectrometric detection. The ESI–MS data were ac-

quired in the positive mode and the conditions of MS

analysis were as follows: drying gas, argon; flow rate, 50 l/

h; capillary voltage, 4.0 kV; cone voltage, 35 V; source

temperature, 150 �C; desolvation temperature, 400 �C;
collision energy, 25 V. The drug and the internal standard

gave mainly protonated molecules at m/z 586 and 592,

respectively. Furthermore, the product ions were scanned

in Q3 after collision with argon in Q2 at m/z 422 and 427,

respectively. Quantification was performed by multiple

reaction monitoring (MRM) of the protonated precursor

ions and the related product ions, using the ratio of the area

under the peak for each solution and a weighting factor of

1/v2. The analytical data were processed with Analyst
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software (MassLynx, version 4.0). The calibration curve

was constructed over a range of 0.1–500 (R2 = 0.9976)

and with a lower limit of quantification (LLOQ) of 0.1 ng/

ml for montelukast. For the validation, inter- and intra-day

differences were conducted and the differences were found

to be within an acceptable range.

Pharmacokinetic data analysis and statistical analysis

From the area under the drug concentration time-curve

(AUC), the maximum plasma concentration of the drug

(Cmax) and the time taken to reach the maximum plasma

concentration (Tmax) were calculated using non-compart-

mental analysis (WinNonlin; professional edition, version

2.1; Pharsight Co., Mountain View, CA, USA). Levels of

statistical significance (p\ 0.05) were assessed using the

Student’s t test between the two means for unpaired data. All

data are expressed as the mean ± standard deviation (SD)

Stability of montelukast sodium-loaded oral solution

The montelukast sodium-loaded oral solution was kept at

25 �C/60 % RH for 12 months and at 40 �C/75 % RH for

6 months [24, 25]. At predetermined intervals, any physi-

cal change in appearance was examined by precipitation,

and the content of montelukast sodium and montelukast

sulphoxide in the oral solution was analysed by HPLC as

described above.

Results and discussion

To assess the effect of solubilizer on the drug solubility and

stability in the montelukast sodium-loaded oral solutions,

the stabilizers (15.6 mg/ml) and montelukast sodium

(3.12 mg/ml) were entirely dissolved in the distilled water,

and their solubility and stability tests were performed

(Fig. 2). The solubility and stability of montelukast sodium

in the oral solution were two important factors. Soluplus

[26, 27], Kolliphor [28], PVP [29, 30] and HP-b-CD [31,

32] were used as solubilizers in this study, and have been

extensively used in pharmaceutical oral products. Mon-

telukast sodium had an aqueous solubility of about 2 mg/

ml, indicating that it was slightly soluble in water [9, 10].

Soluplus and Kolliphor significantly increased the drug

solubility by 1.5-fold. In addition, PVP and HP-b-CD
slightly increased the drug solubility compared to mon-

telukast sodium alone, but the solubility was not sig-

nificantly different (Fig. 2a).

The stability of montelukast sodium in the distilled

water was determined at 40 �C and 75 % RH over

2 months, and was evaluated using its appearance/pre-

cipitation and the contents of montelukast sulphoxide, the

decomposed product of montelukast (Fig. 2b). When ex-

posed to light, humidity and heat, montelukast sodium

precipitated and degraded to produce montelukast

sulphoxide [13, 18, 19]. It was reported that the commer-

cial montelukast sodium-loaded products with less than

1 % montelukast sulphoxide were useful as a practical

pharmaceutical product, even though it was degraded [14,

19, 33]. Thus, in this study, the threshold for the degraded

product was chosen to be 1 %. As shown in Fig. 2b, the

montelukast sodium-loaded solution without stabilizer had

about 1.5 % montelukast sulphoxide at 1 month, and

showed the precipitation phenomenon at 2 months, sug-

gesting that this solution was very unstable. The solution

prepared with Soluplus gave more than 1 % montelukast

sulphoxide, even if it did not induce the precipitation

phenomenon. Thus, Soluplus increased the drug solubility,

but hardly improved the drug stability in the montelukast
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(B)Fig. 2 Effect of solubilizer on

the solubility (a) and stability

(b) of the drug in montelukast

sodium-loaded solutions. Each

stabilizer (15.6 mg/ml) was

added to the montelukast

sodium-loaded oral solutions at

a five-fold concentration

compared to the drug (3.12 mg/

ml). The drug stability in the

montelukast-loaded oral

solution was determined by the

concentration of montelukast

sulphoxide. *Precipitation.
#P\ 0.05 when compared with

drug. Each value represents the

mean ± SD (n = 3)
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sodium-loaded solution. Moreover, Kolliphor and PVP

resulted in more than 1 % degraded product at 1 month and

the precipitation phenomenon at 2 months, indicating that

these solubilizers could not enhance the drug stability. On

the other hand, HP-b-CD resulted in less than 1 % de-

graded product and no precipitation over 2 months.

Therefore, HP-b-CD was selected as the solubilizer for

development of montelukast sodium-loaded oral solution

because it greatly improved both the drug solubility and the

stability. HP-b-CD has been widely used to improve the

solubility and stability of poorly water-soluble [34, 35].

Furthermore, HP-b-CD gave very low toxicity when ad-

ministered via the oral and parenteral route even at high

doses in rat [31, 32].

To investigate the effect of HP-b-CD amounts on the

drug solubility and stability in the montelukast sodium-

loaded oral solutions, various amounts of HP-b-CD were

added to the distilled water, and their solubility and sta-

bility tests were performed (Fig. 3). As the HP-b-CD/drug
ratio was increased to ten-fold, the solubility of the drug

greatly increased. However, from 10- to 50-fold, there were

no significant changes in drug solubility (Fig. 3a). Fur-

thermore, all the montelukast sodium-loaded solution pre-

pared with HP-b-CD resulted in less than 1 % degraded

product and no precipitation for 2 months (Fig. 3b). Higher

concentrations of HP-b-CD resulted in lower concentra-

tions of montelukast sulphoxide.

Montelukast sodium-loaded commercial granules are

orally administered with one packet of granules equal to

4 mg montelukast base [14, 15, 17]. Therefore, in the de-

velopment of the montelukast sodium-loaded oral solution,

one dose of this solution was 4 ml, and the concentration of

the drug was 1.04 mg/ml of montelukast sodium, i.e. equal

to 1 mg/ml of montelukast base. In addition, in the con-

ventional oral preparation, preservatives must be added in

order to prevent microbial growth [36]. Similarly,

methylparaben sodium and propylparaben sodium were

added as the preservatives in the montelukast sodium-

loaded solution. However, these preservatives have a

negative effect on the stability of the drug in the mon-

telukast sodium-loaded oral solutions, because they form

an inclusion complex with HP-b-CD and competed with

the drug [37]. Thus, another stabilizer, EDTA sodium, was

added to these solutions to improve stability of the drug

[38, 39]. To investigate the effect of EDTA sodium on the

stability of the drug in the montelukast sodium-loaded oral

solutions, various amounts of EDTA sodium (0.1–1 mg/

ml) were added to the montelukast sodium-loaded solu-

tions containing montelukast sodium, HP-b-CD, methyl-

paraben sodium and propylparaben sodium at the w/v

percentages of 1.04/156/1.8/0.2 (Table 1, I–VI). All these

montelukast sodium-loaded oral solutions containing

EDTA sodium gave a clear appearance with less than 1 %

degraded product (Fig. 4a). As the concentration of EDTA

sodium increased, the amounts of montelukast sulphoxide

decreased. Our results suggest that EDTA sodium im-

proved the stability of the drug, and thus, the amount of

EDTA sodium in the montelukast sodium-loaded oral so-

lutions was fixed at 1 mg/ml.

To determine the effects of HP-b-CD, various amounts

of HP-b-CD (10.4–156 mg/ml) were added to the mon-

telukast sodium-loaded solutions containing montelukast

sodium, methylparaben sodium, propylparaben sodium and

EDTA sodium at the w/v percentages of 1.04/1.8/0.2/1

(Table 1, IV–VIII). All these montelukast sodium-loaded

oral solutions containing HP-b-CD gave a clear appearance
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with less than 1 % degraded product. As the concentration

of HP-b-CD increased, the amount of montelukast

sulphoxide decreased (Fig. 4b). Our results suggest that,

like EDTA sodium, HP-b-CD improved the stability of

drug. Thus, the amount of HP-b-CD in the montelukast

sodium-loaded oral solutions was fixed at 156 mg/ml.

From these findings, the following optimal formulation

of the montelukast-loaded oral solution for composition

(Table 1, IV) was selected for further study: aqueous so-

lution containing montelukast sodium, HP-b-CD, methyl-

paraben sodium, propylparaben sodium and EDTA sodium

at the w/v percentages of 1.04/156/1.8/0.2/1.

The dissolution profiles of the montelukast sodium-

loaded oral solution and commercial granules in 0.5 % (w/

v) sodium lauryl sulphate in water are given in Fig. 5. In

FDA regulation on montelukast sodium-loaded commercial

oral products, 0.5 % (w/v) sodium lauryl sulphate in water

must be used as a dissolution medium [9, 40]. The drug

from the oral solution and commercial granules was rapidly

dissolved in this medium at the initial times. Moreover, the

oral solution gave a similar dissolution rate to the com-

mercial granules. The dissolution profiles of the oral so-

lution and the commercial granules were compared using

the following equation of difference factor (f1) and simi-

larity factor (f2); f1 = [
P

(Gt - Ot)/
P

(Gt ? Ot)/2] 9 100

and f2 = 50 9 log{[1 ? 1/n
P

(Gt - Ot)
2]-0.5 9 100},

where n is the number of timepoints, and Ot and Gt are the

dissolved rates at the time (t) for the oral solution and the

Table 1 Composition of

montelukast sodium-loaded oral

solutions

Ingredients (mg/100 ml) I II III IV V VI VII

Montelukast sodium 104 104 104 104 104 104 104

HP-b-CD 15,600 15,600 15,600 15,600 10,400 5,200 1,040

Methylparaben sodium 180 180 180 180 180 180 180

Propylparaben sodium 20 20 20 20 20 20 20

EDTA sodium 0 10 50 100 100 100 100
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at each time were not significantly different from those in the
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commercial granules, respectively [21, 24]. In these

equations, 0\ f1\ 15 and 50\ f2\ 100 are a similar

correlation between the dissolution patterns of the two

products. The difference factor (f1) and the similarity factor

value (f2) between them were 0.90 and 93.23, respectively.

Thus, in this FDA-regulated dissolution medium, the oral

solution gave dissolution that was equivalent to the com-

mercial granules, predicting that the former will be bioe-

quivalent to the latter.

Figure 6 illustrates the change in mean plasma con-

centration of montelukast after oral administration of the

oral solution and commercial granules at a dose of 2 mg/kg

montelukast base in rats. The montelukast-loaded oral so-

lution was an aqueous solution containing montelukast

sodium, HP-b-CD, methylparaben sodium, propylparaben

sodium and EDTA sodium at the w/v percentages of 1.04/

156/1.8/0.2/1. The total plasma concentrations of drug in

the oral solution were not significantly different from those

in the commercial granules in rats. All the pharmacokinetic

parameters, such as AUC, Cmax, Tmax, Kel and t1/2 values,

of the oral solution did not significantly differ from those of

the commercial granules (Table 2). Thus, the oral solution

was bioequivalent to the commercial granule in rats [22,

24, 25].

The stability of the montelukast sodium-loaded oral

solution was evaluated by the physical appearance (pre-

cipitation) and the contents of montelukast sodium and

montelukast sulphoxide in the oral solution over 12 months

at two different accelerated conditions (Table 3) [24, 25].

There were no noticeable precipitations in the oral solution

during the period. At 25 �C/60 % RH and 40 �C/75 % RH,

this oral solution had more than 99 % of drug contents and

less than 1 % of degraded product contents. Our results

suggested that this montelukast sodium-loaded oral solu-

tion was physically and chemically stable for at least

12 months.

Conclusion

Taken together, it is concluded that this montelukast-

loaded oral solution was bioequivalent to the commercial

granules in rats and was stable for at least 12 months. Thus,
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Fig. 6 Plasma concentration versus time profiles of drugs after oral

administration of montelukast-loaded oral solution and commercial

granules to rats. All plasma concentrations in the montelukast-loaded

oral solution at each time were not significantly different from those

in the commercial granules (P[ 0.05). The montelukast-loaded oral

solution was an aqueous solution containing montelukast sodium, HP-

b-CD, methylparaben sodium, propylparaben sodium and EDTA

sodium at the w/v percentages of 1.04/156/1.8/0.2/1. Each value

represents the mean ± SD (n = 5)

Table 2 Pharmacokinetic parameters

Parameters Solution Commercial granules

AUC (h ng/ml) 2543.1 ± 1764.7 2288.6 ± 1110.8

Cmax (ng/ml) 584.3 ± 245.1 528.5 ± 196.0

Tmax (h) 0.5 ± 0.0 0.5 ± 0.0

t1/2 (h) 6.6 ± 3.6 8.5 ± 2.9

Kel (h
-1) 0.15 ± 0.12 0.11 ± 0.06

Each value represents the mean ± SD (n = 5)

All plasma concentrations in the montelukast-loaded oral solution at

each time were not significantly different from that in the commercial

granules (P[ 0.05)

The montelukast-loaded oral solution was aqueous solution contain-

ing montelukast sodium, HP-b-CD, methylparaben sodium, pro-

pylparaben sodium and EDTA sodium at the w/v percentages of 1.04/

156/1.8/0.2/1

Table 3 Stability of montelukast-loaded oral solution

Condition Period

(months)

Appearance

(precipitation)

Montelukast

sodium (%)

Montelukast

sulphoxide

(%)

25 �C/
60 %

RH

0 No 100.2 ± 0.3 0.04 ± 0.01

3 No 100.1 ± 0.2 0.07 ± 0.01

6 No 99.9 ± 0.1 0.12 ± 0.03

9 No 99.6 ± 0.4 0.18 ± 0.02

12 No 99.3 ± 0.3 0.23 ± 0.03

40 �C/
75 %

RH

0 No 100.2 ± 0.3 0.04 ± 0.01

1 No 100.1 ± 0.5 0.07 ± 0.02

2 No 100.0 ± 0.2 0.09 ± 0.02

4 No 99.7 ± 0.5 0.20 ± 0.03

6 No 99.0 ± 0.4 0.43 ± 0.03

Each value represents the mean ± SD (n = 3)

The montelukast-loaded oral solution was aqueous solution contain-

ing montelukast sodium, HP-b-CD, methylparaben sodium, pro-

pylparaben sodium and EDTA sodium at the w/v percentages of 1.04/

156/1.8/0.2/1
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this oral solution would be strongly recommended as an

alternative to oral montelukast-loaded product.
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