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o-7-nitrobenzo-2-oxa-1,3-diazole
for development of a highly sensitive stability
indicating spectrofluorimetric method for
determination of salmeterol xinafoate; application
to human plasma

Mahmoud A. Omar, *a Mohamed A. Hammad*a and Mohamed Awadb

A new, simple and rapid spectrofluorimetric method was developed and validated for determination of

salmeterol xinafoate in dosage form and spiked plasma. The method is considered as the first attempt

for the spectrofluorimetric determination of the investigated drug. The proposed method is based on

nucleophilic substitution reaction between salmeterol xinafoate and 4-chloro-7-nitrobenzo-2-oxa-1,3-

diazole (NBD-Cl) at pH (9) to form a highly fluorescent product that can be measured at 543 nm after

excitation at 473 nm. The fluorescence–concentration plot was rectilinear over the concentration range

(100–1500 ng mL�1) with a detection limit of 19 ng mL�1. The suggested method was validated

according to ICH guidelines and successfully applied for determination of salmeterol xinafoate in its

pharmaceutical dosage form and spiked human plasma. The developed method was further extended

for a stability study of salmeterol xinafoate under different stress circumstances including alkali, acid,

oxidative and photodegradation conditions and the method was proved to be able to determine the

intact drug in the presence of its degradation products.
1. Introduction

Salmeterol xinafoate (SAL), (RS)-1-[4-hydroxy-3-(hydroxymethyl)
phenyl]-2-[[6-(4-phenylbutoxy)hexyl]amino]ethanol-1-hydroxynaph
thalene-2-carboxylate (Fig. 1), is a direct-acting sympathomimetic
agent with b-adrenoceptor stimulant activity and a selective action
on b2 receptors. When given by oral inhalation, it acts as a bron-
chodilator with a long acting action up to 12 hours. It is used for
the treatment of asthma and chronic obstructive pulmonary
disease.1 Many analytical techniques in the literature have been
reported for the determination of salmeterol xinafoate including
spectrophotometric,2–8 HPLC,9,10 and HPTLC.11 These methods
were associated with some major drawbacks such as inadequate
sensitivity, being time consuming and/or using sophisticated and
expensive instruments. On the other hand, spectrouorimetric
methods have the advantages of being simple, highly sensitive
and time saving technique.12–16 To our knowledge, there is no re-
ported spectrouorimetric method for determination of salme-
terol xinafoate up till now. In this study, we investigate the
reaction of salmeterol xinafoate that contains a basic secondary
of Pharmacy, Minia University, Minia,

8597. E-mail: momar71g@yahoo.com;

artment, Faculty of Pharmacy, Al-Azhar

hemistry 2017
amine with NBD-Cl which has been widely used for the determi-
nation of many pharmaceuticals containing primary and
secondary amino groups17–22 in order to develop new, simple,
sensitive and rapid spectrouorimetric method for determination
of the studied drug in its dosage form, spiked plasma and in the
presence of its degradation products. Thus, the proposed method
can be considered as a simple and fast alternative to the already
existing stability-indicating HPLC procedures.
2. Experimental
2.1. Apparatus

Fluorescence spectrometer FS-2 (Scinco, Korea), connected to
Dell PC, equipped with 1 cm quartz cell, grating excitation and
emission monochromators with slit widths set at 5 nm, PMT
Fig. 1 Chemical structure of salmeterol xinafoate (SAL).
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voltage 400 volt, Jenway pH meter model 350 (E.U), Laboratory
centrifuge (Bremsen ECCO, Germany), A Shimadzu UV-1601 PC
spectrophotometer (Tokyo, Japan) with 1 cm quartz cell, MLW
type thermostatically controlled water bath (Memmert GmbH,
Schwabach, Germany) and Digital analytical balance (AG 29,
Mettler Toledo, Glattbrugg, Switzerland).

2.2. Materials and reagents

All materials and reagents used through this study were of
analytical reagent grade salmeterol xinafoate (SAL) pure sample
(99.8%) was obtained from The Arab Drug Company for phar-
maceutical and chemical industries CO., ADCO, (Cairo, Egypt).
Metrovent® inhaler (batch no. 490738) (Arab Drug Company for
pharmaceutical and chemical industries CO., ADCO, Cairo,
Egypt) labeled to contain 25 mg salmeterol xinafoate per
actuation.

4-Chloro-7-nitrobenzo-2-oxa-1,3 diazole (NBD-Cl) was
purchased from Sigma Aldrich Chemie GmbH (Steinheim,
Germany) and NBD-Cl reagent (2.5 � 10�3 M) was prepared in
methanol. All other reagents used such as methanol, ethanol,
acetone, acetonitrile, N,N-dimethylformamide (DMF), phos-
phoric acid, citric acid, boric acid, borax, acetic acid, sodium
hydroxide and hydrochloric acid were purchased from El-Nasr
chemical CO., (Cairo, Egypt). Different types of buffer solu-
tions such as Teorell and Stenhagen, 0.1 M borate and phos-
phate buffers of different pH ranges were prepared in distilled
water.23 Human plasma samples were obtained from healthy
volunteers at Assiut University Hospital according to institu-
tional guidelines. In all cases, informed consent was obtained
from all participants and plasma samples were kept frozen at
�20 �C until assay aer gentle thawing.

2.3. Standard drug solution

Stock standard solution (100.0 mg mL�1) of salmeterol xinafoate
was prepared in methanol. Further dilutions with methanol
were made as appropriately to obtain nal concentration range
of (100–1500) ng mL�1.

2.4. General analytical procedure

Into a series of 10 mL stoppered test tubes, different volumes of
(SAL) working solution were added followed by 2.0 mL of borate
buffer and 0.5 mL of NBD-Cl reagent (2.5 � 10�3 M), the tubes
were heated at thermostatically controlled water bath xed at
80 �C for 20min. Aer that the tubes were cooled in ice bath and
1.0 mL of 2 M HCl was added, the contents of the tubes were
quantitatively transferred into 10 mL volumetric asks and
completed to the volume with methanol. The uorescence
intensity of the reaction product was measured at 543 nm aer
excitation at 473 nm; blank experiment was performed similarly
omitting the drug.

2.5. Application of the proposed method for determination
of SAL in its pharmaceutical formulation

Metrovent® inhaler labeled to contain 25.0 mg SAL per actuation
was shaken well and 200 actuations (the whole content of the
44774 | RSC Adv., 2017, 7, 44773–44779
inhaler) were actuated in 100 mL beaker containing 40 mL of
methanol. The mouth piece of the inhaler was immersed
beneath the methanol to ensure complete delivery of the drug
without any waste. The contents of the beaker were gently
warmed at 50 �C in thermostatically controlled water bath to
expel propellants.9 The contents of the beaker were then
transferred into 50 mL volumetric ask and completed to the
volume with methanol to obtain nal concentration of 100 mg
mL�1 and then general analytical procedure was followed.
2.6. Procedure for spiked human plasma

A sample of 5.0 mL of drug-free human blood sample was taken
from healthy volunteer into a heparinized tube, centrifuged at
4000 rpm for 30 min. Into a 10 mL stoppered calibrated tube,
1.0 mL of the drug-free plasma (supernatant) was spiked with
1.0 mL of the drug standard working solution. Three milliliters
of acetonitrile were added for precipitation of protein13,16,24 and
the resultant mixture was diluted to 10 mL with methanol and
then centrifuged at 4000 rpm for 30 min, adequate volumes of
the supernatant were taken to obtain solutions within the
concentration range of the studied drug, and then general
procedure was applied, and aer that blank value was deter-
mined by treating the drug-free blood sample in the same
manner without drug addition.
2.7. Procedure for stability indicating study

2.7.1. Acid induced degradation. Into 10 mL test tube,
1.0 mL of stock drug solution was transferred and heated at
80 �C with 1.0 mL of 2 M HCl for 2 hours. Aer the specied
time, the solution was cooled and neutralized to pH 7 using 2 M
NaOH solution; the solution was transferred quantitatively into
10 mL volumetric ask and completed to the volume with
methanol. Then 1.0 mL from the solution was taken and the
general analytical procedure was applied to detect the remain-
ing intact drug content.

2.7.2. Base induced degradation. Into 10 mL test tube,
1.0 mL of stock drug solution was transferred and 1.0 mL of 2 M
NaOH was added. The solution was heated at 80 �C for 2 hours
and aer the specied time the solution was cooled and
neutralized for pH 7 using 1.0 mL of 2 M HCl. The solution was
transferred quantitatively into 10 mL volumetric ask and
completed to the volume with methanol. Then 1.0 mL from the
solution was taken and the general analytical procedure was
applied to detect the remaining intact drug content.

2.7.3. Oxidative degradation. Oxidative induced degrada-
tion with hydrogen peroxide was carried out by transferring
1.0 mL of stock drug solution into 10 mL test tube then 1.0 mL
of hydrogen peroxide (30.0% v/v) was added. The solution was
heated at 80 �C for 2 hours. The volume was completed to 10 mL
with methanol. Then 1.0 mL from the solution was taken and
the general analytical procedure was applied to detect the
remaining intact drug content.

2.7.4. Photochemical degradation. The photochemical
stability of the drug was studied by exposing stock solution to
direct articial day light for 12 hours.
This journal is © The Royal Society of Chemistry 2017
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3. Results and discussion

NBD-Cl is known to form highly uorescent derivatives with
primary and secondary amines under relatively mild alkaline
conditions.17–22 In this work, we investigated the reaction
between SAL & NBD-Cl at 80 �C pH (9) to develop the rst
spectrouorimetric derivatizing method for determination of
salmeterol xinafoate that gives yellow reaction product with
high uorescence intensity at 543 nm aer excitation at 473 nm,
Fig. 2. The derivatization reaction mechanism was supposed to
proceed through secondary aliphatic amine,17–22 Fig. 3.
Fig. 3 Suggested reaction mechanism between SAL and NBD-Cl.
3.1. Optimization of variables

The different experimental parameters affecting the reaction
development and stability of the uorescent product were
carefully studied and optimized. These factors were changed
individually, while the others were kept unchanged. The studied
factors include pH, type of buffers, volume of buffer, NBD-Cl
volume, temperature, reaction time and diluting solvent.

3.1.1. Effect of pH and buffer type. The uorescence
intensity of reaction product of SAL with NBD-Cl was studied
using different types of buffer solution as (borate, phosphate,
Teorell and Stenhagen buffers) over pH range (7.0–10).
Maximum uorescence intensity obtained at pH (9 � 0.2) using
borate buffer aer which the uorescence intensity started to
decline due to increase in the concentration of hydroxide ions
which hold back the reaction between SAL and NBD-Cl,25 Fig. 4.
Type of buffer was also investigated. Borate buffer was found to
be the best buffer that gave maximum uorescence intensity.
Other buffers such as phosphate, Teorell and Stenhagen buffer
at same pH did not give high uorescence intensity as borate
buffer. This probably because of the slow rate of hydrolysis of
NBD-Cl to NBD-OH. This result is in agreement with Miyano
et al.25

3.1.2. Effect of buffer volume. The volume of borate buffer
pH 9 and its inuence on uorescence intensity was also
investigated. It was found that the increase in volume of buffer
gradually increased the uorescence intensity of the reaction
product and maximum uorescence intensity was obtained
upon using 2 � 0.5 mL borate buffer pH 9.
Fig. 2 Excitation and emission fluorescence spectra of the reaction pro

This journal is © The Royal Society of Chemistry 2017
3.1.3. Effect of volume of NBD-Cl. The uorescence inten-
sity of reaction product of SAL was studied using different
volumes of NBD-Cl (2.5 � 10�3 M) in the range of (0.2–1.4 mL).
Maximum uorescence intensity obtained upon using 0.5 �
0.1 mL of NBD-Cl reagent (Fig. 5), aer which the uorescence
intensity started to decline probably due to inner lter effect.25

3.1.4. Effect of temperature and time. The effect of
temperature on uorescence intensity of reaction product of
SAL with NBD-Cl was studied, at different temperatures over
different time intervals. It was observed that, the reaction
product started to form at 50 �C and the uorescence intensity
reached its maximum at 80 �C � 5 �C aer 20 min.

3.1.5. Effect of diluting solvent. In order to select the most
appropriate solvent for the reaction, many solvents were studied
such as: water, methanol, ethanol, acetonitrile, acetone and
DMF. Methanol was found to be the best solvent for dilution as
it gave the highest uorescence readings with good reproduc-
ibility and low blank readings; water gave poor readings, while
duct of SAL (1.0 mg mL�1) and NBD-Cl.

RSC Adv., 2017, 7, 44773–44779 | 44775
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Fig. 4 Effect of pH on the reaction product of SAL (1.0 mg mL�1) and NBD-Cl, using borate buffer.

Fig. 5 Effect of NBD-Cl volume (2.5 � 10�3 M) on the reaction with SAL (1.0 mg mL�1).

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
Se

pt
em

be
r 

20
17

. D
ow

nl
oa

de
d 

on
 3

/2
1/

20
26

 3
:3

1:
02

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
other organic solvents gave high blank readings compromising
the sensitivity of the method or gave poor results relative to
methanol.

3.1.6. Effect of HCl concentration. Under these reaction
conditions, relatively high uorescence background was
observed. This was attributed to the bi product formed during
the reaction namely 4-hydroxy-7-nitrobenzo-2-oxa-1,3-diazole
(NBD-OH), which come from the hydrolysis of NBD-Cl.25 The
uorescence of NBD-OH was found to be quenched by
decreasing the pH of the reaction medium to less than one, this
Fig. 6 Method of continuous variation for determination of stoichiomet

44776 | RSC Adv., 2017, 7, 44773–44779
was done by the addition of 1 mL of 2 M HCl prior to measure.
The volume of 1 mL was sufficient to quench the uorescence of
the NBD-OH without affecting the uorescence of the reaction
product.

3.1.7. Stoichiometry and mechanism of the reaction. The
stoichiometry of the derivatization reaction was studied
through Job's method of continuous variation,26 using equi-
molar solutions (1.0 � 10�3 M) of both SAL and NBD-Cl. Then
portions of mixture of master solutions of the drug and reagent
were made up comprising different complementary proportions
ry of the reaction between SAL & NBD-Cl (5 � 10�3) M.

This journal is © The Royal Society of Chemistry 2017
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Table 2 Evaluation of the accuracy of the proposed spectro-
fluorimetric methodb

Sample
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(0.1 : 0.9, 0.2 : 0.8, 0.3 : 0.7/0.7 : 0.3, 0.8 : 0.2, 0.9 : 0.1). It was
found that the reaction proceeds in 1 : 1 ratio and this result
agrees with the suggested reaction mechanism,17–22 Fig. 6.
no. Taken (ng mL�1) Found (ng mL�1) % recoverya

1 100 100.19 100.19
2 300 302.19 100.73
3 500 496.89 99.37
4 700 700.43 100.06
5 1000 1007.65 100.76
Mean 100.22
SD 0.56
RSD 0.55

a Mean of three determinations. b SD: standard deviation, RSD: relative
standard deviation.

Table 3 Evaluation of intraday and interday precision of the proposed
spectrofluorimetric methodb

Precision level Conc. (ng mL�1) % recoverya � SD RSD (%)

Intraday precision 500 99.49 � 0.42 0.42
700 100.63 � 0.50 0.50
1000 99.83 � 0.21 0.21

Interday precision 500 99.59 � 1.53 1.53
700 100.51 � 1.32 1.32
1000 99.87 � 1.53 1.53

a Mean of three determinations. b SD: standard deviation, RSD: relative
standard deviation.
3.2. Validation of the proposed procedure

The proposed spectrouorimetric method was validated
according to the ICH guide line27 regarding accuracy, precision,
limit of quantication, limit of detection and robustness.

3.2.1. Linearity and concentration range. In this work, the
general analytical procedures were performed on a series of
standard drug solutions having concentrations ranging from
100 to 1500 ng mL�1 for SAL. The whole set of experiments were
carried out within this range to ensure the validation of the
proposed procedure. Linear calibration was obtained by plot-
ting the uorescence intensity (FI) of the reaction product
between SAL and NBD-Cl, subtracted from blank reading and
the concentration of SAL. Statistical treatment of the data was
carried out using linear regression analysis and the analytical
parameters were calculated. The correlation coefficient was
0.9998 over the concentration range (100–1500) ng mL�1 indi-
cating good linearity of the proposed method, Table 1.

3.2.2. Accuracy and precision. Accuracy was checked at ve
concentration levels within the specied range. Three replicate
measurements were recorded at each concentration level. The
results were presented as percentage recovery � standard
deviation. The obtained results showed good agreement
between the measured and true value indicating high accuracy
of the proposed method, Table 2.

Precision was examined at three concentration levels; three
replicate measurements were recorded at each concentration
level; both inter-day and intra-day precision were evaluated and
their results were summarized in Table 3. The calculated rela-
tive standard deviations were below 2% indicating excellent
precision of the proposed procedure at both level of repeat-
ability and intermediate precision.

3.2.3. Limits of detection (LOD) and quantitation (LOQ).
The limits of detection (LOD) and quantication (LOQ) were
calculated based on standard deviation of response and the
slope of calibration curve using the equations; LOD ¼ 3.3 s/S
Table 1 Analytical parameters of proposed spectrofluorimetric
method between SAL and NBD-Cla

Parameter Value

lex (nm) 473
lem (nm) 543
Concentration range (ng mL�1) (100–1500)
Correlation coefficient (r) 0.9998
Determination coefficient (r2) 0.9996
Slope 0.2649
Intercept 11.116
SD the intercept (Sa) 1.567
SD of slope (Sb) 0.0021
LOD (ng mL�1) 19
LOQ (ng mL�1) 59

a LOD: limit of detection, LOQ: limit of quantitation.

This journal is © The Royal Society of Chemistry 2017
and LOQ ¼ 10 s/S, where S is the slope of the calibration curve
and s is the standard deviation of intercept. The results were
presented in Table 1. The limit of quantitation was 19 ng mL�1

indicating high sensitivity of the proposed method compared
with the reported HPLC method for SAL in dosage form [9], The
reversed phase HPLC method for determination of SAL in
metered dose inhalers represent detection level of 2 mg mL�1

using expensive HPLC solvents. Therefore, our proposed spec-
trouorimetric method is considered highly sensitive and
economic compared to the reported one.

3.2.4. Robustness. Robustness of the suggested procedure
was assessed by evaluating the inuence of small variation in
experimental variables (pH of buffer solution, volume of buffer,
NBD-Cl volume, reaction time and heating temperature). The
results presented in Table 4, indicated that small variations in
any of these variables did not signicantly affect the perfor-
mance of the suggested procedure. This gave an indication for
the reliability of the proposed method.
3.3. Application to pharmaceutical dosage forms

The proposed method was successfully applied for determina-
tion of SAL in its pharmaceutical dosage form. The selectivity of
the method was investigated by observing any interference
encountered from the excipients of the pharmaceutical prepa-
ration. It was shown that these compounds did not interfere
with the proposed method and the results of the proposed
method were statistically compared with these of the reported
RSC Adv., 2017, 7, 44773–44779 | 44777
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Table 4 Evaluation of robustness of the proposed spectrofluorimetric
method

Variation % recoverya � SD

Optimum conditions 100.2 � 0.42
1-Effect of pH
pH 8.8 99.5 � 0.44
pH 9.2 99.7 � 0.53

2-Volume of NBD-Cl
0.4 mL 98.8 � 0.71
0.6 mL 99.9 � 1.3

3-Reaction time
15 min 99.1 � 1.1
25 min 100.0 � 0.49

4-Heating temperature
75 �C 99.3 � 1.1
85 �C 99.5 � 1.3

5-Volume of buffer
1.5 mL 99.8 � 0.92
2.5 mL 100.2 � 0.95

a Mean of ve determinations.

Table 6 Intra-day, inter-day precision and accuracy study of
proposed method for determination the studied drug in spiked human
plasma sample

Concentration
(ng mL�1)

Intra-day precision Inter-day precision

% recoverya � SD RSD % recoverya � SD RSD

100 99.49 � 0.61 0.61 99.44 � 0.26 0.26
200 98.90 � 0.22 0.22 100.5 � 0.41 0.41
300 99.83 � 0.35 0.35 99.8 � 0.38 0.62

a Average of three determinations.
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method8 using student's t-test and F-test. There was no signi-
cant difference between the proposed and the reported method
as the calculated values did not exceed the theoretical values at
95% condence level, Table 5. This indicates good level of
precision and accuracy of the proposed spectrouorimetric
method.

3.4. Application to spiked human plasma

The high sensitivity attained by the proposed method allowed
the possible determination of salmeterol in spiked human
plasma. Inter-day, intra-day precision and accuracy in spiked
plasma samples were determined by analyzing the biological
samples at three concentration levels (100, 200 and 300 (ng
mL�1)) on three separated days. The precision was dened as
the relative standard deviation of spiked sample concentrations
determined at three replicates, whereas accuracy was assessed
as the percentage to the nominal concentration (%).

Precision and accuracy data for inter- and intra-day human
plasma samples are presented in Table 6. The results for all
samples (inter- and intra-day) were found to be within the
Table 5 Application of proposed spectrofluorimetric method to
dosage form

Dosage form

% recoverya � SD

t-Valueb F-ValuebProposed Reported [8]

Metrovent® inhaler
(25 mg SAL/actuation)

100.6 � 1.3 99.4 � 0.94 1.7 1.8

a Mean of ve determinations. b The tabulated values of t- and F-values
at 95% condence limit are 2.78 and 6.39, respectively.

44778 | RSC Adv., 2017, 7, 44773–44779
acceptance criteria for the method validation. The concentra-
tion of the studied drug was computed from its corresponding
regression equation. The mean percentage recovery for SAL
ranged from 98.9% to 100.5% at the three spiked concentra-
tions applied. The relative standard deviation of the obtained
recoveries did not exceed 2% which fall within the acceptable
limits of analytical method variability arising from different
matrix effects.

Although the proposed method has been successfully
applied for determination of SAL in spiked plasma, it is rec-
ommended to be applied only in real plasma for those patients
who are being treated with SAL and not receiving other drugs
containing primary or secondary amine moieties due to the
unselective reaction of NBD-Cl towards these drugs.

3.5. Stability indicating study

Our proposed spectrouorimetric procedure is one of few
methods that could determine SAL in presence of its degrada-
tion products. The reported methods,28,29 used high cost tech-
niques such as HPLC & UPLC, while this method is cost effective
technique. It was reported that the main degradation pathway
of phenolic compounds that have the same nucleus as studied
drug is through oxidation under different conditions, especially
under alkaline conditions30,31 and these results agree with that
of the proposed method.

Application of analytical proposed method for stability
indicating application using the previously mentioned degra-
dation conditions indicated that 46%, 36% and 37% of SAL
remained intact aer acid, base induced and oxidative degra-
dation, respectively, while no degradation was observed in case
of exposing stock solution to direct articial day light for 12
hours.

4. Conclusion

The present study describes the rst spectrouorimetric
attempt to determine salmeterol xinafoate in its pharmaceutical
dosage form as well as spiked human plasma without being
affected by surrounding matrices depending on derivatization
reaction with NBD-Cl. The proposed method is simple, rapid
and accurate and it has been validated according to ICH
guidelines. Furthermore, the developed method is extended to
determine the intact drug in the presence of its degradation
products. Therefore, the suggested method is suitable for
This journal is © The Royal Society of Chemistry 2017
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analysis of the investigated drug in quality control and clinical
laboratories.
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