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Development and validation of a potentiometric titration method for the
determination of montelukast sodium in a pharmaceutical preparation and its
protonation constant
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In this study, a potentiometric titration method for the determination of montelukast sodium in pharmaceutical
dosage forms was developed and validated. For this purpose, the potentiometric titration of the standard montelukast
sodium was carried out using hydrochloric acid as titrant. The method was found to be highly accurate and precise,
having a relative standard deviation of less than 1.0%. From the titration data the stoichiometric protonation constant
was calculated in 40% ethanol-60% water and 60% ethanol-40% water (v/v) mixtures at constant temperature of 25.0
+ 0.1 °C and ionic strength of 1.0x10"* M NaCl. The protonation constant was found to be 6.25 in 40% ethanol-60%
(v/v) water mixture and 5.95 in 60% ethanol-40% (v/v) water mixture. Furthermore, it was shown that the method could
be successfully applied to the assay of commercial pharmaceuticals containing 10.0 mg montelukast sodium. The
validity of the method was tested by recovery studies of standard additions to a tablet solution and the results were
found to be highly satisfactory. This titration method is simple, rapid, accurate, precise and low cost for quality controls

of commercial pharmaceutical dosage forms.
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INTRODUCTION

Montelukast is an oral selective leukotriene
receptor antagonist [1,2] which is being used in the
treatment of asthma. It belongs to a styryl-
quinolines series with the chemical name {sodium
salt of 2-[1-[[(1R)-1-[3-[2-(7-chloroquinolin-2-
yl)ethenyl]phenyl]-3-[2-(2-hydroxypropan-2-yl)
phenyl] propyl] sulfanylmethyl] cyclopropyl] acetic
acid} (Fig.1). It was developed by Merck as a
therapeutic agent for the treatment of bronchial
asthma [3] by means of once daily oral

administration.
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Fig.1. Chemical structure of montelukast sodium
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The main objective of this paper is to propose a
selective and validated potentiometric method for
determining montelukast sodium and applying it to
pharmaceutical dosage forms. A variety of
analytical methods dedicated to the analysis of
montelukast sodium have been previously reported.

* To whom all correspondence should be sent:
E-mail: naslan70@gmail.com

Most of them involve spectrophotometry [4],
capillary electrophoresis [3], high performance
liguid chromatography (HPLC) [5], high
performance thin layer chromatography (HPTLC)
[6], voltammetry [7]. Literature survey reveals that
there are no potentiometric titration methods for the
determination of montelukast sodium in ethanol-
water mixture in pharmaceutical dosage forms. The
analytical method reported here was validated
considering linearity, accuracy and precision.

In this study, the stoichiometric protonation
constants of montelukast sodium in  40%
ethanol-%60 water (v/v) and 60% ethanol-%40
water (v/v) mixtures were determined. In
pharmacology, ionization of a compound alters its
physical behaviour and macro properties such as
solubility and lipophilicity. For example, ionization
of any compound will increase the solubility in
water and decrease the lipophilicity. This is
exploited in drug development to increase the
concentration of a compound in the blood by
adjusting the pKa of an ionizable group [8]. The
determination of the stoichiometric protonation
constants of montelukast sodium is very important
also from the point of absorption, distribution and
elimination of the drug which is orally
administered. The effective use of this compound
depends greatly upon our knowledge of its
ionization constants. There is only one study on the
potentiometric determination of pKa constants of

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 497


http://en.wikipedia.org/wiki/Pharmacology
http://en.wikipedia.org/wiki/Partition_coefficient
http://en.wikipedia.org/wiki/Drug_development
mailto:naslan70@gmail.com

N. Aslan et al.: Development and validation of the potentiometric titration method for the determination of ...

montelukast sodium, which was performed in the
40% dioxane — 60% water (v/v) solvent mixture
[1]. This study is therefore expected to provide an
important addition to the data that already exist in
the literature. It is thought that the data obtained in
1.0x101 M NaCl, which simulates the ionic
strength of biological media, will be very useful for
determining the effective mechanism of this
compound which has significant pharmaceutical
potential. The data related to protonation constants
in different organic-solvent mixtures will be
valuable in the further understanding of biological
systems.

There are various techniques such as
potentiometry, conductometry and
spectrophotometry used in the determination of
protonation constants. In this study potentiometric
technique was employed since it has the widest area
of application and reliability [9-12].

EXPERIMENTAL
Chemicals and standard solutions

Montelukast sodium was purchased from Merck
and it was used as a standard. Ethanol, hydrochloric
acid, sodium hydroxide, potassium hydrogen
phthalate and sodium chloride were of analytical
grade (Merck) and were used without further
purification.

Onceair:  Tablet formulation containing
montelukast sodium equivalent to montelukast 10
mg per tablet (Abdi ibrahim, Turkey) was procured
from the local pharmacy.

Standard sodium hydroxide solution: Solution of
standard base containing 1.0x10? M NaCl was
prepared in the ethanol-water mixtures examined
(v/iv) and was standardized potentiometrically
against potassium hydrogen phthalate (Merck)
using Gran’s plot techniques [13-14].

Standard hydrochloric acid solution: Acid
solution prepared in redistilled low-conductivity
water was standardized by titration against
standardized sodium hydroxide solution.

Standard montelukast sodium solution: Standard
stock solution of montelukast sodium was prepared
at a concentration of 1.0x102 M in ethanol. The
montelukast sodium solution used in potentiometric
titration was prepared by dilution of the stock
solution with ethanol. Montelukast sodium is a
light-sensitive compound; therefore the stock
solution was prepared daily and kept in amber glass
volumetric flask to protect from light [3].

Tablet solution: Twenty eight Onceair tablets
were weighed and their average weight was
calculated. All tablets were finely powdered in a
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mortar and homogenized. The required amount of
this powder was transferred to a 100.0 mL
volumetric flask. 80.0 mL of ethanol was added to
the same flask, sonicated for at least thirty minutes
to ensure complete dissolution and diluted to 100.0
mL with ethanol.

Equipment

All  potentiometric  measurements  were
performed in an 80-mL jacketed titration cell
thermostated at 25.0 + 0.1°C. An Orion 940A
Model pH-ion meter (Beverly, MA, USA) fitted
with a combined pH electrode (Ingold) containing a
filling solution of 1.0x10" M NaCl was used for
measuring the cell emf values. The titrant,
hydrochloric acid, was added by using Orion 960
Autochemistry system. The potentiometric cell was
calibrated before each experiment so that the
hydrogen ion concentration rather than the activity
was measured [15-16]. For the ethanol-water
solvent mixtures studied, reproducible values of
autoprotolysis constants (Kap) were calculated from
several series of [H*] and [OH] measurements at a
constant ionic strength of 1.0x10* M NaCl [17-19].

The following solutions prepared in water and
each of the solvent mixtures studied (total volume =
50.0 mL) were titrated potentiometrically with
standard 5.0x102 M HCI dissolved in the
corresponding solvents: (i) 5.0 x 102 M NaOH (for
cell calibration); (ii) 1.0x10° M montelukast
sodium. During each titration the ionic strength was
maintained at 1.0x10" M NaCl and a potential
reading was taken after a suitable time (normally 2-
3 min) for equilibration.

The protonation constants of the montelukast
sodium were determined by a method described by
Irving and Rossotti [20]. The average of protons
associated with the ligand (na) at different pH
values was calculated by analyzing the titration data
for 40% ethanol-%60 water and 60% ethanol—%40
water mixtures. The pKa values were calculated
from the curve obtained by plotting na versus pH.

The content of montelukast sodium in the
pharmaceutical preparations was estimated via
potentiometric  titration  with  standardized
hydrochloric acid solution wunder the same
conditions described for the standard montelukast
sodium.

RESULTS AND DISCUSSION
Potentiometry

Method development
For potentiometric analysis, different organic
solvents and organic solvent-water mixtures were
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tried to obtain the best potentiometric titration
curve. 40% ethanol-60% water (v/v) mixture was
found to be an appropriate medium for the
potentiometric titration of montelukast sodium.

In this study assay of tablets, recovery and
precision studies were performed using the
experimental conditions described. Protonation
constant of montelukast sodium was determined in
40% and 60% ethanol—water (v/v) mixtures and the
effect of solvent upon the protonation constant was
investigated.

Protonation constants of montelukast sodium

The stoichiometric protonation constants were
determined with an electrochemical cell calibrated
in each medium to measure the hydrogen ion
concentration. For this purpose, firstly, the
hydrochloric acid solutions were titrated with the
sodium hydroxide solutions prepared in each
medium and the potential values were plotted
against the logarithm of the hydrogen ion
concentration to determine the calibration constants
(E”and k). The calibration constants obtained from
these curves are tabulated in Table 1, which shows
that the glass electrode used in ethanol-water
mixtures gave a Nernstian response with a slope of
(59.1 + 0.1) mV. Therefore, it was concluded that
the electrode could be used to determine the
stoichiometric protonation constant for all media.

Table 1. Calibration constants obtained in 40% ethanol—
60% water (v/v) and 60% ethanol-40% water (v/v)
mixtures with a combined glass pH electrode.
Calibration constant (n=3)

Medium
E’(mean) (mV) k (mV'pH—l)
0, _ 0,
40%ethanol —60% 5,03, 19 5971401
water
0, _ 0,
60%ethanol —40% 5355 15 590401
water

n, is number of analyses

The autoprotolysis constants (Ka) for each
medium were determined using the same acid-base
titration data and are tabulated in Table 2. It was
observed that the value obtained was found to be in
good agreement with those reported in the literature
[21-22].

Table 2. Autoprotolysis constants obtained in 40%
ethanol-60% water (v/v) and 60% ethanol-40% water
(v/v) mixtures.

_ PKap (in
Medium PKap literature)
0, _ 0,
40% ethanol — 60% 14.15 + 0.01 14.24 [21]
water
0, _ 0,
60% ethanol — 40% 1432 + 0.01 14.39 [21]
water

As there are a very limited number of studies
related to the protonation constants of montelukast
sodium, [1], the data obtained in this study will
make an important contribution to the literature.
Especially the protonation constants obtained in
1.0x10" M NaCl medium, which simulates
biological systems, will shed light on the reaction
mechanisms in biological reactions of montelukast
sodium.

In the literature, two protonation constants of
montelukast sodium are given [1]. However, in our
study, we found one protonation constant for
montelukast sodium. As can be seen from Fig. 4,
the formation curve (na-pH) was found between 0
and 1. This indicates that the logioK value of only
one of the two protons could be determined for the

ethanol-water mixtures studied.
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Fig. 4 nA-pH curves from the potentiometric titration
of montelukast sodium standard in 40% ethanol-60%
water (v/v) mixture. (I = 1.0x10" M NaCl; t = 25.0 +
0.1 °C)

The numerical values of the protonation
constant of montelukast sodium determined
potentiometrically in 1.0x10* M NaCl at 25 °C are
listed in Table 3.

Table 3. The stoichiometric protonation constants of
montelukast sodium at 25.0 (£0.1) °C for different
ethanol-water (v/v) mixtures (I = 1.0x10" M NaCl).

40% ethanol-60% water 60% ethanol-40% water
|OgloK1 +S.D. |OgloK1 +S.D.

6.25+ 0.03 5.95+0.02

S.D.is standard deviation

The determinations were carried out in 40% and
60% ethanol-water (v/v) mixtures. The resulting
stoichiometric ~ protonation  constants  were
calculated by the Irving-Rossotti method [20]. An
example of the na — pH curve of montelukast
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sodium obtained from the experimental data is
given in Figure 4.

The protonation constants given in Table 3 are
defined by Equation 1 where B~ represents the
montelukast anion:

B+ H"S HB K1=[HB]/[B][H] Q)

where logioK 1 values refer to the equilibria
related to the attachment of H* to the oxygen atom
in the acetate group.

As seen from Table 3, the logioK: values of
montelukast sodium decrease with increasing
ethanol percentage. The increase in the ethanol
concentration decreases the dielectric constant of
the medium. HB is better solvated than the B-
species in ethanol-rich media.

Potentiometric determination of standard
montelukast sodium

In this study, montelukast sodium was titrated
potentiometrically with hydrochloric acid as a
titrant in 30%, 40%, 50%, 60%, 70% and 80%
ethanol-water  (v/v) mixtures at constant
temperature of 25°C and ionic strength of 1.0x10%
M NaCl. Since montelukast sodium behaves as a
weak base in ethanol—water mixtures, its titration
curve does not display a perceivable inflection for
the second point of equivalence for all media
studied. The best titration curve was obtained in
40% ethanol-60% water (v/v) mixture. Therefore,
recovery, repeatability and assay studies were done
in this medium. A typical potentiometric titration
curve with only one inflection point is given in
Figure 2. As seen from the figure, the changes at
the titration end point were satisfactory enough for
accurate and reproducible end point detection. The
determination of equivalence points from the
potentiometric data was carried using the Gran’s
method [13-14].

In order to assess the repeatability (precision) of
the method, known amounts of chemically pure
laboratory working standard solution were analyzed
in three replicates. As seen from the data in Table
4, the values found by the proposed method are in
good agreement with the taken value and
furthermore the mean relative standard deviation is
less than + 3%. This indicates that the accuracy and
precision of this method is quite satisfactory
Table 4. Titrimetric determination of chemically pure

laboratory working standard of montelukast sodium.
40% ethanol — 60%water (v/v)

Taken,mg F?ﬁnf’sr;g Bias,% S.D. RSD,%
30.0 31.2 4.0 0.26 0.83
50.0 52.8 4.2 0.47 0.90
75.0 73.6 1.5 0.20 0.27

S.D, is standard deviation and
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Fig.2. Potentiometric titration curve for montelukast

sodium standard titrated with 5.0x102 M hydrochloric
acid in 40% ethanol — 60% water (v/v) mixture.
Determination of the active component in
pharmaceuticals

In order to evaluate the adequacy of the
proposed method to be used for the analysis of
pharmaceutical preparations, montelukast sodium
was determined in 40% ethanol — 60% water (v/v)
mixture in tablet formulations under the same
conditions as for the pure montelukast sodium. The
similarity of the shapes of potentiometric titration
curve of pure montelukast sodium and its
corresponding pharmaceutical proves that the
excipients which might be present in the
pharmaceutical preparations do not affect the
titration curve (Fig. 3).
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Fig.3  Potentiometric  titration  curve  for
pharmaceutical dosage form of montelukast sodium
titrated with 5.0x102 M hydrochloric acid in a 40%
ethanol — 60% water (v/v) mixture.
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Table 5 summarizes the results obtained for the
montelukast sodium in the corresponding
pharmaceutical, expressed as labeled contents. The
data given in Table 5 clearly indicate that the
content of montelukast sodium in the
pharmaceuticals can be safely determined using this
method without interference from other substances
in the preparations.

Table 5. Determination of montelukast sodium in
pharmaceutical preparation.

Tablet Labeled Found Label % +S.D
(Batch Number)  (mg) (mg) (n=3)
| 10.0 10.3 102.6 + 0.43
| 10.0 9.8 98.3 + 0.27

S.D, is standard deviation and n, is number of analysis

Recovery studies of standard additions to the
commercial pharmaceuticals were carried out in
order to provide further evidence of the validity of
the proposed method. For this purpose, standard
montelukast sodium solution was added to
pharmaceutical formulation solutions at three
different concentration levels. The results are
tabulated in Table 6. It can be seen from this table
that the mean recoveries and standard deviation
values are in the range of 97.6-101.8% and
0.5-0.9, respectively, which is a good evidence of
the validity of the method.

Comparing the obtained results with those of
many of the already existing procedures for the
determination of montelukast sodium, which
require  special  instrumentation,  reagents,
precautions and experience, it is seen that the
proposed potentiometric method exhibits the
advantages of simple operation, reasonable
selectivity, fast response, low-cost and sufficient
accuracy in pharmaceutical formulations. Therefore
this method can be used for routine analysis of
montelukast sodium in combined tablet dosage
forms without prior separation.
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Table 6. Recovery studies of standard additions to the pharmaceutical preparation.

% Mean recovery +

Pharmaceutical Active component Taken, mg Added, mg Found, mg S.D. (n=3)
Montelukast 25.0 25.0 48.8 97.6 £0.5

OnceAir 22 deilj’mas 25.0 30.0 54.9 99.9+05
25.0 35.0 61.1 101.8+0.9

S.D, is standard deviation and n, is number of analyses
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METO/] 3A IOTEHLHHUOMETPUYHO TUTPYBAHE 3A OIIPEJEJISIHE HA HATPUMEBA
COJI HA MOHTEJIYKACT BbB ®PAPMALEBTUYHU [IPEITAPATU 1 HA KOHCTAHTATA
MV HA TTPOTOHHUPAHE

H. Acnan, ILE. Epnen, E. Ixanen, E. Kumna
Henapmamenm no xumus, Hayuen ¢paxynimem, Ynusepcumem 6 Aukapa, Typyus
Tloctenmna Ha 25 anpui, 2013 r.; kopurupasa Ha 14 ¢pespyapu, 2014 r.
(Pe3tome)

Pa3zpaboTeH e u e mpoBepeH MeTo] 3a IOTEHIMOMETPUYHO TUTPYBAaHE M OINpEIeisHE Ha HaTpUeBaTa COJ Ha
MOHTEJIyKacT BbB (hapMaleBTHYHU Npernapard. 3a Ta3H LeN ca TUTPYBaHU CTaHAAPTHH MPOOU ChC COJHA KUCEIHMHA.
MeTroabT € MHOTO TOYEH M HaJIe)KICH CbhC cTaHmapTHo oTkioHeHue mnox 1.0%. OT Te3nm AaHHM € H3YMCIIeHa
CTeXMOMETPUYHATA KOHCTAHTA HA MPOTOHUpaHe B cpeau ot eranoi/soaa (40:60) u (60:40) obemuu wactu npu 25.0 *
0.1°C u iionna cuna Ha 1.0x10"7 M NaCl. Koncranture Ha npoToHHMpaHe ca chOTBETHO 6.25 3a cpejata eTaHON/BoAa
(40:60) m 5.95 B cpena (60:40). ITokazano e, 4e METOIBT MOXKE J]a C€ M3IIOJI3BA YCIICIIHO IIPHU aHaJN3a Ha THPTOBCKH
npenapary, cbabpkamy 10,0 Mg HaTpreBa ol Ha MOHTeIyKacT. BanmuaHocTTa Ha MeTo/Ia € U3MUTAH Ype3 ONpeaeisiHe
Ha JOOWBa IO METOJa Ha CTaHIapTHaTa J00aBKa KbM PAa3TBOPH HA TAaOJETKH, KaTO PE3yNTAaTHTE ca 3aJOBOJUTCIHH.
MetoxabT € mpocT, Obp3 U €BTUH 32 Ka4ECTBSH KOHTPOJI Ha THProBCKU (apManeBTHYHU GopMH.
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